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Conf6rences  ~,6n6rales 
1. F. C. FRANK. Crystal growth. 

2. W. KLEBER. Kristallwachstum, Morphologie and Struk. 
tur. 
(1) Die Korrespondenz zwischen Morphologie mid  

Struktur  ist nach zwei Rich tungen  hin verfolgt worden:  
Die erste geht  yon der Kristallfl~ehe, die zweite yon der 
Kris tal lkante  bzw. dem Zonenvektor  als Fundamenta l -  
e lement  aus. Diese beiden Korrespondenzgruppen,  FI~- 
che< - Netzebene mid  Zonenvektor  +--> Gittervektor,  sind 
nattirlich nieht  unabh~ngig voneinander.  Trotzdem erfolgt 
die Entwicklmig  nach beiden Rich tungen  divergent.  Sic 
ist nach der einen Seite hin gekennzeiclmet durch die 
Namen:  Bravais -+ Niggli -+ Donnay-Harker ,  nach der an- 
deren durch die Namen:  Niggli -+ Kleber  -+ H a r t m a n -  
Perdok.  Ohne Zweifel ha t  das Verfahren yon Donnay  
mid  Harker  zu wesentl ichen Ergebnissen geftihrt, wenn 
es auch in seinen Prinzipien nieht  unwidersprochen ge- 
blieben ist. Die Diskussion zahlreicher Beispiele hat  ge- 
zeigt, dass die rein geometrisehen Bauprinzipien grund- 
siitzlich nicht  genfigen, um die Korrespondenz zwischen 
Morphologie mid  Struktur  vollst~ndig zu erfassen. 

(2) Zmi~chst ist das Korrespondenzprinzip durch Be- 
ri icksichtigung des Bindmigscharakters  (Elektronen- 
dichtevertei lung) zu erg~nzen. In  dieser Hinsicht  liefert 
gerade die Methode yon H a r t m a n - P e r d o k  neue Gesichts- 
punkte  l ind MSglichkeiten. Bei isotypen Strukturen kSn- 

hen  die T .  B. C. vectors '  dureh anders geartete  Bindungs- 
verhRltnisse entscheidend beeinflusst werden ulId dami t  
auch die Traehtentwicldmig ver~ndern. 

(3) Schon mehrfach ist bei den  kri t ischen ErSrter-  
ungen des Korrespondenzprinzips auf die Bedeutung der 
Milieufaktoren hingewiesen worden. Durch umfangrei-  
ches statistisches Material wird versucht,  die Unter-  
schiede auszugleichen. Neuerdings haben die Exper imen-  
ta lmitersuchlmgen yon Kern  das Problem wesentl ich 
unterstr ichen.  Die Frage der Tracht~nderungen als 
Milieufaktor fordert  intensiv flare Beriicksichtigung bei 
der morphologisch-strukturel len Korrespondenz.  

3. I. FA~KUCEmN & B. POST. Low-temperature determina. 
tions. 
Unti l  very recent ly  low-temperature  X-ray  crystallo- 

graphic studies, wi th  only two or three exceptions, were 
l imited to the  use of Debye-Scherrer  techniques.  Since 
1947, however,  interest  in low-temperature  single-crystal 
investigations has been great ly s t imula ted  by the  develop- 
m e n t  of techniques which facilitate the  collection of the  
data.  

Two procedures are used for studies of this type.  In  
one, favored by  French workers, the  crystals are g rown  
and oriented in cold chambers and  then  transferred to the  
X-ray  equipment .  In  the  a l ternat ive method,  developed 
at  about  the same t ime by  Lipscomb and the  authors,  
the  specimen is sealed into thin-walled glass capillary 
tubes and t ransformed into a single crystal, on the  X-ray  
goniometer  head, by controlled freezing, using a s t ream 
of cold gas as coolant. 

As a result of the  availabil i ty of these simplified 
techniques,  scores of structure determinat ions  in this field 
have been published within  the  past  five or six years. 
These include a number  of simple organic molecules, 
hydrocarbons,  and various inorganic acids and  bases. 
In  some instances the  results included descriptions of 
structural  t ransformations in the  solid state. 

The paper  will include a description of some of these 
results as well as work now in progress in our labora- 
tories. 

4. H. M. P0WELL. Clathrate compounds. 

5. D. HODGKIN. The X-ray crystallographic study of the 
structure of vitamin B12. 
Vitamin  Bls has been given an approximate  formula 

C61_6aHse_9?Ols_20N14PC. From chemical work alone it is 
known to contain a nucleotide-like residue and  a CN 
group, both  of which may  be varied by  biological or 
chemical agencies. Further ,  the  crystals in their  mother  
liquor contain water  of crystallization, par t  of which they  
lose, wi th  small changes in the  latt ice constants,  on ex- 
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posure to the air. X - r a y  diffract ion measurements  have  
been made  of bo th  wet  and  d ry  forms of B ~  itself and  of 
BI~ derivat ives wi th  the  CN group changed to H20,  CNS 
and  CNSe and also of two compounds wi th  modif ied 
'nucleotide'  groups. The heavy-a tom positions in the 
crystal  u n i t  can be unambiguous ly  found and  electron- 
dens i ty  series have  been calculated, wi th  phase constants  
based in the  first instance on these heavy-a tom contribu- 
tions, for BI~ itself and  for BI~SeCI~, bo th  in the wet  and  
d ry  state.  These electron-densi ty series are being refined 
and  the  conclusions derived from them checked and  
improved b y  the parallel  invest igat ion of a degradat ion 
product  of B19 from which the 'nucleotide'  has been 
removed. In  all of these compounds, in spite of the i r  
molecular complexi ty,  i t  is possible to f ind the positions 
of individual  a toms in the  crystal  structures.  Some of 
these can be correlated wi th  atomic positions in the 
chemical ly known par ts  of the  molecule. Others indicate 
the  probable atomic a r rangement  in regions about  which 
• there is a t  present  no chemical information.  

6. I t .  A. LEVY. Recent progress in neutron diffraction. 
The pas t  three or four years  has seen increasing ap- 

pl icat ion of neu t ron  diffract ion to physical  and  chemical  
problems. Studies fall into two groups:  those concerned 
wi th  magnet ic  properties,  and  those concerned wi th  
crys ta l  structures.  

Magnetic studies have  included several ferrite systems, 
the t rans i t ion  elements,  including several oxides and  
alloys, and  several rare ear th  metals  and  oxides. Of 
par t icular  note  is clarif ication of the role of orbi tal  
angular  m o m e n t u m  in neu t ron  scattering.  

Crystal lographic appl icat ions are dis t inguished b y  in- 
creasing use of s ingle-crystal  methods  and  of Fourier  
analysis.  Specific studies to be described include ferrites, 
phosphates,  ice, oxalic acid d ihydra te ,  and  urea. 

§ la. Appareillage 
1. R.  PEPINSKY & K.  DREI~CK. High-intensity X . r a y  dif- 

fraction tubes. 
Several new h igh- in tens i ty  X- r ay  diffraction tubes are 

described. These include a modif icat ion of the  high- 
bril l iance microbeam tube  previously described; a radia- 
tion-cooled ro ta t ing  anode tube wi th  a zirconium boride 
disc or molybdenum disc ta rget ;  a cylindrical  anode tube, 
which will tolerate  loadings  of as much  as 200 kW. ;  
and  a water-cooled rota t ing-anode tube  which avoids the 
use of ro ta ry  h igh-vacuum seals by  employing gallium- 
rich l iquid alloys as a heat -conduct ing medium. 

2. Z. NISHIY~A.  A new X . ray  tube with a water-cooled 
induction-rotating anode. 
The object  of this  research is to obtain a h igh- in tens i ty  

X - r a y  tube  adaptab le  for an  electric appara tus  of ordinary  
capaci ty  ( ~ 50 mA.). In  the  newly designed X- ray  tube, 
the  anode is ro ta ted  by  induct ion from a s ta tor  outside 
the  tube, and  the ta rge t  is cooled wi th  water  through a 
medium of mercury.  The tube  has the following charac- 
teristics and uses: 

(1) The tube  has no ro ta t ing  vacuum seal. 
(2) The capaci ty  of the  tube  is largest  when the fila- 

men t  is set vertical.  Therefore this  set t ing is most  favor- 
able for obtaining the vertical rectangular  beam as used 

in Debye-Scherrer  cameras. I n  t h a t  case the  first  slit  is 
dispensable and  consequent ly  the  t ime  of exposure m a y  
be reduced to about  1/50 of t h a t  w i th  ordinary  fixed- 
ta rge t  X - r a y  tubes.  

(3) The posi t ion of the  focal spot is var iable  on the 
surface of the  ta rge t  cylinder,  hence the l ifetime of the 
ta rget  cyl inder  is much  longer t h a n  t h a t  of the  non- 
variable.  

(4) The change of ta rget  m a y  be made  easily and  in a 
short  t ime. 

3. H.  W. v. D. VooR~. The possibilities of a new cathode 
in X-ray  diffraction tubes. 
I n  a lmost  all X - r a y  diffract ion techniques a homo- 

geneously loaded focal spot is desirable. I t  will be shown 
t h a t  an  inhomogeneous load is not  advantageous  to 
increase the to ta l  loading. 

The assumption t h a t  the  permissible specific loading 
should be inversely proport ional  to the l inear d imension 
of the focal spot is not  always just if ied;  the  tempera-  
ture is no t  the only l imit ing factor, as the  t empera tu re  
gradient  becomes, especially in the smaller loci, a ve ry  
impor tan t  l imitat ion.  

The focal spot obta ined wi th  the present  cathodes,  
consisting of a tungs ten  helix, a lways has a banded  
structure.  I t  seems necessary to use a homogeneously  
emit t ing  cathode in order to obta in  a homogeneously  
loaded focal spot. F i r s t  of all one migh t  t h ink  of a tung-  
s ten strip, bu t  the focus obta ined wi th  such a ca thode  
also has some intense lines. 

We have exper imented wi th  the L-cathode,  a type  of 
dispenser cathode. This ca thode has a homogeneously 
emit t ing  surface. I t  has however two d i sadvantages :  
(1) There is a continuous evaporat ion of bar ium from the  
cathode, which might  give rise to  con tamina t ion  of the  
anode. I t  is proved t h a t  th is  d isadvantage  is no t  serious 
as the bar ium is not  deposited on the re la t ive ly  hot  
focal spot. (2) I t  is not  ve ry  well possible to control  the  
tube  current  b y  the tempera ture  of the cathode;  ins tead 
grid control has been used. 

Resul ts  obta ined  so far will be deal t  with.  

4. Z. M ~ o v m  & A. RIMSKY. Utilisation des dispositifs 
focalisation dlectrostatique des glectrons pour la produc- 

tion de rayons X .  
Etude  crit ique et  exp@rimentale d 'un  syst~me de 

focalisation k lentflles sym@triques et A champ nul  qui 
pr~sente des inconv@nients en cours de fonct ionnement .  
I1 s 'agi t  de l 'existence de surtension de hau te  fr@quence 
dont  on explique l 'origine. 

E tude  d 'un  syst@me de lentilles asym@triques A champ 
non nul,  k potent iel  croissant, qui assure l'acc~il@ration 
des @lectrons et la focalisation de ceux-ci sur l ' ant ica thode.  

R@alisation et  rble de la grille de contrble. 

5. R.  RABrr~LON. Nouvelle mdthode de refroidissement des 
tubes de cristallographie. 
L'@tude math@matique compl@te et rigoureuse de la 

r@partition de la chaleur dans l ' an t i ca thode  d 'un  tube  k 
rayons  X,  faite par  Matrieon, et  publi@e dans le Journal de 
Physique et le Radium de janvier  1951, mont re  que pour  
tm foyer de dimensions donn@es, la charge m a x i m u m  
admissible augmente  lorsque : (a) le temps de pose @l@men- 
taire diminue, (b) l'@paisseur de l ' an t ica thode diminue.  
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On peut  faci lement diminuer  le temps de pose @l@men- 
ta i re  en fa isant  tourner  l 'anode, ce qui revient  ~ r@partir 
la  charge sur une plus grande surface d ' impac t .  

On peut  difficilement r@duire l'@paisseur de l 'ant ica-  
rhode k moins de 1 mm.,  car la re@rhode classique de refroi- 
dissement  par  circulation d 'eau provoque:  (1) l ' en ta r t rage  
de la surface de refroidissement,  (2) la cal6faction, (3) la 
recristall isation du cuivre, (4) le 'v iei l l issement '  du foyer. 

-!~ous avons surmont@ ces difficult@s en remplagan t  
l 'eau par  un  liquide appropri@, port6 k l '~buUition 
rint@rieur de r anode  et se condensant  sur une paroi froide 
pour  re tourner  dans  le cycle. 

Des essais effeetu@s s u r u n  tube d@montable k foyer fin, 
anode tournan te  et ant ica thode mince (Cristallobloc CGR 
l@g@rement modifi@) ont  donn@ des r~sultats encourageants  
qui v@rifient tr~s exae tement  les caleuls de Matrieon et  
pe rmet t en t  un  gain de puissance appr@ciable, m6me pour 
une anode de faible diam@tre tou rnan t  ~ vitesse r@duite. 

6. R.  GRIFFOUL. Gdndrateurs de radiocristaUographie c~ 
tubes 8cellds. 

Les crit iques qui sent  formul6es k l 'eneontre des g@n@- 
rateurs  de radiocristal lographie k tubes scell@s concernent 
sour tout  le manque  de bril lance eL d'homog6n@it@ de leur 
foyer.  

I )ans le bu t  de pallier ces inconv@nients, les tubes seell@s 
de la CGR poss@dent une cathode polaris@e automatique-  
m e n t  par  une fract ion constante  de la haute  tension 
(0,5 %). Le foyer obtenu est de dimensions ind@pendantes 
de la hau te  tension, r@duites k la moiti@ des dimensions 
habi tuel les  e t  par fa i tement  homog@ne. La  brillanee en 
r~sul tant  les rend comparables aux tubes d@montables k 
anode fixe. 

Cette conception entraine une r@alisation un peu par- 
ticuli~re de l 'appareillage. 

(1) JLe Dictyobloc.--C'est un  bloc compact  comprenant  
le t ransformateur  sp@cial k trois sorties et polarisat ion 
automat ique ,  le tube  ~ rayons  X horizontal  k deux fen6- 
tres de b@ryllium et foyer homog6ne et le tableau de com- 
mande.  1-1 est pr@vu pour recevoir tous les aceessoires 
habi tuels  sur des bancs d 'opt ique faci l i tant  le r@glage. 

(2) La gains inddpendante.--I1 est possible d 'a l imenter  
par  le Dictyobloc, une gaine contenant  un  tube de cris- 
tal lographie identique au pr@c@dent. Cette gaine est 
isol@e par  un  gaz aux propri6t@s remarquables:  l 'hexa- 
fluorure de sou/re, qui lui conf@re les qualit@s di@lectriques 
d 'une gaine isol@e k rhuile ,  sans en pr@senter les ineon- 
v@nients. 

U n  suppor t  permet  d ' adapter  cette gaine k un  gonio- 
m~tre k compteur  de Geiger; il comporte les r@glages 
indispensables k une raise au point  rapide et pr@cise de 
l 'ensemble foyer-col l imateur-axe  du goniom@tre. 

7. J .  DESPUJOLS. Double focalisation des rayons X d l'aide 
de cristaux mdtalliques courbds. 

Les re@rhodes de pr@paration de cristaux m@talliques 
par  recris tal l isat ion apr@s @crc:~issage critique se pr6tent  
par t icul i~rement  bien k l 'obtent ion  de cristaux double- 
men t  courb@s. Avan t  le dernier recuit, la lame polycri- 
stall ine est courb@e sous le rayon  d@sir@; apr@s recristal- 
lisation, le monocris tal  obtenu peut  @tre: (1) courb@ 
autour  du re@me axe, mais avee un  autre  rayon,  ou (2) 
ramen6 k l'@tat plan, puis courb6 k nouveau su ivant  un  
cylindre d 'axe perpendiculaire au premier. 

J ' a i  appliqu@ le deuxi@me processns k des cr is taux 
d ' a lumin ium pr@par@s su ivant  la m@thode de Tiedema. 
Les er is taux obtenns,  avec l 'or ientat ion d@sir@e, ont  @t@ 
employ@s pour r@soudre deux probl~mes exp@rimentaux: 

(a) La  r6alisation d 'un  monochromateur  k foyer pone- 
tuel, u t i l i sant  une source de rayons  i ponctuelle.  La  
focalisation n 'es t  r@alis@e que pour une seule longueur 
d'onde. 

(b) L 'ob ten t ion  d ' images X vraies. E n  effet, quand les 
rayons  de courbure sent  @gaux, les plans r@ticulaires pren- 
nent  approximat ivement  la forme de calottes sph@riques. 
On peut  alors util iser ces er is taux comme des 'miroirs '  
sph@riques, et obtenir  des images agrandies d 'obje ts  
r@els, @clair@s par  un  r ayonnemen t  X polychromat ique.  

L '6 tude de ces deux probl@mes a @t@ commenc@e il y a 
deux ans environ;  elle a @t6 reprise r@cemment en colla- 
borat ion avec NI. D. Lumbroso;  les nouvelles exp@riences 
ont  permis d'@tendre le champ d 'appl icat ion de la m@thode 
et d'am@liorer la qualit6 des cliches obtenus.  

8. R.  RABILT,O~. Montage goniometrique c~ rayonnement 
mono- ou polychromatique auto-stabilis$. 

L'analyse  cristal lographique quant i ta t ive ,  avec gonio- 
m~tre k compteur  de Geiger, en r ayonnement  mono- ou 
polyehromatique,  n@eessite une @mission de r ayonnement  
i par fa i tement  stable. 

Les proc@d@s classiques de stabi l isat ion par  emploi 
d 'un  'moni teur '  ou d 'un  circuit @leetronique s tabi l isateur  
de la haute  tension et  du faisceau d'@lectrons, pr~sentent  
de nombreux inconv@nients et ne sent  pas applicables 
tons les cas. 

Gillam & Cole ont publi@ en novembre 1953, dans le 
Journal of Scientific Instruments,  une 6rude s ta t i s t ique  
d6taill@e de ces re@rhodes qui t end  k prouver  leur manque  
de pr@cision. 

Nons avons mis au point  un  proc@d6 de s tabi l isa t ion 
direete du faisceau de rayons X par  l 'emploi d 'une cellule 
au  sulfure de cadmium. 

La cellule, solidaire du coll imateur d 'entr~e du gonio- 
m~tre, subit  les f luctuations du r ayonnemen t  utile, mono 
ou polychromatique.  

Ces fluctuations,  amplifi@es ou non, agissent direete- 
men t  sur la tension par  l'interm@diaire d ' un  trans-  
ducteur.  

I1 n 'es t  plus n@cessaire de stabiHser l ' a l imenta t ion  car 
toute  var ia t ion du secteur ou du chauffage f i lament,  route 
baisse de r ayonnement  due au vieill issement du foyer ou 

la pollution de l ' an t ica thode (cas des tubes d@montables) 
est imm@diatement compens@e par  une var ia t ion  @quiva- 
lente de la tension appliqu@e au tube  k rayons  X.  

Des essais effectu@s sur tube  d6montable en tension 
al ternat ive (Cristallobloe, CGR) ont  donn@ une stabil i t6 de 
ray0nnement comparable h celle d'une source de radium. 

9. A. RIMSKY & Z. MIHAILOWC. Etude d'une chambre 
d'ionisation destindc aux mesures du rayonnement X .  

La chambre est compos@e de deux ~lectrodes isol@es, 
d 'un  r@cipient qui a pour rSle d'@tre le r@servoir du gaz 
comprim6 et d 'assurer  le blindage @lectrostatique. 

Le earaet@re part iculier  de cet appareil  est la forme 
donn@e aux @lectrodes, ~ savoir deux h@lices coaxiales et  
d@phas@es de ~ assurant  un  gradiant  de potent iel  homo- 
g@ne dans le volume effectif de t ravai l  des Rayons  X 
mesur@s su ivant  l 'axe de l 'ensemble. 
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Les r4sultats sont :  (1) Polarisat ion opt ima d 'une  cin- 
quanta ine  de Volts. (2) Un  palier de r4ponse stable de 
36 V. jusqu 'k  700 V. (3) Une  lin6arit4 de r4ponse assur6e 
de 1 k 10.000. (4) U n  faible encombrement  et un  poids 
r6duit  (400 g.). (5) L'association d 'une  lampe pr4amplifi- 
catrice incorpor4e permet  une adapta t ion  facile ~ tous 
les usages. L 'apparei l  peut  fonct ionner dans le vide. 

10. G. SH~GDA, T. T O ~ A ,  T. KYo & A. Mr~L Record- 
ing mechanism of a Geiger-Mi~ller spectrometer. 
Ordinary recording systems of a Geiger-Miiller counter  

spectrometer ,  which consist of a counting ra te-meter  
and  a recorder, have  the following disadvantage : suitable 
selections of sensit ivi ty and  t ime constant  are necessary, 
and  we are obliged to switch manual ly  even during 
recording, when  the  recording spectra have m a n y  dif- 
ferent  peak values. A logari thmic recorder gives a solution 
of this problem, but  it is not  a complete one. The t ime 
constant  of a logari thmic counting ra te-meter  is not  auto- 
mat ical ly  variable;  then  the  probable error varies ac- 
cording to the  measur ing count ing rates and  manual  
switching of the  t ime constant  is also necessary. The 
logari thmic and  automat ic  variable t ime constant  count- 
ing ra te-meter  using a thermo-diode gives another  solution, 
bu t  the  instabi l i ty of the diode characteristics is inevitable.  

To obtain  an ideal accurate automat ic  recording appa- 
ratus, we have made  an a t t emp t  to construct  a logarith- 
mic and  constant  probable-error recorder. This count ing 
ra te -meter  consists of two servo-mechanisms and RC 
networks.  One servo-mechanism acts as a logari thmic 
recorder having variable t ime constant  and another  plays 
a par t  giving higher accuracy. The principle of variable 
t ime constant  is as follows: the t andem potent iometer ,  
one par t  of which has exponent ial  potent ia l  dis t r ibut ion 
and  the  other  ordinary one, is dr iven by  a balancing 
motor .  The slider of the former is connected to a resistance 
and  the  other  to a capacitor. The ends of these two ele- 
ments  are connected together  to the  input  terminal  and  
zero-detector.  The zero-detector is a type  of high impe- 
dance vibrat ing chopper, and  its ou tpu t  error signal is 
fed into a servo-amplifier. The ou tpu t  of this amplifier is 
fed into a balancing motor  and  this drives the  above 
men t ioned  potent iometer .  W h e n  the  potent ia l  charac- 
teristics of these two potent iometers  are equal, the  
recorder acts as an ordinary current-measuring device. 
W h e n  the  dis t r ibut ion of the  potent ia l  of the  capacitance- 
connected po ten t iomete r  is twice t ha t  of the  other, the  
t ime constant  is mul t ip l ied by  two, and  so on. In  our 
count ing rate-meter ,  this ratio is selected from 1 to 200, 
because, when the  ratio becomes smaller than  unity,  the  
servo-system tends to become unstable.  But  when  the  
ratio is chosen as 1 to 200, the discont inui ty  of the  
po ten t iomete r  has injurious effects at  a longer t ime- 
cons tant  region. To avoid this undesirable effect, we use 
one more  balancing motor .  This motor  drives one linear 
po ten t iomete r  and  this potent ia l  is fed to the  capacitance 
potent iometer ,  and  this motor  is 'dr iven wi th  a higher  
gain servo amplifier than  the  above ment ioned  motor .  
The reduct ion gear of this motor  has a higher  ratio, 
then,  as soon as the  action of the first motor  has ceased, 
the  second motor  moves to the  accurate final value. By  
this recording apparatus,  we can record from 50 counts 
per sec. to 10,000 counts per sec. wi th  the  probable error 
of ± 0 . 5 % ,  and  the  t ime constant  automat ical ly  varies 

from 200 see. to 1 see. W h e n  we wish ± 1% probable  
error, the  t ime constants  are from 100 to 0.5 see. Bu t  the  
recorder response is 2 sec. for full-scale t ravel ;  thus  the  
probable error at  the  high counting ra te  region is less 
t han  1%. 

11. R. PEPINSKY, A. PAVLOVIC & R. KE~.L~O. Weissenberg 
goniometers for X-ray diffraction observations at very 
low temperatures. 
Two Weissenberg cameras have been constructed,  for 

single-crystal studies down to l iquid-ni t rogen and liquid- 
hel ium temperatures ,  respectively. Details of the  first 
ins t rument  have been published. The ins t rumen t  for 
l iquid-hel ium-temperature  observations differs from the  
earlier design in its incorporation of a radia t ion shield 
a round the  hel ium container.  The crystal is cooled by  
conduct ion th rough  a silver goniometer  head, soldered 
to the  base of the  hel ium container.  This radia t ion shield 
is cooled by  conduct ion from a l iquid-ni t rogen dewar  
immedia te ly  above the  hel ium dewar. The n i t rogen and  
hel ium containers,  radia t ion shield and  crystal are all 
enclosed in an evacuated  space, the  crystal  being 
i r radiated th rough a polystyrene vacuum cap. 

X-ray  single-crystal photographs  a t  low tempera tures  
are il lustrated. 

12. A.L. PATTERSON, C. E. NORD~_AIV, ALICE S. WELDOIq, 
& C . E .  SUPPER. A n  integrating mechanism for the 
Buerger precession camera. 
A Buerger  precession camera has been provided wi th  

an integrat ing mechanism of the  type  suggested by  
Wiebenga & Smits (Acta Cryst. (1950), 3, 265). This per- 
mi ts  the  recording of the  intensit ies and  background for all 
the  reflections of any  row line in a single run  of an auto- 
mat ic  recording photometer .  The integrat ing mot ion  is of 
a 'saw too th  Lissajous' type of f requency ratio 7:8. I t  
is conveyed to the  film holder directly by eccentric cams 
geared to the  precession drive of the  camera. The inte- 
grat ing cycle is completed in 224 precession revolutions.  
Resul ts  obta ined on the  0kl and  lkl  levels of an thracene  
are in good agreement  wi th  the  published data.  

13. G. DON~AY & J. D. H. DONNAY. A n  integrating pre- 
cession technique. 
Buerger 's  precession me thod  possesses the  following 

properties. The incident  beam makes  a constant  angle/x 
(precession angle) and  the  diffracted beams make  a con- 
s tant  angle v (half angle of the  diffraction cone) wi th  the  
normal  to the reciprocal-lattice ne t  to be photographed.  
A crystal plate, larger t han  the  cross section of the  beam 
to minimize edge effects, is cleaved or ground to uniform 
thickness t (cm.) parallel to the  net.  

The diffracting volume of crystal  is constant  for all 
layers if /x is kep t  constant ,  and  since the  diffracted 
beams strike the  f i l l  a t  cons tant  angle for a given layer, 
all spots have constant  area and  shape. Their  central  por- 
t ions represent  in tegra ted  intensities,  which can be read 
on a microdensi tometer .  To get  absolute intensities, the  
f i l l  is cal ibrated wi th  a s tandard  crystal plate. The con- 
s tan t  diffracted pa th  length,  t see v, renders absorpt ion 
correction unnecessary for any  one layer. Intensi t ies  from 
the zero and  n th  layers are related as follows: 

I 0 cos v 0 -- cos Vn _ 6txand.l ,  
ln~n = tgc cos v0 cos vn 
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where /~¢ and/~a are the l inear absorpt ion coefficients in 
crystal  and  air, d* (in A -1) is the in terp lanar  dis tance 
of the  nets  under  invest igat ion,  ;t (in A) is the wave- 
length.  The crystal-to-fi lm distance (in era.) is 6 (1 --nd*2). 
Exposures are short,  expecially wi th  op t imum thickness 
t = 1 / t t c .  

14. W.A.  WOOSTER. A rotation retigraph (direct-projection 
X-ray goniometer). 
I n  conjunct ion wi th  Prof. W. F. de Jong  the writer  

has designed a ro ta t ion  re t igraph for the product ion  of 
direct projec t ions  of reciprocal-lattice planes. This in- 
s t rument  differs from the precession ins t rument  of Prof.  
i~I. J .  Buerger in t h a t  the  crysta l  and  the film rota te  
continuously in the same direction. The appara tus  con- 
sists of a divided circular base  on which is mounted  
a rectangular  box support ing two parallel  vertical  
shafts. One of these, A, is collinear wi th  the  axis about  
which the  divided circle can be ro ta ted ;  the other,  B, 
can be set a t  any  distance between 5 and  10 cm. from 
it. The former shaft  carries a vert ical  circle on which 
a goniometer  head  m a y  be mounted  in two ways. The 
vert ical  circle always rotates  about  a horizontal  axis 
and  in the first mount ing  the goniometer  head has 
its axis perpendicular  to the horizontal  axis of ro ta t ion  
of the vert ical  circle and  in the  second mount ing  the 
goniometer  head  has i ts  axis along t h a t  of the ver t ica l  
circle. The shaft  B supports  the camera and  by  means of 
worm gearing the planes of the vert ical  circle and  of the 
camera are always kep t  parallel. A screen is mounted  in 
f ront  of the  film and on this screen is mounted  an aperture  
formed by  lead foil on cellophane which permits  only the 
required reflexions, lying on a cone, to reach the  film. 
A collimator is mounted  on a vertical  support  from the 
base. A microscope, which can also be used as an  auto- 
coll imating telescope, is mounted  concentric w i t h  the  
main  divided circle. 

The range of ~, ~ values which m a y  be obtained on 
direct projections, requiring no charts  for in terpreta t ion,  
is considerable. I n  the equatorial  plane the max imum 
value of ~ is set by  the geometry of the appara tus  at  about  
1.4 and  for larger lines the possible values o f  ~ extend 
to values between 1-4 and  1.7. The max imum value of 
which m a y  be reached is about  1.6 and  this can be stud- 
ied wi th  the  same set t ing of the crystal  as for the equa- 
torial  plane. 

15. A. I~IMSKY. A ppareil permettant la photographie directe 
de l'e~pace rdciproque. 
Cet appareil  permet  d 'obteni r  directement  et sans 

d6formation l 'espace r6ciproque d 'une substance diffrac- 
t an t  un  faiseeau de rayons i monochromatique.  Lo rayon  
de la sphbre do r6fiexi0n est une c0nstan~e de l'appareil. 
L'ensemble des r~glages est au tomat ique  quand on a fair 
le choix du plan de l 'espace r~ciproque et l 'angle d'inei- 
dence de son axe de ro ta t ion  avec le faisceau de rayons  i .  

L 'apparei l  permet  la d6terminat ion precise des para- 
mbtres d 'un  r~seau cristallin. La mesure des intensit~is 
des taches de diffraction est am~lior~e par  un dispositif 
d ' in t6grat ion photographique qui imprhne au film un  
mouvement  de balayage den t  on peut  r~igler tous les 
param~tres.  

Sent  adjoints  ~ l 'ensemble les accessoires suivants :  
(a) Un support  de prepara t ion  pe rme t t an t  120 ° de rota- 

t ion de la substance suivant  deux axes de cercles concen- 
tr iques et  perpendiculaires assurant  la prise de r u e  sul- 
r a n t  t o u s l e s  axes possibles sans avoir  h d6monter  la 
pr6parat ion.  (b) Un chassis cylindrique pour  le eristal 
t ou rnan t  et Debye-Scherrer .  (e) Un  chassis de Laue. (d) 
Un chassis pe rme t t an t  d 'ex6cuter les clich6s do Sauter  
pour  les r6gions voisines de l 'axe de ro ta t ion  de l 'espaeo 
r~ciproque. (e) Une lunet te  de r6glage. 

16. A. F~A~r~S. An optically focusing X-ray diffraction 
camera. 
X-rays  from a micro-focus tube are to ta l ly  reflected 

from either  one glass plate  or two plates a t  r ight  angles 
to each other. The reflected beam is focused by  elast ical ly 
bending the plates, and  forms a line image 5 microns wide 
in the case of the single reflector, and  an  image approxi-  
ma te ly  5 × 50 microns when bo th  reflectors are employed. 

The appara tus  has been used to obta in  low-angle dif- 
f ract ion photographs  and high-resolution back-re flexion 
photographs  from meta l  specimens. In  the  t ransmission 
photographs,  the first order reflexions from spacings up 
to 700A have been resolved and require compara t ive ly  
shor t  exposure times. Substances invest igated include 
collagen, tobacco mosaic virus, coal and  terylene.  

17. T.C. FU~NAS. A Geiger.counter apparatus for collecting 
complete 8ingle.crystal diffraction data. 
Three-circle goniometers based upon ro ta t ions  about  

the three Euler ian  axes will be described. An 'Euler ian  
cradle'  (so named  for its l imited ro ta t ion  about  the  hori- 
zontal  axis) has been buil t  and  used for or ient ing single 
crystals in  an  X- ray  beam so as to bring each reciprocal- 
lat t ice poin t  into the equatorial  plane for Geiger-counter 
measurement  of the intensi ty.  A complete hemisphere of 
the  reciprocal latt ice can be surveyed wi th  bu t  a single 
moun t ing  of any  crystal.  For  convenience and  rap id i ty  
in making in tensi ty  measurements ,  the  X- ray  optics are 
arranged to achieve in tegrat ion wi th  a s tat ic  crystal  
orientat ion.  Da ta  collection is fur ther  faci l i ta ted by  com- 
put ing  appropria te  angular  coordinates for reciprocal- 
lat t ice points  from an  accurate set of la t t ice-parameter  
measurements  (readily obta ined wi th  the  same instru- 
ment)  and  set t ing the various circles accordingly. All 
angular  mot ions  are controlled by  worm wheels and  
worms wi th  dials for direct reading to 0.01 °. 

A complete set of three-dimensional  da ta  to d = 3 /~ 
(2485 independent  reflections each wi th  its neighboring 
background intensi ty)  from ribonuclease I I  (space group 
P21, a = 3 0 . 2 ,  b = 3 8 . 4 ,  c = 5 3 . 2  A ,  f l  = 105.85 ° ) was 
obta ined in 55 hr. wi th  less t h a n  24 hr. to ta l  X- r ay  
exposure to the crystal,  including its ini t ial  a l ignment .  

18. W. L. B0~D. An automatic recording X.ray dl//racto- 
meter and plotting device. 
An ins t rument  has been buil t  for recording simultane- 

ously the integrated intensit ies of X- ray  reflections and  
the corresponding crystal  or ienta t ion angles and  Bragg 
angles. Transcr ipt ion of the  da ta  on to a mechanical  
p lot ter  gives an  undis tor ted  reciprocal-latt ice plot .  All 
levels m a y  be plot ted  to the same scale. The intensi t ies  
are determined by  a Geiger counter  and  in tegrat ing cir- 
cuit. 

The single crystal  and the Geiger tube  are geared to- 
gether and ro ta ted  a t  different rates  about  the same axis  
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so tha t ,  for a n y  level, all combinat ions of crystM posit ion 
and  Bragg angle are obtained,  and  also a record of crys ta l  
posi t ion serves as a record of Bragg  angle. While  one pen 
is recording these, a second pen is recording the in tegra ted  
in tens i ty  of each reflection in the same chart .  

I f  0 is the  Bragg angle and  ¢o is the  angle of crys ta l  
ro ta t ion  from a n y  s ta r t ing  position, then  i t  can be shown 
t h a t  a polar plot  of r - - /¢  sin 0, e ----- 0 is a reciprocal la t .  
tice. The plot ter  contains the  constants  of the  diffracto- 
meter  and  lays out  r and  e so t h a t  we have a reciprocal 
l a t t i ce . /~  can be ad jus ted  in propor t ion  to the  cosine of 
the  level angle so t h a t  all levels are p lo t ted  to the same 
scale. 

§ lb. _echniques et m~thodes 
1. G. K. WILLIAMSON. The use of .Fourier analysis in the 

interpretation of line broadening in powder patterns. 
Some anomalies obta ined in the pract ical  appl icat ion 

of Fourier-analysis  methods  to line broadening studies 
are briefly described. An invest igat ion into the sever i ty  
of some of the  errors predicted by  Eas tab rook  & Wilson 
has been made,  using theoret ical  line shapes. Many  of 
the results  to which a physical  significance has been 
a t t ached  are shown to be a consequence of these errors. 
The rel iabi l i ty  of some pas t  results  is assessed and  an  
a l te rna t ive  me thod  of in te rpre ta t ion  suggested. 

19. E. R. EGLINGTON. A multi-purpose recording X-ray 
diffractometer. 
As complement  to the  usual  X - r a y  film camera,  the  

X - r a y  diffractometer  is now recognised as an  ins t rument  
of great  value to the  crystal lographer.  The equipment  to 
be described, besides possessing the basic, Well-known 
features,  incorporates cer tain refinements and  addi t ions 
which render  i t  of special interest  to workers bo th  in 
indus t ry  and  research. An a t t e m p t  is made to outl ine 
the more interest ing features of its construct ion to show 
the ex ten t  to which i t  m a y  be applied, and  to indicate 
the  qual i ty  of result  to be expected. 

Short history of development.--Brief survey of the devel- 
opment  of the fundamenta l  ins t rument .  

Construction of the present instrument.--Mechanics. 
X - r a y  optical system. Control rack  and  amplifiers. 

Special features.--Mouitoring sys tem and  the  'double 
beam'  technique.  Automat ic  ' s tep-by-step '  mechanism 
and  i ts  function.  Automat ic  scan reversal. Dual  gear 
boxes for ex t ra  slow speed scanning. Inves t igat ions  a t  
h igh  and  low temperatures .  A t t achmen t s  for spectre- 
chemical  analysis.  

Accuracies and sample results.--Overall accuracy of 
reading. Reproducib i l i ty  of resul t .  Sample traces. 

20. Z. I~ItIAILOVIC. Utilisation des cristaux semi-condue- 
teurs en radiocristallographie comme appareil de mesure 
des faisceaux diffractds de rayons X.  
Application des cr is taux semi-condueteurs (CdS, LiF,  

ZnS, AgI,  et AgC1) en radiocristal lographie pour  la d6- 
tect ion et la mesure de l ' intensi t¢ des faisceaux diffract6s 
de rayons  X.  

Technique appliqu~e aux  cr is taux eompteurs  (r~alisa- 
t ion des 61ectrodes, sch6ma 61ectrique, amplificateurs,  
etc.). 

E tude  du courant  photo61ectrique. 
Le spectrom~tre de Bragg  6quip~ avec un compteur  h 

cristal. Diagrammes  des spectres enregistr~s. 

21. F.  EBERT. Neue kristallographische Deutungsaufgaben 
an Rotationsdiagrammen, die mittels Zdhlrohrgonio- 
meter erhalten werden. 

22. V. SCATTURrN. Calibration of cylindrical Debye- 
Scherrer cameras against absorption errors. 

2. E. JENSEN. Particle.size requirements for accurate in. 
tensity measurements by the spectrometer X.ray method. 
I t  is sometimes overlooked t h a t  the  condit ions for 

accurate  in tens i ty  measurements  are, as regards particle 
size, much  more rigorous in the spectrometer  me thod  than  
in the ordinary  I )ebye me thod  wi th  ro ta t ing  specimens. 

In t ens i ty  measurements  in three particle size fract ions 
of powdered quartz  (kaverage ---- 1"0~, 6"5~ and  18/~) wi th  
a commercial  X - r a y  focusing spectrometer  using flat  non- 
ro ta t ing  samples indicate t h a t  kaverage should not  be 
greater  t h a n  a few microns if the precision of the in- 
s t rument  shall be ful ly utilised. At  kaverage---- l'0~u the  
s tandard  deviat ions of the in tegra ted  intensi t ies  are less 
t h a n  2-3 ?/o o f  " results,  bu t  a l ready at  ]gaverage--~ 18/~ 
i t  rises to about  %. 

In  order to establish more exact  and  general  part icle 
size l imits an  a t t e m p t  has been made to derive a theoret-  
ical re lat ion between the part icle size ]c (----[particle 
volume]½) and  the relat ive s t andard  deviat ion of the 
in tegra ted  in tens i ty  aI/I.  The relat ion which m a y  be 
wr i t ten  (ff/I clc S/2, was deduced on the basis of the 
dis t r ibut ion of the number  of part icles oriented so t h a t  
their  reflexions would be picked up by  the  detector  uni t .  
The propor t ional i ty  factor  c m a y  be calculated from 
physical  properties of the mater ia l  and  the geometric 
ins t rument  factors l imit ing the X- r ay  beams. The ex- 
per imental  and  th3 calculated relat ive s t andard  devia- 
t ions agree wi th in  c. 25?/0 of the calculated values;  the  
under ly ing assumptions  mus t  therefore have  been approx- 
imate ly  fulfilled. 

3. K.  DRENCK. A si~flgle theory of particle-size line broad. 
ening as applied to flint. 
I t  is known t h a t  a crys ta l  f ragment  m a y  be described 

by  the product  of the dens i ty  funct ion Q(x) for the in- 
f inite crystal  and  a shape funct ion s(x). The correspond- 
ing Fourier  t ransform will be the shape t ransform S(~) 
repeated a t  each re procal-lat t ice point  wi th  a weight  
given by  the transf=7.n FB of the infinite latt ice.  

A powder diagram contains information about  l IsI ~. 
c ]  

da in tegra ted  along a sphere in Fourier  space wi th  radius 
= 2 sin 0; if this  radius is large compared wi th  the  size 

of S, the  sphere can be approx imated  by  a plane. Thus  
one gets the projection of ISI ~ on to a line th rough the 
origin and  the point  [h, k, l]. This yields informat ion in 
real space about  the  convolut ion funct ion s*s = 

I s (x- -y)  s(y)dy along a the direction (h, k, 1). line wi th  

I n  a simple manner  one gets a dis t r ibut ion funct ion of 
particle 'diameters '  from which i t  is ra ther  difficult to 
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deduce informat ion about  the  size of the  particles and  
their  shape unless some simplifying assumptions are made.  

Measurements  have  been carried out  wi th  a modified 
GE Geiger-counter diffractometer  on a series of speci- 
mens of f l int  wi th  va ry ing  age. These show considerable 
differences in particle size. 

The exper imental  setup is briefly described. 

4. W. I)ARRISH & A. J .  C. WILSOlV. Some new minor geo- 
metrical aberrations in powder diffractometry. 
A ray  leaving the  point  (u, v, w) on the ta rget  of an  

X - r a y  tube,  being diffracted a t  the  point  (x, y, z) in the 
specimen, and  passing through the  point  (~, U, ~) of the 
receiving slit will be registered a t  an  angle 2~ related to 
the Bragg angle b y  2~ -~ 20--2e, where 

2e -~ 2xR -1 cos ~+(v-~?)R-l-~y~R -~ sin 2v/ 

- -y(u+ ~)R -~ sin ~-R-2(~[ (~- -z )  ~" 

+ (z-w)~] cot 2~-  (~-z)(z-w) cosec 2~} : 

R is the spectrometer  radius and  (u, v, w) etc. are referred 
to su i tab ly  oriented local coordinate systems. Examina -  
t ion of th is  equat ion shows tha t ,  in addi t ion to the  or- 
d inar i ly  recognized geometrical  aberrat ions (L. Alexan- 
der, J.  Appl.  Phys. (1948), 19, 1068; A. J .  C. Wilson, J .  
Sei. Instrum. (1950), 27, 321 ; J . N .  Eas tabrook,  Brit. J.  
Appl. Phys. (1952), 3, 349), displacement  and/or  broaden- 
ing can be caused by  (i) cross-linking between specimen 
' length '  and  'horizontal '  focal extension;  (ii) cross-linking 
between specimen ' length '  and  a n y  inequal i ty  of the 
source-specimen and  specimen-sl i t  distances;  (iii) rots- 
set t ing or var ia t ion  of the 2:1 ratio. 

The magni tude  of these and  the effect of the known 
angular  var ia t ion  of the in tens i ty  of the incident  beam 
are discussed. 

5. J .  C. 1~I. BRENTAlVO. The advantages of a shift to shorter 
wavelengths in X-ray crystal diffraction. 

The choice of wavelength  in X- r ay  diffraction is largely 
influenced b y  the response of the  detector.  Bo th  the 
photographic  film and  the  gas counter  favor long wave- 
lengths.  L a d a n y  and  myself  reported t h a t  scinti l lat ion 
counters can be used for the quan t i t a t ive  evaluat ion of 
intensit ies in X - r a y  diffraction (J. C. M. Brentano  & I.  
Ladany ,  Phys. Rev. (1953), 92, 850). B y  using tha l l ia ted  
sodium iodide the crystal  can be made small (0.5 ram. 
th ick  for Me Ka)  so t h a t  the  radioact ive background,  
which is a volume effect, becomes negligible. The random 
thermal  emission of electrous from the cathode of the 
photomult ipl ier ,  which const i tutes  another  dis turbing 
effect, can be el iminated wi th  a discriminator  b y  making  
the t ime constant  of the amplifier circuit sufficiently 
small  so t h a t  the  number  of thermoelectrons emi t ted  for 
that time interval is small compared with the number of 
electrons released b y  one X - r a y  photon.  For  Me K s  ra- 
diat ion one X - r a y  photon  releases about  15 photoelec- 
t rons (West, Meyerhof & Hofs tadter ,  Phys. Rev. (1951), 
81, 141); discr iminat ion can then  be obta ined wi th  a 
t ime constant  of 2 or 3 sec. The scint i l lat ion counter  is 
then a simple device giving a h igh yield and  a l inear 
response up to count ing rates  of several thousand  counts 
per second. We  dispose thus  of detectors adapted  to 
various wavelengths ;  this  suggests a revision of tech- 
rdques. 

While  for a n y  given lat t ice spacing the Bragg angle 0 

decreases wi th  w a v e l e n g t h - - w i t h  sin O propor t ionate  to 
A--the absorpt ion coefficient decreases in a general  w a y  
approximate ly  wi th  the th i rd  power of 2. Comparing f 
Cu K s  and  Me Ko~, corresponding sin 0 values for the  lat- 
ter  are reduced by  a factor  of about  ½, while absorpt ion 
coefficients--outside the range affected by  selective photo- 
electric absorption,  which  in this  case extends  from 
Z 28 Ni  to Z 39 Y - - a r e  reduced b y  a factor of approxi-  
ma te ly  8. W i t h  Me radia t ion  the thickness of the  diffract- 
ing mater ia l  can thus  be increased eight times. 

W i t h  powder methods  this  is an  advantage  which is 
fel~ when recording line widths.  W i t h  the Debye  rod f 
line contours are grea t ly  affected b y  unevenness  in the  
dis t r ibut ion of the powder. B y  disposing of larger vol- 
umes a more even dis t r ibut ion can be secured. Operat ing 
in the range of small angles, the  loss of resolution resul t ing 
from the  decrease of 0 can be compensated b y  observing 
the pa t t e rn  a t  a correspondingly greater  distance wi thou t  
in tens i ty  loss, the  pa t t e rn  ~eing projected on a circle of 
the same diameter.  The following ar rangement  is then  
indicated:  a narrow X - r a y  beam of rectangular  cross 
section a × b wi th  a > b falls a t  r ight  angles on a powder 
layer  of such thickness t h a t  i t  reduces the  in tens i ty  of 
the t r ansmi t t ed  beam to 1/e. The wid th  b of the  incident  
beam is less t han  the thickness of the powder layer  and  
the diffraction pa t t e rn  is observed as deflected in a plane 
normal  to the height  a of the beam. The diffract ing vol- 
ume can then  sat isfy in approximat ion  the  parafocusing 
condition (J. C. M. Brentano,  J. Appl.  Phys. (1946), 17, 
420), and  a near ly  symmetr ica l  in tens i ty  dis t r ibut ion for 
each line results. Where  high intensi t ies  are required the  
X- r ay  beam of rectangular  cross section is replaced b y  
one comprised between two concentric circles defined b y  
a slit representing the section of an  annulus,  the  curva- 
ture changing wi th  the deflection angle. Slides will illus- 
t r a te  the arrangement .  

For  small-angle diffraction, when  exam~n]ug granulous 
mater ia ls  wi th  long wavelengths,  i t  is no t  possible to 
normalize the diffraction pa t t e rn  in terms of the  in tens i ty  
of the incident  beam and  in terms of the diffraction vol- 
ume because of the unequal  absorpt ion for various par ts  
of the specimen. This cannot  be overcome b y  a n y  averag- 
ing operation of rocking or sliding since the  absorpt ion 
is not  a l inear bu t  an  exponent ial  funct ion of thickness.  
B y  using a more penet ra t ing  radiat ion,  so t h a t  the  thick- 
ness of the mater ia l  comprises m a n y  grains, th is  un- 
ce r ta in ty  can be great ly  reduced. The writer,  in  observ- 
ing by  small-angle diffraction the s t ra in  of iron filings, 
has found great  advantage  in the pas t  in using Me Kc~ 
radia t ion  in combinat ion wi th  photographic  methods .  
W i t h  the simple quan t i t a t ive  evaluat ion in the  short-  
wave range offered by  the scinti l lat ion counter  i t  seems 
justif ied to draw a t t en t ion  to these conditions. 

6. C. ]Yl. MITCHELL. Precise parametric meazurement at 
low 0 values with the Debye-Scherrer camera. 

I n  order to obtain accurate q(= lid ~) values over a 
complete pa t te rn ,  a collimator has been designed and  a 
systemat ic  error derived which gives precise measure- 
ments  down to low 0 values. The camera has  a par t icular  
applicat ion to the problem of unit-cell  de terminat ion  
from the powder pa t tern .  

The collimator gives an  effective line source, controlled 
in posit ion and  dimensions, which,  in order to obta in  
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op t imum focusing, is ad jus ted  to give a source on the  
film cylinder. Line profiles have  b e e n g e n e r a t e d  for mono- 
chromatic  radiat ion and  the  effect of na tura l  wid th  on 
the  profiles a t  high 0 values determined.  Source dimen- 
sions have been chosen, similar to those proposed by 
Eks te in  & Siegel (Acta Cryst. (1949), 2, 99) which give 
high resolution over the  forward region, an invar iant  
w id th  a t  ha l f -maximum intens i ty  equal  to the  source 
wid th  being obta ined at  low 0 values, for specimens of 
high absorption. 

The systematic  l ine-centre displacement  has been de- 
te rmined  and the  centre of densi ty  relat ion found in a 
general form containing terms for source and  i r radiated 
specimen area. This relat ion corresponds to Warren ' s  
funct ion in the  case of a point  source and  total ly  absorb- 
ing specimen. The l ine-centre displacement  at  any  in- 
tens i ty  level has been de te rmined  and the  absorpt ion 
shift for specimens of less t han  total  absorption derived. 
The absorpt ion shift relat ion is accurate over the  full 0 
range for specimens of gr  ~ 8. 

I t  is shown tha t  wi th  a 114-59 ram. camera direct cor- 
rect ion of the  film can be made,  wi thout  graphical extra- 
polation, to wi th in  1:5,000 down to 0 ~ 20 °, using an 
effective source wid th  of 0.1 mm.  

7. P. T. DAVIES. An  improved method of indexing powder 
diffraction patterns of orthorhombic crystals. 
A more powerful m e t h o d  of de termining  unit-cell  

dimensions of or thorhombic crystals has been developed 
from the m e t h o d  described by  Lipson (Acta Cryst. (1949), 
2, 43). The problem is, given a set of values of 
q(---- sin ~. 0 or 1/d~), to de termine  constants  A, B, G such 
tha t  every q can be expressed as h~A-FIc~B~-I~C with  
integral values of h,/c, 1. 

Lipson's  difference diagram is used to obtain a list of 
values which recur several t imes among the  differences 
Aq of any  pairs of q. These values of Aq are p lo t ted  log- 
ar i thmical ly  on a second chart  wi th  the  object  of deter- 
min ing  whether  any  groups of t h e m  are in the ratios of 
some members  of the  series 1, 3, 4, 5, 7, 8, 9, 11 etc. 
Such groups contain Aq values which are most  probably  
of the  form q(h~lcl)--q(hllcl), and  each group gives a pos- 
sible value for one constant  A. After  a quick screening 
of the  trial A values, the  most  promising is used to cal- 
culate a set of values of q(0/c/). For  a given A, each Aq 
of the  form A x  (1, 3, 4, etc.) leads to a probable value of 
q(Olcl). The recurrence of certain values among the  trial  
q(Olcl) provides a check on the  correctness of A. Recurr ing 
values are t aken  as confirmed q(Olcl), and to t h e m  m a y  
be added  any  original q ~ A. The result ing set of q(Okl) 
are indexed by s tandard  procedures, e.g. Bunn ' s  chart.  

The m e t h o d  is i l lustrated by application to published 
da ta  for potassium ni t ra te  and  uran ium and to new 
data  for a m m o n i u m  metavanada te .  I t  could also be 
used to de termine  the  cliad axis of a monoclinic crystal. 

8. F. FOURNIER. Note sur quelques appareils inerrant en 
oeuvre les microtechniques rayons X .  
R~sultats  sur des cristaux real organis~s. 

9. C . J .  BALL & P. B. HIRSCH. Miscellaneous applications 
of a microbeam technique. 
1. An inclusion in a steel specimen of size 100/~ x 30/~, 

was examined  in back reflexion, wi th  a beam of d iameter  

100~u. The specimen was oscillated th rough 1½ ° about  an 
axis passing th rough  it, and  from the spots on the  film 
spacing values for several lines were deduced wi th  an 
accuracy of ½ %. The m e t h o d  of location of the  beam is 
described. 

2. Elect rodeposi ted  chromium films, of thickness 10- 
20/~, have been examined  by  a transmission method.  A 
tex ture  similar to tha t  of a cold-worked meta l  has been 
discovered, grains of size 1/~ clustering into groups of 
size 7/~. One film showed marked  preferred orientat ion of 
a 'fibre' nature,  which presented special problems. 

3. The applicat ion of the  technique to the  s tudy of 
silver bromide films is also discussed; very small beams 
are required to resolve the  Debye-Scherrer  rings into 
spots. 

4. The tex ture  of boron steels has been invest igated.  

10. E. W. RADOSLOVICH. A geometrical structure-factor de- 
vice. 
This device forms cos (hx+ky+lz)  separately for ten  

atoms, and  s imultaneously presents these cosines ready 
for addit ion,  for any  given h, k, 1. I t  contains one uni t  
repea ted  ten  times. This is made  up of (1) a horizontal  
chart  carrying a cosine table at  1.8 ° intervals (0.005 of 
the  unit-cell  dimensions),  and  a separate table (labelled 
ky) of angular  intervals;  (2) drums for winding this chart  
to left or r ight ;  (3) an origin marker  whose posit ion in 
front  of the  chart  is de te rmined  by lz; (4) small lights 
(behind the  chart),  connected to a distr ibution board and  
switch. These lights can be switched on singly, in se- 
quence;  this sequence is de te rmined  by  hx, the  lights 
being connected up once only for a given calculation. 

Thus, by the  switching, all required values of cos hx 
could be lit up as h runs from 0 to 23. But ,  by first mov- 
ing the  chart  by  (ky+lz), the  values of cos (hx+ky+lz)  
are lit up instead. 

Ten such uni ts  are s tacked vertically and  connected to 
the  same switch. Each  uni t  is set for its own ky and lz, and, 
by  switching, cos (hx-F ky +lz) is presented simultaneously 
for all t en  a toms for each successive h. The device is ac- 
curate and  not  restr icted to low (h,/c,/);  by repeti t ion,  
10, 20 or more a toms of the  same k ind  can be included 
in the  summat ion.  

11. 5. CI~STRE & R. GAY. Machine ~ calculer les facteurs 
de structure. 
La machine  se compose de plusieurs ~tages; chaque 

~tage comprend  8 ~l~ments qui correspondent  ~ 8 couples 
d ' a tomes  centrosym~triques.  Pour  chaque ~16ment, on 
fixe, sur un  l imbe gradu4 au 100~me, un  d~calage initial 
2z(hxj~-lcyj), et, sur un  2 ° limbe, l 'angle 2zzj. Un  ex- 
centrique,  fix6 sur le 2 ° limbe, donne les valeurs 
cos 2rc(hxi+lcyi~-lzj), 1 progressant  par valeurs enti~res, 
grace ~ un  axe moteur  commun  aux 8 dl4ments, tournan t  
a l t e rna t ivement  dans les deux sens. L 'excentr ique agit  
sur le piston d 'une  seringue. Les 8 seringues sont raises en 
rapport ,  par une canalisation commune,  avec une seringue 
collectrice. Le d~placement  du piston de cet te derni~re 
donne la contr ibut ion ~" cos 2z(hxi-~ky j +lzj) des 8 cou- 

J 
ples d 'a tomes.  La pr6cision est de l 'ordre de 2% de la 
valeur maxima.  Le calcul de 20 valeurs 2'hkZ appar tenan t  

une m~me rang6e prend 15 rain. environ. Les a tomes de 
natures  diff~rentes sont rapport~es ~ des 6rages diff~rents, 
ce qui pe rmet  de calculer ~ '  Zj cos 2rc(hxi-Flcy1÷lzj). 

J 



624 § 1. T E C H N I Q U E S  E T  M ~ T H O D E S  

12. J .  M. ROBERTSON. A desk computer for _Fourier ana- 
lysis. 
Many  computers,  bo th  analogue and digital,  have  been 

designed for Fourier  operations. Analogue machines axe 
general ly of ra ther  low accuracy,  unless made wi th  ex- 
t reme precision and  a t  great  cost. Digi tal  machines of the  
punched-card  type  are also costly, require a great  deal of 
space, and  demand  skill and  t ra in ing on the par t  of the 
operator.  Modern electronic computers  have similar dis- 
advantages  for the crystal lographer  and  usual ly  lack 
storage space for Fourier  operations. There is, therefore, 
need for a more compact  device. 

The digital  computer  now designed is non-electrical,  
and  works b y  simple direct gearing, from the  input  feed 
to the output printing counters. It is the mechanical 
analogue of the usual strip methods, F values being fed 
in either singly or simultaneously, while the summation 
totals are printed out automatically, Five-figure accuracy 
is built into the gear trains. The machine is capable of 
speeds up to 6000 revolutions per minute, so that two- 
figure and three-figure coefficients can be set in a matter 
of seconds. The brief specification for the machine is an 
accuracy a thousand times greater than the usual strip 
methods and a speed ten times faster. It would, however, 
be slower if coefficients of more than three figures are 
employed. It requires no skill or training on the part of 
the operator. 

13. A. S. DOUGLAS. The use of.digital computers in struc- 
ture analysis. 
Kendrew & Benne t t  first demons t ra ted  how a partic- 

ular  computer,  the  EDSAC, can be used to compute Pat -  
terson syntheses  rapidly .  I t  is re la t ively simple to extend 
thei r  methods  so as to car ry  out  Fourier-series summa- 
tions,  such as are used to express the electron densi ty  or 
i ts  derivatives.  The calculation of s t ructure  factors in the 
general  case presents  a more difficult problem, owing to 
the  tabular  form of the  atomic scat ter ing factors, l~ever- 
theless, Cruickshank & Ahmed a t  Manchester  and  Thomp- 
son, Caminer, Fan t l ,  Wr igh t  & King,  in the Lyons  Elec- 
t ronic Office, have been able to set up  complete systems 
for the  ' ref inement '  of approximate  s t ructures  of various 
space groups. A possible application, not  ye t  carried out, 
is to the more accurate calculat ion of atomic scat ter ing 
factors, which is believed impor tan t  in the  s tudy  of 
intermetal l ic  compounds.  Another  possible applicat ion is 
to the computa t ion  of K a r l e - H a u p t m a n  probabili t ies,  
whilst  the  au thor  has  been developing, wi~h Dr  Cochran, 
a method,  based on the sign relations of Cochran and 
Zachariasen,  of using the  EDSAC to determine sys temat-  
ically the  signs of s t ructure  factors for crystals  centre- 
symmetr ic  in projection.  The la t te r  method  has reached 
a sta~e where i t  has been possible, in ~ fav0umble  c ~ e ,  

to determine an  unknown s t ructure  wi thou t  using a n y  
other aid, bu t  is, as yet ,  comparat ively  l imited in scope. 

14. A. S. D e v o i r s .  Application of the E D S A C  to structure 
determination by a direct method. 
Cochran and  Zachariasen have  shown independent ly  

t h a t  the  signs of the  s t ructure  factors of a centrosymme- 
tric s t ructure  t end  to be related b y  the equations 
S(h) S(h') =. S(h-~h'). Woolfson has shown t h a t  the prob- 
abi l i ty  t h a t  each such equat ion is satisfied depends on 
IU(h) U(h')U(h-~h')[.  I t  is possible to assess the 'plau- 

sibil i ty '  t h a t  a given combinat ion among the  S(h) for a 
s t ructure  is the  correct one b y  evalua t ing  

Z =-- Z ,  Y(h, h') P(h, h') 
h, h" 

where 
Y(h, h') ---- S (h)S(h ' )S(h÷h' )  , 

and  P(h, h') = [U(h)U(h')U(h~-h')[. This  can be carried 
out  sys temat ica l ly  for 20-30 different  S(h) b y  a digital  
computer,  and  those combinat ions for which g is large 
can be selected. This  m a y  lead to a large number  of 
combinat ions  being picked out  in unfavourable  cases and  
other  tests  mus t  be used to reduce the number  of these.  
Fu r the r  useful tes ts  of plausibil i ty,  which can be mech- 
anized, are to evaluate  the 'zero checks'  for the  s t ruc ture  
and  to examine how far Sayre 's  equat ion is satisfied. 
F ina l  selection can be carried out  b y  inspection of Fou-  
rier maps  of project ions of the s t ructures  corresponding 
to various possible sign combinations.  I t  is no t  easy,  
however, to ident i fy  the  correct s t ructure  from projec- 
tions, especially if only compara t ive ly  few of the  S(h) 
are used. Nevertheless,  in a favourable case, arsonium 
bromide, i t  was possible to determine the  correct struc- 
ture  by  using the g test  alone. A tes t  on the  known 
st ructure  of salicylic acid indicated t h a t  this  could have  
been solved by  appl icat ion of all the  tests  discussed. 

15. M.M. WOOLFSON & W. COCHRAN. Some experience of 
direct methods of Fourier structure determination. 

Successful and  unsuccessful applicat ions of two direct  
methods  (the EDSAC method  and  the  use of pe rmuta t ion  
syntheses)  will be described. The reasons for success in  
some problems and  failure in others, and  thei r  bear ing 
on the general s i tuat ion wi th  respect to solving the  phase  
problem, will be discussed. 

Some possible new methods  of analy t ica l  a t t a ck  will 
be indicated.  

16. D. W. J.  CRUICKS~aNK. The use of the Manchester 
University electronic digital.computer in detailed struc- 
ture refinement. 
A description will be given of three-dimensional  struc- 

ture ref inement  b y  successive cycles of s t ructure-factor  
calculations and  observed and  calculated differential  
syntheses  carried out  on the Manchester  Univers i ty  elec- 
t ronic computer.  So far work has  been done on 18 struc- 
tures,  involving 56 sets of s t ructure  factors (comprising 
in all about  300,000 a tom s t ructure  factors) and  50 sets 
of observed and calculated differential  syntheses.  In-  
cluding the development  of the programmes,  a to ta l  
computer  t ime of about  290 hr. has been needed for th is  
work. Programmes jus t  coming into operat ion include 
the calculation of electron-densi ty sections in  non-crys-  

tal lographic planes, the calculation of is0tr0pic or anis0. 
tropic thermal  parameters ,  the  calculation of s t ructure  
factors wi th  anisotropic thermal  motion,  and  ref inement  
in non-centrosymmetr ic  space groups. 

17. /~..~KESON. Principles of an electronic apparatus for 
variation of structure factors and an iterative way of 
using it. 
Vary ing  s t ructure  factors means  (1) picking out" one 

value---from say 6 v a l u e s  for the  s t ructure  factor  of 
each atomic position, (2) adding these values to obta in  
the  complete s t ructure  factor,  (3) comparing this  to ta l  
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s t ructure  factor value wi th  the  observed reflexion inten- 
s i ty  and  then  (4) doing this  for various reflexions. 

Subs t i tu t ing  e lementary  s t ructure  factors b y  voltages,  
picking out  the  -doltages and  adding t hem b y  flip-flop 
circuits of the counter  type  and  electronically comparing 
the sums thus  obta ined wi th  the observed intensit ies,  one 
can scan 105 different pa ramete r  (atomic s t ruc ture  fac- 
tor) combinations per sec. or 109 in 3 hr.  In  3 hr.  such an  
appara tus  can completely scan 9/log 6 ---- 9/0.78 > 11 para- 
meters, 6 values of each. 

The sens i t iv i ty  can be var ied and  thus  the appara tus  
can be made  to indicate agreement  when the  obta ined  
complete s t ructure-factor  values are p ropor t iona l - -wi th -  
in  chosen l imi t s - - to  all reflexions or all except  one or all 
except  two. 

Ins tead  of hav ing  6 values for each e lementary  struc- 
ture  factor and  scanning all combinat ions  of them,  one 
could have 3 or 2 values of each and  run  the appa ra tus  
several t imes. For  each new run  the e lementary  s t ructure  
factor  potent iometers  are reset so t h a t  the  appara tus  can 
tes t  new parameter  values, chosen a t  t h a t  side to which 
i t  moved during the preceding run.  This  means an  in- 
crease of the number  of parameter  values scanned per  
a tomic s t ructure  factor b y  two for each new run.  

For  example:  I n  one second 5/log 2-- -5 /0 .30> 16 para- 
meters,  two values of each, can be completely  scanned 
(in 3 hr. 9/log 2 ---- 30 parameters) .  R u n n i n g  the appara tus  
5 t imes, 1 see. for each run,  would thus  mean  working 
th rough  16 parameters ,  10 values of each, choosing the 
most  favourable p a t h  th rough  the field of parameter  
combinations.  (Analogously running  5 times, 3 hr.  for 
each run :  30 parameters ,  10 values of each . - -Comple te ly  
scanning all these 103° different combinat ions  would take  
103°-5 ---- 1095 sec. ---- 3.2 × 1017 years.) 

The number  of reflexions s imul taneously  s tudied does 
not  affect the  t ime of electronic scanning bu t  only the 
size of the apparatus .  

18, J .  W. JEFFERY. Intensity measurement and absorption 
correction. 
The results  of the first  pa r t  of a programme designed 

to es t imate  the relat ive accuracy and  efficiency of vari-  
ous methods  of measur ing in tegra ted  reflexions will be 
reported.  The work consists of: (a) Grinding spherical 
crystals  (diameter 0.1-0.25 mm.) of Co[Hg(CNS)a], a sub- 
stance whose crystals  are bo th  h ighly  symmetr ica l  (space 
group I4) and  heavi ly  absorbing (/~,--500 cm.-1); (b) The 
measurement  of in tens i ty  from oscillation photographs  
and  Weissenberg photographs  of the zero layer  about  c 
for these spherical crystals  b y  (i) es t imat ion agains t  a 
s t andard  scale; (fi) pho tome t ry  using the positive-film 
method ;  (iii) radioact ive toning of the  film and measure- 
men t  of t he  fl emission; (iv) direct pho tomet ry  from an 
in tegra t ing  Weissenberg photograph.  I n  all cases the te- 
t ragonal  s y m m e t r y  is used to obta in  in ternal  evidence 
of consistency and  results  are obta ined from different 
sizes of crystals,  ins t ruments  (including X- ray  tubes) and 
observers where possible. 

19. T. NOGUCHI & A. F. MOODIE. Non-lincarity problem in 
an image.seeking machine. 
Minimum signals from a n y  number  of photo-cells are 

l inearized a t  the  last  stage b y  su i tab ly  choosing the levels 
a t  which a contour  line generator  works. 

20. G. vo~  ET,LER. Le photosommateur harmonique: ap- 
plications et nouveau module. 
U n  nouveau module de pho tosommateur  ha rmonique  

(appareil pour  le calcul par  analogie opt ique des s~ries de 
Fourier  bidimensionnelles) a 6t~ construi t ,  qui se dist ingue 
du module exp6rimental  par  une precision meflleure, de 
plus larges possibilit6s de t ravai l  et une maniabi l i t~ plus 
grande.  Les applicat ions et  m~thodes sont  cependant  
rest~es les m~mes;  parmi  les op6rations de base sont  
c i t e r - -ou t re  le d6veloppement  en str ie de Four ie r - -des  
techniques de densitom~trie,  de mesure des phases, d 'ex- 
ploration de s6ries k domaine ~tendu, de raise en 6vidence 
des lignes de niveau.  Dtvelopp~es en cristallographie,  ces 
manipula t ions  nous ont  permis, entre  autres,  le calcul 
optique de routes project ions et sections des espaces cri- 
stall ins direct et  r~ieiproque (ou de leurs d~riv~s), la 
recherche des s t ructures  par  essai et erreur, une extension 
de la technique de Hanson  & Lipson de diffract ion par  
quatre  mailles, le parach~vement  des s t ructures  par  les 
s6ries 'difference'.  

Sa precision fair du pho tosommateur  un  outil  de tra-  
vail  efficace. 

21. L. BRfi, M. P. RODRIGUEZ & 1Y[. CUBERO. Applica- 
tion of Eller's optical machine to the determination of 
crystal structures by the direct method. 
We show the possibi l i ty of obta ining the Buerger 's  

image-seeking funct ions (sum, product  and  minimum) by  
using Eller 's  optical machine.  These funct ions are ob- 
ta ined  by  appropr ia te  t rans la t ions  of the  Pa t t e r son  pro- 
jections and a series of successive or s imultaneous photo- 
graphic prints .  

To get the  min imum funct ion i t  is necessary to obtain 
previously (always wi th  the  optical machine) the funct ion 
P(x, y)--P(x~-~l, y-kv) which allows the selection of the  
corresponding Pa t te r son ' s  projections.  

Applications are made.  

22. L. B~(i, M. P. RODRIGUEZ • A. L. L. CASTRO. Ap- 
plication of Eller's optical machine to the determination 
of crystal structures by the trial.and-error method. 
We show a modif icat ion of Eller 's  optical machine  

t h a t  allows the calculat ion of the  signs of the  s t ruc ture  
factors. I t  is also possible to get  an  approximate  va lue  
of the factors t h a t  allow one to select or to exclude 
models of the structure.  

The modif icat ion consists essential ly in the  addi t ion 
of a gy ra to ry  sector placed before the  photographic  
plate.  The form of this  sector depends on the  atomic 
factor of the atom. 

The basis of the me thod  lies in the  p roper ty  t h a t  
the atomic factor is a funct ion only of the  distance be- 
tween the origin of the  reciprocal lat t ice and  the  corre- 
sponding lat t ice point .  

We present  also an  appl icat ion of the method  recent ly  
proposed by  Woolfson of the pe rmuta t ion  synthesis .  

Applicat ions are made.  

23. L. BRfi, M. P. RODRIGUEZ & M. G. GEA. Applications of 
Eller's optical machine to the refinement of crystal 
structu~'es. 
The purpose of th is  paper  is to expose the possibi l i ty 

of using Eller 's  optical machine  in the ref inement  of crys- 
ta l  s t ructures  by  means  of t h e  synthesis  Fo--Fc.  

AC 7 40 



626 § 1. T E C H N I Q U E S  E T  M ~ T H O D E S  

We s tudy :  (a) The influence of the t rans la t ions  of the 
a toms from their  correct posit ions;  (b) The influence of 
the tempera ture  factor;  (c) The presence of non-isotropic 
vibrations.  

I n  all cases, the  mis takes  in t roduced in the calculated 
s t ructure  appear  very  clearly in the corresponding photo- 
graphs. 

Applicat ions are made.  

24. A. D. BOOTH. The application of M A G I C  to the deter- 
ruination of crystal structures. 
A short  account  of the features of the latest  digital  

calculator based upon the design produced a t  Birkbeck 
College Electronic Computa t ion  Labora tory .  M A G I C - -  
or magnet ic  integer calculator---is a ve ry  small  high- 
speed machine and its characterist ics in Fourier  synthesis  
and  structure-fhctor calculation will be described. 

25. A. D. BOOTH. S. E.  F. S. 
This  machine  uses a magnet ic  d rum store to el iminate 

the  synchronized oscillators used b y  Pepinsky.  A model 
which will deal wi th  four values of _~(hOl) has been con- 
s t ruc ted  and  i ts  performance and  possible future  devel- 
opment  will be discussed. 

26. P. H.  DOWLING, C .F .  HE~rD~,E, T. R. KOHLER & W. 
PAR~ISH. Improved detectors for X-ray analysis. 
During the past decade Geiger-Mfiller counters have 

proven their usefulness and superiority to film in many 
fields of X- r ay  analysis.  The two principal  l imitat ions 
have  been (1) non- l inear i ty  (dead t ime 270 ~ sec. wi th  
full-wave rectified copper ta rge t  X - r a y  tube) which 
l imits the  accuracy of in tens i ty  measurements ,  and(2)  
t hey  cannot  be used to measure high intensi t ies  (exceed- 
Lug 5000 counts/see, wi thout  interposing absorbing filters 
to reduce the counting rate.  Several schemes have  been 
used to reduce the dead t ime bu t  these were usual ly  com- 
pl icated and  gave an improvement  of perhaps a factor of 
five. These difficulties are overcome by  side window 
proport ional  counters and  scinti l lat ion counters and an  
extensive program on their  development  has improved 
them to the point  where they  are as pract ical  and  depend- 
able as Geiger counters. 

Since these detectors will soon be used widely in X- r ay  
analysis  we have studied their  characterist ics over a wide 
range of conditions encountered in powder and  single- 
crystal  diffraction and X- ray  spectroscopy (fluorescence 
and  absorption).  The following factors were considered: 
l inear i ty  of response, q u a n t u m  counting efficiency in 
the wavelength  region 0-2-15 A, s tabi l i ty ,  ' background,  
circuits and  other pract ical  requirements.  

Bo th  detectors have a dead t ime ~ 1 ~usec., giving a 
linearity of better than 1% at 10,000 counts/see, and 
counting rates  in excess of 100,000 counts/see, can be 
measured easily. The q u a n t u m  counting efficiency of the 
NaI .T1  crystal  itself can be made  100% for a n y  wave- 
length.  I n  the actual  counter,  the  0.005 in. Be window 
reduces the efficiency gradual ly  wi th  increasing wave- 

o length  to 80 Yo at  3 ~ ,  bu t  the sensi t iv i ty  is still so uni- 
form as to make  i t  ideal for X - r a y  spectroscopy. I n  the 
softer X- ray  region 3-0--15 /~, i t  becomes more difficult 
to use because the pulses produced are of the same order 
of magni tude  as the photomult ipl ier  tube  noise. Propor-  
t ional  or side-window Geiger counters are preferred for 

the longer wavelengths  and  the  factor l~m~ting the  effi- 
ciency is the  window absorption.  Propor t ional  counters 
1 in. in diameter  wi th  about  30 era. (Hg) pressure xenon 
have a spectral  response near ly  identical  w i th  the  end- 
window argon Geiger counter  (55 cm. Hg,  100 mm. long, 
60 % efficiency a t  Cu Ks) .  The lower efficiency for shor t  
wavelengths  l imits  the usefulness of these counters in 
X - r a y  spectroscopy bu t  is advantageous  in diffraction 
work wi th  Cu and  longer wavelengths.  

The pulse heights  produced by  proport ional  and  scin- 
t i l la t ion counters are proport ional  to the energy of the  
incident  X-rays.  Hence t h e y  have the  fur ther  impor t an t  
advan tage  over Geiger counters because the  background  
from scat tered X-rays,  subharmonics  in monochromator  
or single-crystal  measurements ,  rad ioac t iv i ty  in the  speci- 
men, cosmic rays,  tube  noise, etc. m a y  be reduced or 
e l iminated by  simple electronic pulse-height  discrimina- 
tion. The wavelength  (energy) resolving power of the  
proport ional  counter  is about  2-5 t imes bet ter  t h a n  the  
scinti l lat ion counter,  a l though the resolution of the la t t e r  
is adequate  for m a n y  problems. 

27. R.  L. Go~Do~ & G. NAOELSCtrMXDT. Application of 
X-ray diffraction to quantitative analysis of rocks. 
Two methods  will be described. I n  the  first, a photo- 

graphic method,  synthe t ic  boehmite  is used as an  in ternal  
s t andard ;  ei ther  peak  or in tegra ted  intensi t ies  m a y  be 
compared. The second me thod  utilizes Geiger-Mfiller 
counters to measure line intensi t ies  and  the ou tpu t  of 
the  X - r a y  tube;  an  in ternal  s t andard  can often be dis- 
pensed with,  and  the sample is then  compared wi th  a pure 
reference sample of the mineral  to be determined.  For  
accurate results  (without in ternal  s tandard)  a correction 
for X- ray  absorpt ion in the  sample is required;  th is  m a y  
be based either on direct measurement  of the mass absorp- 
t ion coefficient or on da ta  available from other  sources. 

The techniques were developed for dust  analysis  in 
silicosis research, bu t  can be used general ly for analysis  
of clays, shales and similar sed imentary  rocks. I t  was 
found in the course of the work t h a t  the  in tens i ty  of 
quartz  diffraction lines varies wi th  part icle size; there  is 
a m a x i m u m  in the region 2-5 micron. The fall in in tens i ty  
a t  large part icle diameters  is due to ext inct ion;  t h a t  for 
ve ry  fine particles appears  to be due to imperfections in  
the surface structure.  

28. C. AL~.XA_~A~. Analyse quantitative des mindraux dans 
les roches au moyen des rayons X .  
Les ~chantil lons sent  examines sous forme de pla- 

quettes  (1 × 2,5 × 0,1 cm.). Ces derni~res sent  prdpar~ies 
par  tassement  ou compression apr~s un  broyage de la  
roche. La  granulom~trie de la poudre employde est uni- 
~orme, de 35 h 45/~. Lorsque la roche est compacte et 
microcristalline, l ' analyse  se porte ~galement sur des 
p laquet tes  taill~es dans la masse m~me de la roche. 

L ' examen  d~bute sous incidence rasante  (20 = 2°). 
L 'enr~gis t rement  des raies de diffraction, en posi t ion et  
en mtensitd,  exprim6 sous forme de pies, s'op~re par  
vole ~lectronique. On mesure la hauteur ,  ou ~ventuelle- 
ment ,  la surface de ces pies. Pour  l 'analyse,  on s ' a t t ache  
aux pies les plus forts se t rouvant ,  si possible, dans  une  
m~me zone d 'angles 20; pour  le quar tz  26,7 °, la calcite 
29,4 °, la  dolomie 31 °, l ' a n h y d r i t e  25,6 °, le mica 27 °. 
L ' ident i f icat ion ou l 'analyse  qual i ta t ive s 'effectue du 
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reste s imulan6ment  gr&ce k la pr6sence des autres raies 
qui seraient caract6ristiques aux min6raux respectifs. 

L '6valuat ion finale est faite par la moyenne  arithm~- 
t ique de cinq mesures successives den t  los valeurs sent  
rapport6es k des courbes d '~talounage pr~alablement  
6tablies. Los r~sultats num6riques sent  excellents pour 
un  taux  de 10 ~ 100% de pr6sence dans une roche de 1, 
2 ou 3 consti tuants.  La prdcision varie alors de ± 3  
± 1 ~o sur le t aux  r661. I1 y a indecision pour les taux  
inf6rieurs ~ 5%. Des exemples concrets int6ressant la 
p6trographie, la g6ologie et les mines sent  pass6s en revue. 

§ 2. P r o g r 6 s  r 6 c e n t s  d a n s  l a  d 6 t e r m i n a t i o n  

d e s  s t r u c t u r e s  

1. C. H. CARLISLE & G. S. D. KING. A method of refine- 
ment for complex structures. 
Structure factors calculated by  sampling a Fourier  

map  on a sufficiently fine mesh  are normal ly  identical  
wi th  those used in comput ing the  map.  If  sampling is 
confined to those regions whose densi ty  is above a certain 
value the  structure factors will be different  from the 
values put  into the  map.  The imposit ion of this restric- 
t ion on the  electron-densi ty  map  takes into acc6unt  the  
fact tha t  in a real s tructure the  electron-densi ty  distri- 
but ion consists of peaks (not necessarily resolved atoms) 
surrounded by regions of low density.  By using the  new 
calculated phases a Fourier  map  is produced in which 
there  are fewer spurious peaks below the  m i n i m u m  
sampling level. Provided  tha t  in the initial Fourier  map,  
which need be calculated from only a few reflections, 
a large proport ion of the  phases are nearly correct the  
process will refine to give a self consistent  set of phases 
corresponding to a substant ial ly correct electron densi ty  
map.  

The m e t h o d  is being applied to the  b-axis project ion 
of ribonuclease the  ref inement  of which is described else- 
where. As an example the  ref inement  of the  c-axis pro- 
ject ion of nicotinic acid s tar t ing wi th  five reflexions of 
correct sign is given. 

2. J.  KARLE. Invariants and seminvariants for crystals in 
categories 2 and 3. 
The crystal s tructure alone does not  de termine  the  

phases of the structure factors but  ra ther  the  values of 
certain linear combinat ions of the  phases, called the  struc- 
ture invariants.  The values of the  structure invariants  
are thus  independen t  of the choice of origin. However ,  
if the  origin is restr icted by  selecting a functional  form 
for the  structure factor, there still exist linear combina- 
t ions of the  phases whose values are independen t  of the  
choice of origin consistent  wi th  the  chosen functional  
form. These are called the s tructure seminvariants .  For  
categories 2 and 3 (H. H a u p t m a n  & J.  Karle, Solution 
of the Phase Problem. I. The Centrosymmetric Crystal, 
ACA Monograph No. 3.), the  dist inction between the  
structure invariants  and  seminvariants  is non-trivial.  

3. H. HAUPTMAN. Phase-determining relations in categories 
2 a n d  3. 
The dependence of phase on the  choice of origin is 

clarified by means of the  in t roduct ion of special linear 
combinat ions of the  phases, the  s tructure invariants  and  

seminvariants .  Any  solution of the  phase problem mus t  
yield informat ion concerning the  values of the  invariants  
and  seminvar iants  ra ther  t han  of the  phases themselves.  
A solution of the  phase problem by probabi l i ty  me thods  
has a l ready been described (H. H a u p t m a n  & J.  Karle, 
Solution of the Phase Problem. I. The Centrosymmetric 
Crystal, ACA Monograph No. 3.), and  involves the  evalua- 
t ion of certain simple definite integrals, called the  mixed  
moments .  As will be shown now, for categories 2 and  3, 
the  mixed  momen t s  lead, in a non-tr ivial  way, to the  
s tructure invariants  and  seminvar iants  discussed in the  
previous ta lk  by  J .  Karle.  

4. C. L. ChrisT, J.  R. Ci~l~X & H. T. EvAns. Application 
of the Hauptman-Karle method of phase determination 
to the structure of colemanite, 2CaO. 3B20 a. 5H90. 

The s tructure of colemanite  has been de te rmined  
direct ly from the dis t r ibut ion of the  intensities, using 
the  m e t h o d  of H a u p t m a n  & Karle.  

Colemanite is monoclinic,  P21/a, a = 8.743±0.004, 
b -- 11.264±0.002, c = 6.102± 0.003 A, fl = 110 ° 7'g-5', 
Z = 2. Using the  signs calculated by  the  H - K  method ,  
944 terms were used to calculate electron-densi ty sec- 
t ions over the  xz plane at  intervals of 1/60 for y---- 0 
to y = 1/4. These show the  presence of infinite B -O  
chains running  parallel to the  a axis, the  chain e lement  
consisting of a BOa tr iangle and  two B04 te t rahedra .  
This gives a chain composit ion of [B304(0H)a]n 9-n. Each  
Ca ++ is surrounded roughly octahedral ly  by  one H~O 
and five O. The formula for colemanite  may  thus be 
wr i t ten  CaB304(OH)3. Ht~O. 

5. 1%. G. HOWELT,S. The Application of the Sayre-Cochran 
sign relation to the structure of harmine. 
The alkaloid harmine,  ClaHx~ON ~, crystallizes in the  

space group P21212 z and  its unit-cell  dimensions are 
a = !9"3, b = 9.8, c = 5.8 /~. 

No signs of F ' s  were known and none could be deter- 
mined  by  means  of Pa t te r son  projections. Systematic  
applicat ion of the  Sayre-Cochran relat ion S(H) = 
S ( H ' ) . S ( H + H ' )  to the  reflexions of largest in tensi ty  in 
the  [hk0] zone led to a knowledge of the  signs of 41 
s tructure factors. The result ing Fourier  project ion gave 
a trial s t ructure which gave reasonable agreement  wi th  
the  observed structure factors. Ref inement  is proceeding 
by  means  of two-dimensional  Fourier  syntheses and 
Fo--Fc syntheses.  

6. DOROTHY WRINCH. On the interpretation of vector maps. 
In  order to clarify the  new si tuation in protein crystal- 

lography,  this communica t ion  devotes  some a t t en t ion  to 
vector  distributions,  contrast ing t h e m  wi th  vector  sets. 

For  all crystals, vector  map  interpreta t ions  depend 
upon the  (D, Dr) relation, where D is an electron-densi ty 
dis t r ibut ion and  Do is the  Fourier  t ransform of iT] 9, 
where T is the  t ransform of D. If  D is resolved into sub- 
distr ibutions such as K! at  x l, Yl, z/, D = X(K! at  f ) ,  
then  Dv = X2:(K/g at  f - -g)  where K/g is the  image of 
K/ in Kg. In  the  ease of atoms, the  form of the  K ' s  is 
known at  the  start ,  say K / k / , ~ e x p  (--p/r ~) and so 
Klg ,-~ k/ka exp(--p/gr*), where 1!pig = I/p!+ 1/pg. The 
problem is then  closely related to and  may  be a t t acked  
via a problem in vector  sets, i.e. f inding d = ,Y.(k/at f ) ,  
given dv = XX(k/g at  f - -g) .  

In  protein crystallography, D is not  resolved into 

40* 
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individual  a toms and  the  K ' s  are, a t  best,  of re la t ively 
large extent .  In format ion  as to the electron-densi ty 
dis t r ibut ions there in  is the  first  objective. Since suf- 
f icient ly near  the  origin Dv = ZKI/, the  superposed self- 
images or vector  maps  of the K 's ,  the  first  t ask  is to 
make  all possible inferences regarding the K ' s  from this  
region of the  vector  map.  B u t  this  is a problem of vector 
dis t r ibut ions not  of vector sets. 

I t  is readi ly  seen t h a t  i t  is the  whole topography  of 
a Kv (the he of the  contours, the  extent ,  na ture  of bound- 
ary,  symmet ry ,  etc.) and  not  mere ly  the set of maxima,  
if any,  which  is the  vector expression of a K distr ibution.  
One consequence of th is  s i tuat ion is the  fact  t h a t  Kv's 
can have  max ima  which do not  correspond in K to pairs 
of m a x i m a  rela ted b y  the  corresponding vector.  The type  
of inference which is the  basis of in terpre ta t ions  of vector 
sets has  no analogue in vector  dis t r ibut ions:  i t  is not  
legi t imate  to infer from m a x i m a  of a Kv t h a t  K has  
re la ted m a x i m a  or indeed a n y  max ima  a t  all. 

This negat ive  resul t  destroys the  case for rodlike poly- 
peptides in protein  crystals.  Superseding this  t radi t ional  
picture is the  new in terpre ta t ion  which infers, from vector 
maps  which are nei ther  uniaxia l  nor biaxial  near  the 
origin, the  presence in the protein crystals  of s t ructures  
which are genuinely three-dimensional  in nature .  

7. V. VAND & R.  PEPINSKY. Developments in the statistical 
approach to X-ray analysis. 
Stat is t ical  formulae, as developed b y  H a u p t m a n  & 

Karle,  do no t  represent  a general pract ical  solution to the 
phase problem of crysta l lography,  especially for the space 
group 2 i .  However ,  the  s tat is t ical  me thod  m a y  prove of 
use if applied wi th  unders tand ing  of the problems in- 
volved. W i t h  this  in view, more accurate dis t r ibut ion 
functions have  been derived and  maps  which are related 
bu t  superior to Harke r  maps  have  been constructed.  
These will be demonstra ted.  

8. D. ROGERS. An improved method of scaling intensities. 
The precision of Wflson's  scaling me thod  has been 

improved b y  two new procedures:  

(1) The graph  of In ((I')/,F,f~) versus sin 2 0 is l inear 
only if ~ f ~  is based on f da t a  appropr ia te  to the  struc- 

i 
ture.  Strong curvature  a t  low sin 0 has  been found if 
Har t ree  f ' s  are used for l ight  atoms.  The l inear extra-  
polat ion back  to 0 -  0 then  gives rise to considerable 
error in the  scaling factor.  I f  In ((I')/2:Z~) is also p lo t ted  
the  two curves have  a c o m m o n  intercept  and  for struc- 
tures  consist ing largely of l igh t  a toms this  la t te r  funct ion  
is the  more near ly  l inear of the two. This  reveals  a n y  
inappropria teness  in the f curves assumed and  provides 
a provisional  empirical  curve. 

(2) The values of ( I ' )  have a lways been evaluated  in 
narrow ranges of sin 0 and  i t  is often difficult to get  smooth 
curves for the above functions,  especially when  there are 
few dis t inct  intensi t ies  in a zone of high symmet ry .  The 
form of the  curves for the impor t an t  small-Ù range is 
also ve ry  ill-defined. B y  a suitable t ransformat ion  of the  
minimt tm profile of the origin peak of the  Pa t t e r son  
funct ion one obtains k ~ f ~  from which both/c ,  the  scal- 

ing factor,  and ' an  empirical f -curve can be obta ined wi th  
a precision considerably bet ter  t h a n  has been possible 
hi therto.  

9. H. L~eso~. Information obtainable from weighted reci- 
procal lattices. 
The reciprocal lat t ice of a crystal  w i th  each po in t  

weighted according to the in tens i ty  of the  corresponding 
X- ray  reflexion can be regarded as the  sampled Fourier  
t ransform of the  unit-cell  contents .  Drawings  of these 
weighted reciprocal lat t ices m a y  therefore give some 
information about  the t ransform and  thence  about  the  
a r rangement  of a toms to which i t  belongs. For  example,  
if a s t ructure  contains two heavy  atoms,  the  resu l t an t  
fringes can be clearly seen; the  posit ions of the  h e a v y  
a toms can then  be calculated, and  the  signs of the  struc- 
ture  factors a l lot ted b y  inspection. 

Separate features of molecules can be detected.  A 
s t ra ight  chain of a toms gives rise to rows of s t rong 
reflexions in reciprocal space; the  direction and  spacing 
of the chain can thence be calculated. A benzene r ing 
gives rise to a hexagonal  a r rangement  of s t rong re- 
flexions; the  or ienta t ion of such a benzene r ing can thence 
also be calculated. 

I t  is hoped u l t ima te ly  to be able to recognize complete 
s t ructures  from their  X- r ay  diffraction pa t te rns ,  and  one 
of the  objects of the  present  work is to gain as much  
experience as possible about  the  diffraction pa t t e rns  of 
various types  of s t ructura l  features.  

10. C. A. TAYLOR. The application of optical transform 
methods to structures which contain non-planar mole- 
cules. 
The successful appl icat ion of optical  t ransform methods  

has, so far, been confined to s t ructures  containing p lanar  
molecules of which the  general outl ine was known. The 

p r e s e n t  contr ibut ion describes a t t empt s  t h a t  have  been 
made  to ex tend  the technique to more complicated struc- 
tures. Use is made  of the  general principle t h a t  the  t rans-  
form of a whole molecule is the  vector  sum of the  t rans-  
forms of the  individual  portions.  I t  is thus  possible to 
t rea t  a complicated problem b y  considering first  the  shape 
of each port ion of the molecule, then  their  posit ions wi th  
respect to each other,  and  f inal ly the posi t ion of the  com- 
plete molecule in the  un i t  cell. 

The diff iculty of present ing the  t ransforms of separate  
port ions s imul taneously  to the eye in such a w a y  t h a t  
individual  contr ibut ions a t  a n y  point  can be identif ied 
has  been solved b y  mak ing  use of the  principles of three- 
colour pho tography ;  a eolour is associated wi th  each 
por t ion  and  the  resu l tan t  colour a t  a n y  point  gives the  
information required. The i l lustrat ions are from work on 
the  s t ructure  of v i t amin  A acetate  which has  been carried 
out  in collaboration wi th  Mrs Olga Kennard .  

l l. E. J. W. W H I ~ , R .  Di]fraction by cylindrical lat. 
tices. 
Chrysotfle is known to give sharp reflexions of the  type  

hO1, and  unsymmetr ica l  diffuse reflexions involving a 
non-zero k index. I t  is also known from electron-micro- 
scope studies t h a t  the  individual  fibres of chrysot i le  are 
tubular  in form, and i t  has been suggested t h a t  the  layers  
of composit ion Si~OS(OH)-Mg3-(OH)a are themselves  
curved (E. Aruja,  Ph.D.  Thesis, Cambridge,  1943). Ex~i- 
dence in support  of this  has  been adduced (E. J .  W .  
Whi t t ake r ,  Acta Cryst. (1953), 6, 747) from Four ie r  
syntheses  calculated from the intensi t ies  of the hO1 re- 
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flexions, and  the  va l id i ty  of t rea t ing  these sharp reflexions 
f rom a circular cylindrical  lat t ice as ord inary  crystal  
reflexions has been discussed theoret ical ly  (E. J .  W. 
Whi t t ake r ,  Acta Cryst., in the  press). However ,  there  are 
good a priori reasons for supposing t h a t  a cylindrical  
la t t ice migh t  take  the form of a spiral  cyl inder  ra ther  
t h a n  of a set of concentric circular cyl inders;  as the  
corresponding theory  is in t ractable ,  recourse has  been 
t aken  to the me thod  of optical  t ransforms,  using the 
optical  diffract ion appara tus  described b y  W. Hughes  & 
C. A. Taylor  (J .  Sci. lns trum.  (1953), 30, 105). The re- 
sults  obta ined from circular lat t ices confirm the  theoret-  
ical conclusions, and  i t  is shown t h a t  spiral lat t ices give 
closely analogous results.  

The diffuse reflexions from these lat t ices have  also 
been studied, and  i t  is shown t h a t  the  profiles of the 
diffuse reflexions from chrysoti le  differ considerably from 
those of ei ther  a circular or a spiral cylindrical  latt ice.  
The difference m a y  be due pa r t l y  to the  occurrence of a 
d is t r ibut ion of fibre diameters  in chrysotile,  and  pa r t l y  
to the occurrence of split  fibres. 

A number  of interest ing features occur in the optical 
t ransforms of the circular and  spiral lat t ices which be- 
come explicable when  the t ransforms of sets of points  
equal ly  spaced round a single circle or spiral t u rn  are 
considered. The results  i l lustrate  the theory  of diffraction 
b y  a circle (V. A. Fock  & V . A .  Kolpinsky,  J .  Phys.  
U . S . S . R .  (1940), 3, 125) and  by  a circular arc (M.Black- 
man,  Prec. Phys.  Soc. B ,  (1950), 04, 631). 

12. R. HOSEMA~¢. Korrektur des Babinet'schen Theorems. 
Das Babine t ' sche  Theorem, welches besagt,  dass das 

Beugungsbi ld  zweier zueinander  komplement~rer  Schirme 
ausserhalb des Nul ls t rahles  dasselbe sei, ha t  sich in den 
vergangenen  hunder t  J a h r e n  in vielen F~llen gewiss als 
' f ruchtbares  Pr inzip '  im Sinne von Babine t  erwiesen. 
FOr die St rukturer forschung mi t te ls  irgendwelcher Strah- 
leninterferenzen ist  es aber  deshalb korrekturbedOrft ig,  
weil eine quan t i t a t ive  S t ruk tu rana lyse  auch einer quan- 
t i t a t iven  background-Analyse  und  einer Miterfassung von 
Beugungsnebenmaxima  bedarf.  Hierauf  ha t  zuerst  
Boersch hingewiesen (Z. Phys.  (1951), 131, 78). Mit  
Hilfe von Fa l tungs in tegra len  gelingt eine einfache Be- 
reehnung der Streuintensi t~t .  I s t  ~(x) eine Orts funkt ion  
im physikal i schen R a u m  (Ortsvektor  x), die proport ional  
ist  zur Dichte  der koh~rente  St reus t rahlung erzeugenden 
Zentren und  Qa(X) eine Ortsfunkt ion,  die mindestens  
innerhalb  des yon  q(x) beanspruchten  Volumens V von 
kons t an t em Wer t  ist, ausserhalb eines Volumens Va ~__ V 
aber  verschwindet ,  so ist  qb(X) dann  ira Sinne Babine ts  
komplement~r  zu ~, wenn die Rela t ion  erfiillt ist  

~ b ( X )  = q a ( ~ ) - - ~ ( X ) .  (1) 

I s t  R (b), Ra(b ), Rb (b ) die Fourier t ransformier te  von q, Qa, qb, 
also z.B. 

R(b) = f ~(x) exp [--2zd(bx)]dvz (2) 

und  b der reziproke Ortsvektor  im Four ier raum,  so ist  die 
von  ~(x) gestreute Intensit~tt I(b) gegeben dureh (re ~ 
Polar isa t ionsfaktor  usf.) : 

I(b) = fgeRR*, (3) 

w~hrend die komplement~re  S t ruk tu r  eine In tens i t~ t  
Ib (b) erzeugt 
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Ib(b) = fie (RR* +RaRa* - -RaR*--RRa*)  • (4) 

Es  wird allgemein bewiesen, dass Ib(b) nur fOr 

V~ > > >  v (5) 

und  bei Benu tzung  yon  Beugungsappara tu ren  endlicher 
Aufl6sung en ta r t e t  zu 

Ib(b) ---- f~(RR*-P RaRa*) , (6) 

sich also stets  yon  I(b) u m  den Term RaRa* unterscheidet .  
Insbesondere bei Anwendung  auf Probleme der Klein- 
winkels t reuung ist  die Ungle ichung (5) aber n ieh t  erftillt. 
E in  in der L i te ra tu r  als 'Reziprozit~ttsgesetz' bekanntes  
Ph~nomen  bes teht  da rum nicht .  D a n n  t re ten  auch noch 
die weiteren Kor rek tu r summanden  in (4) ganz wesentl ich 
in Erscheinung.  HierfOr werden eine Reihe yon  licht- 
optisch hergestel l ten Beugungsbeispielen erbracht .  

13. R. I-IOSEM_~-~r. Bedeutung der Faltungsintegrale fi ir die 
Strukturanalyse. 
Die S t ruk turana lyse  mi t te ls  R6ntgen-  und  Elekt ronen-  

In ter ferenzen l~sst sich m i t  Hilfe von Fa l tungs in tegra len  
bei geniigender Genauigkei t  der Messung der In tens i t~ts-  
vertei lung in einigen wesent l ichen Plml~ten ausbauen und  
teflweise sogar gegeniiber der heute  benu tz ten  Fourier-  
synthese  vereinfachen. Insbesondere gelingt  so eine quan- 
t i t a t ive  Fehlerabsch~tzung des errechneten Strukturer-  
gebnisses. I s t  

R(b) = ~(q) = I Q(x) exp [-2~i(bx)Jdvx  

die Four ier t ransformier te  der unbekann ten  S t ruk tu r  ~(x), 

fe 2 der Polarisations- und  Thomsonfaktor ,  glg~ das Fal-  
2 

t ungsproduk t  und  g d a s  Fa l tungsquadra t  

gig2 = gl(Y)g2(x--y)dvy , 

2 

g = gl(y)g~(x+y)dvy,  

so liefert die Invers t r ans fo rmie~e  der du tch  j'e 2 dividier ten 
experimentel l  beobachte ten  Intensi t / i t sver tef lung I(b) die 
sogenannte  Q-Funkt ion,  die mi t  der Pa t t e r sonfunk t ion  
in enger Verwandtschaf t  s teht  und  nichts  anderes ist  als 
das Fa l tungsquadra t  von 

2 
r-* 

i~ - l I / /~  = Q(x) = q .  

Gelingt es, aus Q(x) durch einen dem F a l t u n g s q u a d r a t  
inversen Prozess die sogenannte  F.altungswurzel zu bilden 

V ~ x )  = o (x ) ,  

so ist  dami t  die St r t tk turanalyse  beendet.  Es  lasst  sich 
allgemein beweisen, dass raumlich  begrenzte q(x)-Struk- 
tu ren  mi t  Symmetr ie-  oder Ant i symmet r i ezen t rum grund- 
s~tzlich auf diese Weise eindeutig bes t immbar  sind. 

Auf diese Weise lassen sich insbesondere auch para- 
kris tal l ine S t ruk tu ren  analysieren.  Bei kr is ta l l inen Struk- 
turen  br ingt  die Erse tzung  der i ib l ichen  Fourierre ihen 
dureh Fourier-  und  Fal tungs in tegra le  Vortefle. Insbe- 
sondere gelingt  auf diese Weise auch in vielen F~llen 
eine Absch~tzung des Abbrucheffektes.  Aber auch homo- 
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metr ische S t ruk turen  lassen sich durch Fal tungs in tegra le  
in einfacher Weise erkennen und  oftmals analysieren.  

I )urch zweidimensionale i~Iodelle und  deren l ichtopt isch 
hergestell te Fa l tungsquadra te  und  Beugungsbflder wer- 
den die Zusammenh~nge veranschaul icht .  

The crys ta l  s t ructure  of parasymples i te  (worked out  
and  published as of symplesi te  (H. Mori & T. Ire ,  Acta 
Cryst. (1950) 3, 1)) bears a close resemblance to t h a t  of 
symplesi te  now to be reported.  The former s t ructure  is a 
po lysynthe t ic  s t ructure  formed of the la t te r  s t ructure  
a l though the mode of H20 l inkage is not  the same in 
them.  

§ 3. Structures des min~raux 
1. P . A .  S~LB~ & B. R.  YOUNG. Cell-size and composition 

of the baryte--celestine isomorphous series. 
Examina t i on  of a series of sulphates  of bar ium and  

s t ron t ium from the  West  of Eng land  by  chemical and  
X - r a y  powder methods  has  shown a correlation between 
cell-size and  composition. W h e n  cell dimensions, calcu- 
la ted from spacings of indexed lines of powder photo- 
graphs, axe p lo t ted  against  chemical composit ion a 
straight- l ine graph results, confirming t h a t  the  series is 
isomorphous. The work forms par t  of an  extensive in- 
vest igat ion into the  paragenesis of the  minerals  of the  
Bristol  and  Somerset coalfields. 

2. C. K~YLENKO. La ~ynggnite. 
La  syng6nite (K2SO4.CaSO4.H20) se pr~isente sons 

forme de prismes incolores d '~clat  vi t reux.  Les ar6tes 
a = 9,5 s, b = 7,1a, c = 5,99 kX.  et  fl ---- 105 ° sent  d~iter- 
rnln~s k l 'aide de la m4thode de Weissenberg. Les dia- 
grammes obtenus indiquent  (0k0) seulement pour 
/c = 2n. Le groupe de reeouvrement  est C~ir-P21/m. 
Gr&ce k une centaine de taches de diffraction nous avons 
un  diagramme de Pa t t e r son ;  il serait  possible de d6finir 
appro~imat ivement  les positions des atomes. 

3. T. ITO. The symplesite problem. 
The mineral  of the  composit ion Fe3(As04) 2. 8H20 is 

dimorphous,  one being triclinic (symplesite) and  the 
other  monoclinie (paxasymplesite, a vivianite-l ike new 
mineral  from Kiura,  Japan)  wi th  the cell dimensions:  

Symplesite Parasymplesite 
a 7.85 kX. 10.25/~ 
b 9.39 kX. 13.48/~ 
c 4-71 kX. 4.71/k 

c~ 99 ° 55' - -  
fl 97 ° 22½' 103 ° 50' 
7 105 ° 5 1 ½ '  - -  

Spa¢~ group Pi q2/m 
Z 1 2 

4. J .  ZEMA~.  On the crystal structure of koechlinite, 
Bi2MoOe. 

Koechlini te  was first  described b y  Schaller on speci- 
mens from the  Daniel  mine,  Schneeberg, Saxony.  The 
composit ion of the orthorhombie,  marked ly  pseudo-tetra-  
gonal crystals  corresponds well to the  formula Bi2MoO e. 
Lat t ice  constants  and  diffraction group have  been deter- 
mined by  Wolfe & Frondel  as follows: a = 5.48; b = 16.16, 
c = 5.48 kX. ;  diffraction group Cmca; Z----4. These 
s ta tements  are confirmed from rotat ion,  Weissenberg, 
and  precession photographs.  

The lat t ice constants  correspond very  closely to the  
cell found b y  Sfll~n & Lundberg  for te t ragonal  La2MoO6, 
if one turns  this  cell by  45 °. Ascribing to Koechlini to the  
crystal  s t ructure  of La2Mo0~ (with Bi  on the  posit ions 
of La), one gets (e.g. for all  hOl and  hhl reflexions) a 
pract ical ly  perfect  correspondence of calculated and  
es t imated intensities.  Tha t  koecb| ini te  does no t  have  
quite this  s t ructure  is only evident  from several ve ry  
weak Okl and  hkl reflexions. The crystal  s t ructure  of 
koechlinite is therefore closely related to t h a t  of La~MoO e. 

5. G. F. CLARINGBULL. X-ray study of raspite (monoclinic 
PbWO4). 

6. H.  STRUNZ. Zur Systematik der Phosphatmineralien. 
Seit Erscheinen der 2. Auflage der Mineralogischen 

Tabellen (1949) sind auf dem Gebiet der PhosphatfSi~- 
schung wesentliche For t schr i t te  erzielt worden:  (1) Dis- 
kredi t ier te  Namen ;  (2) l~eue Phospha tminera l len ;  (3) 
Vereinfachung bisheriger Formein ;  (4) l~eue Beziehun- 
g e n d e r  I so typie  und  HomSotypie ;  (5) S t rukturbes t im-  
mungen.  

Zu (1)-(4) werden eigene Ergebnisse vorgelegt,  des- 
gleichen eine vereinfachte Systemat ik .  

7. A. PABST. Structures of some tetragonal sheet silicates. 
The phases CaCuSi4010 ( 'Egypt ian  Blue'),  SrCuSi4010 

and  BaCuSi4010 have  been grown in single crystals.  Their  
structure,  in the space group P4/ncc, is similar to t h a t  of 
the mineral  gillespite, BaFeSi4010, previously establ ished 
(h. rabs~, Amer. Min. (1943), 28, 372). The properties 
are as follows: 

CaCuSi4010 
'Egyptian Blue' SrCuSi4010 

% (A! 7"30-+-0"01 7"37 
c o (A) 15"124-0"02 15"57 
Gobs. 3"06-{- 0"02 3"32 ± 0"03 
Gcalc. 3"09 3"32 
/V 0 1"636:J= 0'003 1"628 
z~e 1.591 1.588 
0 'Deep blue' Blue 
E 'Pale rose' Nearly colorless 

BaFeSi4OIo Leached 
BaCuSi4010 gfllespite gfllespite 

7.44 7.51 7.64~-0.03 
16.11 16.07 15.10±0.05 

3.47 =~ 0.03 3.402 ± 0.004 1.9 =t= 0-1 
3.52 3.407 2.15 
1.632 1.621 1.449 
1.593 1.619 1.441 
Blue 'Deep rose red' 

Nearly colorless 'Pale pink' 
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Gillespite is not  known in good crystals. The artificial 
materials  were all obta ined in measurable  crystals show- 
ing the  forms {001}, {102} and {110} in the  order of pro- 
minence predic ted from the D o n n a y - H a r k e r  rule. 

Gillespite is easily a t t acked  by  dilute mineral  acids. 
The copper analogues are impervious to attack. This may 
be attributed to the superior stability of copper in 4-fold 
planar coordination. Such coordination is characteristic 
of divalent copper but unusual for ferrous iron. 

Leached gillespite has been found to retain the  silicate 
sheet  s tructure of the  parent  mater ia l  wi th  only slight 
dimensional  changes. The intensit ies of the  hk0 spots 
indicate tha t  the  s tructure wi thin  each sheet is main-  
tained. Ex t reme  diffuseness of all other  spots indicates 
t ha t  the  stacking of the  sheets is great ly disarranged. 

8. J .  ZVSSMA~. Investigation of the crystal structure of 
actinolite. 
An amphibole  wi th  high water  content ,  as shown by  

chemical methods ,  has been subjected to X-ray  single- 
crystal analysis in one projection. The 'vacant  posit ion'  
which m a y  have  housed a water  molecule or (OH) group 
is seen t o  be t ruly  vacant ,  and atomic co-ordinates are 
compared  wi th  those found for t remoli te  (Warren) and  
crocidolite (Whittaker).  

The dis t r ibut ion of ions among the  different sites is 
also discussed. 

9. J .  ZVSSMA~. Investigation of the crystal structure of 
antigorite (Mikonui).  

The cell dimensions given by Aruja  are a----43.5 
b ~- 9.26, c = 7.28 /~, fl = 91o24 ' . 

A Weissenberg (hO1) photograph  clearer than  those 
h i ther to  obta ined has been indexed,  and  the  intensities 
of reflexions measured visually. Trial s tructures of layers 
similar to those of kaolinite, but  corrugated in different 
ways, have been convenient ly  tes ted by the 'optical 
t ransform'  m e t h o d  of Hanson,  Lipson & Taylor. 

The relation of this mineral  to other  serpentines is 
discussed. 

10. H.-G. HEIDE. Die Stru]ctur des Diop~s,  
Cue(Si6018) • 6H20. 

Es wurden  Schwenk- und  de Jong-Aufnahmen  von 
Dioptas  ausgewertet .  Mit Pat terson-  und  Elekt ronen-  
d ichte-Projekt ionen kann  die Lage aller in der St ruktur  
vorhandenen  Atome (mit Ausnahme der H) ermi t te l t  
werden.  Es ergeben sich sechsgliedrige Ringe Si6Ols. Zwi- 
schen den Ringen ist molekulares Ht20 eingelagert,  das 
jedoch nicht  ohne weiteres durch die Ringe hindurch-  
t re ten  kann,  weil die zu passierenden Htohlr~ume verh~lt- 
nismassig eng sind. Dadurch  wird die schwere, n icht  
reversible Wasserabgabe des Dioptas erkl~rt, der n icht  
zu den Zeoli then zu rechnen ist. Die Orientierung der 
HgO-Molekfile (Lage der H) l~sst sich auf Grund ihrer 
Umgebung  vermuten.  Die Cu-Ionen, welche als Ka t ionen  
die Ringe zusammenhal ten ,  t re ten  auch im Dioptas mi t  
6-z~hliger Koordinat ion  in verzerr ten Oktaederl i icken 
auf. Die gefundene Struktur  ist durch eine Statist ik yon 
St rukturfaktoren  gesichert (reliability index = 0.16). Sie 
s t immt  nicht iiberein mi t  der St ruktur  des Dioptas, welche 
yon Butusov,  Belov & Golovastikov (1952) angegeben 
wurde,  und  welche das Verhal ten  des HHg0 schlechter 
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erkl~rt, sowie eine unwahrscheinl iche Koordina t ion  des 
Cu und  unwahrscheinl iche Atomabs t~nde  aufweist. 

11. R. PuLou,  M. ORLIAC & L. CAPDECOMME. Sur les dd- 
formations du rgseau des crandallites-deltaites et des 
war d ites---m ill isites. 

Les phosphates  alumino-calciques et  alumino-calco- 
sodiques des types  crandallite--deltaite et  wardi te-mil l i -  
site ne sont  encore connus que par  un  pe t i t  hombre  
d 'exemples.  On sait toutefois que les crandalli tes et  del- 
tai tes sont isostructurales avec sym@trie rhombo@drique 
holo@dre, et  que les wardi tes  et  millisites, isostructurales 
elles aussi, sont quadrat iques  avec la sym@trie A4. 

Les remplacements  isomorphiques dans ces s tructures 
ont  @t@ peu @tudi@s. L ' examen  de divers @chantillons nous 
a permis de constater  l ' ampleur  des variat ions de com- 
positions chimiques:  subst i tut ion de F e ' "  k A1, remplace- 
ments  de Na ~ par Ca, in t roduct ion de Mg. 

Ces variat ions de la composit ion chimique en t ra inent  
des modifications des param@tres cristallographiques ex- 
tr@mement marqu@es sur les diagrammes de poudres. Les 
rapports  c/a g@n@ralement attribu@s aux wardites et  aux 
crandallites, sont respect ivement  de 2,68 et  de 2,31. Ces 
ordres de grandeur  sont  tels que les variat ions r@sultant 
des subst i tut ions dans le r@seau ent ra inent  des d@place- 
ments  relatifs tr@s sensibles dans certains couples de 
raies, avec parfois superposit ion et m@me inversion. Un  
min@ral du groupe des crandalli tes nous a donn@ un dia- 
g ramme simplifi@ de cristal quasi-cubique (rapport c/a 
voisin de 2,45). 

12. G. PEYRONEL. Recherches sur la structure cristalline 
d'un silicate naturel d composition quantitative inconnue. 
Le silicate naturel ,  bazzite, contient ,  d'apr@s une d@- 

te rmina t ion  microqual i ta t ive  (Artini), pr incipalement  du 
scandium et du fer, mais sa composit ion quant i ta t ive  n 'a  
pas pu @tre @tablie a cause de son extr@me raret@. 

Sur un  @chantillon unique on a @tabli, aux rayons X, 
que le min@ral a une sym@trie de diffraction hexagonale  
D6h-6/mmm. Les dimensions de sa cellule @l@mentaire, 
a ---- 9.51 et c -~ 9.10 /~, sont tr@s proches de celles du 
b@ryl. On a hkil = quelconque;  0001 avec 1 = 2n. Le 
groupe de sym@trie le plus probable est D~-P6322. 

On va t~cher d 'obtenir ,  par l 'analyse Pat terson,  quel- 
ques renseignements  sur le type  d 'anion silicate ainsi que 
sur la posit ion et la nature  des cations pr@sents dans cette 
structure. 

13. A. McL: MATH~ESO~ & G. F. WALKER. The crystal struc- 
tures of normal and partially-dehydrated Mg-vermiculite. 
The single-crystal analysis of Mg-vermiculite which is 

monoclinic, a = 5.32, b = 9.18, c = 2 × 14.4 /~, fl = 97 °, 
has been repor ted (Mathieson & Walker,  Amer. Min .  
(1954), 39, 3). The principal interest  lay in the  distribu- 
t ion of exchangeable cations and  water  molecules in the  
region between the  mica-like silicate layers. The cation 
and  water  sites were de te rmined  from the analysis, and  
the  probable distr ibution of the  available cations and  
waters  over their  respective sites was deduced. 

Part ial  collapse of the mineral  normal  to 001 is ef- 
fected by hea t - t r ea tmen t  at  80 ° C. and the  sharp spectra 
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can be indexed on the  basis of a monoclinic cell, a = 5.32, 
b = 9.18, c = 11.8 A, fl = 90 °. The inter layer  region of 
par t ia l ly -dehydra ted  Mg-ve~Tniculite contains only one 
sheet of water  molecules ar ranged in a hexagonal  net-  
work similar to t h a t  deduced for the water  molecule 
sites in normal  Mg-vermiculite. The water  sheet lies a t  
2-43 ~ from the oxygens of one silicate layer  and  2 .84/~  
from those of the  opposite layer.  The la t te r  distance is 
consistent  wi th  hydrogen-bonding between each water  
molecule and  i ts  related surface oxygen of the silicate 
layer,  the  relat ive disposition of the a toms being the 
same as in normal  Mg-vermiculite.  The short  approach 
distance 2.43 A occurs because the Mg cations are dis- 
posed between the  water  sheet and  the surface oxygen 
sheet of the  silicate layer,  each cat ion being coordinated 
to three water  molecules and  three oxygen atoms. 

The results  of bo th  analyses point  to the  importance,  
in the s t ructure  of layer-silicate minerals of this  type,  of 
hydrogen-bonding between water  molecules and  the sur- 
face oxygens of the silicate layers, and of the coordination 
behaviour  of the  cations. 

14. H.  D. ~VIEGAW & C. H.  KELSEY. Cell dimensions of 
bultfonteinite. 

Bultfonteini te  (Ca~Si~O~0H~F~) is triclinic, pseudo-or- 
thorhombic.  Accurate  cell dimensions have  been deter- 
mined from high-angle reflexions by  a me thod  of succes- 
sive approximations.  The interaxial  angles have  been 
determined by  the same method;  the accuracy is greater  
t han  t h a t  of the goniometric s t udy  in the original de- 
scription b y  Par ry ,  Wil l iams & Wright .  The obvious 
choice of axes based on the pseudo-orthorhombic symme- 
t r y  is incompatible  wi th  the  convent ion t h a t  all inter- 
axial  angles should be greater  t han  90 ° , and the conven- 
t ion is therefore .over-ridden in this  case. 

a = 10-992±0"002 ~ ~ = 93°57'q-18 ' 
b = 8"187±0.002 ~ fl = 91°19'± 2' 
c = 5-674±0.001 ~ 7 = 89°51'± 1'. 

The crystals  are all twinned;  there are two twin  laws, 
imi ta t ing  the  higher  symmet ry ,  and  the relat ive vol- 
umes of the components  seem to depend on the magni-  
tude  of the  departure  from a 90 ° angle. Though oscilla- 
t ion photographs  from a twin  are more complex t h a n  
those from a single individual  would be, the  interpreta-  
t ion is quite unambiguous.  

The cell dimensions are related to those of afwillite, 
and  so p robab ly  is the  structure.  The two minerals  occur 
in the  same locali ty and  a chemical s imilar i ty  was pointed 
out  b y  Par ry ,  Wil l iams and  Wright .  

15. M. J.  BUERGER & T. HA}IN. The structure o] nepheline, 
KNaaAlaSi4016. 

Nepheline belongs to space group P6  a wi th  a = 10.01 
and  c = 8.405 ~ .  The composit ion of nepheline is usual ly  
given as NaA1SiOa bu t  implicat ion maps,  which readi ly  
located the meta l  atoms, showed t h a t  the  alkali  a toms 
occur in two different equipoints.  The ideal formula is 
KNaaAI~Si~O~ wi th  2 formula weights  per  cell, in con- 
fortui ty wi th  potass ium content  shown by  analyses.  One- 
quar ter  of the  alkalis, silicons, and  a luminums lie on 
special positions. The s t ructure  was determined by  ac- 
cept ing the  meta l  posit ions indicated by  the implicat ion 

maps,  surrounding these b y  reasonable oxygen arrange-  
ments  and  b y  refining wi th  successive Fourier  syntheses .  
The s t ructure  is a silico-alumiua t r idymi te  framework,  
wi th  alkali  a toms occupying voids. 

New Geiger-counter intensit ies were used for refine- 
men t  b y  ~o--~c syntheses.  The potass ium location showed 
a negat ive anomaly  of electron dens i ty ;  th is  was corrected 
b y  reducing the stat is t ical  number  of potass ium a toms 
in this  site. A positive anomaly  occurred near  the  three-  
fold axis a t  9,2 ½, z; this  was corrected b y  moving  the  
oxygen a tom ideal ly s i tuated on this  axis to a s ta t is t ica l  
set of posit ions off the  axis a t  0.560, 0-230, z. This  fea ture  
indicates t h a t  one var ie ty  of oxygen a tbm in the  struc- 
ture is in stat is t ical  disorder. W h e n  these anomalies  are 
corrected the R factor for the hie0 reflections falls to 
0-18. The refined s t ructure  and  values for the  Si-O and  
A1-O bond lengths were obtained b y  means of three- 
dimensional  Fourier  syntheses.  

16. U. VENTRIGLIh. La structure de la heulandite. 

L'auteur ,  au moyen  d 'analyses  chimiques originales, de 
celles dans les ouvrages publi~s, ainsi  qu 'au  moyen  de 
mesures absolues du volume de la maille ~16mentaire, 
4 tabht  que la formule const i tut ionnelle  qu'i l  fau t  a t t r i -  
buer ~ la heulandi te  est 7SiO2AI~OaCaO. 6H~O. Les dia- 
grammes de Laue et l 'effet pi4zo61ectrique v6rifi6 ont  
p e r m i s  d '~tablir  que la sym6trie de la heulandi te  n ' es t  
pas monoclinique holo~drique, d 'apr~s l 'avis  habi tuel ,  
mais  bien triclinique h~mi6drique. Les pho togrammes  
de Po lany  et les spectrogrammes de Weissenberg ont ,  
d ' au t re  par t ,  confirm6 les dimensions de la maille ~il~- 
menta i re  ; ils ont  encore fai t  ressortir  une pseudosym~trie  
monoclinique bien marqu4e:  on a done pris cette pseudo- 
sym4trie  comme point  de d6part  pour  la r4solution de la 
s t ructure  du mineral .  On a, c'est-k-dire, admis  que la 
structure de la heulandite peut 6tre regard~e eomme 6tant 
une petite d6formation d'une structure monoclinique. 

Pour l'interpr6tation des donn~es cxp6rimentales on 
a eu recours aux synthSses de Patterson et Fourier et & 
la m6thode des maxima avec la superposition des alia- 
grammes des facteurs structuraux relatifs aux effets par- 
ticuliers. La disposition des atomes, ~ laquelle on est 
parvenu ainsi, conduit & une structure caract~ristique ot~ 
les t6tra~dres sont stratifies suivant (010): les plans de 
deux couches qui se suivent sont espac6s de ½b 0. Bans 
ces plans se trouvent les ~ des t6tra~dres du min6ral; ils 
sont plac6s de fagon qu'ils forment un r6seau avec des 
maillons hexagonaux. Chaque t6tra&dre a done trois ions 
d'oxyg~ne en commun avec d'autres t6tra~dres de la 
m6me couche et, par eontre, un quatri~me ion d'oxyg~ne 
en eommun avec un des t@tra~dres r~siduels, ne faisant 
pas partie de ces couches. Ces derniers, en liant entre elles 

]es couches contlgfies, forment, ~ leur tour, des ma~lles 
hexagonales. Il en r6sulte une structure de tectosilicate 
avee des mailles hexagonales avee un entassement plus 
fort suivant (010). On peut justifier ainsi iInm6diatement 
le clivage parfait suivant (010), la pseudosym@trie mono- 
clinique, les dimensions de la maille 61~mentaire et le 
contour hexagonal des cristaux. B'apr~s cette structure 
Si et A1 occupent les milieux des t6tra~dres et pour chaque 
2 _A_I un Ca occupe un des espaces entre les mailles hexa- 
gonales. Par cons@quent, quant k l'eau, apr~s un exa- 
men de routes les hypotheses, celle de la presence dans le 
min@ral des ions (OH) y comprise, on doit admettre que 
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l 'eau ne prend  pas par t  k la s t ructure fondamenta le  du  
min6ral et  qu'elle est  pr6sente seulement  comme H90. 

17. S. W. BAILEY & W. H. TAYLOR. The structure of a 
triclinic potash felspar. 
Although the  felspar s t ructure has been known for 

t w e n t y  years, only an orthoclase, a sanidine and  one form 
of anor th i te  have previously been examined  by  modern  
high-accuracy methods  of structure-analysis.  This paper  
describes the  results of an accurate analysis of a triclinic 
potash  felspar and  in part icular  discusses the  evidence 
the reby  obta ined for the  ordered dis t r ibut ion of A1 and  
Si a toms on the  l inked te t rahedra  of the  structural  frame- 
work. 

18. R. B. FERGUSON, R. J.  T~AILL & W. H. TAYLOR. The 
albite structure. 
The structures of low-temperature  and  high- tempera-  

ture  albites h a v e  been de te rmined  as a par t  of a pro- 
g ramme of high-accuracy analyses of impor t an t  type-  
s tructures of the  felspar group. The low-temperature  
albite is f rom Ramona ,  California, the  h igh- tempera ture  
mater ia l  was produced by  thermal  inversion of low- 
t empera tu re  albite from Amelia, Virginia. The struc- 
tures will be discussed wi th  special reference to the  or- 
dered distr ibut ion of A1 and  Si atoms, and  in relat ion to 
current  ideas about  order-disorder  transi t ions in felspars. 

19. P. GAY. X-ray  investigations of the plagioclase felspars. 

Previous X-ray  studies have shown tha t  the  plagio- 
clase felspar series can be divided into three  composit ion 
ranges wi th in  each of which a dist inct  s t ructural  type  
exists. The present  work has invest igated the  occurrence 
of these s tructural  types  no t  only as a funct ion of com- 
posit ion but  also o f  tempera ture .  

X-ray  single-crystal me thods  have been used to exa- 
mine  a large number  of felspars over a wide composit ion 
range. The specimens have  been examined  before and  
after being subjected to varying heat  t rea tments .  These 
results have  been supplemented  by those from specimens 
wi th  differing geological histories. In  this way  it  has 
been possible to s tudy the  structural  changes which occur 
on the  t ransi t ion from the  low to the  high form of a 
part icular  felspar and  to obtain some da ta  on the  tern- 
pera ture-composi t ion  fields of the  various structural  
types. Some careful optical measurements  have been 
made  which confirm the  X-ray  investigation.  

I n  part icular  i t  has been possible to show tha t  felspars 
in te rmedia te  be tween the  low and high forms can exist  
stably, and  tha t  a common high- tempera ture  s tructural  
form exists over the  series from albite almost  up to pure 
anorthi te .  The la t ter  resolves the  apparen t  discrepancy 
be tween previous X-ray  and thermal  work. Some struc- 
rural explanat ions of the  various transit ions are suggested. 

20. N. V. BrELOV. Sur  la structure de la ndphdline et de 
quelques autres mindraux hexagonaux. 

§ 4. Structures des m~taux et al l iages 
1. W. H. TAYLOR. Electron configurations in some tran- 

sition metal alloys. 
At tempt s  have recent ly  been made  to test  the  val id i ty  

of the  suggestion t h a t  electrons are absorbed by  transi- 
t ion meta l  a toms in a luminium-rich alloys. In  m a n y  cases 
a simple t r e a tmen t  of the  Bril louin zone measurements  
provides support  for the  assumption of electron absorp- 
t ion but  i t  is clear t ha t  there  is need  for a more  funda- 
menta l  theoret ical  discussion. Accurate s t ructure ana- 
lyses of Co2A19, MnaSiA19, MnAls and  Cr4Si4A118 have  
shown tha t  abnormal ly  short  contacts  be tween a transi- 
t ion meta l  a tom and some of the  surrounding A1 a toms 
appear  to be characteristic of these structures.  I n  addi- 
tion, there is evidence for the  absorpt ion o f  about  2 
electrons by  the  Co, Mn and  Cr a toms in these alloys 
bu t  the  assumptions made  in the  course of the  analysis 
require careful examinat ion.  

2. P. J.  BLACK. Electron transfer in intermetallic com- 
pounds. 

I t  has been suggested that ,  in a luminium-r ich com- 
pounds of t ransi t ion metals,  electrons are absorbed to  
fill vacancies in the  3d shells of the  t ransi t ion metals.  
A t t emp t s  have  been made  to observe the  effect direct ly 
from 2'0 and  2"o--2"c syntheses.  This evidence is examined 
critically. I t  is shown tha t  errors in atomic scat ter ing 
factors account  for some of the  evidence tha t  was though t  
to indicate electron transfer.  The possibility of detect ing 
electron transfer effects is examined  wi th  part icular  ref- 
erence to the  work of Lonsdale & Bi jvoet  on l i th ium 
hydride.  

3. P . J .  BLACK. Brillouin zones in intermetaUic compounds. 

Measurements  of Brfllouin zones from X-ray  da ta  
have  been used to derive valencies for t ransi t ion metals  
in intermetal l ic  compounds,  on the  assumption tha t  they  
are electron compounds.  New measurements  on several 
such compounds are presented and  their  in terpre ta t ion  
by the  electron absorpt ion hypothesis  is considered. These 
results indicate tha t  the  Brillouin zone analysis cannot  be 
applied indiscriminately to these compounds and  an at- 
t emp t  is made  to define the  limits of its validity.  

4. P. VOUSDEN. The electron~atom ratio and localized bonds 
in metals. 
I t  is shown tha t  the  problem of alloy structures may  

legi t imately be discussed in terms of electrons which are 
localized to the  coordination polyhedra  in the  structure.  
This approach leads to a new division of the  factors in- 
fluencing crystal structure,  which is closely related to 
the  empirical division proposed by Hume-Rothe ry .  The 
approach allows us to define the  class of structures where 
the  e lect ron/atom ratio is impor tant ,  and  accounts for its 
relat ion to crystal s t ructure wi thout  introducing the  con- 
cept of Brillouin zones. 

5. P. J.  BLACK. The structure of FeA1 a. 
The structure of this compound has been solved by 

Pat te rson  methods.  I t  is a complicated s tructure wi th  a 
C-face centred monoclinie cell containing 100 atoms. The 
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s t ructure  is unusual  in t h a t  i t  has close-packed regions, 
in which there  are ve ry  short  interatomic distances, 
separated b y  regions of misf i t  where the a tom dens i ty  
is low. An analysis  of the  in tera tomic distances reveals 
a regular  var ia t ion  in the mean  distance of an  a tom's  
neighbours wi th  the  number  of these neighbours;  pos- 
sible explanat ions  of this  are discussed. An explanat ion  
of the twinning  of FeA1 S crystals  is presented.  

based on the  Renninger  'double reflexion' effect is pro- 
posed. The conditions for the  occurrence of the double 
reflexions are discussed and  shown to be par t icu la r ly  
favourable in the present  problem. 

The two in terpre ta t ions  a r e  compared b y  considering 
their  adequacy  in explaining all the  observations.  I t  is 
concluded t h a t  there  is no reliable evidence for ordering 
in the N i - V  a-phase. 

6. P. VOUSDEN. On the origin of the compounds of alu. 
minium and the transition metals. 
I t  is shown t h a t  the  common features of the group of 

complex alloys which a luminium forms wi th  the transi-  
t ion metals  Ni -Cr  can be explained in terms of a s trong 
interact ion between the  a lomiuium and  the t rans i t ion 
meta l  atoms.  This in teract ion also accounts  for all the  
evidence previously advanced in suppor t  of the electronic 
in te rpre ta t ion  of these alloys. The relat ion of the strong 
interact ion to the electronic s t ructure  is discussed and the 
special interest  of these intermetal l ic  compounds to the 
general theory  of alloys is pointed out. 

7. P . J .  BLACK. Relationships between the structure of inter- 
metallic compounds. 

An a t t e m p t  has been made  to fit  the  s t ructures  of the 
a luminium-rich t rans i t ion  meta l  compounds into one 
geometrical  scheme. I t  has  been found t h a t  most  of them 
are bui l t  b y  the  stacking, in different sequences, of two 
simple plane pa t t e rns  of a luminium atoms. Transi t ion 
meta l  a toms are f i t ted between the layers  and  usual ly  
have  nine or ten  a luminium neighbours. The s tructures  
t h a t  cannot  be included in this  scheme are more direct ly 
related to the  simple close-packed structures.  The connec- 
t ion between this  group and  other  intermetal l ic  com- 
pounds  is discussed in terms of these generalisations. 

8. M. G. BowN. On the crystal structures of Al-rich ternary 
alloys of A1 and Cu with Fe, Co and Ni. 

The crystal  s t ructures of the t e rnary  compounds which 
have been given ideal formulae FeCu2AIT, C%CubAlls and  
NiCuaA1 e are described. 

The cobalt  compound is isomorphous wi th  FeCu,A17, 
the s t ructure  of which is known. This fact  necessitates 
sl ight changes in the ideal formula and the corresponding 
electron/atom ratio. 

The crystal  s t ructure  of l~iCuaA16 is quite different. I t  
is made  up of cubes of A1 atoms,  most  of which are cen- 
t red by  a heavy  atom. The vacancies are regular ly  ar- 
ranged, giving ~ true unit cell containing 125 small cubes. 

I t  seems t h a t  in addi t ion to electron concentrat ion,  
the  preferred coordination number  of the t ransi t ion meta l  
a toms is an  impor tan t  factor in these structures.  

9. J.  A. BLAND. A suggested explanation of the occurrence 
of forbidden X-ray reflexions in the a-phase. 
'Forb idden reflexions'  in the N i - V  a-phase reported 

b y  previous workers have been exper imenta l ly  confirmed. 
Their  explanat ion,  which requires ordering in the struc- 
ture,  is cri t ically examined.  An al ternat ive  explanat ion  

10. J .  THEWLIS. Crystal structure and metallic valency. 
The question of metal l ic  va lency  is t r ea ted  from the  

point  of view of the  resonat ing-valence-bond theory  of 
Pauling,  bu t  wi thou t  a n y  assumptions as to the  numerical  
values of metal l ic  va lency  or single-bond radius.  

I t  is shown t h a t  valencies, or a t  least  a choice of valen- 
cies, m a y  be al located to certain allotropic meta ls  from 
a knowledge of the crystal  s t ructure  if i t  m a y  be assumed 
t h a t  Paul ing ' s  equat ion is valid, t h a t  the  single-bond 
radius of meta l  (corrected for temperature)  is essent ial ly 
cons tant  for all va lency  states  and  t h a t  crystal lographi-  
cally equivalent  a toms in a s t ructure  have  the  same, 
integral ,  valency.  

For  other  metals  a re la t ion has  been obta ined between 
the  l inear coefficient of the rmal  expansion, the  va lency  
and  the  observed atomic size which makes  i t  possible in  
m a n y  cases to allocate elemental  metal l ic  valencies. 

The valencies worked out  above are, in general,  differ. 
ent  from those pu t  forward b y  Paul ing  and  resemble 
more near ly  the chemical valencies of the  metals  involved. 

11. A. P. W. SPIEGELBERO, S . L . A .  DAN~LSS0~ & H.  
ASTRbM. The crystal structure of some phases occurring 
in alloys of aluminium, iron and silicon and their 
relationship to other phases. 

The phases invest igated are those (cubic, ¢etragonal 
and  monoclinic) denominated  c-A1FeSi, t-A1FeSi and  
m-A1FeSi (Phragmdn,  J. Inst. Met. (1950), 77, 489) and  
characterized as follows: c-A1FeSi, a =  12.52 k X . ;  
t-A1FeSi, a - - 6 . 1 1 ,  c - - 9 - 4 7  k X . ;  m-A1FeSi, a ~-b---- 
6-11, c ---- 41.4 kX.  and fl ---- 91 °. I n  the  order ment ioned  
these phases are sometimes called a(Fe-Si) and  fl(Fe-Si) 
(Phillips & Varley,  J. Inst. Met. (1943), 69, 317) and  
($ (Gwyer & Phillips, J. Inst. Met. (1927), 38, 29). 

The phases are characterized b y  containing a t ransi-  
t ion element (iron) wi th  the least  absorbing power for 
valence electrons ever found in a separate  t e rna ry  phase  
of alurninium, silicon and  a t rans i t ion  element (Pra t t  & 
Raynor ,  Prec. Roy. Soc. A, (1951) 205, 103). Though  the  
determinat ion  of the atomic a r rangement  of these phases 
is not  ye t  finished, some features and  re la t ionsh ips- -of  
interest  in connection wi th  the  applicat ion of the  b a n d  
theory  and wi th  the  knowledge of the  t rans i t ion  from a 
more metall ic to a lesser metall ic atomic a r r a n g e m e n t - -  
a l ready seem to appear  and  will be presented.  

In  revealing some of the relat ionships the me thod  of 
Harke r  & Kasper  for f inding signs of the s t ructure  factors 
has p layed an  impor t an t  rble. 

12. R. GRAHAM, G. C. S. WAGttORN & P. T. DAVIES. A n  
X-ray investigation of the lead-platinum system. 
Three compounds of lead and p la t inum are shown to 

exist :  
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Pb4Pt:  Tetragonal,  a = 6-64, c = 5-97 A. 
P b P t :  Hexagonal ,  a = 4.24, c = 5-48 A. 
PbPts-7:  F.-c. cubic, a ---- 4.05 A. 

15. B. GALE. Integrated X-ray  intensities from solid solution 
of copper-gold. 

The cell dimensions of Pb4Pt  agree wi th  those deter- 
m ined  by  RSsler & Schubert  (Z. Metallic. (1951), 42, 395), 
who also showed tha t  its s t ructure  was similar to the  
C16 (CaA12) type.  No other  published X-ray  da ta  have 
been found for l ead -p la t inum compounds.  

The phase diagram of Doerinckel  (Z. anorg. Chem. 
(1908), 54, 358) appears to be essentially correct and the  
difficulties he experienced wi th  pla t inum-rich mixtures  
have no t  been resolved. The diffraction pa t te rn  of the  
pla t inum-r ich compound  is compatible wi th  an ordered 
or disordered s tructure but  its exact  composit ion has 
no t  been de te rmined  because of the  difficulty of obtaining 
complete  reaction. Superlatt ice lines would not  be visible 
on the  diffraction pa t t e rn  owing to the  closeness in atomic 
number  of lead and  plat inum. 

13. N. C. BAENZIGEI~ • E. J.  DUWELL. The crystal struc- 
tures of some intermetallic compounds of mercury. 
The crystal s t ructure of the  intermetal l ic  compound 

K H g  was de te rmined  from precession-camera data.  The 
triclinie cell has the  dimensions,  a----6.62, b----6.91, 
c = 6.94 A, c~ ---- 106 ° , fl ---- 102°19 ', 7 ---- 92°48', Z = 4. 
A satisfactory s tructure was found in space group P I .  

The approximate  s t ructure  was de te rmined  from Pat-  
terson projections and  inspection of the  (0kl) data.  The 
a tomic parameters  were refined by electron densi ty  pro- 
jections on (100) and  (001) corrected by the  'back-shift '  
method.  

The mercury  a toms form groups of four similar to 
those formed in the  Na3Hg 2 structure except  tha t  the  
group is d is tor ted from square. The H g - H g  distances 
along the  edge of the  parallelogram are 3.03 and 3.08 A, 
sl ightly longer t han  the  closest H g - H g  distance in mer- 
cury metal .  

K H g  n, SrHgn,  and  R b H g n  all have structures simi- 
lar to tha t  of BaHg  n reported by Peyronel  (Gazz. chim. 
ital. (1952), 82, 679). 

14. R. KIESSLr~G. The nitrides and oxide---nitrides of tung- 
sten. 
A tungs ten  oxide-ni t r ide  has been obta ined by reduc- 

ing a m m o n i u m  para tungs ta te  or tungs ten  trioxide wi th  
ammonia.  The compound has a composit ion close to the  
formula W0.e2N0.6200.3s and  belongs to the  interst i t ial  
compounds.  I t  has a defective MX-la t t i ce  wi th  the  so- 
d ium chloride structure.  Only 62?/0 of the  M-posit ions 
are occupied at  r andom by tungs ten  atoms, whereas 
probably all the  X-posit ions are occupied, 62 % by nitro- 
gen a toms and 38 % by oxygen atoms. 

The ?-nitr ide in the  tungs ten-n i t rogen  sys tem has 
been shown also to be an oxide-ni t r ide.  This phase has 
also a defective tungs ten  lattice, but  the  vacancies are 
ordered. I ts  ideal formula is W0.75(N, O)1.00, where the  
ra t ion N:  O is unknown but  certainly greater  than  for 
Wo.e2No.620o.38. 

16. G. SEINODA & Y. AmA_~O. Anomalous X-ray  diffrac- 
tion in A1 and Cu single crystals. 
W h e n  an A1 single crystal was rolled about  10 % and 

set to reflect (333) wi th  Cu Ka,  several anomalous spots 
were observed besides the  normal  (333) spots due to K a  1 
and K a  2. These are (1) a faint  spot due to satelli te Ka3 
and (2) doublet l ike pa t te rns  crossing the  normal  (333) 
spots. The lat ter  ones correspond to double diffractions 
of ( l i l )  -+ (242) and  ( i l l )  --+ (422). Also, when  the  crys- 
tal was rolled about  30 % a nearly s t raight  spot appeared 
between the  (115) spots due to K a  1 and K a  3. This corre- 
sponds to double diffraction (113)--+ (222). The lat t ice 
constant  calculated from the  double diffraction condit ion 
becomes 4.0247 A, a n d  is much  smaller t han  t h a t  of 
stress-free crystals. Therefore, the  residual stress due to 
cold rolling is as follows: (1) longitudinal  direction, com- 
pression of 68 kg.mm. -~, (2) t ransverse direction, tension 
of 68 kg.mm. -~ and  (3) direction of thickness,  almost  zero. 

Also, in a Cu single crystal, the  double diffraction spot 
(111) -+ (Y13) was just  outside the  (004) spot, after rolling 
of several per cent. This was already found by Rachinger  
and  considered as anomalous diffraction. The residual 
stress calculated from the double diffraction condit ion 
becomes 30 kg.mm. -2 and  is much  smaller than  tha t  of A1. 

17. G. S. JDANOV. Structure atomique de quelques com- 
binaisons mdtalliques de bismuth. 

18. R. J.  WEIss. 3d wave functions of iron. 
The absolute  scat ter ing factor of Fe for X-rays has been 

measured wi th  Mo K a  radiation.  Cold-worked powders 
were used to el iminate ext inct ion and  Mo K a  radia t ion 
was used to minimize bo th  ext inct ion and  dispersion cor- 
rection. A single crystal of Fe was used to place the 
powder da ta  on an absolute basis. The scat ter ing factor 
for the  charge densi ty  of the  argon core electrons (18) 
was subtrac ted  from the exper imenta l  results, using a 
free-atom self-consistent-field calculation wi th  exchange.  
Lit t le  change of the  argon-core wave functions is expected 
in the  solid. The remaining scat ter ing factor is used to 
de termine  the  wave functions of the d electrons with small 
overlap integrals. The resul tant  charge dens i ty  agrees wi th  
neutron-diffract ion results of Shull and indicates two un- 
paired d electrons wi th  negligible overlap and  the  re- 
main ing  six electrons wi th  large overlap. The radial wave 
funct ion of the  two unpaired d electrons agrees also with 
the  free-atom self-consistent calculations of Wood & Prat t .  

§ 5. Structures non-organiques 
1. I. LINDQVIST. On the crystal structures ofAgSCN. 2AgNO3 

and AgCN. 2AgNOs. 

AgI, AgCN and AgSCN can be dissolved in hot  concen- 
t ra ted  solutions of AgNO3. The double salts AgI .  2AgNO3, 
AgCN. 2AgNO3 and AgSCN. 2AgNO3 crystallize from the 
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solutions. Single crystals  of these salts give the following 
da ta :  

AgSCI~.2AgNOa: P i ;  a---- 7.6, b = 7.9, c = 6.5 /~; 
c~= 85, fl---- 90, ~ , =  1 0 4 ° ; N =  2. 

AgCN.2AgNO~: P21/n; a ---- 5.30, b ---- 11-34, c ---- 6-20 ~ ;  
fl = 1 0 1 . 9 5 " ;  N = 2 .  

AgI .2AgNOa:  P212x21; a = 7.4, b = 12-4, c = 7.8 /~; 
N = 4 .  

I n  AgSCN. 2AgNO a the Ag and  S posit ions have  been 
determined.  The S a toms coordinate four Ag a toms in a 
dis tor ted te t ragonal  py ramid  wi th  S a t  the  apex (Ag-S 
distances 2.4-2.8 /~). A reasonable a r rangement  of the  
S C N -  ions is suggested. 

I n  AgCN. 2AgN0a the Ag positions have  been deter .  
mined. Two principal  possibilities are given for the ar- 
r angement  of the  CN-  ions, one of which is in good 
agreement  wi th  the s t ructure  of AgCI~. 

I t  is difficult to come to a definite decision about  the 
s t ructures  bu t  in a n y  case t hey  do not  contain discrete 
AgaSCN 2+, AgaCN ~+ or A g a r  + groups, which have  been 
assumed to exist  in the  solution. 

The chemical bonds involved in the complicated com- 
plexes mus t  be of a type  which has  not  ye t  been t rea ted  
theoret ical ly  (e.g. the  S-Ag coordination). 

2. Y. S~TO, K.  NA~ATSU, M. S ~ O  & H. K ~ O Y A .  De- 
termination of the absolute configuration of the optically 
active complex ion, [Coena] a+, by means of X-rays. 

Hi the r to  unrecorded double salts having  the composi- 
t ion, 

2D-[Coena]C1 a . NaC1.6H~O and 2L-[Coena]C1 a . NaC1.6H~O 

were prepared,  the  crys ta l  s t ructures  of which were com- 
plete ly  determined using Fe  K ~  radiat ion,  except  for the 
'hand ' .  The space group is C~-P3 with  one formula un i t  
in a cell of dimensions a ---- 11.45~-0.05, c = 8.07±0.03 A. 
The s t ructure  belongs very  near ly  to the space group 
C~-P6a, namely  all the  a toms except  a sodium and a 
chlorine a tom are arra.uged according to the  s y m m e t r y  
P63. The f ive-membered cobalt  e thylenediamine r ing is 
not  planar.  

In  order to dist inguish between (hkil) and  (hk/l), the  
la t te r  being equivalent  to (hkil) because of pseudo sym- 
m e t r y  when l is even, use was made of Cu Kc~ radia t ion  
which can jus t  excite the cobalt  a toms in the crystal .  
Slight bu t  marked  differences in intensit ies of the  cor- 
responding pairs of reflexions were observed on the oscilla- 
t ion photographs  around the c-axis, and, furthermore,  i t  
was found t h a t  these inequal i ty  relations observed for 

one crystal  were ~he reverse of ~hose found for another  
enant iomorphous  crystal .  On the other  hand,  the inten- 
s i ty  differences were calculated on the basis of a set of 
parameter  values. The results were found to agree quite 
well wi th  those ac tua l ly  found for D-crystal. Thus the  
absolute configurations of D- and  v.-[Coena] a+ complex 
ion were successfully determined wi thou t  ambigui ty .  

3. P. HERPIN. Structure de l'irido-trioxalate de potassium 
actif au moyen des rayons X .  

4. T. ROSENqVIST. Magnetic and crystallographic studies 
on the higher antimonides of iron, cobalt and nickel. 
These intermetal l ic  compounds have  been prepared:  

FeSb~, CoSb2_x, CoSba and  NiSb~+x (x ---- 0.1--0-2). For  
the first  three compounds single crystals  were obta ined  
which were examined by  optical goniometry  and  Weissen- 
berg diagrams. NiSb~+x was s tudied b y  means  of powder  
diagrams. The diant imonides  all have  the  marcas i te  
s t ructure  (space group V~-Pnnm),  and  CoSba has  the  
skut te rudi te  s t ructure  (space group T~-Im3). The fol- 
lowing values for the unit-cell  dimensions and  indepen- 
dent  parameters  u and v were obta ined:  

a (A) b (A) c (A) u v 
FoSb~ 5-83 6.55 3.204 0-188 0.355 
CoSbu_z 5.596 6.373 3-370 0-195 0.360 
NiSbs+z 5.180 6-314 3.838 0.22 0.36 
CoSb a 9.036 - -  ~ 0.343 0.157 

The three last  compounds were found to be ve ry  
weakly  para- or diamagnet ic  wi th  suscept ibi l i ty  values 
between ~- 0.1 and  -- 0.1 × l0  -6 independent  of tempera-  
ture.  FeSb~ is ant[ferromagnetic wi th  an  ant[ferromagnetic  
t rans i t ion  tempera ture  of 500 ° C. 

The magnet ic  da ta  show t h a t  covalent  bonds predomi- 
na te  in all compounds, and  are formed b y  the  dgsp a 
orbitals of the  t rans i t ion metals  and  the sp a orbitals  of 
an t imony.  The axial  rat io of the  marcasi te  compounds is 
determined b y  the number  of uncompensa ted  electron 
spins;  ant[ferromagnetic in teract ion between these spins 
tends  to shorten the length of the  c axis. The relat ive 
s tab i l i ty  of the marcasite,  pyr i te  and  skut te rudi te  struc- 
tures is discussed. 

5. K. A. W]X~HE~. On RbSbaFx0 and its relation to other 
complex antimony (III)  fluorides. 

The crystal  chemis t ry  of complex a n t i m o n y  (III)  
fluorides has  been studied during recent  years  b y  the  
late Dr.  A. Bys t rSm and  his coworkers a t  the  Unive r s i ty  
of Stockholm. The compounds inves t iga ted  are of the  
general formula MxSbuFay+x where M is an  alkali  meta l  
including N H  + and T1 + and  x:y---- 1:4, 1:3, 1:2, 1:1 
and  2:1.  

The s t ructural  chemis t ry  of the  complex a n t i m o n y  (III)  
fluorides shows interest ing features.  The coordinat ion 
number  of the an t imony  a tom is no t  cons tant  bu t  changes 
according to the formula type  of the compound. Thus  
SbF a groups wi th  C.I~. = 3 were found to exist  in SbF a 
(and also in KSbF4Fla);  Sb~F~" groups wi th  C.N. = 4 in 
CsSb2F~; SbF~- complexes wi th  C.N.----5 in KgSbFs;  
(Sb4Fx6) 4- complexes wi th  C.N. = 5 in KSbF~ and  infini te  
chains of the composition (SbF~)~ wi th  C.N. = 5 in  
NaSbF4. 

The invest igat ion was recent ly  ex tended to fluorides 
of the formula type  MSbaF10. There are three isomorphous 
compounds (M = N H  +, Rb+ and  Tl+) in this  group. 
Weissenberg photographs  indicated monoclinic symmet ry ,  
space group P21/m , with  the dimensions a -- 7-9, b = 13.7, 
c ---- 8"8 A, fl = 95 ° for RbSbaF10. 

Accurate positions of the 12 Sb and  4 R b  a toms of the  
un i t  cell have  been determined from Fourier  analyses,  
which also have  given approximate  da ta  for the  F atoms.  

The relat ion between the various s t ructure  types  of 
the complex an t imony  (III)  fluorides will be discussed. 
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6. K. PT,~ETH & D. BXLZ. Die Struktur des Kaliumnickel- 
fluoride, K,NiF  4. 
Die Kristalle werden  als Ers tausscheidung beim Ab- 

kiihlen yon KF-NiF9  Schmelzen mi t  e inem :NiF9 Gehalt  
zwischen 9,2 und  23,3 Mol % erhalten.  Sie haben  eine 
Dichte  yon 3,39 g.cm. -a und  sind hellgriin gefarbt. Aus 
Laue-, I)rehkristall-  und  Weissenbergaufnahmen konn te  
die Git tergeometr ie  abgelei tet  werden. KeNiF a kristal- 
lisiert im te t ragonalen  System m i t a  1 ---- a~ = 3,99s; a a ---- 
13,05/~. Der Zellinhalt  be t rag t  2 Formele inhei ten  K~NiF4. 
Wegen  der Ausl6schungen und  einer Diskussion der spe- 
ziellen Punk t l agen  k o m m e n  nur die wahrscheinl ichen 
Raumgruppen :  Daa(17); D4(9); D~d(ll); D2d(9) und  
C4v(9) in Betracht .  Die In tens i ta ten  der Aufnahmen  
werden visuell gegen einen Stufenkeil  geschatzt  und  auf 
Absorpt ion korrigiert.  Aus der Pa t te rson-Projekt ion  langs 
[010] k6nnen  die Lagen der Atome einwandfrei  e rmi t te l t  
werden.  Die endgii l t igen Paramete r  werden einer Fourier- 
projekt ion en tnommen .  Der Vergleich zwischen den  beo- 
bach te ten  und  den mi t  e inem Tempera tur faktor  mult i-  
plizierten, berechneten  St rukturfaktoren  fallt gut  aus 
(R ---- 0,11). Die gefundenen Punkt lagen  der Atome sind 
in allen 5 Raumgruppen  realisierbar. 

7. H. BODE. ~7ber die Kristallstrukturen der Hexafluoro. 
zirkonate. 
Von den S t ruk turen  der Kristalle mi t  der al lgemeinen 

Formel  M~XF s sind verschiedene Typen  bekannt .  Bei 
einigen dieser S t ruk turen  liisst sich die Baugruppe X F ] -  
erkennen.  Liegt der Rad ienquo t ien t  Zen t ra la tom-Ligand  
(X-F)  in der N~he der unteren,  fiir die Koordinat ions-  
zahl 6 zul~ssigen Grenze, so kermt man  die tr igonale 
KgGeFe-, die hexagonale Rb2M_n_F6- und  die kubische 
K2PtCls-Struktur.  Bei vielen hierher geh6renden Stoffen 
handel t  es sich urn eine Polymorphie  zwisehen diesen 
Formen.  Ubers te igt  dagegen der Rad ienquot ien t  X - F  
den  oberen Grenzwert  ffir die Koordinat ionszahl  6, so 
t re ten  St rukturen  mi t  den Koordinat ionszahlen 8 und  9 
auf (a-K~UFs; ill- und  fl~-KgUF6); irgendwelche Bau- 
gruppen  lassen sich hierbei n icht  mehr  erkennen.  

Mit dem Zirkon als Zent ra la tom des Komplexes  liegt 
der Rad ienquo t i en t  etwas unterhalb  der oberen Grenze 
der Koordinat ionszahl  6, und  es t re ten  hierbei wiederum 
neue St rukturen  auf. Naher  un te rsueht  sind bisher das 
K~ZrF s und  das (NH4)2ZrFe, die beide rhombisch (pseudo- 
hexagonal)  kristallisieren, aber nicht  isotyp shad. Ffir das 
Kaliumsalz gelten folgende Daten :  a ---- 6,60, b -- 11,42, 
c ---- 6,96 /~; n = 4, Raumgruppe  D~-P222~; Anordnung  
der Atome:  4Zr(b); 4K(b) 0, y, ¼; 4K(a) 0, 0, 0. Die seehs 
Fluor umgeben  das Zirkon in der Form eines Oktaeders,  
das in der Rich tung  einer dreizahligen Achse ges taucht  
ist. Bet ragen die Paramete r  der Zr- und  K-Lagen genau 
½ bezw. 2 ~, so l~tsst sich die rhombische Zelle in eine 
hexagonale  Zelle mi t  2 Molekiilen umformen;  die Lage 
der Zirkonatome lasst sich du tch  die Koord ina ten  ½, ~ ~-, ¼; 
~, ½, ~ beschreiben. Die Parameter  sind aber ein wenig 
yon diesen Wer ten  verschieden, sodass die Substanz nur  
pseudohexagonal  ist. Ffir das Ammoniumsalz  gilt :  a 
13,50, b----11,68, c----7,74 /~, n = 8, Raumgruppe  
D~h-Pbam (mit anderer  Koordinatenwahl) ,  Anordnung  
der Zi rkonatome:  2(a) 0, 0, 0; 2(b) 0, 1 ~, 0; 4(h) 0, ¼, ½; die 
Fluor  umgeben  das Zirkon wie beim K-Salz. Vernach- 
lassigt man  einige schwache Reflexe, so erhalt  man  eine 
rhombische Zelle' mi t  a ---- 6,75 /k und  n ---- 4. Diese Zelle 

l~sst sich hexagonal  umformen  (n = 2); die Zi rkonatome 
liegen in 0, 0, 0; 0, 0, ½, die 4 Stickstoff in ~,1 2, z, also 
ver~nder t  gegeniiber dem K-Salz. Die Zelle mi t  8 Mole- 
kiilen l~sst sich nicht  mehr  hexagonal  umformen,  ist aber  
immerh in  noch pseudohexagonal .  

8. J .  ()STE~n6F. Crystal structure of Ag2C 2. 6AgNO3 and 
2CuC1. C2H2. 
Ag2C~.6AgNO a is rhombohedrM wi th  one molecule 

per uni t  cell. The uni t  rhombohedron  has dimensions 
a---- 7.91 /k a---- 106°12 '. The space group is R3. The 
linear group A g - - C ~ C - - A g  is placed along the  space 
diagonal and  is surrounded by six silver a toms and six 
n i t ra te  groups. 

2CuC1. C2H2 is hexagonal  wi th  six molecules per uni t  
cell. The cell dimensions are a 1 ---- 11.8, a a ---- 6.0 A. The 
space group is C]v-C6mc. The structure can be seen as a 
der ivate  of the  wurtz i te  s t ructure type,  where one-third 
of the  copper and  chlorine a toms are subst i tu ted  by 
acetylene molecules. Each  copper a tom forms te t rahedral ly  
directed bonds wi th  three  chlorine a toms and one acetylene 
molecule. 

9. F. MAzzI. The crystal structure of copper tetramine sul- 
phate, Cu(~H3)4SO4. H2O. 
Cu(NHa)4S04.H20 is or thorhombic wi th :  a = 7.07, 

b ---- 12"12, c---- 10"66 /k, Z ---- 4, space group D~-Pmcn.  
The de terminat ion  of the  structure was made  by  

two-dimensional  Pa t te rson  and Fourier  projections along 
[100] and  [001]. The relative intensities of the  reflexions 
were visually es t imated  from Weissenberg and  precession 
photographs.  

F rom the parameters  of Cu and S measured in the 
Pa t te rson  projections, the  signs of most  s tructure factors 
were calculated. The ref inement  of the  co-ordinates was 
carried on by  means  of the  least-squares method .  

In  spite of the  analogy of the  formula, 

Cu(NH3)dS04 .H20 

has a different s tructure from tha t  of Cu(H20)dSO 4.H20, 
in which the  two addi t ional  bonds  of the  dis tor ted 
octahedral  group around Cu are sa tura ted by 0 a toms 
of SO4 groups. 

In  copper te t ramine  sulphate,  Cu, which lies in a 
symmet ry  plane parallel to (100), has the  four nearest  
N i a  neighbours in square co-ordination and  two more 
i 2 0  neighbours,  lying in the  same s y m m e t r y  plane as 
Cu, which complete the  dis tor ted octahedral  co-ordination 
group. Each  H~O molecule being in common wi th  two 
Cu, a chain - C u - H 2 0 - C u - H 2 0 -  is formed in the  z 
direction. 

S a toms lie also in a symmet ry  plane parallel to (100). 
The SO4 group is te t rahedral  wi th  two O atoms in the  
same s y m m e t r y  plane as S and  two on opposite sides: 
each of these last O a toms is bound  by a strong hydrogen 
bond  to the  same H~O molecule co-ordinated by Cu 
atoms, forming a chain • • • H20 • • • O-S-O • • • H20 • • • 
in the x direction. 

Bond  lengths and  angles, as well as in teratomie con- 
tacts, are normal .  
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10. R. W E s ~ n ~  & C. tI .  ~ I A c G ~ v ~ Y .  The crystal struc- 
ture of the azbestos.like form of sulphur trioxyd. 
After m a n y  a t tempts ,  a needle of the  asbestos-like 

form of SOs was successfully isolated in a capillary tube 
of thin-walled glass. Weissenberg diagrams about  the  
needle axis showed tha t  the  crystal was a twin, which 
gave some difficulties in the  interpretat ion.  

The cell constants  are: a ---- 6.20 A, b (needle axis) ---- 
4.06 ~,  c ---- 9.31 A, fl = 109 ° 50'. Space group C~a-P2~/c; 
Z = 4 .  

The crystal s tructure was solved by Pat te rson  and 
Fourier  methods .  The s tructure is buil t  up out  of chains 
along the  needle axis, whose uni t  length contains two 
s e a  te t rahedra  .linked in such a way tha t  a spiral of 
- O - S - O - S -  is formed. These chains have twofold screw 
symmetry .  The cell contains two of these chains brought  
to coincidence by the  glide plane c. 

There is a significant difference between the  S-O 
distances in the  chain (1-61 /~) and the other  S-O bonds 
(1"41 ~),  just  as was found in the structure of the  ice-like 
modificat ion of this compound.  

11. R. PASCARD. Structure cristalline de l' acide sulfurique 
anhydre. 
Pattie expgrimentale.--Les cristaux d 'acide sulfurique 

sent  obtenus en refroidissant k 0 ° C. un  liquide de com- 
position aussi voisine que possible de la composit ion 
stoechiom~trique. On amerce la cristallisation et on 
obt ient  assez facflement de fines aiguilles que l 'on extrai t  
du liquide ~ la pince. 

SO4H~ cristallise dans le syst~me monoclinique,  groupe 
de sym~trie Aa avec a----8,54, b----4,70, c =  8,14 A, 
fl ---- 111 ° 25'. 

L 'axe b coincide avee l 'axe des aiguilles. 
Rdsolution de la structure.--On a r~solu la projection de 

Pa t te rson  P(x, z). Deux projections de Fourier  successives 
suivies du caleul de la s~rie difference pe rme t t en t  de tirer 
le m a x i m u m  de precision ~ part ir  des donn~es fournies 
par l '~quateur h01. 

La project ion de Pa t te rson  P(x, y) est rendue confuse 
par suite de nombreuses superpositions, comme il a ~t~ 
confirm~ par la suite. Nous avons done calcul~ la fonction 
de Pat te rson  ~ trois dimensions P(x, y, z). Connaissant 
les coordonn~es x et z la r~solution est p ra t iquement  
immediate .  La  coordonn~e y est alors pr~cis~e au maxi- 
m u m  en utfl isant l '~quateur hlcO. 

Amdlioration des coordonndes atomiques.--Les positions 
obtenues pr~c~demment subissent de l~gers d~plaeements 
apr~s calcul de la s~rie difference b~ trois dimensions.  
Malheureusement,  cette s~rie pr~sente de nombreux  pies 
r~siduels qui masquen t  les pies hydrogbne. 

12. H. SE~ERT. Deformationsvorgdnge in Hydratstrulc- 
turen. 
Ffir eine vert ief te  Erkenn tn i s  der Rolle des Hydra t -  

wassers in Kr is ta l l s t rukturen  schien es lotmend, das 
Verhal ten  bei Deformat ionen der Kristalle zu studieren. 
Auf dem Kongress in Stockholm wurden dariiber einige 
orientierende Mitteflungen bereits gemacht .  Das Tat- 
saehenmaterial  muss indes reiehlich und  systematisch 

vermehr t  werden,  zumal Zweifel an der allgemeiflen 
Gfltigkeit bisher angenommener  Leits~tzo fiber Gleit- 
mechanismen aufgekommen waren. 

In  der schon von 1Yfiigge & Johnsen  durchgefi ihr ten 
Weise wurden  in einer hydraul ischen Presse in e inem 
Presszylinder abge~nderten Modells Gleitungen bei hydro-  
stat ischen I) rucken bis zu 10,000 arm. (Lind zus~tzlichem 
kleinen lJ-berdruek unbekann t en  Masses) erzielt bei Kup-  
fervitriol, bei dem Tut tonsehen  Doppelsulfaten,  bei  
Seignettesalz. Es wird die Git tergeometrie  dieser I)efor-  
mat ionen  festgestellt  und  der Glei tmechanismus hinsicht-  
lich des" Antefls der Hydratwassermoleki i le  zu deu ten  
versucht.  

13. J.  CLASTRE. Structure de K O t t .  1H20. 

K O H .  1H20 cristallise dans le syst~me monocl inique 
avee le groupe de sym~trie:  P21/c-C~h. 

La maflle ~l~mentaire cont ient  4 mol6cules; elle est 
d~finie par les param~tres:  a----5,795, b----5,80, c = 
7,88 /~, fl = 109 ° 50'. 

Les cliches de diffraction ont  6t6 obtenus au m o y e n  
du r6tigraphe de de Jong  avee le r ayonnemen t  Me Ka .  
Les synth6ses de Fourier  ont  6t6 effeetu6es un iquemen t  
par le pho tosommateur  opt ique de G. von Eller. Les 
facteurs de structure ont  6t6 calcul6s au toma t iquemen t  
avee la machine k seringues k volume constant .  Ces 
deux techniques ont  permis de d6terminer  la s t ructure  
sans faire appel aux calculs m6eanographiques.  

La structure a ~itel r6solue par l ' in terpr6tat ion de la 
fonction de Pat terson,  et  par l 'application de la m6thode  
des superpositions. Le raff inement  a 6t6 obtenu par  
am61iorations successives des fonctions differences, e t  
conduit  jusqu 'k  une valeur du coefficient do reliabflit6 
R = 0,07. 

La structure est formic  de feuillets de K O H  lids par  
des lits de H~O parall~les k (100). Les oxyg~nes f o m e n t  
des chaines en zig-zag - O H - O H g - O H -  parall~les h [001]. 
La coordinance du potassium est octa~drique. 

Les distances in tera tomiques  sent  les suivantes:  
K - O H  ---- 2,91 et 2,795/~, K - O H  s ---- 2,84/~, OH-OH~ = 
2,63 .A. 

Les angles des liaisons entre  les oxyg~nes sen t :  
O H - 0 H g - 0 H  -- 97 °, OH~-0H-OH~ ---- 106 ° 45'. 

L 'd tude precise des fonction differences mont re  que 
les a tomes d 'oxyg~ne ne sent  pas ent i~rement  ionis~s. 
On envisage ~galement une agitat ion thermique  non iso- 
trope diff6rente pour chaque atome. 

14. P. tIEmLv. Some remar~ on the crystal structures o] the 
sodium hydroxide hydrates. 
Crystal structures have been de te rmined  for the  4- and  

7-molecule hydrates.  Unit-cell  parameters  and  space 
groups have been de te rmined  for four other hydrates .  

15. K. W. HEDBERG. The molecular structures of ferrocene 
(FeC10H10) and nickelocene (NiCIoH10). 
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16. J . K .  DAwso~ & R. W. M. D'EYE. The hydrated tetra- 
fluorides of uranium and plutonium. 
The tetrafluorides of u ran ium and p lu ton ium form 

two hydrates .  The higher one has the  formula MF4, 
2.5 H~O (where M = U or Pu) and  the lower one forms a 
bivar iant  sys tem between the  limits /~/F4, 0.5 H~O and 
MFa, 2.0 H~O. Analyses by chemical, X-ray  diffraction 
and  thermogravimetr ic  me thods  indicate tha t  the  lower 
hydra te  is produced in several ways:  (1) React ion of the  
metall ic oxides wi th  gaseous hydrogen fluoride in the  
tempera ture  range 20--100 ° C. The hydra te  is usually 
mixed  wi th  another  complex which is believed to be 
M(OH)Fa.I-IF. (2) Addi t ion of aqueous hydrofluoric acid 
to hydrochloric acid solutions of the  quadr ivalent  ions at  
concentrat ions greater t han  2 mg.ml.  -~. (3) React ion  of 
u ran ium dioxide wi th  40% aqueous hydrofluoric acid. 

X-ray  photographs indicate t ha t  the  lower hydra te  is 
simple cubic. A structure is proposed whereby the  uni t  
cell has a ---- 5.69 kX. (UFa, 1.5H~O), wi th  2 moles per 
uni t  cell and  giving calculated densities of 6.32 and 5.98 
g.cm. -3 for UFa, 2H~O and UFa, H~O respectively. The 
space group is O~h-Fm3m with  the  U atoms randomly  
dis t r ibuted on the 8(c) and  the fluorine a toms on the  
4(a) and  4(b) special positions. I t  is thought  tha t  the  water  
molecules occupy vacant  u ran ium sites and  are hydrogen 
bonded  to the fluorine atoms. The calculated inter- 
a tomic distances for U - F ,  F - F  and O - H - F  are 2.46, 
2.84 and 2.46 kX.  respectively, and  are compatible wi th  
those found in other  u ran ium fluoride structures. 

The PuFa lower hydra te  is isostructural wi th  the  
u ran ium lower hydra te  wi th  a ~- 5.63 kX.,  the  sl ightly 
smaller value being due to the  decrease in size of the  
cation. 

Indicat ions were obta ined tha t  the  ThF  4 hydra te  
sys tem was dissimilar to the  U and Pu systems. 

17. R. B. HEIART & G. B. CARPENTER. The crystal struc- 
ture of cyanogen chloride. 
In  the  analogous compound ICN, s trong forces were 

found to act be tween the iodine a tom of one molecule 
and  the  ni t rogen a tom of another.  This s tudy of C1CN 
was expected to provide a confirmation and extension of 
these observations. 

Pure  C1CN samples were sealed in capillaries and  
frozen in the  X-ray camera by  a je t  of cold nitrogen. 
Ro ta t ion  and oscillation photographs were prepared at  
about  -- 30 ° C. Al though the  crystals were always twinned,  
it was possible to index the  photographs.  C1CN is ortho- 
rhombic wi th  a ---- 5.68, b ---- 3.97, c ---- 5.74 /~. The mea- 
sured density,  1.55 g.cm. -a, corresponds to 2 molecules 
per uni t  cell. 

The systematic  absences indicate the  probable space 
groups to be P m m n  or Pm21n. A Pat te rson  project ion 
along the c axis exhibi ted perfectly round peaks only, 
so tha t  the linear molecules mus t  lie parallel to c. This 
requires the  space group to be Pmmn.  

The expected length of the  C1CN molecules is about  
6.21 A, but  the length in the  crystal is only 5.74/~. This 
shortening verifies tha t  strong forces act between ends of 
ad jacent  molecules. 

Approximate  atomic coordinates for one molecule (in 
fractions of a cell edge) are z~ -~ -- 0.14, zo ---- 0.17, 
ZN ---- 0"37, and x ---- y ----- 0 for each atom. 

18. D. GRDENId. The crystal structure of mercurous nitrate 
dihydrate, Hg~(I~Oa) ~ . 2H~O. 

The e lementary  cell has the  dimensions:  a = 8.65, 
b ---- 7.52, c = 6.35 A, fl = 103-8 ° and  contains 2 formula 
units.  The space group is C~a-P21/n. 

The hO1 and 0kl reflexions were recorded on the  Weis- 
senberg photographs using filtered Cu K radiation.  The 
prel iminary coordinates of the  mercury  a tom were ob- 
ta ined from a Pa t te rson  synthesis on (010) and  by the 
usual tr ial-and-error procedure. 

The electron densi ty  maps  on (010) and  (100) were 
computed,  u s i n g t h e  signs of the mercury  contr ibut ions 
only. The resolution of the  water  molecule and  n i t ra te  
ion was satisfactory only in the  (010) projection. There- 
fore it was possible to de termine  the  position of water  
molecule and  n i t ra te  ion only approximately.  

The mercury  a toms are centrosymmetr ical ly  joined 
in pairs, the  distance between them being 2.55 A. The 
approach of the  water  molecule to the mercury  a tom 
amounts  to about  2-2 A and is therefore considerably 
shorter  than  the  sum of van  der Waals radii. Consequently,  
i t  is to be assumed tha t  the  lattice is built  up of the  
oxonium ions H 2 0 - H g - H g - O H 2  and n i t ra te  ions. The 
angle H g - H g - O  is about  160 °. This nonl inear i ty  can be 
explained by the  influence of the ni t ra te  ion as well as 
by  the  fact tha t  O - H g  bond is longer than  the  normal  
covalent  bond (2-2 ~ against  2.06 /~) and is therefore 
not  t ruly  covalent.  

19. G. CARPENI. Point isohydrique et nature des cristaux 
dans le syst~me ternaire acide borique-borate monopo- 
tassique-eau. 
Les solutions aqueuses d 'acide borique par t ie l lement  

neutralis6 par l ' hydroxyde  de potassium, sont le si~ge 
d'~qnilibres de eondensat ions-d~gradat ions,  fonction, en 
particulier, des concentrat ions et du pH (ou du taux de 
salification x----BOaH~K/BOsHa total) :  en dehors de 
l 'acide BOaH a et du sel monom~re BOaH2K, ces solutions 
laissent, en effet, cristalliser aussi des sels condensds 
BsOsK.aq(x = 0,2) et  B40~K~.aq(x = 0,5). 

Cependant ,  quels que soient les eompos~s boriques 
cristallis6s utflis~s pour la prSparation des solutions, 
celles-ci se compor ten t  d ' un  point  de r u e  physico- 
ehimique g6n6ral 61eetrom6trique, conductim~trique,  
cryoseopique, e t c . - - d ' une  mani~re univoque, ce qui prouve 
qu'en solution, les ~quflibres ~leetrolytiques de disso- ' 
ciation et de condensat ion-d~gradat ion sont toujours les 
m~mes. Cette constatat ion,  jointe /~ la presence d 'un  
point isohydrique dans le r~seau des courbes pH  ----f(x), 
nous a incit~ & admet t re  qu'en solution le v~ritable pivot  
des ~qtfilibres est constitu(i par un  sel condens6 encore 
diffSrent BsOgHK ~.aq, interm~diaire (x = 0,4) entre  les 
sels cristallis~s precedents  (x = 0,2 et x ---- 0,5). 

Cette conclusion, assez inat tendue,  est 6tay~e par  les 
r4sultats d 'une  analyse pouss6e des phases--sol ides  et 
so lu t ions- -en  6quilibre ~ diff6rentes temp6ratures.  Le 
d iagramme ternaire de solubilit~s du syst~me BOaHs- 
BOaH~K-H20 permet  de pr~ciser, entre  autres, le domaine 
de stabilit~i probable du sel solide BsOgHKg.aq, prdvu 
par la th~orie du point  isohydrique mais impossible 
obtenir  cristallis~ dans les conditions habituelles. 
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20. P.  T. DAVIES, E.  V. GA~NER & B. D. CADDOOK. A n  
X-ray study of the lead bromide rich region of the lead 
oxide-lead bromide system. 
The sys tem has been studied b y  powder and single- 

crys ta l  methods,  preparat ions  being made by  various 
methods  including solid-state react ion of lead oxide wi th  
lead bromide, and  the  decomposition of lead hydroxy-  
bromide, Pb(OH)Br .  Lat t ice  parameters  were obtained 
b y  means of single crystal  X- r ay  diffraction pa t te rns  for 
the following phases:  

(a) 2PbO.PbBr~,  orthorhombic,  P212121, a----9.7, b---- 
12.1, c---- 5.88 A. 

(b) 4PbO.  5PbBr~ (R phase), tetragonal ,  P4/n or P4/nmm, 
a = 12.2, c ---- 8-34 A. 

(c) Probable  composit ion 6PbO. 7PbBr~ (Nphase) ,  mono- 
clinic, C-face centred, a----16-7, b----5.92, c---- 
20.0 A, fl = 113.5 °. 

Previous studies of the sys tem b y  thermal  analysis  
and  b y  X- rays  were in terpre ted  in terms of the forma- 
t ion of a congruent ly  mel t ing  compound a t  2PbO. PbBr  2 
and  an  incongruent ly  mel t ing compound a t  PbO.  PbBr~. 
The format ion of 2PbO.  P b B r  2 is confirmed, bu t  instead 
of a compound PbO.PbBr~ ,  the two compounds (b) and  
(c) are now found, and  a modified phase diagram is pro- 
posed. 

Other  sets of lat t ice parameters  which have been 
obta ined in the course of the  s t u d y  include those for a 
hydra t e  of lead bromide (monoclinic primit ive,  a = 12.5, 
b----4-34, c----12.4 /~, f l =  102 ° ) and  for the  chloride 
compound isomorphous wi th  N-phase,  probable compo- 
sit ion 6PbO.TPbC19 (orthorhombic, face centred, a = 
15.7, b = 5 . 8 2 ,  c = 35.3/~). 

21. J . A .  MclVLu~AN. The crystalline structure of AgO. 

The pa t t e rn  was obta ined wi th  Cu Kc~, in a universal  
camera. AgO was prepared .by boiling N O n A g  ~ wi th  
water .  Since i t  was impossible to obta in  a single crystal  
of AgO, we had  to in terpre t  the  powder pa t tern .  

The s t ructure  being nei ther  orthogonal  nor trigonal,  
we resorted to the analogy between neighbouring elements 
of the  same group in the periodical classification, and  
specially to the  case of copper oxides. Thus  we assumed 
t h a t  AgO would be isomorphous wi th  C u e  (tenorite), 
jus t  as in the  case of AggO and  Cu~O. On this  assumption,  
we modified the  values of a, b and  c of c u e  in the rat io 
of the  distances Ag-O and  Cu-O in Ague and  Cu20, 
keeping constant  the value of ft. The values so obtained 
did not  agree well wi th  the  exper imental  ones, bu t  

provided us wi th  a criterion for indexing the lines. 
After  a few trials we arr ived a t  a solution. The ex- 

per imenta l  s t ructure  factors checked against  those cal- 
culated gave good agreement.  

The proposed s t ructure  is C2h--C2/c, with  4AgO groups 
per  un i t  cell of a----5.79, b----3.50, c =  5.51 A, fl 
107 ° 30'. 

Ag: ¼,~,¼; ~ , ~ , ~ ;  ~ ,¼,~ ;  ~ , ~ , ~ .  

o: 0,u, 0; 0,u+½,½; ½,~,0; ½,½-u,½; with 
u = 0.035. 

Ag-Ag = 3.26 /I ;  Ag-O = 3 . 1 4 / l ;  O-O = 3 .50 / l .  

22. P. B. BRAUI~. Structure determinations of barium iron 
oxides. 
I n  the  sys tem B a - F o - O  a number  of hitherf~) unknown 

compounds (BaFelsO~ ; BaFelsO2a etc.) have  been found. 
These hexagonal  compounds have  a long c axis 

(32.8/ix, 28 A etc.). They  consist of close-packed oxygen 
layers in different cubic and  hexagonal  sequences. In  
hexagonal  par ts  of the  s tacking some of the  O ions are 
replaced b y  Ba  ions. The Fe  ions are placed in interst ices 
between the oxygens.  P a r t  of the s t ructure  wi th in  the  
cubic packed layers  has  a packing very  similar to t h a t  
of F%O 4. As a whole, the  s t ructures  are re la ted to t h a t  
of BaFeluO19 which is isomorphous wi th  the  minera l  
magneto  -p. lumbite.  

All of these substances have  a s trong t endency  to 
crystallize in parallel  intergrowChs wi th  each other  on the  
(0001) surface. The s tructures  have  been solved wi th  a 
min imum of a priori knowledge about  the  B a : F e : O  
ratios, largely b y  the use of one-dimensional methods.  

The relat ionship between these different s t ructures  
will be shown. 

23. M. EDSTRAND. On the structures of some compounds of 
antimony. 
I.  The mixed  l i th ium ant imony(V)oxide  L i sbos ,  is 

orthorhombic,  space group Pncn with  4 formula uni t s  in  
the un i t  cell. The oxygen a toms form a d~storted hexagonal  
close packing,  wi th  an t imony  and  l i th ium in some of the  
oetahedral  holes. An t imony  and  oxygen form a staggered 
chain of octahedra  along the needle axis of the  crystal .  
The chains are coupled together  b y  shar ing  corners. The 
s t ructure  is different  from other known mixed oxides of 
the  type  M~SbOs. 

I I .  The complex chloride of t r iva len t  a n t i m o n y  
(NH4)~SbC15 is monoclinie, space group C2/~ wi th  4 
formula uni ts  in the  un i t  cell. Approximate  a tomic 
positions have  been determined b y  the vector-coincidence 
method.  This shows t h a t  each an t imony  a tom is sur- 
rounded b y  5 chlorine a toms occupying 5 of the  corner.~ 
of an  octahedron,  resembling the  configurat ion a round  
an t imony  in K~SbFs. The Sb-C1 distances are of the same 
magni tude  as in SbCls. We hope to be able to give the  
complete structure.  

I I I .  Some aspects of an t imony( I I I )ox ide  halogenides:  
Needle shaped crystals  of the  idealized formula SbsOnXz 
where X is C1, Br  or I have  been prepared.  They  are 
monoclinic wi th  2 formula uni ts  in a un i t  cell wi th  the, 
needle axis (b axis) approximate ly  4.0 A. I t  has, however,  
been found t h a t  the  analyses indicate approx imate ly  
15.5 instead of 16Sb in the small un i t  cell. These two 
phenomena perhaps  explain each other.  I f  possible an  
approximate  s t ructure  will be given and  discussed in 

connection wi th  the  a l ready published Sb406C1, and  
SbOC1 structures.  

P robab ly  some remarks  on compounds of the  t ype  
NH4C1.AszOs also will be given. 

24. S. OKLBERG. The crystal structure of antimony penta- 
chloride at --30 ° C. 

Single crystals  of an t imony  pentachloride were grown 
b y  the usual  low-temperature  techniques.  The un i t  cell 
is hexagonal  wi th  a 0 ---- 7-49 and  c o = 8-01 /l .  The space 
group is P6a/mmc and there are two molecules in the  un i t  
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cell. I n t ens i t y  da ta  were obta ined from mult iple-f i lm 
Weissenberg (Cu Ka)  and  precession (Mo K~) photo- 
graphs.  The an t imony  a toms were readi ly  located in 
special posit ions from a Pa t t e r son  projection,  and  the 
ma jo r i ty  of the signs were the reby  determined.  The 
s t ructure  was subsequent ly  refined b y  two-dimensional  
Fourier  syntheses.  A n t i m o n y  pentachlor ide forms a 
molecular  crystal  and  the  tr igonal  b ipyr imidal  s t ructure  
observed for the  gaseous molecule is re ta ined in the  solid 
state.  The bond distance between the an t imony  and  the 
three basal  chlorines is in good agreement  wi th  t ha t  found 
for the gas (2.31/~). On the other  hand,  the  bond distances 
between the a n t i m o n y  and  the two apical chlorines i s  
about  0.05 /~ less t han  t h a t  found for the gas (2.43 /~). 

25. ]g. G. HARWOOD. The crystal structure of lanthanum 
strontium manganites. 
The crystal  s t ructure  of l an thanum s t ront ium manga-  

nites of formula LaMnOz has been examined as a funct ion 
of the  oxygen content .  The value of x has been varied 
between 3-24 and  3-07. In  all cases the s t ructure  is of the 
perovski te  type  wi th  a small un i t  cell. At  the oxygen- 
rich end of the sys tem the s y m m e t r y  is rhombohedral  
while a t  the  other  end it  is cubic. An abrup t  t rans i t ion 
occurs between the two forms. 

In  the l a n t h a n u m  mangan i t e - s t ron t ium mangani te  
sys tem the perovskite  phase is s table from 23 % to 100 ~o 
l a n t h a n u m  mangani te .  At  the lower l imit  of s tabi l i ty  i t  
is of cubic symmet ry ,  the un i t  cell becoming rhombohedral  
between 505/0 and  605/0 l an thanum.  Variat ions of the  
lat t ice parameters  versus composit ion are indicated.  

26. A. D ~ n r - V ~ o ~ ,  E. F.BERTAUT & R. PAUTHE~rET. 
Propridtds cristaUographiques et magndtiques de quelques 
nouvelles sdries de spindles mixtes. 

27. R.  RoY. The hexagonal-cubic transition in BaTiO 3 and 
the influence of various ions upon it. 
I t  has been shown t h a t  cubic BaTiOs undergoes a 

reversible reconstruct ive t rans i t ion  to the hexagonal  form 
a t  1460 ° C. 

Phase  equil ibrium diagrams have been determined for 
5 sys tems involving BaTiOa and  the  influence of addi t ives 
on this  t rans i t ion is discussed. The inversion tempera ture  
is raised very  sharp ly  by  most  addit ives,  the  influence 
of CaTi03 being most  remarkable,  less t han  ½ mole 
per  cent raising the inversion more t han  100 ° C. Stoichio- 
metr ic  excess of Ti02 or addi t ions  of SiOs, indeed of a n y  
small  ions, raises the inversion temperature .  K+ appears  
to be the only ion which lowers the inversion temperature .  

28. H.  FISCHMEISTER & I. LINDQVIST. The polymorphism 
of the sulfates A9SO4. 

W i t h  one except ion (Nag SO4 I I I - V ) ,  the  t ransi t ions  
of the  sulfates A2SO4 are characterized by  a close simi- 
la r i ty  of the s t ructures  related by  them.  The t ransi t ions  
low-high  imply  an  increase in symmet ry ,  brought  about  
b y  rela t ively small ( translative) displacements of the ions. 
Simultaneously,  the or ientat ion of the sulfate group seems 
to become disordered which increases the s y m m e t r y  still 
further .  (However, in all the sulfates so far invest igated,  

N O N - O R G A N I Q U E S  641 

completely free ' ro ta t ion '  is s terically impossible.) For  a l l  
the  sulfates A2SO4 t h a t  have  an  hexagonal  high-tempera-  
ture  modification,  the  s y m m e t r y  of the low form can be 
derived from D~h-C6/mmc. This is t rue for the isomor- 
phons group KsSO a, Rb2SO a, Cs2SOa, TlsSOa, the iso- 
morphous pair  Na~.CrO4, Na2SO4 (metastable a t  room 
temperature) ,  as well as the  previously known hexagonal  
sulfates KLiSO 4 and  the glaserite series 

(KNaS04 • • • K3Na(S04)2) . 

Li2S04 is cubic with the sulfate groups probably 
orientationally disordered, in f.-c. positions. Here too, the 
symmetry of the low-temperature modification is a sub- 
group of that of the high form, and the transition involves 
only small displacements. 

For the transition III-V of Na2S04, no such simple 
symmetry relation holds. The transition implies consider- 
able changes of ionic positions and produces an essentially 
different t ype  of latt ice.  I t  is sluggish. 

Al though no example of t rue  s tabi l izat ion of the hex- 
agonal  h igh- tempera ture  forms of a n y  sulfate AsSO4 is 
known, hexagonal  Na~SO 4 can be made  metas tab le  a t  
room tempera ture  by  addi t ion of NasCO3. Whereas  in the 
high form of 1WatSOn (I) complete replacement  of the 
sulfate by  the carbonate  group is possible (Na~SOa I 
and  Na~CO 3 1 form a continuous series of mixed crystals),  
the  Na2SO a I I I  a r rangement  can hold only up to c. 10~o 
carbonate.  At  higher carbonate  contents  (c. 1 0 . . .  70%), 
the  burkei te  s t ructure  (termed after  the  mineral  
2NasSOa.Na~C03) is more stable. Thus,  when NasSOa I 
wi th  more t han  10% carbonate  eventua l ly  does invert ,  
i t  is to a burkei te  r a the r  t han  to an Na2SO 4 I I I  arrange- 
ment .  The geometrical  aspects of the  replacement  of 
SO~ by  CO~ groups, and its stabilizing effect on the 
hexagonal  form of Na2SO 4 will be discussed. 

29. G. LVl~-DGRE~. On the arrangement of the metal and 
oxide ions in some basic salts of tetravalent metals. 
The crystal  s t ructures  of some basic sulfates and  chro- 

mates  of t e t rava len t  meta l  ions have been determined 
to invest igate wha t  sort of a r rangement  the meta l  and  the 
oxide or hydroxide  ions form in them.  

For  Th  4+ only a chain-like a r rangement  was found. 
In  the crystals  of Th(OH)2, CrOaH20 and  Th(OH)2SO a 
the meta l  ions are s i tua ted  on a l ternate  sides of a double 
row of hydroxide  ions, forming an  infinite chain of the 
composition [Th(OH)~+]n. 

For  U 4+, wi th  a smaller ionic radius  t han  Th 4+, two 
ar rangements  were found. The first is isotypic wi th  the 
[Th(OH)~+]n-complexes. I t  is found in U(OH)2S0 a. The 
second is found in the crystals  of U604(0H)4(S04)6, 
where there  are finite groups of the composit ion 
[U604(OH)4] J.~+. Six u ran ium atoms,  ar ranged in an 
octahedron,  are joined by  four oxide and  four hydroxide  
ions forming a cube. 

This second type  of a r rangement  is also found for Ce 4+ 
in C%Oa(0H)4(SOa)6. However,  for Ce 4+ (with an ionic 
radius only a l i t t le less t han  t h a t  of U s+) no chains 
M(OH)~ + occur. Ins tead  a new chain-like ion (CeO)~ n+ 
is formed and  is found in CeOSO4H20. Here  the Ce 4+ 
ions form complexes only wi th  oxide ions. 

In  addi t ion to these compounds of the  ra ther  closely 
related elements Th,  U and Ce the crystal  s t ructure  of 
TiOSOa. H20 has been determined.  In  this  sal t  the meta l  
and  oxide ions are ar ranged in zigzag rows - T i - O - T i - O - .  

AC7 41 
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Invest igat ions on basic zirconium chromates and  on 
vanadyl  sulfates are also in progress. Prel iminary results 
show tha t  for Zr 4+ t h e  a r rangement  is quite different 
from those ment ioned  above, the  Zr a toms being arranged 
in infinite chains or in two-dimensional  infinite networks.  

30. W. H. ZiCHA~IASV.~. The crystal chemistry of com- 
pounds containing groups (XO~) +s or (XO~) +~, when 
X = U, Np, Pu, Am. 

Considerable experimental  evidence has been obtained 
on the structure of uranyl  compounds and  of re la ted 
compounds of hexavalent  and  pen tava len t  t ransuranie 
elements  containing radicals (XOz) +~ or (XO~) +~, where 
X = Np, Pu or Am. 

Both  the  (XOs) +'  and the (XO~) +~ groups are collinear. 
The collinear structure of the  groups (PuO2)+~ and 
(AmO2) +x was recent ly demons t ra ted  in the  compounds 
KPuO~COs and KAmOsFz. 

In  addi t ion to the  two strong pr imary  bonds to the  
uranyl  oxygen atoms the  u ran ium a tom forms four, five 
or six secondary bonds to fluorine a toms or to other  
oxygen atoms. Considerable var ia t ion in the  length  of 
pr imary  as well as secondary bonds has been observed 
(Tables 1-3). This variat ion is much  greater  than  can 
be accounted for by changes in the  coordination number .  

Table 1. Primary bond length, U - O  
Compound Bond length (1) Bond strength 
MgUOzOz 1.92± 0.02 1.33 
CaUO20~ 1.914- 0-10 1.25 
K3UO2F 5 1.75±0.04 1.63 

Table 2. Secondary bond length, X - O  
Number Bond Bond 

Compound of bonds length (A) strength 
MgUO20 ~ 4 2.18± 0.02 0.83 
CaUOsO a 6 2.29 ± 0.02 0-58 
KPuO~C0s 6 2-55 ± 0.05 0.25 

Table 3. Secondary bond length, X - F  
Number Bond Bond 

Compound of bonds length ( i )  strength 
KaUO~F ~ 5 2.24 ± 0.02 0-55 
UO2F 2 6 2.50± 0.05 0.33 
KAmO2F ~ 6 2.47 ± 0.05 0.29 

O'n the  assumption of detai led balancing of valences 
it is possible to deduce the  s t rength  of the various bonds 
in an independent  manner  (Tables 1-3). I t  is seen t h a t  
there is a close correspondence between bond length and  
bond strength.  

31. S. B. LEV~.  Synthetic manganese dioxide for dry cells. 

32. Y. Gn~TTI. Structure eristalline du mdtagermanate de 
cuivre. 
La lit t~rature chimique ment ionne  comme germana te  

de cuivre un  compos6 que Schwartz a obtenu par r~action 
en phase aqueuse et den t  la formule peut ,  k la rigueur,  
se laisser interprdter  eomme 4rant celle d 'un  ortho- 

germanate  de cuivre ~ l 'dtat  hydratd.  Des essais ont  4t6 
tentds en cue  de l 'ob tent ion  d 'un  germanate  de cuivre 
non hydrat~ (par voie ignde) et  ont  donn6 des mono-  
cristaux d ' un  compos4 que l 'on identif ia comme 4rant 
le mdtagermanate  de cuivre anhydre  CuGeOs. 

Le groupe de recouvrement  est C~v. Le cristal appar-  
t ient  donc k l 'antih6middrie du  syst~me or thorhombique.  

Les valeurs des param~tres sen t :  a = 4 , 8 ± 0 , 0 5 ,  b = 

8,5±0,05, c = 2,93±0,05 kX.  11 y a deux moldcules par  
maille-unitd. 

Des projections de Pa t te rson  h/c0 et hk l  pe rme t t en t  
de localiser les a tomes lourds. Les coordonndes des a tomes 
d 'oxyg~ne sent  fixdes par  ' tr ial-and-error ' .  

La structure obtenue me t  en 4vidence l 'existence d 'une  
chalne de t6tra~dres G e e  4 plus simple que la chalne des 
pyrox~nes. 

33. Y. Gr~-ET~I. Structure cristaUine du mdtagermanats de 
sodium. 
Notre  travail  venai t  d '6tre eommenc4 lorsque nous 

crimes connaissance de la publicat ion de Grund & Pizy 
(Acta Cryst. (1952), 5, 837) por t an t  sur la s tructure cristal- 
line du mdtasilicate de sodium. 

Les rdsultats acquis jnsqu'~ prdsent m o n t r e n t  une 
grande analogie entre ces deux composds aussi bien en ce 
qui concerne les param~tres et le groupe de recouvrement  
que la project ion de Fourier  h]c0. 

34. R .C .L .  MOO~-EY, I t .  KISS~GER & A. P~.RLOFF. X-ray 
analysis of orthophosphates of some trivalent elements. 
The anhydrous  or thophosphates  of scandium, gallium, 

indium and t r ivalent  thal l ium were prepared by  a 
m e t h o d  consisting essentially of heat ing  a mix ture  of 
phosphoric acid and the  appropriate  oxide or meta l  to 
modera te ly  high temperatures  in hydro the rmal  bombs 
for a week or more. In  general, the  products  were well 
crystallized powders, though  small single crystals were 
grown in some cases. 

The structural  parameters  of InPO 4 and hexagonal  
G a P e  4 were de te rmined  f rom Fourier  analysis of Weis- 
senberg spectrometer  data,  and  those of the  other  com- 
pounds from powder  pa t terns  t aken  on a Geiger-counter 
spectrometer.  The tempera ture  stabili ty ranges of GaPe4 
were invest igated by  means  of a series of powder pa t terns  
t aken  at  small intervals be tween room tempera ture  and  
1200 ° C. 

The results of the  structure determinat ions  will he  
presented.  Some crystallographic data  are as follows: 

Cell size Space 
(i) Z group Type 

SoPO 4 a = b = 6 - 5 7  4 I4amd Zircon 
c ----- 5'79 

GaP04 a -- b -- 4.92 3 P321 Berlinite 
(Stable) c = 11.10 (high quartz) 

GaPe a a = b = 6.95 4 C2221 Low crisC~balite 
(Metastable) c = 6.87 

GaPe 4 a = 5-06 2 I4 BPO 4 
(High) c ---- 7.16 (High cristobalite) 

InPO a a = 5-31 4 Cmcm CuCrO 4 
b = 7.85 
c = 6.77 
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Cell size Space 
(A) Z group Type 

T1PO 4 a---- 5-39 4 Cmcm CuCrO 4 
b ---- 8.01 
c ~-- 7.07 

terson methods .  About  500 general  hlcl reflections obta ined 
f rom a crystal  wi th  mel t ing  point  about  --20 ° C. indica te  
four molecules in the  space group P2~/n with  un i t  cell 
pa ramete rs  a = 11.80, b ---- 6-94, c = 11.25 /~ and  fl ---- 
109 ° 35'. 

CrPOa a = 5.15 4 Cmcm CuCrOa 
(Unstable) b ---- 7.77 

c = 6.11 

35. P.  NI. DE WOL]rF & L. WALTER-L]~vY. Structure de 
quelques halogdnures basiques de magndsium. 
Les s t ructures  des divers halog6nures basiques do 

magn6s ium ont  6t6 6tablies et  compar6es & cello de 
Mg~(OH)3C1,Br.4H20 (Acta Cryst. (1953), 6, 40). 

On peu t  dis t inguer  qua t re  classes, a y a n t  en c o m m u n  
un  habi tus  en aiguilles et  la pr6sence de la m6me 'sub- 
s t ruc ture '  qui se manifes te  dans la project ion (010), 
b 6 tant  l 'axe des aiguilles. Cette propri6t6 est dfie ~ la 
pr6sence d'616ments pr i smat iques  d~riv6s d 'une  couche 
de bruci te  et  li6s entre  eux par  des liaisons hydrog6ne.  

I. Hydrates de Mg,(OH)~X.- -Les  chaines doubles 
trouv6es dans le sel & 4H~O fe rmen t  6galement la base 
de deux aut res  hydra te s  ~ 3 et  ~ 2H~0. Les a tomes 
halog~nes se t rouven t  entre  les chaines (4H~O), en font  
par t ie  dans des positions li~es & 1Mg(2H~0), ou sent  
r~parties entre  ces deux si tuat ions (3H~O). 

I I .  Hydrates de Mg~(OH)sC1.--La s t ruc ture  des hy-  
drates  ~ 4 et  3H~O est analogue ~ celles des hydra te s  
correspondants  de Mg2(OH)aX, mais les chaines sent  
cons t i tu tes  par  trois rangdes d 'octa~dres.  

I I I .  Hydrates de Mga(OH),X, . - - I1  en existe deux 
4 et  & 2H~O con tenan t  des chaines triples comme ceux 
de la classe I I .  

IV.  Hydrate de MgX,.9Mg(OH)~ ~ 5HaO.- - Ic i  la 
couche de bruci te  n 'es t  pas fo rmte  de rubans,  mais 
comme pliss6e par  des dislocations p6riodiques. Les 
liaisons hydrog6ne se fe rment  entre  les ar6tes de deux 
couches cons6cutives. 

37. P.  BLU~ & E.  F. BERTAUT. Boracites de quelques md- 
taux de transition. 
Morphologie et  s t ruc ture  des boracites de formules 

g~n~rales AgOa, B2Oa, nMO, off n = 2 ou 4, A ---- V, Ti, Fe  
et  M un  cat ion bivalent .  

38. P.  BLuM & E.  F.  BERTAUT. Structure de FeNaO~ or. 
thorhom/bique. 

39. M. HAYmLIN. J~tude des rdactions d l' dtat solide (~ hautes 
tempgratures clans le syst~me TiO2-A12Os-Cr90 S. 

Des m61anges d 'oxyde  de t i tane,  d 'ah tmine  et  d 'oxyde  
de chrome trait~s de 10 min.  ~ 3 heures  entre  1400 et  
1600 ° C. ont  donn~ les r~sultats suivants :  

L'affinit6 de l ' a lumine  et  du  sesquioxyde de chrome se 
t r adu i t  par  la format ion de solutions solides AI~Os-Cr~O S 
dans une  grande  par t ie  du  domaine  ternaire .  

Le compos6 TiO~. AI~O S se forme d~s les faibles teneurs  
en a lumine  dans la par t ie  r iche en oxyde de t i tane,  et  
dans le domaine  des teneurs  ~lev4es en alumine.  

Pa r  centre ,  nous ne re t rouvons  que dans un  tr~s peti~ 
domaine  la phase correspondant  & 2Ti0  2.1Crg0 a. Elle 
semble const i tuer  un  ~tat  interm~diaire dans la format ion 
d ' tm compos6 qui se constate  dans  un domaine  du 
syst6me ternai re  TiO~-AI~O3-Cr,O3, qui est aussi im- 
po r t an t  que celui des solutions solides A1203-Cr~O 3. Co 
compos6 n ' a  6t6 ob tenu  dans  le syst6me binaire TiO~- 
Cr~O3 qu'apr6s une  fusion au four solaire. 

36. K.  ERIKS, P. A. HOWELL & W. N. LIPSCOMB. Mole- 
cular and crystal structures of two boron hydrides in the 
B6-B 9 range. 
A B6 hydr ide ,  p resumably  B6H19, crystallizes in the 

or thorhombic  space group Cmc21, with  four molecules in 
a un i t  cell of dimensions a = 7.50, b----9.23 and  c = 
8-50 /~. The molecule is requi red  to have  Cs symmet ry ,  
and  can be visualized as a pentagonal  py ramid ,  the  cap 
of the  icosahedron,  by  adding  one B a tom to the  B 5 
a r r angemen t  of BsHI~. The three  neares t  hyd rogen  a toms 
to this newly-added  boron a tom are removed,  and  two 
are a t t ached  by  single bonds to this boron a tom.  This 
newly-added  BH~ group lies in the  s y m m e t r y  plane of 
the  molecule and  the  new B is jo ined to the  apex B by  
a normal  covalent  bond  and  to the  two next  neares t  B 
a toms by  an open three-center  bond. Bonding  in the  
remainder  of the molecule.is ve ry  similar to t ha t  in BsH m 
While we are not  ye t  cer tain o~ this hydrogen  a r r angemen t  
it  r educed  the  value  of R from 0.16 to 0.135 for the  144 
observed reflections. 

A higher  hydr ide ,  p resumably  conta ining 8 or 9 boron 
atoms,  is undergoing analysis by  three-dimensional  Pa t -  

§ 6. Structures organiques 
1. D. R.  HOT,MES. The crystal structure of polycaproamide : 

nylon 6. 
The crs;stal s t ruc ture  of ny lon  6 (-NH(CH~)sCO-)p 

has been de te rmined  by  in te rpre ta t ion  of the  X - r a y  
diffract ion pa t t e rns  given by  drawn,  rolled fibres. The 
de te rmina t ion  was pa r t  of a p rogramme to invest igate  the  
re la t ion be tween  s t ruc ture  and  physical  properties,  in 
par t icu lar  mel t ing point .  Nylon  6 melts  50 ° C. lower t h a n  
its isomer ny lon  66 (-NH(CH~)eNH.CO(CH~)4CO-)p; it  
had  been suggested t h a t  this was due to deficient hydro-  
gen-bond format ion in ny lon  6 crystall i tes.  

The uni t  cell contains  eight  chemical  uni ts  

(-NH(CH2)sCO-) 

and  is monoclinic  wi th  a ---- 9-56, b = 17-24, c = 8"01 A, 
fl ---- 67½ °. Calculated density---- 1-231 g.cm. -3. Observed 
densi ty  for a d rawn  monoff lament  = 1.16 g.cm. -s. The 

41" 
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structure consists of planar  chains of CH s groups and  
amide groups t i l ted  7 ° from the (001) plane. Al ternate  
chains in this plane are oppositely directed, an arrange- 
m e n t  which allows all hydrogen bonds to be made  per- 
fectly. The hydrogen  bonded  sheets of a toms are packed 
in an 'up-and-down'  staggered configuration along the  c 
axis. Distances between a toms in neighbouring molecules 
are all normal  van  der Waals contact  distances, except 
for the  N - H  • • • O distance of 2.81 A. I t  appears, from 
a general survey of polyamide mel t ing points published 
elsewhere, t ha t  the  determining factor is the  number  of 
CH~ groups between the  amide 'anchor po in t s ' - -po lymers  
wi th  odd numbers  of CHs groups mel t  lower than  those 
wi th  even numbers .  The present  work shows tha t  the  
odd number  of CH s groups in this polymer does not  lead 
to  deficient hydrogen-bond  formation,  and  tha t  the  lower 
mel t ing  point  of nylon  6 as compared wi th  nylon 66 mus t  
be ascribed to some other  cause. 

Most samples of polycaproamide contain varying 
amounts  of another  crystal form (the fl-form) in which 
the  side-by-side packing of hydrogen-bonded sheets is 
different. The staggered packing scheme along the  c axis 
is abandoned  and  all hydrogen-bonded sheets are at the  
same height  in the  cell. Details are given of the  changes 
in the  X- ray  pa t te rn  during the  conversion of the  fl to 
the  normal  a form. 

2. S. C. N ~ R G .  A statistical, structure for crystalline rub- 
bet. 

The crystal s tructure of natural  rubber proposed by  
Blmn is largely correct but  invokes quite large bond 
distortions. The crystal s tructure has been re-examined 
using a quant i ta t ive ly  es t imated  set of intensities. The 
m e t h o d  of  obtaining corrected in tensi ty  est imates is 
given in detail. One remarkable  feature is the  extremely 
small number  of hIc0 reflexions (z is the  fibre axis). I t  is 
conf i rmed t h a t  if a structure of conventional  type is 
present  then  only a dis tor ted molecule of the  type  pro- 
posed by  B u n n  can adequate ly  account  for the h/c0 
intensities. Moreover, the  agreement  will never  be goo.d 
since the  exper imental  da ta  require the molecules to have 
mm symmet ry  in z projection, and  this is not  possible on 
stereochemical grounds. The impasse can only be resolved 
by  assuming a statistical structure. 

Statistical s tructures giving the  required symmet ry  
are discussed and it  is shown tha t  only one is possible. 
This allows an undis tor ted  molecule to have its conven- 
t ional posit ion or to be mirrored in a pIane parallel to y. 
The structure is discussed in detail. The structure factor 
discrepancy fails from 0-58 (Bunn) to 0.31. This com- 
parat ively  large discrepancy is a t t r ibu ted  mainly  to 
approximations made in deriving intensity values and to 
absorption.  

3. T. PETITPAS. Structure de la cellulose II.  

La cellulose r4g4n4r4e 'Fort isan '  fouruit  un  module 
except ionnel lement  bien orient6 de cellulose I I  (merceri- 
s~e). Les diagrammes de diffraction ne pr~sentent pas de 
ph~inom~ne g~nant d '~ta lement  et de recouvrement  de 
strates. Aussi on a pu mesurer  les intensit~s des taches 
discr~tes de hui t  strates, en uti l isant  la m~thode d'~qui- 
inclinaison. Ces mesures ont  servi h calculer la section 

m6ridienne de la fonction de Pat terson eylindrique.  La  
dderoissance rapide des intensitfis, dans la direction 
radiale, fait que les pies observ6s sont mal  r6solus et  n e  

peuvent  pas 6tre interpr6t~s directement .  Notre  mfithode 
d 'analyse consiste k eonstmdre des sections m4ridiennes 
des fonetions de Pat terson synth4tiques d'apr~s le module 
d 'Andress  pour l 'ensemble du  moti f  et  le module plus 
r6cent de Meyer & Misch pour  une chalne unique et  de 
confronter ces sections ~ la section exp~rimentale.  Cette 
confrontat ion conduit  k modifier quelque peu la s t ructure 
de la chalne unique (celle-ci est sensiblement distordue) et 

modifier la disposition relat ive des deux chaines dans 
la maille. 

4. G. FOURNET, J .  ROGUE & P. ANTZENBERGER. ~tude du 
diagramme dquatorial complet de la diffusion des rayons 
X par des fibres de cellulose (ramie) s~ches et mouillges. 
A part ir  du d iagramme 4quatorial eomplet  de diffusion 

des rayons i nous avons cherch~, non pas k pr~iciser un  
module id~ial de structure cristalline de la cellulose, mais 
k obtenir  le m a x i m u m  de renseignements  possibles sur la 
structure r~elle des fibres de ramie. Dans ce type  d '6 tude  
des substances mal  cristallis6es il faut  consid~irer les don- 
n6es de la diffusion des rayons X comme un tout  et  les 
utiliser globalement;  un  travail  de ee type  a d~j~ ~t~ 
effectu~i sur les carbones graphitisables (R. Frankl in ,  Acta 
Cryst. (1951), 4, 253). A la difference de ces derniers corps 
la cellulose cont ient  plusieurs esp~ees d 'a tomes ;  pour  
obtenir  de fa~on classique les fonctions de rdpartition des 
dentres d'atomes fl faut  done faire l 'hypoth~se que les 
variations en fonction de l 'angle des facteurs de s tructure 
des atomes const i tuants  sont semblables (k des facteurs z 
pros); cette m6thode vient  d '6tre utilis~ie lots d 'une  6rude 
de la ramie s~ehe. Pour  nous affranchir d e  cette hypo-  
th~se--par t ie l lement  v4rifi4e dans le cas de la cel lulose--  
nous avons consid6r6 la fonction de rdpartition des densitds 
dlectroniques. Cette fonction peut  s 'obtenir  d i ree tement  
part ir  de l'exp~irience; nous .avons d~velopp~ par  ailleurs 
une m6thode qui permet  de calculer la fonction correspon- 
dan t  k un  module queleonque. Le module de cellulose que 
nous avons adopt~ est le suivant :  il n ' y  a pas d 'ordre  
grande distance radial et  l 'ordre k pet i te  distance est 
celui correspondant  au module de Meyer et  Misch. Les 
premieres comparaisons entre  not re  courbe th6orique 
d 'une  par t  e t n o s  deux courbes exp~rimentales d ' au t re  
par t  sont satisfaisantes, l 'accord ~tant meilleur pour  la 
ramie humide.  

5. G. FOURNET & P. ANTZEN'SERG~R. ]~,tude de la diffusion 
des rayons X aux petits angles par la cellulose (ramie) 
d di]]~ren~ taux d'humidit~: 
Nous avions d6jk obtenu en valeur absolue les courbes 

de diffusion centrale relatives k la ramie s~ehe et  mouill6e 
(humidit6 relative 100%), et  montr6  que les intensit~s 
eorrespondant  k la ramie mouill~e ~taient beaueoup plus 
61ev~es que celles de la ramie s~che (facteur de l 'ordre de 4). 
Pour  connaitre le m6canisme de l ' augmenta t ion  de Fin- 
tensit6, nous avons ~tabli en valeur absolue les courbes 
correspondant  k des taux d 'humidi t6  interm~diaires (33, 
58, 79 et 90%). L 'ensemble de ces eourbes mont re  que, 
pour un  angle donn~, l ' intensit4 varie l en tement  de 0 

33 %, tr~s peu entre 33 et 58 %, puis tr~s rap idement  
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au-delk. I1 semble que les grandes valeurs observ~es dans  
la diffusion centrale de la ramie mouill~ie ne puissent  
~tre a t t r ibu tes  k une p~in~tration de l 'eau dans le r~seau; 
par  centre,  elles correspondent  pour la plus grande pa r t  

l 'absorpt ion dite 'condensat ion capillaire' .  

Le compor tement  de ce polym~re en fonction de ta 
tempera ture  semble se diffSrencier net~ement de celui 
d 'au t res  polym~res comme le ny lon  ou les polySthyl~nes. 

6. M. OBERLIN • J .  MITRING. Ddtermination de la rdparti- 
tion latdrale des chaines cellulosiques dans la ramie s~che. 
La  fonction P'(r) de r6part i t ion des project ions hori- 

zontales r des distances in tera tomiques  est d i rec tement  
d~duite des donn~es de photometr ic  precise de la t ranche  
~quatoriale du d iagramme de diffraction d 'un  paque t  do 
fibres de ramie d~shydrat4 ~ 60 ° C. dans  le vide. 

La  eourbe P'(r) a ~t4 trac~e pour les distances r com- 
prises entre 0 et 55 A. Cette courbe est confrontSe aux  
41~ments de la fonction P'(r) synth~t ique  eonstrui te  
d'apr~s le modble s t ruc tura l  ideal de Meyer & Misch. 
Ces ~l~ments comprennent :  (a) les distances in tera tom- 
iques horizontales k l'int~irieur d 'une cha~ne unique;  
(b) les distances horizontales entre les a tomes d 'une  
chalne et les atomes appa r t enan t  & chacune des chalnes 
voisines successives du r~seau de la cellulose. 

La  confronta t ion mont re  qu 'on arr ive k un  accord 
sat isfaisant  entre la r~part i t ion exp~rimentale et la r~par- 
t i t ion synthdt ique  & condit ion d 'affecter  la contr ibut ion 
de chaque type  de voisinage de coefficients de fr~quence 
t r adu i san t  les dimensions limit~es des domaines cristallis~s. 

Les coefficients de fr~quence d~termin~s par  cette con- 
f ronta t ion  condnisent  k la s ta t is t ique des r~part i t ions des 
~paisseurs [001] des cristallites. Ces dimensions s '~ tendent  
entre 24 /~  et  44 ~---35 % de la substance no part ic ipe pas 

l 'organisat ion cristalline tr idimensionnelle.  Ce dernier 
chiffre est en accord avec les r~sultats des d~terminat ions 
physicochimiques (sorption et densitY) de Hermans  et ses 
collaborateurs.  

7. C. LEGRAND & G. CGSTES. Transformations du poly- 
tdrdphtalate d'dthyl~ne glycol en fonction de la tempgra- 
ture. 
On a observ~ que des 4ehantfllons de films de polyt~- 

r~phta la te  d '~thyl~ne glycol, correspondant  k une visco- 
sit6 intr insbque de 0,60, sent  susceptibles de prSsenter 
selon les conditions d '6volut ion thermique,  des s t ructures  
diffSrentes. 

Pa r  fusion suivie de refroidissement brusque,  on ob- 
t ien t  une s t ructure  amorphe caract~ris~e par  deux halos. 
Pa r  des chauffages de dur~e convenable au-delk du point  
de t rans i t ion  apparen t  du second ordre (environ 75°), une 
s t ructure  cristalline apparai t ,  ident ique & celle que l 'on 
obt ient  par  ~tirage ~ froid, avee cette difference que les 
films ne pr~sentent  pas d 'or ienta t ion  privilSgi~e. 

Les dur~es n~cessaires ~ la cristal l isat ion aux diverses 
tempera tures  ont  dt~ d~termin~es par  les mesures des 
volumes sp~cffiques ~ ces tempSratures.  Ces dur~es d~- 
croissent rap idement  depuis la t empera ture  de 80 ° C. 
jnsqu '~  180 ° C. 

La  s t ructure  eristalline para l t  de mieux en mieux 
d~finie quand  la tempera ture  de cristall isation augmente.  
On peu t  dis t inguer deux domaines de t empera ture :  de 
80 ~ 220 ° C. l 'ordre cristall in croit l en tement ;  au-del~ de 
220 ° C., il progresse plus rapidement .  Ce r~isultat est en 
ben  accord avec ceux que l 'on obt ient  par  les mesures de 
volumes sp~cifiques par  di latom~trie cubique. 

8. M. P. GUPTA. Structures of Rb-  and K-hydrogen fuma- 
rates. 
Rubid ium hydrogen fumara te  is triclinic, wi th  two 

molecules of RbC4HsO4 and  one molecule of fumaric  acid 
(C4H404) of crystal l izat ion in the  un i t  cell. The  f tunara te  
radical  and  the fumaric acid molecule are p lanar  and  
closely similar, bo th  hav ing  the trans configurat ion;  bu t  
their  or ientat ions in the  un i t  cell are quite  different. 
Short  H bonds, 2.57 /~ in length,  l ink the  fumara te  
groups along the [010] directions in two rows separa ted  
b y  a short  van  der Waals  distance,  a t  z -- ¼ and  z -- 
approximate ly .  These rows are cross-linked b y  the fumaric 
acid of crystal l izat ion which joins the  fumara te  group a t  
0, 1, ¼ to t h a t  a t  1, 0, ~, also b y  short  H bonds. The 
R b  ion is co-ordinated by  seven O a toms a t  distances 
va ry ing  from 2.88 to 3.09 A, the  shortest  bond being to 
the fumara te  group to which i t  formally belongs. The 
overall length of the f tunarate  group indicates t h a t  there 
is considerable resonance in the  C. C:C.  C chain, the  bond 
lengths being 1-45-1-41 /~ for the 'single'  and  1.32 for the  
'double '  bond. Potass ium hydrogen fumara te  is in some 
ways  s t ruc tura l ly  similar to rubidium hydrogen fumarate ,  
bu t  is not  isomorphous wi th  it. 

9. J .  M. ROBERTSON, ~-'I. M.  M. SHEARER ~5 J .  S. BROAD- 
L E Y .  The structure of fl.succinic acid: a three-dimensional 
survey. 
The special interest  of the succinie acid s t ructure  

concerns the length of the  central  C-C bond, which migh t  
be expected to show a contract ion due to hyperconjuga-  
tion, by  ana logy wi th  the  geranylamine  hydrochlor ide 
and  dibenzyl  structures.  To obtain informat ion on this  
point  and in order to s tudy  the fine s t ructure  of the 
carboxyl  group, a three-dimensional  Fourier  analysis  of 
fl-succinic acid has  now been completed, and  corrections 
calculated by  the me thod  of differential  synthesis  on the  
Manchester  electronic computer .  Elec t ron-dens i ty  sec- 
t ions th rough the mean  plane of the central  carbon atoms,  
and  through the mean  plane of the carboxyl  groups, have  
been evaluated.  The length of the central  C-C bond, 
first  obta ined as 1.47 /~, increases to 1-52 /~ as a resul t  
of finite-series corrections, and  m a y  not  be s ignif icant ly 
shorter  t han  the normal  single bond. The nex t  bond, to 
the carboxyl  carbon, is s ignif icant ly shor tened to 1.484- 
0.01 ~ .  The ca rbon-oxygen  distances in the  carboxyl  
group are 1.314-0.01 /~ and  1-254-0.01 /~, in agreement  
wi th  other dimerie carboxylie acids. There is also evidence 
regarding the posit ion of the hydrogen  a tom in the 
hydrogen bond. 

10. A . J .  RICHARD. Structure cristalline de l' acdtalddhyde d~ 
- -  140 ° C. 
Prdparation des cristaux.--On utflise un  capillaire de 

Pyrex ,  mont~ sur une chambre  de Weissenberg,  ~quipc~e 
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d 'un  appareillage pour les basses temp6ratures.  Un  cou- 
r an t  d 'azote,  ~ tempera ture  stable et  r6glable de 0 ° C. 
- 1 6 0  ° C., permet  d 'obtenir  des monocr is taux d'ac6tal- 
d6hyde et  de les conserver pendan t  l 'exposi t ion aux  
rayons  X.  

Rdsolution de la structure.--Syst~me: orthorhombique,  
groupe P n a ,  non centrosym6trique.  

Interpr~itation quant i ta t ive  de la fonction de Pa t t e r son  
trois dimensions, calcul des s6ries de Fourier  et de s6ries 

diff6rences (m~ithode .de Cochran) en project ion et ~ trois 
dimensions, avec localisation sans ambiguit~i, malgr~ le 
probl~me des phases, des atomes d 'hydrog~ne.  

Rdsu/tats.--Les molecules CH~CHO sent  dispos6es le 
long des axes h6licoidaux d 'ordre ½, d 'une mani~re qui 
para l t  favorable au  ph~nom~ne de polym6risat ion en 
longues chaines mis en 6vidence par  M. Letor t  et par  
M. W. Travers.  Les longueurs des liaisons dans le cristal, 
C-C = 1,47±0,02 /~, C = O----1,25--0,02 ~ semblent  
appuyer  cette hypoth~se.  

Les mol~ieules pr~sentent  un  plan de sym6trie contenant  
deux des atomes d 'hydrog~ne.  La  ro ta t ion  libre du groupe 
CHa semble ne t t ement  exclue dans le cristal. 

L 'ut i l i sa t ion des facteurs de diffusion a tomique du 
carbone et de l 'oxyg~ne, donn6s par  McWeeny,  am61iore 
l 'ensemble des facteurs de s t ructure  caleul6s et permet  de 
r6duire notab lement  la valeur moyenne  de la densit6 
61ectronique r6siduelle dans la s~rie diff6renee. 

13. Y. To~IIS,  C. H.  K o o  & I. NITTA. The crystal and 
molecular structure of diformylhydrazine, CHO-N~H - 
NTI -CHO.  
The dimensions of the  bimolecular un i t  cell are a ----- 

8.939±0.004, b ----- 6.253±0.002, c ---- 3.565±0.002 A, fl = 
112.5 °, and  the space group is C~h-P21]a. We have  
determined a greater  pa r t  of the  signs of large Uhk0, Uh01 
and  U0kz b y  the inequal i ty  method,  using Sakurai ' s  chart .  
B y  the usual  procedure, we have  obtained the  f inal  
electron-density dis tr ibut ions projected on the  C001), 
(010) and  (100). B y  m a n y  (Fo--Fc) syntheses,  we refined 
the atomic parameters  and  also obta ined  the  positions of 
the hydrogen atoms. The R factors of 2'~0 and  Fh0~, 
including hydrogen atoms,  are 8 % and  11% respect ively  
a t  present.  The bond distances and bond angles are N - N  
(1.38/~), N-C  (1.32 A), C-O (1.21/~), N - H . . . O  (2-80/~), 
~ - N - C  (115-5 °) and  N - C - O  (124°). 

The s t ructure  of this  molecule is a p lanar  $ shape 
wi th  a centre of symmet ry .  This  shape is ra ther  remark-  
able for a derivat ive of hydrazine.  The repulsion between 
the two lone pairs on two ni t rogen a toms mus t  be ve ry  
strong because these lone pair  orbitals are pure p z  state.  
However,  if the  - C H O  radicals a t t r ac t  the  pa r t  of lone 
pair  electrons on ni t rogen atoms,  the  character  of the  
conjugat ion will appear  and  this  s t ructure  will become 
stable. We have  calculated and  confirmed the s tab i l i ty  of 
th is  molecule b y  a simple m. o. method.  

11. M.R .  T~UT~R. The crystal structure of sodium formal- 
dehyde sulphoxylate, I~aHSO~. H C H O .  2H20. 
The chemical behaviour  of sodium formaldehyde sul- 

phoxyla te  is consistent wi th  its formulat ion as a sodium 
salt, the  anion being either (A)-[OSOCH2OH]- or 
(B)-[OgS-CHaOH]-.  The substance crystallizes as the 
dihydrate ,  giving orthorhombie crystals,  space group 
Pbca. The structure was solved b y  Pa t te rson  and  Harke r  
syntheses and  refined by  Fourier  projections which showed 
clearly t h a t  (B) was the correct formulat ion of the ion. 
Accurate ref inement  was carried out  by  three-dimensional  
differential Fourier  syntheses.  

12. E.  vo~  S]rDOW. On the crystal structures of some phases 
of long normal chain carboxylic acids. 
As a cont inuat ion of a work published in Arkiv Kemi 

the crystal  s t ructures of the different phases of long 
normal  chain carboxylic acids are being invest igated.  
There are a t  least  six different crystal  forms. One of these, 
the  G-form of even-numbered acids, is determined by  
Vand  et al. At  present  four different forms are being 
investigated,  using single crystals  and  powder methods.  
Crystal preparation is very difficult. Form A' of odd 
acids is triclinie wi th  a triclinic packing of the hydro-  
carbon chains, form B'  of odd acids is triclinic wi th  an 
orthorhombic packing of the chains and form B of 
even acids is monoclinic wi th  the same orthorhombic 
packing. 

The var ia t ion  of unit-cell  dimensions for one crystal  
form wi th  different carbon content  has been s tudied wi th  
powder methods.  Fo rm C of even acids is s tudied and  all 
dimensions tu rned  out  to depend on the carbon content ,  
so t h a t  the  form cannot  be called s t r ic t ly  homologous. 
This is probably  the  case wi th  every crystal  form. 

14. D . W . J .  CRUICKSHAN-K [% G. 2~k. JEFFREY. A refine- 
ment of the crystal structure analysis of geranylamine 
hydrochloride. 
A three-dimensional  analysis  of the  crys ta l  s t ruc ture  

of geranylamine hydrochlor ide was publ ished b y  Jef f rey  
in 1945 (Prec. Roy. Soc., A (1945), 183, 388). Among the  
interest ing.features were the apparen t ly  short  C5-C6 bond, 
joining the two isoprene units ,  and  i ts  coplanar arrange- 
men t  wi th  the adjacent  Ca-C5 and  C~-C7 b o n d s .  The 
analysis  has been refined b y  four cycles of observed and  
calculated differential  syntheses  carried out  on the  Man- 
chester Univers i ty  electronic computer  using .Fc's allowing 
different tempera ture  factors (B) for each atom. I n  
agreement  wi th  the earlier electron-densi ty maps,  a con- 
siderable increase of B is found along the  chain from the  
nitrogen,  the var ia t ion  being from 4.2 to 11.4. A con- 
sequence is t h a t  the  peaks not  near  the ni t rogen have  low 
curvatures  and  h igh co-ordinate s t andard  deviat ions,  
despite t h a t  of C1 being only 0.0025 /~. The impor t an t  
C5-C 6 length  is revised from 1.44 /~ to 1.537 /~, w i th  
e. s. d. 0.045/~, so t h a t  there is no significant shor tening;  
however, the  C3CsC6C~ group remains planar .  

15. 0. KENNARD ~ J. WXLXER. The crystal structure o] 
amidinium carboxylates: an investigation of S.methyl- 
thiuronium p-bromobenzoate. 
In  report ing upon the facile crystal l izat ion of amidine 

salts of carboxylic acids (J. Walker ,  J. Chem. Soc. (1949), 
p. 1996), i t  was pointed  out  t h a t  the  resonance charac- 
teristics of the amidin ium group and  the carboxyla te  ion 
were complementary .  The case of crystal l izat ion observed 
in such salts was in terpre ted  in te rms of association of 
anion and  cat ion in solution into doublet  ion-pairs of a 
re la t ively rigid oriented type  (I), and  t h a t  crystal l izat ion 
then  proceeded b y  hydrogen bonding between the  la tera l  
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amidin ium hydrogen a toms and  the oxygen a toms of 
carboxyla te  groups in neighbouring doublet  ion-pairs. 

H H 
NI-I -c O\c ~- __~/~} o 

o/- \~-R o 
H 

(i) 

unable  to deduce wi th  cer ta in ty  from its aspect whether  
the s t ruc ture  was (I) or (II). Nor  were the other  two 
principal  project ions decisive, since in them there is 
heavy  overlapping of atoms.  But ,  on the  basis of the  
agreement  between observed and  calculated (hlc0 and  hOl) 
s t ructure  ampli tudes,  i t  seems l ikely t h a t  E t t l inger ' s  for- 
mula  ((II) in its trans configuration) is correct. 

To examine this  thesis the unit-cell  dimensions of a 
number  of amidine salts were measured and  of these S- 
me thy l th iu ron ium p-bromobenzoate,  CH3S. C(: NH)NHg,  
Br.CeH4.COgH, was chosen for detai led examinat ion .  
The s t ructure  is being determined by  means  of electron- 
dens i ty  projections along two crystal lographic axes. These 
projections were solved direct ly using the  heavy-a tom 
method,  no chemical assumptions being required. Owing 
to considerable overlap in one project ion use is being 
made  of 'higher-layer-l ine '  projections to refine the co- 
ordinates.  The sal t  'molecules'  lie along the c axial  
direction and  are l inked b y  both  inter  and  in t ra  molecular  
hydrogen  bonds. The hydrogen bonded oxygen and nitro- 
gen a toms form two sets of infinite sheets lying in planes 
i n c l i n e d - - - 4 0  ° to the b crystal lographic axis. Some 
implicat ions of the s t ructure  will be discussed. 

18. O. HASSEL. Recent results of structural determinations of 
molecules containing six-membered rings. 
Inves t igat ions  of molecular  and  crystal  s t ructures  of 

compounds containing six-membered rings of the  cyclo- 
hexane type  have been cont inued in the Oslo Chemis t ry  
Depa r tmen t  b y  means  of electron diffraction, X - r a y  
crys ta l lography and  other  methods.  The substances 
s tudied are der ivat ives  of cyc lohexane- -among  them 
the  new isomer of benzene hexachloride of m.p. 90 ° C. 
- - a n d  molecular  compounds of 1.4 dioxane. In  the case 
of the simple 1.2 dichloro-derivatives of cyclohexane,  
new detai led invest igat ion of the  compounds in the 
gaseous s ta te  have  been carried out, using the newly con- 
s t ruc ted  diffraction equipment  of the Oslo Ins t i tu te  for 
Physica l  Chemistry.  

16. J .  L. AMOR6S & J .  J .  COVES. Structure of the cyana. 
cetylhydracide. 
The crys ta l  s t ructure  of the cyanace ty lhydrac ide  has  

been inves t igated  by  single crys ta l  methods :  

a : b : c =  0.9105:1:0.8771, fl---- 63°29'; Z - -  4. 
a---- 8.214-0.04, b = 8-854-0.04, c ---- 7.494-0.02 ~ .  

Holoedric monoclinic class. Space group P21/a. 
The analysis  of the s t ructure  from Pa t te r son  synthesis  

using Buerger 's  'min imum funct ion '  gave the posit ion of 
the  a toms into the molecule;  t hey  are being refined by  
Fourier  techniques.  

17. T. C. I)ow~w_E & J .  C. S P E ~ .  The crystal struc- 
ture of Eeist's acid. 
In  1893 Feis t  prepared an  acid which was for m a n y  

years  though t  to be a m e t h y l  cyclopropene derivat ive of 
formula I. Recen t ly  Et t l inger  (J. Amer. Chem. Soc. 
(1952), 74, 5805), af ter  reconsidering the chemical evi- 
dence, has argued t h a t  Feis t ' s  acid is in fact  a methylene  
cyclopropane derivat ive (II). 

• /CH.CO0~ 
C H 3 - C , ~  I 

% C .  COOH 

(i) 

/ C H .  COOH 
CH2=C.  / ] 

\ C H .  COOH 

(II) 

Since 1949 we have  been s tudying  this  acid and  cer ta in  
of its salts by  X- ray  methods.  The free acid belongs to the  
triclinic system, with  P 1  as the probable space group, and  
wi th  two molecules in a un i t  cell of dimensions, a = 4-8, 
b = 7.6, c---- 9.15 A , a  = 95 ° , f l  = 96 ° , ~  = 78 ° . We have  
recent ly  succeeded in obtaining an electron-densi ty projec- 
t ion on a plane perpendicular  to the a axis. In  this  near ly  
all the  a toms are resolved, and  the three-carbon ring is 
clearly discernible. The molecule is however t i l ted a t  
about  45 ° to the plane of projection,  so t ha t  we were 

19. W. R.  BT.ACKMORE. The crystal structures of Di-p-tolyl 
telluride, selenide and sulfide. 
Di-p-tolyl  telluride, selenide and  sulfide form ortho- 

rhombic crystals,  space group .P21212 , wi th  four mole- 
cules in the un i t  cells of dimensions 

a (A) b (A) c (A) 
di-p-tolyl telluride 25.33 8.05 6.01 
di-p-tolyl selenide 25.12 7-99 5.88 
di-p-tolyl sulfide 25-07 7.92 5.81 

The crys ta l  s t ructures  of these compounds have  been 
determined,  the posit ional  parameters  being refined by  
double Fourier  series based on 299, 401 and  284 terms 
respectively,  derived from visual in tens i ty  measurements  
b y  two independent  observers. Fu r the r  ref inement  was 
carried out  for each s t ructure  b y  the me thod  of least  
squares. The bond lengths  found for Te-C, Se-C and  S-C 
are 2.05, 1.93 and  1.75 A, and  the angles C - X - C  where 
X----Te,  Se, S are 101 °, 106 ° and  109 ° respectively.  

20. W. HOPPE. Die Struktur von Tetramethylnaphtazarin. 
RSntgens t ruk tu run te r suchungen  an Naph taza r in  sind 

yon  Interesse wegen der al lgemeinen Molekiilgestalt  und  
wegen der Frage  einer innermolekularen Wasserstoff- 
b indung zwischen benachbar ten  O- und  OH-Gruppen des 
Chinon- bzw. Hydroehinonr inges .  Da  sparer geplante  
optische Messungen Schichtens t rukturen  mi t  parallel  ge- 
lagerten Molekillen uns besonders in teressant  erscheinen 
lassen, haben  wir Kristal le  des Te t ramethy lde r iva t s  des 
Naphtazar ins  zur S t ruk tummtersuchung herangezogen 
mi t  der Hoffnung,  dass durch E inbau  der Methylgruppen  
analog wie beim Ubergang  yon  Benzol zu Hexamethy l -  
benzol eine Schichtens t ruktur  entstehe.  

Die Kristal le  sind rhombisch-pseudohexagonal  mi t  
a ---- 17,47±0,15, b = 9,944-0,15, c ---- 6,76±0,07 A und  
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entha l ten  4 Molekiile pro Elementarzelle.  Die Raum-  
gruppe ist D~.  Weissenbergaufnahmen nach  dem Mehr- 
f 'flmverfahren werden zur Intensi t~tsauswertung into- 
grierend ausphotometr ier t .  Wegen der St rukturfaktoren-  
gleichheit fiir allo 1 = 2n einerseits und  alle 1 = 2n-}-1 
andererseits (n -- 0, 1, 2 . . . .  ) sind d ie  Molekiile eben und  
liegen senkrecht  zur c-Achso in parallelen Schichten mi t  
dem halben c-Abstand. Aus Symmetr iegri inden miissen 
die Molekiile entgegen der klassischen chemischen Schreib- 
weise ein Symmetr iezentr tun besitzen. Eine ' tr ial-and- 
error '-Analyse ergibt die Ar t  der Anordnung der Mole- 
kiile in diesen Schichten. 

Fi ir  die Bes t immung der genauen Molekiilgestalt sind 
dreidirnensionale Fourierschni t te  mi t  z = 0 oder z = ½ 
besonders vortei lhaft ,  die mi t  einem mechanisehen Fou- 
r ierrechengerat  des Verfassers berechnet  wurden. 

Die Strukturanalyse  wurde gemeinsam mi t  L. Camerer 
und  A. Friedle durchgeftihrt .  

21. S.C. WAT,I,WORK. The structures of layer-type molecular 
complexes. 

The determinat ion of the  c rys ta l  s t ructure of pheno- 
quinone 

(o:C  o o. ) 
which has been reported previously,  and  pre l iminary  
work on other  quinhydrones  and  complexes formed by  
tr initrobenzene,  has established t ha t  the fundamenta l  
s tructural  feature in bo th  these series of molecular com- 
pounds is the plane-to-plane stacking of a l ternate  polariz- 
ing and  polarizable molecules. 

Detai led structures of two fur ther  examples of these 
series of complexes are now being completed. Al though 
they  have the  same fundamenta l  a r rangement  of mole- 
cules, suggesting t h a t  the molecules are again held to- 
gether by  polarization bonding, they  show interest ing 
differences in detail :  

Hexamethylbenzene-chloranil 

CH3 O 

CHa O 

P21/c; a o -- 7.30, b 0 -- 8.64, c o ---- 15-26/~, fl---- 106 °. Two 
formula units per cell. Molecules in special positions-- 
chloranil  a t  0, 0, 0 and 0, ½, ½; hexamethylbenzene a t  
½, 0, 0 and  ½, ½, ½. Structure established by  tr ial-and-error 
method  involving Fourier  projections, section and  lines 
together  wi th  a generalized project ion and difference 
syntheses. 

Molecules are stacked a l ternate ly  in columns parallel to 
the  a axis, bu t  t i l ted through approximate ly  14 ° from the  
posit ion where they  would be perpendicular  to the a axis. 
Perpendicular  spacing between adjacent  parallel mole- 
cules c. 3.54/~. 

Anthracene-trinitrobenzene 

CCC 
NO a 

NO~ NO2 

C2/c; a 0  = 1 1 . 6 9 ,  b 0 = 1 6 . 3 5 ,  c o = 13.23 /~, fl---- 1 3 3 ½  ° . 

Four  formula uni ts  per cell. Molecules in special posi- 
t i ons - -TNB at  0, y, ¼; 0 , ~ , ~ ;  ½,½-ky,~;  ½,½-bY,~; 
anthracene at 0, 0, 0; 0, 0, ½; ½, ½, 0; ½, ½, ½. Structure 
established by  tr ial-and-error as for the  hexamethy l -  
benzene-chlorani l  complex. 

Molecules are s tacked a l te rnate ly  in a staggered 
manner  in columns parallel to the  c axis and  are t i l ted  
about  6 ° from the  posit ion where they  would be per- 
pendicular  to the c axis. Perpendicular  spacing between 
adjacent  parallel molecules c. 3.29 _~. 

Comparison of these two structures wi th  those of 
phenoquinone and  quinhydrone suggests t h a t  the  detai led 
molecular ar rangement  adopted  in each case is a com- 
promise between the  requirements  of polar izat ion bonding 
and steric repulsion (and hydrogen-bonding in the  case 
of the quinhydrones).  

22. W. NOWACKL The crystal structure of xanthazol mono. 
hydrate. 

Xanthazol  monohydra te  (I), C4Ha~50~.H~O , is tri-  
clinic wi th  a -- 9.67, b -- 10.71, c ---- 5.24 A, a ---- 100 ° 52', 
fl = 141 ° 54', ~ ----- 87 ° 01', Z = 2, space group P 1  (ac- 
cording to an  in tensi ty  statistics). The s t ructure  was 
found by  means of a three-dimensional  Pa t t e r son  syn- 
thesis and  independent ly  by  the me thod  of inequali t ies 
and  t ha t  of Zaehariasen, which yielded the signs of abou t  
200 reflexions. The structure was refined by  means  of two 
three-dimensional  Fourier syntheses, the  R-value of the  
second being 0,14. (I) is a typical  layer  structure,  the  
two molecules lying almost  in a plane and  being held 
together  by  H bonds, the distance between the  layers 
being 3.1 A .  I t  corresponds to a packing of ellipses which 
was predicted theoretically.  The molecule itself is al- 
most  p lanar  (4-0.1-0.5 /~). The calculations of the  
syntheses and  of the s tructure factors were made  on 
IBM punched-card machines.  

23. 5. TOUSSArNT. l~tude radiocristaUographique de l'hdtdro. 
cycle ~-pyrone. 

La 2-6 d im6thyl th iopyrone est la mol~icule la plus 
simple contenant  l 'h~t~rocycle pyrone.  Les cristaux sent  
tricliniques holo6driques. La maille-unit~i, qui cont ient  

deux m0l~cules, es~ carac~rls~e par les dhnensions 
suivantes:  a -- 7,66 /~, b = 9,69 A, c = 5,40/~,  a ---- 88, 
fl---- 1 0 5 , ~ , =  109 ° . 

La  maille d~termin6e par  [410], b, c e s t  quadruple  et  
pseudo-monoclinique;  le plan (140) est presque perpen- 
diculaire k l 'axe b. Le plan des axes optiques est parall~le 
k ce plan qui est 4galement de pseudo-sym~trie pour  le 
Pa t te rson  1 -- 0. 

L ' in terpr6ta t ion  des r~iflexions intenses (201), (580) et  
de la sym6trie pseudo-monoclinique, r~v~16e k la fois pa r  
les radiogrammes et les propri6t~s optiques, fourni t  
l 'or ientat ion approximat ive  des molecules. Celles-ci sen t  
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quasi-parall~les au plan (501); leur p lan m~dian est 
parall~le h (i40). 

L'int~rpr~itation de Pa t te rson  1 = 0 ainsi que quelques 
' t r ial  and  error'  donnen t  les coordonn~ies de l ' a tome de 
soufre. La connaissance de ces demi~res jointes ~ l 'orien- 
rat ion mol4culaire f ixent  la posit ion de la molecule avec 
suff isamment  de pr6cision pour l 'ut i l isation de la tech- 
nique de Fourier.  

Les principales liaisons de l 'h6t4rocycle sent  caract~- 
ris~es par  les distances in tera tomiques  suivantes:  C4-S = 
1,68, C~-C3 = 1,36, C~-O = 1,37, Ca-Ca = 1,42 /~. 

La forme du cycle s 'explique parfa i tement  par l 'exi- 
stence du ph6nom~ne de r~sonance entre  diff~rentes 
structures 61ectroniques. La contr ibut ion la plus im- 
por tan te  est fournie par  la s tructure non-polaire (environ 
60%). Les structures polaires dans lesquelles le soufre 
porte  une charge n~gative et l 'oxyg~ne une  charge 
positive conf~rent h la molecule un  m o m e n t  ~lectrique 
dipolaire tr~s ~ilev~i. 

24. W. T. EELEs. The structure of 4-5 dimethyl phthalic 
thio -anhydride. 
This substance is a member  of a class of compounds 

in which there  is a sulphur a tom subst i tu ted in a phthal ic  
anhydr ide  skeleton. A structure de te rmina t ion  by  X-ray  
methods  has shown conclusively tha t  the  sulphur a tom 
is par t  of the  f ive-membered ring. 

The compound crystallizes in the  space group P21/c 
with  a ---- 4-1, b ---- 13.6, c ----- 16.7 A, fl = 92 ° . 

The sulphur a tom was located by means  of Pa t te rson  
projections and  a trial s tructure was deduced from a 
Buerger  m i n i m u m  funct ion formed from the  [100] Pat-  
terson projection. Ref inement  is proceeding by  means  of 
two-dimensional  Fourier  syntheses and  Fo--Fc syntheses.  

25. D. C. PHILLIPS. The polymorphism of acridine. 

Three dist inct  polymorphic  forms of acridine, ClaH95I, 
are now being examined  in detail. They are:  

Space 
a (A) b (A) c (•) fl group Z 

II  16.34 18.90 6.08 95 ° 5' P21/a 8 
I I I  11.41 5-99 13.69 98 ° 37' P21/n 4 
I V  15.75 29.43 6.20 - -  P212121 12 

A complete three-dimensional  analysis has been made  
of acridine I I I ,  the  simplest  form, and  a detai led descrip- 
t ion of the  s t ructure  will be presented.  Examina t ion  of 
its thermal  propert ies has shown the  way in which it  is 
t ransformed,  a t  about  45 ° C., in to  acridine II .  

Acridine I I  is stable th roughout  the  t empera ture  range 
20-105 ° C. I ts  s t ructure  has been de te rmined  by  trial- 
and-error  methods ,  and  a three-dimensional  re f inement  is 
in progress. 

Acridine IV sublimes slowly even at  20 ° C. and  is 
t ransformed into acridine I I  at  about  70 ° C. The projec- 
t ion of the  structure on (001) has been determined.  

The relationships be tween the  three forms will be 
described. 

26. R . F .  E~-TWISTL~., W. G. FERRIER • J .  IBhTJIJ. Some 
similarities in the diffraction patterns of organic com. 
pounds. 
In  a series of invest igations of the  structures of some 

aromatic  hydrocarbons remarkable  similarities have  been 
observed between the  diffraction pat terns  from single 
crystals of compounds which have  molecules of roughly 
the  same size and  shape. This is so in spite of the  uni t  cells 
being of different size and  of hav ing  different space 
groups. Two pairs of compounds  will be men t ioned  as 
examples. 

(1) Chrysene and 1 : 2-cyclopentenophenanthrene.--In 
order to bring out  the  similari ty it is necessary to take  a 
non-pr imit ive  cell for the  la t ter  compounds.  If  a cell 
centred on the  B face is used, however,  the  weighted  
reciprocal lattices are seen to be strikingly similar and  
this of course means  t ha t  a l though chrysene has a mole- 
cule wi th  a centre of s y m m e t r y  occupying a centre of 
symmet ry  in the  uni t  cell while the  other  compound is 
asymmetr ic  and  no t  even planar,  t hey  are arranged in 
space in a very  similar manner .  T~eo-dimensional Fourier  
projections will show the  relat ionship be tween the  two 
structures.  

(2) Anthracene and di.hydroanthra~ne.----Again the 
space groups are different, P21/a in one case and  P21 in 
the  other. There is no centre of s y m m e t r y  in the  la t ter  
case but  the  packing is very  similar in the  two compounds.  
In  the  h/c0 zone, for example,  the  structure factors are 
almost  identical,  and  in other  zones there are marked  
resemblances. W h e n  more detai led comparisons are made,  
however,  differences are observed which suggest t ha t  the  
molecule of d ihydroanthracene  has a different shape from 
tha t  of anthracene.  

27. J .  TOUSS~Z~T. J~tude radiocristallographique du p.nitro- 
phdnol (varidt~ md2xtstable). 
Le p-nitrophdnol est d imorphe monotrope.  Les deux 

var;~t~s sent  monocliniques.  

Stable M6tastable 

Dimensions de la a -- 11,8 tlx a ---- 15,4 A 
maille b = 8,9 b = 11,2 

c ---- 6,17 c = 3,8 
f f=106 ° 52 f l=106  ° 55 

a : b : c 1,3419 : 1 : 0,6930 1,3836 : 1 : 0,3398 
Groupe d'espace P2x/n P21/a 

Z 4 4 

11 n 'exis te  pas de relations simples entre  les r~seaux 
des deux formes. 

II faut,  par consequent,  reviser les id les  anciennes con- 
cernant  le polymorphisme paramorphique  du p-nitro- 
phenol.  Cette assertion bas~e sur le fair que les rapports  
des param~tres des deux modificat ions sent  mult iples  
tr~s simples l 'un  de l 'autre,  n 'es t  pas confirm~e par  les 
valeurs absolues des axes. 

La vari~t~ m~tastable du p-nitroph6nol se pr~sente 
sous forme polym~re ~ l '~tat solide. Les molecules as- 
soci~es par les groupes OH et NO~ fe rment  des chaines 
qui s '6 tendent  parall~lement & l 'axe a du cristal. La 
molecule est plane dans les l imites des erreurs de mesure.  
L 'axe mol~eulaire parall~le ~ (001) est inclin6 sur l 'axe 
a d 'un  angle de 24 °. 
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28. P . G .  TAYLOR. The derivation of the crystal structure of 
trinitrotoluene from the three.dimensional Patterson. 
Samples of 2 : 4 : 6  tr i-ni tro-toluene were found to 

crystal l ize from chloroform a t  room tempera tures  in an  
or thorhombic cell, containing eight molecules, of dimen- 
sions 14-85, 19.78, 5.96 ~ .  The space group was indicated 
as either D ~  or C~,. 

The Pa t te r son  synthesis  was computed in three dimen- 
sions-nsing Cu K diffraction data .  F rom an  examina t ion  
of the Harke r - type  vectors i t  could be deduced t h a t  the  
non-centr ic  space-group C~v-Pba was present.  Certain 
features of the  Pa t t e r son  enabled the or ienta t ion and 
relat ive posi t ion of the two independent  molecules to be 
deduced. The posit ion of the carbon rings in the cell 
and  the positions of the remaining a toms were then  ar- 
r ived a t  b y  use of Pa t te r son  evidence, assisted by  trial- 
and-error work. 

Agreement  of calculated and  observed s t ructure  fac- 
tors indicates t h a t  the  s t ructure  is correct, bu t  cannot  
be determined wi th  high accuracy unt i l  three-dimensional  
ref inement  work is under taken .  Some interest ing modifi- 
cations in the  bond lengths,  no tab ly  those of the carbon 
ring, appear  to be present .  

29. D. ]~I. B u r N s  & J.  IB~VX,. The determination of the 
atomic coordinates of fluorene. 
The s t ructure  of fluorene has  been completed by  two- 

dimensional  Fourier  syntheses  down each of the three 
crystal lographic axes. Ref inement  of the atomic coor- 
dinates  was carried out  b y  (a) the applicat ion of the least- 
squares me thod  (b) repeated Fourier  projections followed 
b y  Fc syntheses  to correct for series-termination errors. 
The results  obtained b y  these two methods  were then  
compared wi th  the atomic coordinates obtained from the 
final 2'0 syntheses  making  sys temat ic  correction for the 
effect of nearest  neighbouring, peaks in the 2"0 maps.  

There does not  seem to be a n y  systemat ic  connection 
between this  me thod  of correcting for overlapping peaks 
in the Fourier  map  and  the corrections given b y  an  2"c 
synthesis .  I t  is not  true,  in this  par t icular  case a t  a n y  
rate,  t h a t  an  2"c synthesis  au tomat ica l ly  corrects for 
overlapping of peaks. 

The errors in the final coordinates have been es t imated 
b y  stat is t ical  methods  and  by  calculat ing the distances 
of the individual  a toms from the mean  plane of the 
molecule which is apparen t ly  planar.  The r.m.s, deviat ion 
of a toms from the mean  molecular plane is 0.031 A, 
using corrections indicated b y  an  2"c synthesis,  bu t  only 
0.017/~ if corrections for overlapping are applied directly.  

30. L . L .  I~ERRITT & C. GUARE. i a  structure cristalline du 
salicylaldoximate de nickel. 

La s t ructure  crlstalllne du  sal lcylaldoximate de nickel, 
Ni(C~H60~N)~., a 6t~ d~termin6e par  les m6thodes du 
monocristal .  La  maille ~l~mentaire est monoclinique avec 
a -~ 13,63, b ---- 4,89, c ----- 10,20/~, fl ~- 110 ° 26'. Le groupe 
spat ial  es t  P21/n-C~h; Z = 2. 

Les posit ions des atomes ont  ~t~ d~termin~es par  des 
projections de densit~ ~lectronique sur le plan (010) et par  
des sections de Fourier  k t rois  dimensions. Ces positions 
on t  ~it~ raffin~es par  la m~thode des moindres-carr~is. 

Les taches de diffraction ont  ~t~ enregistr6es sur quatre  
films superposes; leurs intensit~s ont  ~t4 estim6es par  
comparaison visuelle avec une ~chelle photographique.  

Le mol~icule est plane et les liaisons au tour  de l ' a tome 
de nickel sent  en posit ion trans. Les angles O - N i - N  et  
O - N i - N '  sent  respect ivement  95 ° et  85 °. Dans  le cycle 
de ch$1ation chaque simple liaison est inf~irieure de 0,1 /~ 
environ ~ la simple liaison normale tandis  que chaque 
double liaison d6passe de 0 ,1/~ la double liaison normale.  
Ceci mont re  qu'il  y a vra isemblablement  r~sonance dans 
le cycle de ch~ilation. 

Chaque molecule poss~de deux courtes liaisons hydro-  
g~ne, 2,45 ~ environ. Ces liaisons hydrog~ne unissent  
l 'oxyg~ne phdnolique d 'un  groupe salieylaldoxime a 
l 'oxyg~ne du radical  oxime de l ' au t re  groupe salicyl- 
aldoxime. La  longueur de cette liaison hydrog~ne a ~t~ 
v~irifi~e par  l 'absorpt ion dans l ' infrarouge du complexe. 

31. P. FRAI~ZEI~. Structure determination of hexaethylben- 
zene. 

32. H.  v. ELLER. Structure de colorants indigoides. 

La s t ructure  de l ' indigo a ~it~ d~termin6e h par t i r  
de cr is taux monocliniques (P21/e) par  la m6thode d'essai 
et d 'erreur.  Les calculs successifs de densit~ ~lectronique 
et la d~itermination des signes des facteurs de s tructure,  
puis le calcul de fonctions (~o-~c) ont  ~it6 effectu~s 
opt iquement  k l 'aide du photosommateur  harmonique.  
L 'erreur  quadra t ique  moyenne  est de 0,03 A. La  distance 
de 2,83/~, caract~ristique d 'une liaison hydrog~ne, s6pare 
l 'oxyg~ne c~tonique de deux groupes imine, l ' un  d 'une 
m6me molecule, l ' aut re  d 'une molecule voisine. 

La  comparaison est faite entre cette s t ructure  et  celle 
du s~16noindigo, d~termin6e par  la m~thode de l ' a tome 
lourd, off les distances entre les atomes d 'oxyg~ne et  de 
s61~inium sent  tr~s courtes. 

33. G .v .  ET,T,I~,R. Structure cristaUine du chlorhydrate de 
paratoluidine. 
Le chlorhydrate  de paratoluidine (HsC-C6H4-NHa) 

(HC1) cristallise dans le syst~me monoclinique (groupe 
spat ial  P21/e ) avee c~uatre mol~icules par  mail le:  a = 9,07, 
b ---- 9,33, c --  9 ,85  A ,  fl ---- 108,7°; densit6 1,1927 g . c m .  - s .  

La recherche de la s t ructure  a ~it~ conduite  de fa~on 
classique (m6thode de l ' a tome lourd), ma/s uniquement 
par vole optique, au moyen  du photosommateur  harmo- 
nique, en op6rant  par  essai et  erreur. Le parach~vement  
a 6t6 effectu~i en fa isant  a l terner  les photosommes de 
s6ries 'diffdrence' et les calculs ar i thm~tiques des faeteurs 
de structure.  La  moyenne  quadra t ique  de l 'erreur est 
d 'environ 0,015 A. L 'a tome d 'azote du  radical  p lan  
(HaC-C6H4-N) est reli~i k trois ions chlore par  l ' inter-  
m~diaire de liaisons hydrog~ne. 

34. T . H .  GooDwr~. Calculation of bond lengths in conju- 
gated structures. 

Complementary  to the X - r a y  crystal lographer 's  work 
of measuring atomic co-ordinates, bond lengths and  bond 
angles is the wave mechanician 's  t ask  of calculat ing these, 
though  there is a t  present  no possibil i ty of eva lua t ing  
atomic co-ordinates in crystals.  The simplest approxima- 
t ion of all s tar ts  f rom counting the number  of t imes a 
given bond is represented as a double bond in the  set of 
canonical structures,  bu t  in view of the possibi l i ty t h a t  
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each electron m a y  be found anywhere  in space, the  
molecular orbi tal  approach,  in which every electron is 
par t ia l ly  associated wi th  every nucleus, is clearly a more 
logical, possibly a more rigorous bu t  cer ta inly a more 
laborious, approximat ion.  This method  has a l ready been 
applied, e.g. by  Coulson, Daudel ,  Rober tson and  others 
to naphthalene ,  anthracene,  coronene, etc. 

The present  writer  has applied i t  to the molecules of 
f lavanthrone,  Cg.8Hl~.O~.N2 (I) (structure de terminat ion  by  
Stadler, Acta Cryst. (1953), 0, 54), acedianthrone,  
Ca0H1402 (II) (structure de terminat ion  by  Friedlander,  
Goodwin & Robertson,  Acta Cryst. (1954), 7, 127), furoic 
acid, C5H40 a (III) ,  and  benzanthrone,  CI~HI00 (IV), wi th  
the following results for the first two (calculations not  
ye t  complete for furoic acid;  s t ructure de terminat ion  
incomplete for benzanthrone) :  

Flavanthrone Acedianthrone 
Bonds in asymmetric uni$ 20 20 
Experimental uncertainty in 

bond lengths (A) ± 0.05 ~ 0.06 
Number of bonds calculated 

within 0.03/I~ of measurement 12 9 
Number of bonds calculated 

within experimental uncertainty 15 17 

These results suggest t h a t  molecular  orbi tal  calcula- 
t ions made  before a s t ructure  de terminat ion  is complete 
m a y  well suggest the directions in which atomic co- 
ordinates should be adjus ted in refining a crystal  struc- 
ture.  
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35. J .  1~I. LI~rDs~.Y. The crystal structure of codeine. 
Codeine hydrobromide  d ihydra te  and  codeine hy-  

droiodide dehydrate crystallise f rom water  as or thorhom- 
bic needles wi th  almost  square cross section. The space 
group of each is P212121, Z = 4, and  the cell dimensions 
a r e  

ClsH21OaN.HBr.2H~O: a-~6.82, b---13.10, c-~20.86 A. 
ClsH~IOal~.HI.2H20:  a----6.83, b----13"44, c=21.38 A. 

The positions of the halogen a toms have  been deter- 
mined from Pa t te r son  project ions on (100) and  (010) and  
the  signs of the  s t ructure  ampli tudes  by  the  isomorphous- 
replacement  method.  Elect ron-densi ty  project ions have 
been refined by  repeated /~o and  Fo--Fc syntheses. 

The electron-densi ty project ion on (100) shows near ly  
all a toms clearly resolved and  confirms the existence in 
the sohd s ta te  of the  molecular  configurat ion suggested 
by  Rapopor t  & Lavigne from chemical evidence. 

36. W. TRAUB. The crystal structure of biotin. 

37. M. HUBER & W. COCHRAI~. Crystal structure of bromo- 
thymidine. 
The structure of 5 ' -bromo-5 ' -deoxythymidine  has been 

determined,  for each of two crystall ine modifications,  by  
two-dimensional  project ions and  generalized projections 
of the  electron density.  Accurate  measurement  of bond 
lengths has not  been a t tempted .  There are a number  of 
points  of interest  in the molecular  configurat ion;  for 
instance, the ribose and  thymid ine  residues are in the 
' s tandard '  configurat ion which has been found for all 
nucleosides and  nucleotides so far investigated.  F rom the  
system of hydrogen bonds, some conclusions can be drawn 
about  the tautomeric  form of the molecule. The structures 
are of interest  in connection wi th  current  theories of the 
s t ructure  of nucleic acid. 

I l l  
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38. A.M. ABI> EL R~HIM. The two-dimensional analyses of 
fl-amyrin and a-amyrin, using the heavy-atom technique. 
Recent ly  the suggested stereochemistry of oleanolic 

acid, a member  of the fl-amyrin series was pu t  forward as: 

\ /  

H O J ~ ~ J  / \ H  

An X ray  s tudy  of the iodoacetaf~ of oleanolic acid 
has been carried out. The or thorhombic  crystals, wi th  cell 
dimensions:  a = 7.70, b = 16.11, c = 25.14 _~, belong to 
the space group P21212 p with Z = 4. Using the heavy-  
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a tom technique,  together  wi th  successive refinements,  i t  
has been possible to show from electron-density map  on 
(100) t ha t  the  above suggested formula is essentially 
correct. 

A detai led s tudy  along similar lines is at  present  being 
under t aken  on the  iodoacetate  of ~-amyrin. The crystals 
are or thorhombic wi th  cell dimensions:  a = 8.08, b = 
22-23, e = 33.34 A, and  space group P212121, wi th  Z = 8. 
Prel imiuary electron-densi ty maps  have already been 
obtained on (100) showing the  molecule wi th  little overlap 
and  wi th  the  possibility t ha t  this project ion shows the  
molecule in two orientations.  

39. R. H. Me,'FEar. The structure of longifolene hydrochlo- 
ride, C15H25C1. 

This tricyclie sesquiterpenoid crystallizes in the  space 
group P212121 wi th  a = 8.5055=0.003, b = 9.7605=0.002, 
c = 16.6745=0.003 /~. 

I ts  chemical consti tut ion,  previously unknown,  has 
been de te rmined  by comparison of two projections, 
obta ined wi th  the  aid of the  isomorphous hydrobromide,  
and  by  the  use of an error synthesis. The molecular con. 
s t i tu t ion has been described in a prel iminary note  (R. H. 
Moffett  & D. Rogers, Chem. Ind. Rev. (1953), p. 916). 
Ref inement  has been carried out  by difference syntheses,  
and  it became necessary to take  account  of the  consider- 
able anisotropy in the  thermal  mot ion  of the halogen 
atom. 

The formation of longifolene hydrochloride by  a rear- 
r angement  from the parent  hydrocarbon,  longifolene, will 
be ment ioned  briefly, and  there will also be some discus- 
sion of bond lengths and  bond angles derived from the 
two projections. 

40. Y. SAmu)A & I. NITTA. Crystal structure of sodium tro. 
polonate. 
As a par t  of the  fundamenta l  studies of the  so-called 

tropoloid compounds,  we have determined the accurate 
crystal and molecular structure of sodium tropolonate in 
which tropolone behaves as anion. This substance is a 
very  stable yellow needle crystal and the dimensions of 
the  uni t  cell, containing four formula units  and  of the  
space grou~ symmet ry  P21/c , are a = 13.91, b = 3.67, 
c = 11.69 A, fl = 93-0'. 

The inequal i ty  me thod  provided a key to structure 
analysis, and  the  approximate  structure was obtained 
from the ordinary Fourier  projections along three  
principal axes. After this, successive (Fo--Fc) and three- 
dimensional  Fourier  syntheses were calculated, and  

parameter values of all atomic coordinates, including 
hydrogen,  were es t imated  wi th  considerable accuracy. 

The planar i ty  of seven-membered carbon ring, ex- 
pected from m a n y  organic and  physico-chemical investiga- 
tions, was established. Bond  lengths are discussed in com- 
parison wi th  those in tropolone hydroehloride,  in which 
tropolone behaves as cation, and  in aromatic compounds.  
The results of  molecular orbital t r ea tmen t  and  infra-red 
absorption are also taken  into consideration. The sodium 
ion is surrounded by six oxygen atoms at  distances 
2-4-2.7 /~ and  the  orientat ion of t ropolonate and sodium 
ions explains the  cleavages parallel to (010) and (100). 

41. J .  ~RIDRICHSONS • A. McL. ~ff~&TtZIJESO~. The crystal 
structure of DL-isocryptopleurine methiodide. 
DL-isoCryptopleurine methiodide,  a der ivat ive of T,. 

cryptopleurine,  is monoclinic wi th  a = 9-95, b = 24-2, 
c = 9.95/~, fl = 112 ° and  space group P2~ln. Because of 
the  failure of chemical studies to reveal the  s tructure of 
cryptopleurine and/socryptop leur ine ,  an X-ray  analysis 
has been carried out, based solely on the  empirical for- 
mula,  C25H~003NI , and  using no assumptions regarding 
structure,  bond lengths and  angles. The crystal s t ructure 
has been solved in a direct  manne r  by  the  use of the  
'heavy '  a tom technique combined wi th  a new applicat ion 
of generalized projections, the  principle of which is as 
follows. The data  from the n different layers about  one 
axis, e.g. nkl can be combined to yield n different genera- 
lized projections down the  a axis, 0n = V(C~n+S~n). Since 
only Fourier  terms whose signs can be considered fixed by  
the  iodine contr ibut ion are used in the  syntheses,  each 
project ion will be in error to a certain extent .  However ,  
errors occurring in each project ion will no t  coincide 
because each project ion is der ived from a different set 
of data.  I t  is therefore possible to combine the  n projec- 
t ions by a m in imum or summat ion  funct ion and  ext rac t  
the  correct atomic locations y, z in this project ion area. 
The approximate  x parameters  can then  be assessed 
from Cl(y, z) and Sl(y , z) and  ref inement  carried through.  

The improved resolution of generalized over normal  
projections will be shown. 

42. T. H. DOY~rE, S. HIROKAWA & T. WATA_~AB#.. The 
crystal structure of l,-glutamic acid and zinc asparatate 
tri-hydrate. 
The unit-cell dimensions and  space groups of T.-glutamie 

acid (new form) and zinc asparata te  t r i -hydra te  are:  

T.-Glutamic acid (new form) Zinc asparatate tri-hydrate 

a = 5.17/~ a = 9.46/~ 
b = 17.34/~ b = 7.92/~ 
c ---- 6.95/~ c = 11-58 

= 9 0  ° ~ = 90 ° 
Z = 4  Z = 4  

Qexp. = 1"575 at 20 ° C. qexp. = 1"97 
M.w. = 147 M.w. = 255 
Space group---P21212 t Space group---P2x2t2 t 

Dimorphism of T,-glutamic acid was found. One form 
has  the  same uni t  cell dimensions and  the  space group as 
reported by  Bernal  while the  new form has the  aforemen- 
t ioned uni t  cell dimensions and  the  space group. Using 
the  Fourier  series method,  atomic coordinates were 
obtained for L-glutamic acid (new form) by three  projec- 
t ions and  for zinc asparatate  t r i -hydra te  by  two projec- 
tions. 

43. R. P~.PII~S~rY & P. F. Err.Am). X-ray analyses of bio- 
chemical compounds. 
The steric conformation of t ropine is established by  an 

analysis of t r o p i n e . H B r ;  the  s ix-membered ring is in a 
chair form, and  the hydroxyl  group is t rans to the  amine 
bridge (with R. Sloan). The s tructure of actithiazic acid, 
a new thiazolidone antibiotic, is established from the  K 
and Rb  salts (with J.  Turley). The examinat ion  of two 
stereoisomeric pyridyl  ant ihis tamines  (subst i tuted pro- 
penes) reveals t ha t  the  fl form, which is the  less po ten t  
physiologically, has pyridine and  pyrrolidino groups on 
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the  same side of the double bond;  chemical evidence then  
affirms t h a t  the  ve ry  act ive a-isomer has these groups in 
trans ar rangement  (with J .  Rathlev) .  The complete analy-  
sis of a -methy ld ihydro theba ine  methiodide confirms the  
s t ructure  proposed b y  Robinson (with I). Smits  and  
J .  A. Goedkoop). A project ion of podophyl lo toxin  bro- 
macera te  is in agreement  wi th  the s t ructure  proposed b y  
Har twel l  & Schrecker (with W. G. Perdok).  Some features 
of the s t ructure  of desoxynuphar id ine  are establ ished 
from the HC1 sal t  (with Y. Okaya).  The general stereo- 
chemis t ry  of aureomycin  is established via a s tudy  of the  
H B r  sal t  (with T. W a t a n a b e  and  T. Doyne).  

Crystal lographic da ta  is presented for thymid ine ,  
several  derivat ives of jervine, cas to ramine .HSO 4, strep- 
t amine .  2HC1, radicinin dihalides, salts of e ry thromycin ,  
polypept ides  obta ined b y  the rmal  cleavage of ergotamine 
and  ergocornine, hydrohal ides  of a -methy ld ihydro the -  
baine, and  a series of hydrohal ides  of te r ramycin ,  aureo- 
myc in  and  aehromycin.  

data .  This discrepancy is p robab ly  due to the neglect  of 
an  absorpt ion correction for the la t te r  data .  After  ap- 
p ly ing  an  appropr ia te  absorpt ion correction to these da ta  
a rel iabi l i ty  index of 15.2% was reached for the  h/c/ 
reflections; for the h0l reflections a rel iabi l i ty  index of 
10.8 % was obtained.  

The molecule contains two non-coplanar  benzene rings 
and  a chain of five a toms between these rings, which 
forms wi th  four a toms of the benzene rings a nine- 
membered  ring. The m e t h y l  g roup  of the methyl iodide  
molecule is bonded direct ly to the ni t rogen atom, leaving 
an I -  ion. This iodine ion is surrounded b y  three posi t ively 
charged amino groups, a phenolic hydroxy l  group, and  an  
oxygen a tom of a m e t h o x y  group. The molecules are 
ar ranged in sheets parallel  to (100); in each sheet  t hey  
are connected b y  the  iodine ions. These ions also connect  
the sheets two and  two, thus  forming layers each con- 
sisting of two sheets;  van  der Waa~s forces connect  these 
layers. 

44. D. W. S ~ T S  & R.  P~,Prss~Y. The crystal structure of 
a-methyldihydrothebaine methyliodide. 
The crys ta l  s t ructure  of a -methy ld ihydro theba ine  me- 

thyl iod/de  has  been determined by  X- ray  diffraction, 
using the heavy-a tom technique.  The compound crystal-  
lizes in space group P 2  I, wi th  a ---- 11"06, b ---- 8-75, c 
10.54 A, fl = 94°32 '. There are two molecules per un i t  cell. 

Three-dimensional  da ta  were collected from Weissen- 
berg photographs  in 1950 by  J .  A. Goedkoop, using quite 
small  crystals  and  Cu K a  radiat ion.  Since only about  40 ~o 
of the hO1 reflections were recorded on these films, new 
zero-layer-line b-axis Weissenberg photographs  were tak-  
en, using a larger crys ta l  ground cylindrical ly along this  
axis. The  intensi t ies  were carefully es t imated  against  a 
series of in tens i ty-ca l ibra ted  reflections and  absorpt ion 
corrections were made  for this  zone. 

The posit ion of the iodine a tom was determined from 
the three-dimensional  Pa t t e r son  synthesis,  a l ready com- 
pu ted  b y  Goedkoop on X-RAC. A Fourier  project ion on 
(010) was then  made,  assigning to the s t ructure  factors 
the signs of the iodine contributions.  A model of the 
molecule, based on the  s t ructure  proposed b y  Robinson,  
could be f i t ted on to this  map.  

The atomic x, z coordinates were refined by  consecu- 
t ive Fourier  syntheses  and  s tructure-factor  calculations. 
An improved agreement  between the calculated and  ob- 
served s t ructure  factors was obtained b y  assuming an  
anisotropic tempera ture  factor for the iodine atom. 

The y coordinates could be obtained from a three- 
dimensional  Fourier  synthesis ,  wi th  the phases based on 
the  iodine contr ibut ions  only. F rom this  synthesis ,  which 
represented the  superposi t ion of the optically act ive 
molecule and  its cent rosymmetr ica l  image, the a tomic 
positions for an  individual  molecule were found wi th  the 
aid of the model. 

The fur ther  ref inement  of the coordinates was estab- 
l ished b y  consecutive two- and  three-dimensional  struc- 
ture-factor  calculations, the  la t ter  made  on IBM mach- 
ines, two- and  three-dimensional  Fourier  syntheses,  com- 
pu ted  on X-RAC, and  difference syntheses.  Dur ing this  
ref inement  it  appeared t h a t  the tempera ture  factor to be 
applied to the new h01 da ta  from the cylindrical  crystal  
was different from t h a t  to be used for Goedkoop's h/cl 

§ 7. Structures des proteines et structures 
des compos~s analogues 

1. W. L. BRAGG &; •. F. PERUTZ. A Fourier projection of 
haemoglobin on the 010 plane. 
I. Transform of haemoglobin projected on the 010 p l a n e . -  

Horse haemoglobin forms monoclinic crystals  wi th  two 
molecules in the un i t  cell and  s y m m e t r y  C2, the  mole- 
cules lying on twofold axes of symmet ry .  The project ion 
of the molecule on 010 thus  has a s y m m e t r y  centre, and  
its t ransform consists of posit ive and  negat ive areas 
separated by  nodal  lines where F passes th rough  zero. 
The spaces between the molecules are filled wi th  water ,  
the  average densi ty  of the protein being greater  t han  t h a t  
of the  surrounding water.  Wi th in  the l imits of resolution 
considered here, this  water  m a y  be considered as a uniform 
background to the molecule. The t ransform thus  has a 
m a x i m u m  at  the origin equal to the difference between 
the average electron dens i ty  of protein  and  water  mul- 
t ipl ied by  the volume of its molecule. The inner pa r t  of 
the t ransform such as the  central  posit ive m a x i m u m  and  
surrou_gding negat ive  r ing is largely determined b y  the  
overall shape of the  molecule, whereas its outer regions 
are for the  most  pa r t  due to the interference of waves 
arising from var ia t ions  of dens i ty  wi th in  the molecule. 

The monoclinic crystals  under  va ry ing  conditions 
assume a series of forms owing to changes in the  mono- 
clinic angle fl, while the  sheets of molecules in the  c 
planes re ta in  their  a r rangement  unal tered.  This makes  i t  
possible to explore the values of F along the a layer  
lines, and  so to outl ine a series of nodes and loops re- 
present ing sections of the t ransform along these layer  
lines. The 'wave-number '  of these nodes and  loops is 
determined b y  the overall shape and size of the molecule. 
Their  del ineation shows where changes of sign in F occur, 
and  is a step towards the  complete de terminat ion  of all 
signs and  so towards the solution of the s t ructure  de- 
scribed in the following paper.  

The replacement  of water  by  salt  solution diminishes 
the difference in dens i ty  between protein and surrounding 
liquid. The result ing changes in the values of F outl ine 
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Modification Solvent Space group Z a o (A) 

50 vol. % n-Call ,OH 
I p H  ~ 6-8 P212121 4 3T-2 

Ni ++-~ 1-6 per mole of protein 
I I  50 vol. % (CHa)aCOH P21 2 30.2 

I I I  50 vol. % n-CaHTOH P21 4 42.9 
IV 50 vol. % n-Call,OH P6~22 24 88.3 
V 70 vol. % HO-(CHz)s-OH C2221 8 31.6 

bo (k) Co (k) 

44.5 75.7 M 

38-4 53.2 105-85 ° 
45.4 77.2 114.31 ° 

w 1 1 2 . 6  

62-0 121.8 

the  t ransform corresponding to a 'ghost '  molecule which 
has  the  outer shape of the haemoglobin molecule bu t  a 
uniform interior.  

I I .  Sign determination by the isomorphous.replacement 
method.--Horse haemoglobin combines wi th  two mole- 
cules of paramercur i -benzoate  or wi th  two silver ions. 
Crystals  of these heavy  meta l  compounds are exact ly  
isomorphous wi th  normal  haemoglobin crystals  bu t  ex- 
hibi t  significant changes in the intensit ies of m a n y  
reflexions. The changes in F(hO1) were used to determine 
the x and  y parameters  of the pair  of heavy  a toms 
a t t ached  to each haemoglobin molecule; this  was done 
bo th  for the normal  wet  lat t ice and  for one of the acid- 
expanded lattices. The posit ions of the h e a v y  a toms 
proved to be s l ight ly different in each case, giving rise to 
three sets of diffraction fringes, each set making  measur- 
able contr ibut ions in different areas of the reciprocal net .  

I n  each case the isomorphous subst i tu t ion allowed the 
signs of jus t  over two-thirds of the reflexions to be 
found wi th  cer ta inty .  Between them the three sets of 
diffraction fringes determined the signs over the entire 
area of the hO1 plane so far invest igated.  These signs 
were then  superimposed on the waves of the t ransform 
described in § I. All the  sign relations established b y  the 
t ransform method  were confirmed and  the remaining 
uncer ta int ies  cleared up. Comparison of the  t ransform 
wi th  the  three sets of isomorphous-replacement results 
allowed the consistency of the signs to be rigorously 
checked; not  a single inconsistent  sign was found. 

I n  the  normal  wet  lat t ice the mercury  and  the silver 
compounds between them allowed the signs of 87 out  of 
94 reflexions to be found wi th  cer ta inty.  This suggests 
t h a t  the  isomorphous-replacement method  m a y  offer a 
way  of f inding the phases in protein crystals  even when 
pract ical  difficulties preclude the use of the t ransform 
method.  

Fourier  inversion of the molecular t ransform gives an 
electron-density map  of a single row of molecules in 
project ion on the 010 plane. This map  shows a molecule 
of irregular outline and  complex in ternal  s t ructure  seen 
a t  a resolution of about  4 A. Owing to this  l imited resolu. 
t ion and  to the  great  depth  of mater ia l  projected nei ther  
polypept ide  chains nor haem groups can as ye t  be rec- 

ognlzed. Along tho'c (]~rectlon the molecular dimensions 
can be measured wi th  accuracy;  along the a direction 
this  is not  ye t  possible, owing to overlap of neighbouring 
molecules in projection. Indicat ions  of the length of the 
molecules in t h a t  direction are obtained from the Fourier  
of a lat t ice s l ight ly shrunk  along a. An interest ing feature 
of the project ion is a hollow a t  the  central  dyad  where 
the thickness of the molecule is apparen t ly  reduced to 
32 /~. I t  is not  ye t  clear wha t  this  hollow represents.  

A full account  of this  work will appear  in the Proceed- 
ings of the Royal Society, A. 

2. D. HA~K~R. X-ray crystallography of five forms of the 
protein ribonucleaze. 
Ribonuelcase can be crystal l ized from mixtures  of 

water  and  water-soluble organic substances.  Depend ing  
on pH,  organic substance and  the  addi t ion  of other ,  
minor  consti tuents ,  one or the  other  of five different  
crystal l ine forms of ribonuelease is obtained.  The above 
table  presents  typica l  examples.  The implicat ions of these 
and  other da ta  wi th  regard to the  s t ructure  of th is  protein  
will be discussed. 

3. C. H.  C~RT,ISLE, M. EHRE~-B~,RO & H.  SCOULOUDL 
Some further observations on the structure of crystalline 
ribonuclease. 
The evidence obta ined so far on the  examina t ion  of 

electron-densi ty maps  on (100), (010) and  (001) of the  
crystal  conform to the view, previously pu t  forward,  
t h a t  ribonuclcase is largely composed of a f la t  chain of 
the 27b type.  The evidence a t  this  ear ly s ta te  appears  to 
suggest the  presence of one polypept ide  chain composing 
the molecule which folds back on itself to give a paral lel  
hexagonal  close packing of chains. In  doing this  the  elec- 
t ron-dens i ty  maps  suggest distort ions of the  chain which  
are probably  due to the packing of the side chains and  i ts  
necessi ty to tu rn  back on itself a t  the  folds. Some of these 
conclusions will be supplemented as far as possible wi th  
support ing arguments  from a three-dimensional  Pa t t e r son  
synthesis  of the crystal .  

4. J .  G. WHITE. Recent X-ray work on the air dried crystals 
of vitamin B12. 
Work  has cont inued on the BI~ s t ructure  on the  basis 

of the par t ia l  s t ructure  t en ta t ive ly  suggested. F u r t h e r  
calculations, using the phases of the cobalt  a tom and  
planar  group alone, have  been carried out  in the  regions 
believed to be occupied b y  the  benzimidazole and  sugar,  
and  appear  to confirm the  positions pos tu la ted  for these 
groups. 

An a t t e m p t  has  been made  to fill in the  rest  of the  
s t ructure  b y  adding into the phase calculations possible 

a tomic positions suggested by  successive Fourier  series. 
Complete three-dimensional  Fouriers have  been computed  
wi th  the phase angles of 59, 78 and  104 atoms respectively,  
and  in addi t ion several par t ia l  three-dimensional  Fouriers  
of par t icular  regions in space a t  in termediate  stages. These 
have been in terpre ted  bo th  b y  t ry ing  to place side chains 
in the  molecule and  also b y  placing isolated a toms wi thou t  
regard to chemical connection. Changes in one par t  of the  
original p lanar  group have been observed on ref inement .  

Calculated R factors and  their  significance a t  various 
stages are discussed. 
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5. G.,S. D. KING. Preliminary X-ray investigation of some 
lysozyme salts. 
Crystals  of lysozyme iodide have  been examined in 

the  wet  and  d ry  forms. The cell dimensions have  been 
measured approx imate ly  us ing  a 3 cm. radius camera 
wi th  the following results:  

c sin ~ Space 
a (h) b (•) c (A) fl (°) (A) group Z 

Wet 28 62 75 114 62 P21 4 
Dry 26 62 35 118 31 P21 2 

This suggests t h a t  in the wet  cell two molecules wi th  
s l ight ly  different orientat ions are related by  a t rans la t ion  
½c. The drying process would then  align the molecules, 
thus  halving the cell. These results  are similar to these 
found by  Carlisle for the bromide. 

I t  is hoped t h a t  a comparison of the  Pa t t e r son  func- 
t ions of the wet  and  d ry  forms of the two salts will lead 
to an  analysis  of the structure.  

6. M. F. PERUTZ. Phase transition in protein crystals. 
Prote in  crystals  show discontinuous lat t ice changes in 

response to changes in their  suspension medium. The 
effects of pH,  electrolyte concentra t ion and  humid i ty  
are discussed. 

7. P. M. COWAN, A. C. T. NORTH & J.  T. RANDALL. New 
light on the structure of collagen. 
High-angle  X- r ay  diffraction photographs  of rat- tai l -  

t endon  collagen, held under  tension dur ing exposure, 
show improved or ienta t ion which depends on the amoun t  
of s t re tching;  best  results have  been obta ined a t  about  
8 % extension. Layer-l ine spacings increase on stretching,  
bu t  only by  about  two-thirds of the  observed fibre 
extension.  

Low-angle spacings also v a r y  wi th  extension,  values 
as great  as 760 ~ for the fibre period having  been ob- 
served. Here,  however, the  percentage increase in spacing 
is about  90% of the percentage extension of the fibre. 

The relat ive intensi t ies  of orders of the  low-angle 
spacing of air-dried fibres suggest a scat ter ing uni t  
measur ing 210-240 /~ in the fibre direction. The low- 
angle scat ter ing round the central  m a x i m u m  indicates a 
crystal l i te  size of about  200/~  by  65 A in dried mater ia l .  
Nevertheless,  over 30 orders of the low-angle spacing are 
sharp and  clearly visible. 

The in terpre ta t ion  of the X- r ay  da ta  in terms of 
molecular models is discussed wi th  reference to bo th  the 
large scale archi tecture  and  the atomic configurat ion of 
polypept ide chains. No model ye t  proposed is in agree- 
men t  wi th  all the observed facts. 

8. U. W. A~NDT & D. P. RILEY. Two.cQ.mponent structure 
for collagen. 
The polypept ide chain folding in collagen is considered 

to be of two types,  regular  and  disordered, possibly 
corresponding to in terbands  and  bands.  X- r ay  scat ter ing 
evidence which favours a y-helix type  of configurat ion 
in the  ordered component  is presented.  E v e r y  th i rd  

residue in the  helix is ei ther  except ional ly  heavy  or 
except ional ly  light.  The less ordered component  is con- 
sidered to contain all the  proline and hydroxy-prol ine .  

9. G. N. RA~ACHA~DRA~. Structure of the collagen group 
of proteins. 
A re-examinat ion  of the wide-angle X- r ay  pa t t e rn  of 

collagen indicates t h a t  the  observed reflexions could be 
indexed on the  basis of a hexagonal  un i t  cell wi th  a = 
12--16 /~ and  c----9.0--9.5 A. The meridional  arcs of 
spacing 4.0 /~ and  2.86 /~ are indexed as 112 and  113, 
and  thei r  non-meridional  na ture  is confirmed by  a cal- 
culat ion of the  expected angular  spread. A s t ructure ,  
composed only of trans-amino acid residues, is proposed, 
which fits the  above un i t  cell. I t  consists of 9 residues 
per cell, a r ranged in the form of three helical chains 
( symmetry  31), l inked together  to form a cylindrical  rod. 
The p i tch  of each chain is equal to c and  the three chains 
are also related to each other  by  the s y m m e t r y  31 . Two 
of the three N H  groups per t u rn  in each chain are l inked 
b y  hydrogen  bonds to an  oxygen in another  chain;  the  
th i rd  group points  outward  from the cylinder and  is in 
such a posit ion t h a t  a proline r ing can be formed there.  
One out  of every  three c~ carbon a toms is such t h a t  none 
of its hydrogens  can be replaced b y  an R group, another  
takes  pa r t  in forming the proline ring, while the  th i rd  
has a general R group a t t ached  to it. These are in agree- 
men t  wi th  the amino-acid composition of collagen. Since 
all the  N H  and  CO bonds are pract ical ly  perpendicular  
to the c axis, the  observed infra-red diehroism is explained. 
Structure-factor  calculations show reasonable agreement  
wi th  observation.  Thermal  contract ion and l imited ex- 
tensibi l i ty  of collagen are also explained. 

10. R . E .  FRANKT,IN & R. G. GOSLING. The Patterson func- 
tion of sodium desoxyribonucleate. 
I t  has  been shown t h a t  sodium desoxyribonucleate  

(SDN) exists in two dis t inct  s t ructural  forms. Structure  
A has a wate r  content  of about  40%, is stable a t  r.h. 
75 % and  is h ighly  crystal l ine.  Structure  B exists a t  higher 
r.h. and  i ts  water  content  m a y  va ry  widely. B has a 
lower degree of order t h a n  A bu t  is impor tan t  because i t  
is p robably  more closely related to DNA in l iving mat te r .  

The X- ray  f ibre-diagram of B is typica l  of a helical 
s t ructure,  and  is consistent  wi th  the main  features of the 
Watson  & Crick model. The molecule is shown to contain 
two co-axial helical chains of radius 8"5 /~ and pi tch 
33.1 /~, wi th  l0  residues per tu rn  of each chain. Since the  
change A ,~ B is readi ly reversible it  follows t h a t  A mus t  
also contain a two-s t rand  helix. Owing to the greater  
amoun t  of information obtainable  from the X- r ay  dia- 
gram of the crystal l ine form, A was chosen for detai led 
s tudy.  

The cylindrical  Pa t t e r son  funct ion of A suggests 
s t rongly  t h a t  the  phosphorus atoms lie on two equal ly  
spaced co-axial helices of p i tch 28.1 /~ and radius 9.0 A, 
each hav ing  11 phosphorus a toms per turn .  Phosphorus  
a toms in the  two s t rands  of the helix lie direct ly above 
one another .  Dens i ty  measurements  and the unit-cell  
dimensions show t h a t  the  sugar and  base residues mus t  
be tu rned  inwards towards  the axis of the helix. In  
addit ion,  the  space group (C2) requires t h a t  the  sequence 
of the a toms in the  two phospha te - sugar  chains should 
run  in opposite directions. 
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This model  is shown to be in good agreement  wi th  the 
three-dlmensional  Pa t t e r son  function,  and  the applica- 
t ion of superposit ion methods  provides fur ther  confirma- 
t ion of the  correctness of the parameters  quoted. 

The relat ive value of the cylindrical  Pat terson,  the  
three-dimensional  Pat terson,  and  other possible methods  
in invest igat ions of th is  type  will be discussed. 

11. l~I. H .  F.  WIL]r_r~s. Structure of deoxypentose nucleic 
acids and nucleoprotein. 
X - r a y  diffraction studies have  been made  of two crys- 

tal l ine forms of deoxypentose nucleic acid fibres and of 
deoxypentose nucleoprotein.  To fit the  data ,  molecular 
models have  been bu i l t  of helical s t ructures basically 
similar to t h a t  suggested b y  Wat son  & Crick. The trans-  
form o f  the models has  been calculated and compared 
wi th  the observed three-dimensional  diffraction in tens i ty  
data .  (This aspect of the  work is described b y  Dr  W. E.  
Seeds.) The crystal l ine s t ructure  is independent  of nucleo- 
t ide rat io from ratio guanine-adenine  of 0.5:1 to 1.8: 1, 
the  specimens of nucleic acid being supplied main ly  by  
Dr  G. L. Brown of our Labora to ry  and  Drs L. D. Hamil-  
ton  and  G. L. Barc lay  of the  Sloan Ket te r ing  Ins t i tu te .  
Most of the  in terpre ta t ion  has  involved direct and detailed 
comparison of the three-dimensional  da ta  wi th  the Fourier  
t ransform of s l ight ly  deformed helices. Oriented nucleo- 
protein  in in tac t  sperm heads gives 14 reflections which 
have  been indexed. Comparisgn of  spacings observed by  
means of X-rays  and  of water -content  in sperm-head 
nucleoprotein and  sodium nucleate show t h a t  the  protein 
is f i t ted around each nucleic acid helix. 

12. W . E .  SEEDS. Molecular model building in relation to the 
structure of the sodium salt of deoxypentose nucleic acid. 
Molecular models of the  sodium salt  of deoxypentose 

nucleic acid have  been bui l t  to conform to the experimen- 
ta l  X- r ay  data .  The molecular  models consist essential ly 
of two polynucleot ide chains hydrogen-bonded together  
in the manner  suggested b y  Wat son  & Crick. The pairs 
of bases are eoplanar, and  are t i l ted a t  about  65 ° to the 
fibre axis for the  more perfect of the two crystal l ine forms; 
this  model,  as a whole, corresponds closely to the struc- 
ture derived from the X- r ay  data.  A probable mechanism 
for intermolecular  binding is suggested by  the model, 
and  it  has  also been possible to determine fairly precisely 
the  posit ion of the water  and  the sodium ions in this  
structure.  The diffraction from the hydra t ed  and  less 
perfect, crystal l ine form, and  from nucleoprotein, will be 
discussed in relat ion to the observed X- ray  data.  

13. 1~. M. WOOLFSO~. The structure of adenylic acid 'b'. 
Adenylie  acid "b' crystallizes wi th  an  es t imated 1.5 

molecules of water  for each molecule of acid. The uni t  cell 
da ta  are:  a = 10.06, b = 6.30, c = 11.84 ~ ;  fi = 92.5 ° . 
The space group is P21. 

The s t ructure  was determined b y  two-dimensional  
Fourier  analysis.  The project ion along the short  axis 
established the  chemical form of the molecule. The y 
coordinates were determined from both  the other projec- 
t ions,  in one or other  of which most  of the atoms were 
resolved. The configuration of the molecule was found to 

subs tan t ia l ly  confirm t h a t  a l ready assumed for the  struc- 
ture  of DNA. 

Bond  lengths,  bond angles and  the  format ion  of hy-  
drogen bonds will be discussed. 

14. W. T~AUB. A preliminary X-ray s~udy of wheat protein. 
Chemical studies of flour and  whea t  protein  indicate  

t h a t  the  wide differences in baking  qua l i ty  between dif- 
ferent  flours depend pr imar i ly  on the  prote in  ra ther  t h a n  
the s tarch fractions, and,  moreover,  on the  s t ruc tura l  
features ra ther  t han  the amino-acid composit ion of the  
former. 

Gluten, the  washed-out  protein fract ion of flour is 
divisible into gliadin (soluble in 70% ethanol),  and  
glutenin (insoluble). Bo th  are, however, complex mixtures  
of different proteins and  are obta ined as amorphous  
powders. 

Powder  photographs  of gluten,  gl iadin and  glutenin  
from different whea t  varieties show diffuse rings in the 
5 A and  10 /~  regions, which appear  to be inappreciably  
affected b y  a t t empts  a t  mechanical  orientat ion.  There is, 
however,  a spacing a t  45 /~ which in th in  gl iadin films is 
oriented equatorial ly.  

In  gluten decomposed under  toluene, a sharp 4-67 /~ 
line appears,  giving the characterist ic  disoriented fi picture 
of the  k - m - e - f  group of proteins.  

Gluten decomposed under  the act ion of bacter ia  leaves 
a residue, which yields a high proport ion of fa t  on hydro-  
lysis. The 5 /~ and  10 /~ rings disappear in this  residue, 
bu t  several sharp lines appear  including a grea t ly  en- 
hanced 45 /~ line, and  several higher orders of it.  

K. Hess & E. Niemann  have  suggested a gluten model  
of parallel  polypept ide chains l inked b y  perpendicular  
side chains 45 /~ long. This model is discussed wi th  
reference to the  above results. 

15. B. W. L o w  & F. 1VI. RICHARDS. The permeability of 
l~rotein crystals. 
Prote in  crystals  in equil ibrium wi th  thei r  mother  

liquor contain large amounts  of water  of crysta l l izat ion;  
t hey  are usual ly  soft and  fragile. Optical  and  X - r a y  
diffraction studies show t h a t  in this  'wet '  c rys ta l  s ta te  
the molecules are h ighly  oriented in the crystal  lat t ice.  
'Wet '  protein crystals  are permeable to a wide var ie ty  of 
solute molecules, and  they  equil ibrate rap id ly  when  
immersed in media  of different composit ion from t h a t  of 
their  mother  liquor. When  the crystals  are removed from 
solution t h e y  lose some water  of crystal l izat ion and  the  

crystal  lat t ice shrinks. 'Air-dried'  crystals  are ra the r  ha rd  
and  horny,  and  show evidence of intermolecular  dis- 
orientat ion.  

I t  appears established t h a t  the  gross features of the  
intramolecular  protein s t ructure  remain unchanged  when  
the crystals  swell and  shrink.  Pro te in  molecules, on the  
current  coiled polypept ide chain model, have  a complex 
and  indented surface and  the disorder on dry ing  prote in  
crystals  is p robably  due to intermolecular  side'-chain 
entanglement .  I m p o r t a n t  aspects of the protein  crystal  
lat t ice s t ructure  are concerned wi th  the na ture  of the  
intermolecular  forces in the 'wet '  s ta te ,  and  wi th  the  



§ 7. S T R U C T U R E S  :DES P R O T E I N E S  657 

geometry  of the intermolecular  holes or channels.  The 
work to be reported here is pa r t  of a s tudy  of this  problem. 

The water  in fl-lactoglobulin crystals  has been replaced 
b y  a series of less polar organic solvents.  The observed 
shrinkage a t  the  end of the solvent exchange increased as 
the polar i ty  of the  solvent decreased while the disorder 
was more marked  in the more polar solvents.  Al though 
vary ing  degrees of reversibi l i ty  were found in the unit-  
cell dimensions on re turn ing  the crystals  to their  mother  
liquor, the disorder never  decreased and  general ly in- 
creased. 

The permeabil i t ies of 'wet '  crystals  of insulin, fl-lacto- 
globulin and  h u m a n  serum dimer a lbumin to polysac- 
charide molecules of graded size have been invest igated.  
Wi th in  the l imits of the unce r t a in ty  of the exact  size 
and  shape of these molecules, the  protein crystal  lat t ices 
appear  to be able to accommodate  molecules of sizes 
roughly  equivalent  to the m a x i m u m  changes in inter- 
molecular distances observed on drying.  

X- r ay  crystal lographic methods  have  been used to 
follow the changes in unit-cell  size and  to observe dis- 
or ienta t ion effects wi th in  the  crystal  latt ice,  Dens i ty  
measurements ,  for the most  par t ,  have been used to 
follow the changes in crys ta l  composition. 

16. J .  C. KE~DREW, R. G. P ~ R I S H  & l~i. M. BLUH~. New 
crystal forms of myoglobin. 
About  a dozen new crys ta l  forms of myoglobin  have  

been discovered; an  account  will be given of some features 
of interest  encountered in the s tudy  of these, and  of their  
bearing on the problem of the molecular s t ructure  of this  
protein.  

17. W. TRAVB. The crystal structure of biotin. 
The main  points  of interest  in the crys ta l  s t ructure  of 

fl biot in or v i t amin  H,  (C10H16OaN2S), are the steric con- 
f igurat ion about  the three asymmetr ic  carbon a toms and  
the mode of intermolecular  hydrogen .Londing. 

The or thorhombie un i t  cell, containing 4 molecules, 
has the space group P212121 wi th  a---- 5.17, b = 10.33 
and  c ---- 21.00 A.  

B y  the analysis  of all the  Harke r  and  zero sections of 
the  three-dimensional  Pa t t e r son  synthesis ,  a t r ial  struc- 
ture  was obtained.  

This was confirmed and  refined by  Fourier  projections 
along the a and  b axes, and  finally by  three-dimensional  
Fourier  syntheses.  

This work confirms the  chemical s t ructure  deduced for 
biot in  b y  Hofmann ,  du  Vigneaud and  others. The mole- 
cule has  the cis configurat ion a t  the  junct ion  of the two 
five-membered rings, and  the  al iphat ie  carbon chain has a 
trans configurat ion wi th  respect to the ni t rogen a toms of 
the ring sys tem (or cis with  respect to the hydrogen on 
the  neighbouring carbon atom). 

The crystal  is held together  b y  a s trong sys tem of 
hydrogen  bonds. 

18. C. ROBINSON. Spherulites and paracrystalline structures 
in solutions of synthetic polypeptides. 
Solutions of the synthe t ic  polypept ide poly-r-benzyl-  

T.-glutamate in cer tain organic solvents (e. g. methylene  
chloride) when above a cer tain critical concentra t ion 

separate  into two phases. The more concent ra ted  phase 
is spontaneously  birefr ingent  and  separates in the  form of 
spheruli tes which under  favourable conditions coalesce to 
form a 'cream'.  These spheruli tes show spiral s t ructures  
which are visible in na tu ra l  l ight.  A similar spiral arrange- 
men t  is seen from whatever  direction the  spheruli te  is 
observed; the explanat ion  of this  paradoxical  observation 
seems to lie in the fact  t h a t  each spheruli te  shows a ' faul t '  
in the spiral s t ructure  which runs  the length of one radius.  
The distance between the convolutions of the spiral is 
cons tant  and  h ighly  reproducible,  though  dependent  on 
solvent and (apparently)  molecular  weight.  Values as high 
as 0.02 ram. for th is  per iodici ty  have  been observed. 
Paral lel  lines are also seen in the cream and  the  distance 
between these is the  same as the distance between the  
convolutions in the cream. When  the spheruli tes  are seen 
between crossed polaroid it  is found t h a t  the  re ta rda t ion  
observed along a n y  radius passes th rough  a number  of 
local max ima  and  minima.  I f  the  cream is allowed to 
approach equil ibrium in a rec tangular  cell, equid is tan t  
layers parallel  to the wails of the cell are formed, and  
uni formly  coloured areas are observed between crossed 
polaroid which can be showr~, to be due to high f o r m - -  
op t ica l - - ro ta t ion ,  as in the so-called cholesteric meso- 
phases. Some pre l iminary  conclusions about  the na ture  of 
these remarkable  s t ructures  will be given. 

19. 17. W. A~-DT & D. P. l ~ , Y .  X-ray scattering charac. 
teristics of some polypeptide chain configurations. 
Calculations have  been carried out  b y  a modif icat ion of 

the Debye method  of the X - r a y  scat ter ing characterist ics 
of the following models of folded polypept ide  chains:  

Helices:  a, n, 7, 413, 31o, 3s. 
Ribbons :  27b. 
Sheets:  P lea ted  fl-sheets (parallel and  anti-parallel) .  

The calculations include the C~ a toms and  embrace 
thei r  two a l ternat ive  posit ions in the case of the first 5 
helices listed. Such calculations represent  the X- r ay  scat- 
ter ing which would be obta ined if the  polypept ide  chains 
were scat ter ing independent ly  and  possessed random 
orientat ion;  i t  is shown t h a t  such calculations approx- 
imate  to the scat ter ing observed from randomly  oriented 
molecules in a powder sample of an  amorphous  protein or 
synthe t ic  polypept ide preparat ion,  when allowance is 
made  for inter-chain interferences due to packing of the 
folded chains in the molecule. 

For  the purposes of comparison wi th  observat ion an  
analysis  of the scat ter ing curves presents  a more sensit ive 
method  than  an examina t ion  of observed and  calculated 
radial  dis t r ibut ion functions.  I t  is shown t h a t  the  former 
method  is inherent ly  capable of dis t inguishing between 
even very  similar configurations if close a t t en t ion  is paid  
to minor features of the scat ter ing curves. Of the proteins  
and  synthe t ic  polypeptides examined exper imental ly ,  a 
small number  gave rise to scat ter ing curves character is t ic  
of a fl s t ructure  containing more or less ful ly ex tended 
polypept ide chains;  the  ma jo r i ty  of the remainder ,  in- 
cluding all the  corpuscular proteins examined,  corres- 
ponded most  closely wi th  the  curves calculated for the  
Paul ing,  Corey & Branson s-helix.  The collagenous pro- 
teins are considered in a separate  communicat ion.  

AC7 42 
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20. R.  E. FR~sx_~n~. X.ray  diffraction studies of tobacco 
mosaic virus. 
X - r a y  fibre diagrams of tobacco mosaic virus (TMV) 

have previously been s tudied by  Bernal  & Fankuehen  
and  b y  Watson.  

Photographs  of TMV gels (digested wi th  trypsin)  
have  now been obtained showing 300-400 sharp max ima  
dis t r ibuted over some 25 layer  lines, and  extending to 
spacings of about  3 A (2 A on the meridian).  

The rod-shaped virus particles in the gel specimens are 
aligned accurately  parallel  to one another ,  bu t  are prob- 
ably  in rotat ional  disorder about  their  long axis. Moreover, 
the  low-anglo spacings show t h a t  the  particles are uni- 
formly dispersed in the gel. The diffracting uni t  therefore 
consists of a single virus particle. 

The general features of the X- r ay  diagram st rongly 
indicate t h a t  the  diffracting uni t  has  a helical structure.  
There is reason to believe t h a t  each particle (of diameter  
150 A) has a single helical axis, and  t h a t  the  h ighly  de- 
tai led diffraction pa t t e rn  is, in fact, the Fourier  t ransform 
of a single giant  helical molecule. 

Intensi t ies  are being measured, and  a qylindrical Pat -  
terson funct ion will be shown a t  the meeting.  This is a 
par t icular ly  powerful me thod  of invest igat ing this  type  
of structure,  since a n y  set of vectors related b y  the 
helical axis are coincident in the Pa t t e r son  function.  

The sharpness of the diffraction pa t t e rn  and  the low 
level of background scat ter ing indicate a very  high degree 
of order in  the  virus particle.  

Changes in the diagram which occur when  the gel is 
dried or is subjected to mild denatur ing  t r ea tmen t  have 
been studied, and  i t  is hoped t h a t  these will help in the 
general in terpre ta t ion of the structure.  

§ 8. Ordre-d~sordre et d~formations dans les 
structures cristallines (polyp, onisation) 

1. J .  DESPUJOLS. Anomalie des taches de Laue de cri- 
staux gpais. 
P. Lucasson et moi-m~me avions d4jk trouv4, pour 

des cristaux 4pais do quartz  et d 'a luminium,  une var ia t ion  
d ' intensi t4 lo long des taches de Laue, qui appara i t  sou- 
vent  commo une v4ritablo d4multiplieation. Les renforce- 
ments  d ' intensi t4 aux extr4mit4s des taches sent  connus 
depuis longtemps et at t r ibu4s aux per turbat ions  du r4seau 
au voisinage des faces du  cristal. Murdock a donn~ une 
explication pour un  troisi~me renforcement  situ4 au milieu 
de chaque tache. 

D~ns nos exp6riences, le nombre des compos~ntes vario 
entre 2 et  10, pour des 6paisseurs comprises entre 3 et 
12 mm. l~ous avions tent6 d 'expliquer  de ph6nom~ne on 
supposant  que ces cristaux 4talent  form4s de r4gions de 
perfections diff4rentes; la d4sorientation do ces r4gions 
les unes par  rappor t  aux autres  6rant tr~s faible ou nulle. 

Une 4tude syst6matique a 4t4 entreprise sur divers 
cr is taux:  quar tz  nature l  ou synth4t ique,  calcite, d iamant ,  
b4ryl, a luminium, etc. I1 a 4t4 v4rifi4 sur terrains  4chan- 
tfllons que les d4sorientations possibles d 'une r4gion k 
l ' au t re  du cristal 6taient  inf~rieures k une minute .  Darts 
ees conditions, les diagrammes de Laue focalis4s (m4thode 

de Guinier & Tennevin) ont  pu  ~tre appliqu6s k l '4tude 
de ces cr is taux dans lear  4paisseur. 

L'essai  d 'explicat ion ant4rieur  est repris et discut& 

2. P. B. Hr~sc~  & A. KELLY. The structure and strength 
of cold-worked metals. 
The results  obtained by  the  micro-beam technique are 

related to the microscopic observations of slip. The 
boundaries  and  'part icles '  in cold-worked meta ls  are 
identif ied respect ively wi th  the  slip bands  and  the  
regions between the slip bands.  The particle-size agains t  
s t ra in  curve is explained in terms of da ta  on the  amoun t  
of slip per slip band.  The s t ra in  hardening of metals  is 
though t  to be duo to crossing slip bands  which provide 
obstacles to fur ther  slip. The dislocations are considered 
to be piled up on the slip bands  over a length equal to the  
particle size (or slip band  spacing), and  the yield stress is 
calculated using F rank ' s  criterion for the  stress concen- 
t ra t ion  necessary for the format ion of a new dislocation 
loop. The s t ress-s t ra in  curves computed in this  w a y  for 
a luminium and  iron from the exper imental  da ta  on 
particle size agree well wi th  those exper imental ly  observed. 

3. P. B. Hn~scE, A. KELLY & J .  W. MELTER. A n  electron- 
optical study of beaten gold foil. 
I t  is shown how the method  of count ing spots can be 

used to determine the particle size on electron-diffraction 
t ransmission photographs.  The particle size of bea ten  gold 
foil is found to be ~-~ 2000 A. Bo th  ext inct ion and  refrac- 
t ion mus t  be t aken  into account  in the calculations. 
Electron micrographs show a pronounced s t ructure  of sets 
of parallel  lines, whose smallest  spacing is ,-, 200 A. 
Combining electron diffract ion and microscopy, these 
lines have been shown to be traces of 111 planes. I t  is 
though t  t h a t  this  s t ructure  m a y  be due to slip and  the  
contras t  mechanism is considered. Surface replicas indi- 
cate slip in cer tain regions. The h igh resolution of the  
technique wi th  regard to step heights  is discussed. 

4. Z. N I S H r r ~ A  & M. Y~A~OTO.  On the sub.structure in 
sodium chloride crystals. 
The cleaved surface of sodium chloride crystals,  bo th  

rocksalt  and artificial, was observed by  means of X - r a y  
diffraction microscopy (Berg-Barre t t  method).  The X- ray  
tube used was provided wi th  a ro ta t ing  iron target ,  the  
focus being 3x0-2  ram. in apparen t  dimension. The 
distance from the target  to the  specimen was 460 ram. 
The X- ray  pa t t e rn  t aken  of the (420) or (440) reflexion 
revealed the sub-grain s t ructure  ve ry  clearly. The follow- 
ing results were obtained: (1) In the artificial crystals, the 
dimension of the sub-grains was 0-5-5 ram. and  the  
m a x i m u m  difference in or ientat ion of the sub-grains was 
40-50'. In  some specimens there were finer domains in the  
sub-grains. The size of these finer domains was several 
t imes 0.01 nun.  in diameter.  The difference in orientat ion,  
if any,  among the finer domains was not  revealed wi th in  
the resolving power of the camera used (2'). (2) I n  the  
rocksalt  crystals,  the  dimension of sub-grains and  the  
or ientat ion difference among them were of the same order 
as in the artificial crystals.  The finer domains were no t  
found in the na tura l  crystal .  
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5. J .  INTRATER • S. WEISShIANlq. Subgrain structure in 
single a luminum crystals. 
B y  means of a double-erystal-diffractometer  (spectro- 

meter)  technique the subgrain  s t ructure  of a bent  alumi- 
n u m  single crystal ,  99.98 % pure and  hea ted  a t  620 C. for 
18 hr. was revealed in the  form of a mul t imodal  in tens i ty  
dis t r ibut ion curve. Through the proper combinat ion of 
Geiger-eounter and  film techniques s t ructura l  details  of 
the  subgrains have  been studied. Thus it  has  been shown 
t h a t  the  cyclic peaks obta ined b y  the Geiger-counter 
technique correspond to the  preferential  clustering of the  
subgrains a t  intervals  of 7'. A combinat ion of discrete 
specimen and  film shifts disclosed the angular  misalign- 
men t  of the individual  subgrains which,  expressed in 
terms of the ha l fwidth  of thei r  reflection curves, ranged 
from 1.5 to 2'. Metallographic correlation wi th  the X- r ay  
da ta  has  been obtained.  

6. P.  A. JACQUET. Recherches expdrimentales sur la ddfor- 
marion plastique et la polygonisation de la solution solide 
polycristallinc cuivre-zinc c~ 35 % de zinc. 

L'emploi  du polissage 61ectrolytique et d 'une m4thode 
d ' a t t aque  ext r~mement  sensible a permis de r4v41er dans 
la masse d 'une micro6prouvette  de lai ton ~ polycristal l ine 
soumise £ une tr~s faible t ract ion,  les per turbat ions  struc- 
turales qu 'accompagnent  les lignes de glissement apparais- 
sant  sur la surface. Ces per turba t ions  sent  localis6es par  
des microfigures de corrosion mesuran t  0,07-0,5 micron, 
plus ou moins espac4es sur les glissements. 

E n  faisant  subir aux 4prouvettes  dgform4es des recuits 
4tag6s entre 200 et 600 ° la r4par t i t ion des micro-domaines 
d ' a t t aque  4volue jusqu 'au  stade ul t ime du recuit  k 600 ° 
off ils d6finissent une sous-structure typ ique  de l '6 ta t  poly- 
gonis6, d 'ai l leurs visible sur les d iagrammes de rayons  X 
en retour.  

Les a t taques  s41ectives sen t  par  cons4quent en relat ion 
avec la dis t r ibut ion de certaines dislocations. La  m6thode 
propos4e permet  de suivre cette dis t r ibut ion depuis l '6 ta t  
de tr~s faible d4formation jusqu'A l '6 ta t  polygonis4, ce qui 
appor te  d ' int4ressantes pr4cisions sur les 6tapes pr6c4dant 
la polygonisat ion typique.  
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t ions in the  wire will have  been s t re tched out  in the  wire 
direction, we m a y  assume a predisposit ion of the crys ta ls  
to break along planes parallel  to the axis. 

8. P. LACOMBE & A. ROBILLARD. La croissance des mono- 
cristaux d' aluminium.  
~ t u d e  par  rayons  X et microscopie de la r6par t i t ion 

des impuret4s au cours de la solidification de monocris .  
t a u x  d 'a luminium.  

R61e des diff6rentes impuret6s et de lear  r6par t i t ion 
sur les imperfections de s t ructure  des cristaux. 

9. A. R. WEILL. Mise en dvidence de la polygonisation de 
l 'uranium par les rayons X .  

On a cherch6 une m~thode de diffraction de rayons  X 
facile ~ me t t r e  en oeuvre et pe rme t t an t  de reeonnaitre  les 
diff~rents modes de polygonisat ion correspondants  & des 
t r a i t ements  thermiques  diff6rents. L'essentiel  de la m6- 
rhode consiste ~ p r@arer  par  dissolution 61ectrolytique 
une pointe tr6s fine et ~ l ' examiner  ensuite par  la m6thode 
de I )ebye-Scherrer .  

E n  op6rant  avec la radia t ion du molybd~ne on pea t  
suivre l '~volution de la polygonisat ion ex is tan t  dans  un  
barreau fil6 au cours des t ra i tements  successifs par  cycles 
thermiques.  On s ' a t t achera  part ieul i~rement  & observer 
les var ia t ions  de f ragmenta t ion  des ast6rismes en m~me 
temps  que celle de Failure des r6flexions fournies par  la 
radia t ion  earact~ristique. 

La  m~thode s 'applique ~galement ~ l '~tude des textures  
de laminage ou de recristall isation, mais  il est pr6f~rable 
dans  ce cas de recourir A la radia t ion  du cuivre. Enf in  dans 
certains cas la technique de prepara t ion de l '~chanti l lon 
permet  d 'obtenir  soit un  monocristal ,  soit un  pe t i t  nom- 
bre de cr is taux faiblement  d~sorient6s les uns par  rappor t  
aux  autres.  I )ans  les quelques exemples examines il appa-  
ra i t  que l '~chanti l lon de volume tr~s r6duit  est chaque 
fois bien repr6sentat i f  et  de la mati~re analys6e, et du 
t r a i t emen t  qu'elle a subi. 

7. G. D. I~IECK..Fragmentation in wolfram crystals. 

Laue diagrams were made  of W crystals  in-recrystal-  
lized lamp f i lament  wires, using an  X- ray  beam coll imated 
th rough  a 50/~ capil lary of 20 ram. length,  so t h a t  sealed- 
off X- r ay  tubes could be used a l though their  focal spot 
is not  homogeneous. Differences in or ienta t ion of 1-2' 
could be observed. 

The crystals  showed often Laue diagrams wi th  double 
spots, split in the direction of the wire axis, wi th  angular  
differences of 0.2-2 °. After  cold bending over 90 ° wi th  a 
radius of 1-3 nun. ,  f ragmenta t ion  was found, which was 
more clearly seen after  restretching the crystals,  for then 
the deformation asterism diminished. The f ragmenta t ion  
occurred ma in ly  in two directions. One corresponds wi th  
the  normal  breaking up of the lat t ice in the direction of 
bending.  The other was approximate ly  perpendicular  to 
the  la t ter  and  gave small lines parallel to the wire axis, 
arising from particles wi th  or ientat ion differences of 2-8'  
and  dimensions of 10-25/~. 

Bearing in mind  the  double spots often occurring in 
unben t  wires and  the fact  t h a t  dur ing drawing contamina-  

10. G. FOURNET. Thdorie des modifications ordre-ddsordre 
dans les substances contenant n sortes d'atomes. 

I )ans  la p lupar t  des 6tudes th6oriques sur les ph~- 
nom~nes coop~ratifs (modifications ordre-d~sordre, mag- 
n6tisme etc.) il est toujours  suppos~i que le nombre  
d'esp6ces de part icules pr6sentes est ~gal & deux. ])arm la 
solution apport6e par  Yvon  par  exemple on peut  s 'aperce- 
voir que cette hypoth~se est essentieUe et  que tou te  
g~n6ralisation simple est impossible. 

I )ans  le cadre du module d ' I s ing  nous nous sommes 
proposes de chercher une  solution g~n~rale et exacte 
dans le cas off il existe n esp~ces de par t icules;  nous 
avons obtenu ce r6sul ta t  par  une adap ta t ion  convenable 
de la th~orie des fluides ~ n sortes de part icules de Yvon.  
I )ans  l '6quat ion de l'ordre d grande distance nous avons 
pu grouper les diff~rents termes d'apr~s le nombre  de 
nceuds dist incts  qu'ils font  in tervenir  et nous avons 
~tabli les r~gles qui pe rmet t en t  de calculer ces termes en 
t enan t  compte des ~nergies qu '~changent  entre eux les 
diff~rentes part icules en posit ion de premiers, deuxiSmes, 
etc. voisins. 

42 ~ 
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L '4quat ion  de l'ordre ~ petite distance peut  s 'exprimer 
sous une forme de s t ructure  analogue. 

L 'eusemble de ces r6sultats  permet  en part iculier  
l '6tude des ferrites. 

11. E . F .  BERTAUT.. Thdorie simplifide de la transformation 
ordre-ddsordre darts les surstructures ioniques. 

12. J .  M~RI~O & J.  LOI~GUET-ESCARD. Effets de la rdparti- 
tion spatiale des ddfauts darts les empilements ddsordon. 
n~ .  
G6n4ralisation des calculs de Landau.  Discussion des 

effets interf~rentiels des diff6rentes fonctions de r6par- 
t i t ion des d6fauts. R61e de la na ture  des d6fauts. 

13. J .  LOI#OUET-EsCARD & J.  ~ R I ~ O .  Empilements dd~- 
ordonnds formds au cours de la ero@sance des cristallites 
dans les sols d'hydroxydes. 

Applicat ion des m6thodes quant i ta t ives  do diffraction 
des rayons  X k l '6tudo s ta t is t ique de la croissance par  
fus ionnement  des cristallites dans Ni(OH)~. D6tect ion des 
d6fauts cr66s par  les impuret6s emprisonn6es. 

14. A. DURI~-VARAlgBON & E. F.  BERTAUT. Sur les corn- 
posds du type A~LiOs et ALiO s. 

15. M. HocH & H.  L. J'OH~STO~. Order-disorder transitions 
in the germanium--oxygen and zirconium-oxygen systems. 

High- tempera ture  X- r ay  diffraction studies on the solid 
solutions of oxygen in germanium and  zirconium (in 
which the me ta l -oxygen  rat io  is 1 :1 ) showed  reversible 
order-disorder  t ransi t ions.  In  the  ge rmanium-oxygen  
system, the  germanium lat t ice disappears a t  the  mel t ing 
point  of pure germanium (965 ° C.) and  a liquid-like struc- 
ture is visible, a l though  the sample is solid. In  the 
z i rconium-oxygen system, we have  a t  1575 ° C. a simple 
cubic s tructure,  which a t  1970 ° C. t ransforms into a body- 
centred cubic structure.  

16. P.  T. DAwEs & C. OR~A_~. The superlattice of all-am- 
monium lead bromide. 
Colourless acicular crystals  of 2 N H c B r . P b B r  2 have  

been prepared from aqueous solution, and  single-crystal  
ro ta t ion  and  Weissenberg photographs  have  been ob- 
ta ined .  The principal  un i t  cell was found to be ortho- 
rhombic wi th  a = 13-2, b = 8.84, e = 4.84 /~ and  space 
group Pba or Pbam. Rota t i on  photographs  about  the 
three principal  axes show superlatfice layer  lines corre. 
spending to planes in the  reciprocal lat t ice a t  h -- ¼, ~, ~, 
a t  k -- T½, T½, ~ wi th  less intense ones a t  ~ ,  ~ ,  T½ and  
-~, and  a t  1-----~T and  ~r. This suggests a superlat t iee 
un i t  cell w i th  a~-----4a---- 52.8 /~, b t =  12b = 106.0 /~, 
c~ = l l c  = 53.2 A. Weissenberg photographs  confirm 
the  existence of the  superlatt ice,  bu t  show the lat t ice 
to be more complicated t h a n  a t  first supposed because 
weaker reflexions also occur in reciprocal-lattice planes 
a t  k = T~,.~ ~,5 ~ ,  r~ ~ and  a t  l = ~ ,  ~r, ~r, ~r a l though 
their  in tens i ty  is not  sufficient for them to be recorded 
on the  ro ta t ion  photographs.  

17. P.  ANDERSEN. The structure of mixed crystals in the 
system MnCls+ LiC1. 
The MnCI~+LiC1 sys tem has  been examined b y  dif- 

ferential  the rmal  analysis  and  b y  X - r a y  exposures using 
a h igh- tempera ture  X - r a y  powder camera. The resul t s  
of these examinat ions  indicate a ve ry  small m u t u a l  
miscibi l i ty  of the two components  a t  room tempera ture .  
Yet  a ve ry  narrow homogeneous range of miucibfli ty 
has  been found in the  neighbourhood of the  mole fract ion 
for LiC1 = ~-(Li2MnC14). This phase has  a MnCls-like 
s t ructure  wi th  c/a = 4.90, corresponding to ideal cubic 
close packing.  At  tempera tures  above 440 ° C. two ho- 
mogeneous regions of miscibi l i ty  have  been found. I n  
the  MnCl~-rich region the axial  rat io increases towards  
4.90 wi th  increasing LiC1 content ,  while the  LiCl-rich 
region has been found to be pure cubic. On increasing 
the  temperature ,  the  t rans i t ion  between the  two phases  
is accompanied b y  a sl ight absorpt ion of heat ,  and  the  
change in volume has been found to be continuous wi th in  
the  l imits of error. The powder photographs  of the  
MnC12-rich region show some strong lines, which,  t a k e n  
alone, m a y  be indexed cubically and  in respect  only  to 
the  intensi t ies  deviate  f~om the  photographs  of pure LiC1. 
Fur ther ,  some weak lines are observed which lower the  
s y m m e t r y  from cubic to tr igonal.  The  in tens i ty  of these 
'superlat t ice '  lines gradual ly  decreases wi th  increasing 
tempera ture  and  the  lines disappear  a t  the  t rans i t ion  
temperatures .  

These facts indicate t h a t  the  t ransi t ions  ment ioned  are 
of the  second order, and  t hey  are discussed in relat ion to  
order-disorder  phenomena.  

18. B. HAGv,~rE & R.  FREYMA_W~. Absorption hertzienne et 
ddfauts de rdseau. 
I. La spectroscopie hertzienne est un procddg de choix 

pour l'dtude des ddfauts de rdseau.--La diffraction des 
rayons  X,  la spectroscopie infra-rouge et  R a m a n  (spectres 
de v ibra t ions) - -a ins i  que la r6sonance paramagn6t ique  
61ectronique et nucl6airo sent  des moyens  d '6tude des 
solides suppos6s parfai ts ;  dans  ces diverses m6thodes,  les 
d6fauts de r6seau n 'appara i ssen t  clue comme un  effet du  
second ordre. 

Au contraire,  los propri6tfis di61ectriques d 'un  solide 
constituen~ un  effet du  premier  ordre pe rme t t an t  d '6tudier  
les imperfections de r6seau. La  spectroscopie her tz ienne 
compl6te les donn6es de la spectroscopie de fluorescence 
en fournissant  (indirectement) les n iveaux  d'6nergie du 
solide 6tudi6. 

I I .  •aits expdrimentaux.--La spectroscopie hertzienne 
met  en 6vidence des bandes d 'absorpt ion (bandes de 
Debye) des solides: pour  une temp6rature  donn6e,  la 
variation de Pabsorptlon di61ectrlque e" en fonetlon de 
la fr6quence pr6sente en g6n6ral un  ou plusieurs maxima.  
Ces max ima  se d6placent vers les basses fr6quences 
quand la temp6rature  diminue. 

Divers types  de solides (d l'gtat de poudre) ont  6t~ 
6tudi6s jusqu 'k  pr4sent et plus par t icul i6rement  k Rennes :  
compos6s monoatomiques :  bore et  s616nium (Meinnel); 
cr is taux ioniques: NaC1 (Breckenridge & Meinnel);  semi- 
conducteurs:  ZnO (Freymann,  F reymann ,  Rohmer  & 
Tiennot)  ; oxydes d 'u ran ium (Rolland & Langevin)  ; CusO 
(Daniel); CdO (Hagene);  oxydes de fer (Hagene);  ferrites 
de Ni, Co, Zn . . . .  (Kamiyoshi).  
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La glace, de nombreux  compos~s organiques, pr~senten~ 
~igalement une absorpt ion dans le spectre hertzien.  

I I I .  La reprdsentqtion log vc-1 /T . - -La  th~orie qui rend 
compte du ph~nom~ne Debye  par  les d~fauts de r~seau 
donne, pour la fr~quence vc k laqueUe se t rouve un  maxi-  
m u m  de l 'absorpt ion (k la t empera ture  T) la formule:  
~'c----Ae-V/~', off A est une constante  caract~risant  le 
solide et U l'dnergie d'activation de diffusion du ddfaut de 
rdseau. 

Par  consequent,  une r~pr~sentat ion log Vc-1/T devra  
donner  des droites dont la pente est proportionnelle c~ 
l'dnergie d'activation U. 

IV.  Ddtermination des niveaux d'dnergie des solides 
(exemple: ZnO) . - -L ' absorp t ion  en ul t ra-violet  donne,  
entre  les bandes de valence et  de conduction,  une dif- 
ference d%nergie de 3,2 eV.; la fluorescence met  en 
~vidence, entre  ces bandes de valence et  de conduction,  
la pr~isence d 'un  interval le  de 2,5 eV. D 'au t r e  par t ,  la 
v ibra t ion  infra-rouge du r~seau de ZnO (Parodi) fixe ~m 
niveau d'~nergie s~par~ de celui de la bande de conduction 
par  0,05 eV. 

La  spectroscopie hertzienne donne des ~nergies d'ac- 
t iva t ion  de 0,18-0,23-0,29-0,34 ou 0,40 eV., qui m e t t e n t  
en ~ividence d 'aut res  n iveaux  que ceux donn~s par  les 
m~thodes ant~rieures. 

U n  autre  exemple est celui des oxydes de fer:  nous 
avons t rouv4 des ~nergies d ' ac t iva t ion  de 0,1 eV. pour 
FelOn, 0,4 eV. pour  F%Oa a e t  0,07 eV. pour Fe~O~ 7. 

19. P.  B. Hn~sc~. A structural model of coal. 
The X - r a y  scat ter ing has  been s tudied for a series of 

v i t ra ins  of va ry ing  rank.  F r o m  the  scat ter ing a t  h igh 
angles the diameters  of the  aromat ic  lamellae and  the 
percentages of carbon in the  ordered form are determined.  
Up to 89 % C there  is l i t t le growth  of the  layers wi th  r ank ;  
the  diameter  of the aromat ic  lamellae is N 8/~.  Anthra-  
ci t izat ion is accompanied b y  a rapid  increase in layer  
diameter .  The na ture  of the  packing of the coal mole- 
cules is determined from the scat ter ing a t  modera te ly  
low angles. The aromat ic  lamellae occur in groups of 
two or more s tacked parallel  to each other ;  the  ordering 
of the layers  increases wi th  rank.  At  89 % C the  groups of 
layers  form a l iquid s tructure,  the  average distance 
between the groups being ~ 20/~. The layers are preferen- 
t ia l ly  or ien ta ted  parallel  to the  bedding plane and  the 
degree of preferred or ienta t ion increases wi th  rank.  The 
scat ter ing a t  ve ry  low angles, which has  been measured 
up to spacings of ~ 5000 A, suggests a ve ry  wide distribu- 
t ion of pore sizes. The to ta l  low-angle scat ter ing indicates 
the existence of disc-like cracks preferent ia l ly  or ienta ted  
parallel  t o  the  bedding plane. The s t ructura l  changes 
occurring dur ing coalification are discussed. 

20. R.  RENNTNGER. Zu  den Reflexionseigenschaften (Um- 
weganregung, Intensit~ten, (222)-Reflex) der beiden Dia- 
mant -Typen  fi~r RSntgenstrahlen. 

Es wird mit te ls  regist ierender (Zahlrohr-)Intensi t~ts-  
messungen an  einer Anzahl  von Ver~retern der beiden 
D i a m a n t - T y p e n  (Oktaeder yon  etwa 0,5 ram. Kan ten-  
l~nge aus der Sammlung  des Univers i ty  College, Prof. 
Lonsdale,  London) festgestellt ,  dass die Untersehiede 
beider Typen,  soweit sic rSntgenographischer Natur  sind, 

sich v611ig du tch  das bekann te  versehiedene Ausmass  
ihrer Mosaiks t ruktur  deuten  lassen, d.h. dass der rSnt-  
genographische Befund keinerlei Hinweis  auf einen eigent- 
lichen St rukturunterschied ,  eine Verschiedenhei t  der 
Elektronendichte-Vertef lung gibt.  Die Absolu t - In tens i t~ t  
der (222)-Interferenz ist  bei beiden Typen  ungef~hr  
gleich, w~hrend diejenige der fibrigen In ter ferenzen bei 
der Type  I I  urn ein Mehrfaches h6her  ist  als bei der 
Type  I. En t sprechend  t r i t t  Umweganregung  ( ' indirect 
reflexion') an  (222) bei Type  I I m i t  einer urn den Fak to r  
10-15 st~rkeren Intensit~tt auf als bei Type  I.  Die st~rk- 
sten Umweganregungs-Maxima ( C u K a ,  Umweg fiber 
(331)-(111)) erhShen die direkte  (222)-Intensit~t bei Type  
I e twa auf das Doppelte,  bei Type  I I  auf das 10-15- 
fache. Intensi t~tsvergle ich (integrales Reflexionsverm6- 
gen, Bademethode)  der verschiedenen Inter ferenzen zeigt 
bei Type  I I ,  dass diese sehr nahe  dem E x t r e m  des ' Idealen 
Mosaikkristalls '  ( ' ideally imperfect '  crystal)  liegt. Dies 
er laubt  eine Er rechnung  des (222) F-Wer tes ,  der sich, 
in guter  ~ b e r e i n s t i m m u n g  mi t  dem friiheren Ergebnis  
des Verfassers (Z. Kristallogr. (1937), 07, 107) zu e twa 
1,2 Elektronen/Zel le  ergibt.  

21. R . E .  F R A ~  & M. M~R~O. La structure de l'acide 
graphitique et de ses ddrivds. 
Nous avons 6tudi4 aux  rayons  X les diff~rents com- 

pos~s interlamellaires de graphi te  et  oxyg~ne, et  sp~ciale- 
men t  l 'aeide graphi t ique.  Nous discutons de la na ture  
de la liaison entre les couches de carbone et  celles 
d 'oxyg~ne. 

22. J .  K A ~ m o ~  & Y. KO~:rRA. Intensity of X-ray  
diffraction by a one.dimensionally disordered crystal: 
rhombohedral ease. 
On calculat ing the in tens i ty  of diffuse X- rays  due to 

the s tacking faults,  as in SiC, we needed to solve such 
difference equat ion  as 

xn + xn-lpc + xn--~p (Pc--Pa) -~ hpc, 

in which the  elements in xn concern the probabli t ies  of 
f inding t h e  same k ind  of layer  a t  the  ( j + n ) t h  posit ion 
as t h a t  a t  the  j t h ,  h = x o, p = Pc+Ph, and  Pc and  Pa 
are the  probabil i t ies  of cont inuing in cubic and  hexag- 
onal manners  respectively.  

I n  this  case the in tens i ty  dis t r ibut ions  are the  same 
for the two cases k - -h  = 3mq- 1. B u t  when  the fundamen-  
ta l  regular  s t ructure  is the  rhombohedra l  type ,  t hey  mus t  
be different. In  the  regular  cubic order, for example,  
when  the three  sets of A B C, B C A and  C A B exist,  
the  remaining three sets of A C B, C B A and  B A C do 
not  exist. Corresponding to this  fact, if we divide the six 
sets of layers belonging to the  same cubic-hexagonal  
order into two groups, t hen  the  above matr ices  are also 
divided into two. After  all, we get such two s imul taneous  
difference equat ions as 

xn + xn-lpc + (xn-~pc + 4-~pl )Pc- -  (x~-2Pg + x,-~ph)pi = hp~, 
r r ! t t " t e i r ! 

xn +xn- lpc  + (xn-2pc + x~-2ph)pc - (xn-2pc + xn-~ph)ph=h Pc, 

and  spur V F P  n in the  in tens i ty  equat ion  becomes 

sp V F P  r~ 

= ~ Vo V* [~sp (xn +x~) -- 14-½ ~/3i{sp (Xn--X~) - sp (h--h') 
+ 4sp (x~_~p,  ~-x~_ ,p$)  - 2sp (x~_~ - x~_,)}] 
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for /c - -h  = 3m± 1 respectively. These results contain the  
former as a special case by  omit t ing  the  primes. 

23. J.  Ka~rr~oK~ & Y. Kom~ax.  Intensity of X-ray  
diffraction by a one.dimensionally disordered crystal: 
some examples in SiC. 

For  simplicity, we describe only the  case of the  
hexagonal-cubic  (hc) structure. Pu t t ing  

c h 

c l ' f l  
: 

the  characteristic equat ion to be solved and  the  simul- 
tan0ous equations for determ]n~ug the  coefficients c~ 
aec0mpanying x~ become 

det  [x~l +xpc +p(p¢--pa)[ 

= xa+flx a -  (1--a+fl)(1--o~--fl)xa+ (l--a)(o~--fl)x 
+ ( ~ _ ~ ) a  = 0 ,  

--1 2 - -~ - -2 f l  
Z'c~ = 1, .,V,x,,c,, = -~-  , Zx~c,, = 

2( l+~- - f l )  ' 

2 ( ~ + ~ - ~ )  " 

For  the  fundamenta l  regular structure of hc-structure 
where fl -~ 0 and  a ---- 1, x~'s and  c~'s can be solved to be 

x x =  1, x a =  --1,  x a = i ,  x a =  - - i ,  

For the  diffuse line we m a y  pu t  

oc = 1--Ao~, fl ---- Aft, 0) --_ ½(Afl--Ao~), 5 ----- ½(A~-t-Afl), 
Xl = 1--el, xa = --(1--~2), Xa = i-bsa, xa = -- i~-ea,  

Cl = -~(1-'~-/11), Ca ----- ~ ( 1 - t - A a ) ,  ca = ~ ( l + e a ) ,  

c4 = T ~ ( l + ~ 4 ) ,  

where 0), ~, e and  A are small quantit ies.  Subst i tut ing 
these values into the  above equations,  and  omi t t ing  the  
higher order of co, 5, e and  A, we get  

x 1 = 1--~5, x~ = --(1--½5), x a ----x4* = --½0)~-(1--~)i, 
c 1 = ~(1--~0)) ,  c a = ~ (1--½0)), 

ca = %* = ~ ( 1 + 0 ) + i ½ 5 )  . 

F rom these values the  diffuse t e rm can be calculated as 

3 5 8-~45-~- 60)-- (4-- 80)) cos ¢--(5-~- 160)) cos ~ 
D(~) 

64 sin a ¢ (cos ¢+½0))~ 

except ¢ = 0, g and ±(½ ÷ ~ ) ,  where they are 

D(0) 4--35--  60) 9(4--5--20)) 
485 , D(~)---- 165 ' 

D(±(½~-t-½0))) ---- 3(2--5-~20)) 
165 " 

Concerning the  calculations for the  cases of hcc- and 
hchcc-strnctures we say only t ha t  i t  is very  laborious to 
calculate wi thout  making  the  assumption tha t  the  con- 
t inuing probabilities of h--~ h and  cc--> c are zero. 

24. K. DORNBERGER-SCHIFF. Structure determination of 
disordered crystals. 
If the  electron densi ty  of a diffracting body  is com- 

posed of identical units  arranged in parallel, i.e. ~(r) ~- 
~ ,  qo(r--vi), the  ampl i tude of the  diffracted beam (mea- 

J 
sured in terms of the  ampl i tude  of a beam diffracted b y  
an electron) is equal to the  product  of the  Fourier  t rans-  
form F(r+) of the  distr ibut ion ~(r) (the s tructure factor), 
and  the  ' lat t ice '  factor G(r+), which is the  Fourier  trans- 
form of the  point  funct ion ~ 5(r--vi), where 

J 

---- 0 for r ~= 0 5(r) 
0 for r -  0 

and  

15(r)dv = 1 .  

If the  end points of the  vectors v 1 lie on a latt ice (as in 
the  case of one-dimensional  disorder discussed by  Wilson, 
Jagodzinski,  M~ring and others), G(r+) is periodic wi th  
periods of the  lattice reciprocal to it. This periodici ty of 
G(r+) can be used to split the  exper imental ly  de te rmined  
intensi ty  I(r+) into factors I(r+) = [F(r+)[~.[G(r+)[a. 

The knowledge of [F(r+)la be tween the  reciprocal- 
latt ice points can be used to resolve in par t  the  ambigu i ty  
inherent  in the  Pa t te rson  funct ion of the  crystal. 

The t ransform T(r) of IG(r+)[9 is the  Faltung of 
~,'5(r--vi) with  itself: 

i 

T(r) -~ I ~. ~. 5(r-~r'--vi)" 5(r'--vi)dr'. 
7 

Thus it can be in terpre ted  similarly to a Pa t te r son  and  
gives all the  directly obtainable informat ion on the  char- 
acter of the  disorder present.  

25. K. K~VIOTO & H. MORIMOTO. Stacking faults in very 
small crystals of gold. 
Germer & Whi te  (Phys. Rev. (1941), 60, 447) repor ted 

t ha t  the  electron-diffraction pat terns  from evapora ted  
th in  films of face-centred cubic metals  show anomalous 
intensities. The in tensi ty  of the  (200) r ing is especially 
weak compared wi th  the  normal  intensity.  They based 
their  explanat ion on the  size of the  crystals. I~imoto 
(J .  Phys. Soc. Japan,  (1953), 8, 762) s tudied the  same 
phenomenon  wi th  silver and  said it was due to stacking 
faults in the  crystals. He  measured the  intensit ies and  
then  compared them with  theoret ical ly calculated in- 
tensities for assumed structures of crystals. 

I n  the  present  work we s tudied the  same phenomenon  
wi th  gold. I n  interpret ing the  pat tern,  however,  we made  
no assumption concerning the  structure of crystals, per- 
forming a Fourier  analysis of the  measured intensities. 
We followed Kimoto ' s  experimental  procedure.  A camera 
provided wi th  a rota t ing sector was used to photograph  
electron-diffraction pat terns.  Then microphotometer  rec- 
ords of the  diffraction pat terns  were conver ted into the  
in tensi ty  distr ibution curves. We analysed these curves 
by  a Fourier  me thod  wi th  the  aid of punched  cards. 
The radial distr ibution function thus obta ined revealed 
the  existence of the interatomic distances corresponding 
to stacking faults. 
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26. R. S. PEASE. X-ray examination of irradiation effects in 
boron compounds. 
The effects of displaced a toms produced in BN,  

BaC, SrBe, TiB2 and  ZrB~ b y  the B10(na) reaction, have  
been s tudied b y  X- ray  powder photographs  up to doses 
a t  which,  on the average, each a tom has been displaced 
from a lat t ice site about  once. Changes in unit-cell  dimen- 
sions of the order of 1%, and,  in some cases, pronounced 
line broadening are produced;  the  ma in  feature all 
results have  in common is t h a t  the  effects are rapid  a t  
low doses, and  either cease at ,  or occur only very  much  
more slowly beyond, a dose of the order of 2 × 10 ~S thermal  
neutrons/cm.~. This phenomenon is a t t r ibu ted  to a satu- 
ra t ion  of the concentra t ion of inters t i t ia l  atoms,  so t h a t  
the  principal  features of the crys ta l  s t ructure  are preserved 
even at  the  highest  doses obtained.  The sa tura t ion  arises 
essential ly because inters t i t ia l  a toms re turn  to surrounding 
lat t ice sites when these become vacant .  A detai led model 
has  been worked out  for the case of BN, which accounts  
for the orders of magni tude  of the effects observed. 

27. G. J .  D I c ~ s .  Ordering in the (~ phases. 

28. U. KORHOI~-EN. On the determination of the atomic scat- 
tering factors on the basis of the measured structure factors 
by using Fourier series. 
The wri ter  has  developed a me thod  for the  determina-  

t ion of the atomic scat ter ing factors of an  ion in a crystal  
lat t ice when  the s t ructure  factors are known. Assuming,  
for the sake of simplici ty,  t h a t  the  ion of which the  
a tomic scat ter ing factors f(hk0 are required is s i tua ted  
a t  the  origin, we can wri te  

4~R a 
f(hk~ = - S V  r(hk~ 

,-, F(a,k,r) Rd ~ (sin 2~R/d ) 
h,~kr----V--- T \ 2~--R~ cos 2z~R/d,. (1) 

• 

Here:  F(h,k,l, ) is the  s t ructure  factor for the reflexion 
h'k'l', R is the  ionic radius of the ion considered, V is the  
volume of the un i t  cell, and  d = d(h--h',k--k',l-l')) is the  
distance of repet i t ion of the lat t ice planes (h- -h ' ,k - -k ' ,  
l - - l ' ) .  

I n  order to show the pract ical  importance of series (1), 
the  wri ter  proceeded in the following way.  He  calculated 
the  s t ructure  factors F(h,k'r~ of NaC1 by  using the atomic 
scat ter ing factors of Na  + and  C1- obta ined from Har t ree ' s  
self-consistent field and  b y  using the mean-square dis- 
p lacements  for the same ions measured by  Wasast jerna.  
The values of F(h,k,r) were calculated up to 777. The 
wri ter  then calculated back the atomic scat ter ing factors 
fcl-,  (hkO of C1- for the h00 reflexions up to 800 by  means 
of these values for F(h,rr) and  b y  using the value 1.84 A 
for R. The original values were thus  obta ined wi th in  the 
l imits  of the calculat ing accuracy. 

To show t h a t  series (1) gives a result  which, between 
cer ta in  limits, is independent  of the value for R, the 
wri ter  calculated the values of fcl-, (h~9 using the value 
1-64/~ for R, a value smaller by  12.5 %; in other words, 
the  volume of the ionic sphere was diminished by  a third.  
The atomic scat ter ing factors of C1- obta ined in this  way  
were pract ical ly  the same as those obta ined by  using the 
value 1.84 /~ for R. 

The wri ter  f inal ly calculated the  atomic scat ter ing 
factors of C1- for h00 reflexions up to 500 b y  using the 
values of F(h'rz') measured exper imenta l ly  by  Wasa-  
s t je rna  for the NaC1 crys ta l  and  by  using the  values 
1.84/~ and  1.61 ~ for R. The values obta ined pract ica l ly  
coincided this  t ime, too. 

29. T. LL. RICHARDS & D. E.  YEOMANS. Principle of the 
unextended cone in the plastic deformation of metal 
crystals. 
The unex tended  cone of plastic deformation can be 

defined for a n y  small  increment  of finite s t ra in  on the  
basis tha t ,  wi th  no change in volume, an  extension in- 
crement  e is accompanied by  a lateral  contract ion of ½e. 
Consequent ly  directions a t  angles of cot-iV½ wi th  the  
axis of extension,  which are unchanged  in length,  generate  
the surface of the  unex tended  cone. Plast ic  deformation 
of homogeneous solids takes  place b y  shear, in directions 
and  on planes which are direct ly  re la ted to the un- 
ex tended cone. Most meta ls  hav ing  a face-centred or 
body-centred cubic s tructure,  however, are elastica]ly and  
plast ical ly  anisotropic wi th  a m i n i m u m  Young 's  modulus  
in a < 100> direction, so t h a t  a stress applied to a single 
crys ta l  in a n y  direction extends  the crystal  preferent ia l ly  
along the nearest  < 100> direction. I t  can be demons t ra ted  
t h a t  all the  shear elements of the various modes of crystal-  
lographie shear in cubic metals  are such t h a t  the  shear 
direction and/or  normal  to the  shear plane lies in or near  
the surface of the  unex tended  cone of s.train along the  
nearest  <100> direction. 

30. R . E .  S ~ L M A N .  The effect of cold work on integrated 4n- 
tensities in the spectra of metals. 
Geiger-counter measurements  have  been made  of the  

changes produced b y  cold work on the in tegra ted  inten- 
sities in the Debye-Scherrer  spectra of several meta l  
powders. I t  is shown t h a t  the  effect of cold work on 
ext inct ion ent i rely masks  the intrinsic effect of cold work 
on the in tegra ted  intensi t ies  of the lines. W i t h  molybdenum 
powder the combinat ion of surface roughness and  large 
absorpt ion coefficient produce abnormal ly  low in tens i ty  
values for the low-angle lines similar to ext inct ion.  

Several a l te rnat ive  corrections have been applied to 
the in tens i ty  results, since there is very  l i t t le agreement  on 
the  na ture  of ext inct ion or the correction. The differences 
pr incipal ly  concern the var ia t ion  of ext inct ion losses wi th  
diffraction angle. A new method  has been adopted  to 
assign an  unambiguous  ext inc t ion  coefficient to the 
results, the reby  el iminat ing some of the a l te rna t ive  cor- 
rections. I t  is shown t h a t  the  effect of cold work is to 
decrease the  corrected line intensi t ies  of a luminium,  
a-brass,  iron and  molybdenum by  about  5%, which is 
independant  of the type  of ext inct ion assumed. On the 
other  hand,  the lines develop ' tails '  which are so long 
t h a t  t hey  overlap sufficiently to cause a detectable rise 
in the  background level; the  to ta l  reflected in tens i ty  
therefore remains approx imate ly  constant .  

Brief reference is made to the analysis  of line wid ths  
and  line shapes and  it  is shown t h a t  the  results  suppor t  
the  dislocation theory  of plastic deformation.  Approximate  
values for the dens i ty  of dislocations are given. 
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31. A. ~ .  Effect of zinc content on rolling and an. 
+healing texture of c¢ brass. 
Earlier investigations by the photographic method 

suggested tha t  the change-over of the annealing texture 
from the copper-type to the brass-type takes place at  
lower zinc contents than  the corresponding change in the 
deformation texture. This result would be difficult to 
reconcile with the 'oriented growth' theory of annealing 
textures. 

The quanti tat ive pole figures determined in the present 
work show tha t  the changes with zinc content of both 
deformation and aonealing texture are gradual, extending 
over a wide concentration range, and tha t  the changes in 
the annealing texture correspond to changes in the 
deformation texture. 

32. H. Wrr.mAW & R. P. AGA~WAnA. Surface deformation 
caused on iron crystals by very light unidirectional 
abrasion. 
The deformation caused by a single 10 in. stroke on 

0000 emery paper at  50 g.cm. -s pressure, on electro- 
polished roughly (107) and (110) surfaces of iron single 
crystals, has been invest igated by electron diffraction. 
The nearly (107) face was abraded along directions near 
[ i l0] ,  [210] and [100], and the observed large rotations 
of the fragments were found to be about [110], [120] 
and [010] axes respectively, with little spread from the 
mean. The (110) face, when abraded along [112] and [i11], 
showed large rotations about well-defined axes which 
were parallel to [1i l ]  and an axis near [334] respectively. 
Of these results, similar to those we have found previously, 
most could possibly correspond to lamellar rotational 
slip. 

An apparently abnormal case was observed in abrading 
the (107) face along [i00], which gave unusually obscure 
disorientation until  after etching down to a level where 
the disorientation was reduced to only a few degrees 
rotat ion;  the diffraction patterns indicated tha t  parts of 
the lattice had rotated about an axis estimated to be near 
[451], while other parts had rotated about the axis [451] 
symmetrically disposed across (010) which was parallel 
to the abrasion direction and normal to the surface. This 
[451] rotation may be due to flexural translational slip on 
(213) along the usual slip direction, [ l i l ] .  

The presence of 7-iron was also shown both in the 
surface layers, and also below the rotationally disturbed 
layer of ~-iron, in a strong orientation. 

33. T. MUKAI. Oxide-film effect on the plastic deformation of 
aluminium single crystal. 
By employing Prof. T. Fujiwara's method I prepared 

two kind~ 0f alumim'um single-crystal plates. With these 
plates the stress-strain curves were obtained and the 
broken fracture of the oxide film and plastic deformation 
of the body crystal were observed by electron-microscop- 
ical and X-ray examinations. By comparing these results 
it was found tha t  the oxide film on the surface makes 
the surface layers of the body single crystal so hard tha t  
it influences the tensile strength of the specimen, and 
tha t  the broken fracture of the oxide film has a definite 
relation to (a) the inclination of the slip plane to the 
crystal surface, (b) the slip direction and (c) the thickness 
of the film. 

34. T. FIyX~W~A, I. OG~A, Y. TAmAle & T. YAmASm~rA. 
On the elongation and fracture of an aluminium single- 
crystal plate. 
By Fujiwara's method, many  single-crystal plates of 

altuninium, 99-99 % in purity, were produced in definite 
crystallographic orientations. 

When these specimens were stretched lengthwise, 
their stress-strain curves were obtained by measuring the 
tensile strength, and the deformation behaviour in the 
interior and exterior of the specimens at  each stage of the 
stretching were studied by taking X-ray radiographs and 
by observing the slip lines and bands with a microscope 
and an electron microscope. 

By comparing these results it  was found tha t  according 
to the crystallographic orientation of the plate the 
manner of the work hardening of the single-crystal plate 
was quite different. I t  can be concluded tha t  the manner 
of the hardening depends upon the number of active slip 
planes and the existence of multiple slip. 

35. G. A. Ho~Es. L'investigation de l' gtat structural des cri- 
staux mgtaUiques par lea ultrasons. 
La mesure du coefficient d'amortissement des ultra- 

sons permet de d~iceler certains troubles darts les cristaux 
m~italliques li~s ~ des modifications d '4tat  structural. 

§ 9. Liquides; cristaux liquides; phases 
amorphes 

1. P. CHAT~LAZlV. Sur le~ propridtds optiques des liquides 
ndmatique8 et la structure du 'monocristal liquide'. 
Le monocristal liquide est un milieu fluide, homog&ne 

k l'4chelle macroscopique, pr~sentant une seule direction 
d'isotropie; la connaissance de sa structure n~cessite: 
(1 °) celle du nombre des mol6cules dent  les axes font avec 
l 'axe d'isotropie un angle 0 donn~ (fonction de r~partition) ; 
(2 °) celle du mode de groupement des molecules ayant  
sensiblement m~me orientation. 

L'extension des th6ories optiques classiques k un tel 
milieu permet de relier les valeurs des indices principaux 
k la fonetion de r4partition, et de calculer la valour 
moyenne de sin s 0 pour diverses valeurs de la tempera- 
tare;  de plus, l 'accord entre les rdsultats th~oriques et 
exp@rimentaux est meflleur en admet tan t  que los mole- 
cules voisines sent sensiblement parall~les; rien cependant 
ne permet de d4termlner la distance min~rna s~parant 
deux mol~icules non paraU~les. 

Au contraire, la grande intensit6 de la lumi~re diffus4e 
et la dissym~itrie des diagrammes de diffusion, imposent 
Ie groupement des molecules en paquets ou 'essaims' de 
0,2/~ de diam~tre, dans lesquels les axes des molecules 
sent sensiblement parall~les & l'axe du paquet. 

La valeur @levee du coefficient de d~ipolarisation (de 
l'ordre de 8 pour les faibles angles de diffusion), s'inter- 
prate par une diffusion due aux fluctuations therrniques 
d'orientation de l 'axe des paquets, l 'agitation thermique 
6cartant au maximum de 40 ° cet axe de l 'axe d'isotropie. 



§ 9. L I Q U I D E S ;  C R I S T A U X ' L I Q U I D E S ;  P H A S E S  A M O R P H E S  665 

2. P. B. Hmscm The application of Fourier.transform 
methods to the study of 'amorphous' materials. 
I t  is shown tha t  Fourier transform projections can be 

used to determine the dimensions and the distances 
between structural units occurring in 'amorphous' sub- 
stances which show preferred orientation. The method is 
applied to study the packing of aromatic lamellae in 
coals. From the transforms the spacings between the 
layers and the distribution of layers as a function of the 
numbers of parallel layers per group can also be deter- 
mined. 

3. S. 1~. BAGCHL Limitations of Debye's interference theory 
of liquids. 
I t  is proved tha t  Debye's theory is valid under the 

following three assumptions which are seldom realized 
in nature:  (1) Lattice distortions of the first kind (thermal 
displacements, effects of mixed paracrystallites, etc.) and 
the existence of polydisperse clusters are neglected. 
(2) The zone of interaction of a particle is small compared 
to the volume of each of the paracrystalline lattices. 
That  means, the (000) reflexion lies outside the domain 
of observation. (3) The a priori distance statistics is the 
same for any and every particle and is taken to be 
spherically symmetric. 

Generally valid relations between the intensity distri- 
bution and the a priori distance statistics in general are 
deduced. These equations under the three above as- 
sumptions degenerate to the well-known equation of 
Debye & Menke. The effect of these approximations is 
the smearing ou~ of the a priori distance s ta t i s t ics - - the  
W-function. The calculated W-function is, therefore, 
more damped than the actual function and its value at  
any point, as well as the integral value of a hump of the 
W-function, is smaller than the actual value. In  other 
words, these approximations give rise to an apparently 
greater statistical fluctuation (distortions of the second 
kind) than  actually is the case. 

I t  is also shown tha t  Debye's theory is inherently 
incapable of explaining the low-angle scattering charac- 
terized by monotonicly increasing intensity with de- 
creasing scattering angle, since the intensity function 
discussed by Debye is zero for the scattering angle zero. 

thermisehen und chemischen Gitterst6rungen geh6ren, 
die Gitterst6rungen 2. Art, hervorgerufen durch ver- 
schiedene Form und Gr6sse der einzelnen Gitterzellen 
sowie die Statistik der Gr6ssenverteilung der einzelnen 
Gitterbereiche und ihre wechselseitige Anordnung, die 
durch ein mehr oder weniger gest6rtes l~bergitter in 
Rechnung gestellt werden kann. Schon ein einzelner der- 
artiger Gitterbereich erzeugt ira allgemeinen Fall neben 
kristallinen, fliissigkeitsartigen und amorphen Interfe- 
renzen auch Reflexe, die in gewissen Richtungen des 
Fourierraumes partiell 'r6ntgenkristallin',  in anderen par- 
tiell 'r6ntgenfliissig' und in wieder anderen partiell 'r6nt- 
genamorph' sein k6nnen. An Hand yon lichtoptisch her- 
gestellten Beugungsbfldern zweidimensionaler Modelle 
wird die Vielzahl derartiger Strukturtypen dargestellt und 
erl~utert, wie man die R6ntgendiagramme auswerten 
kann, wobei die oben erw~hnten Prototypen nur mehr die 
Rolle yon entarteten Sonderf~llen spielen. 

5. G. D~LI~GA. X-ray analysis of some complexes in so- 
lution. 
Solutions of iodine in benzene and mesitylene, in which 

part  of the iodine is present in the form of a complex with 
the solvent molecules, were examined with the aid of 
X-ray methods. The diagrams obtained with Cu Ka and 
Mo K s  radiation were subjected to Fourier analysis. The 
maxima in the Fourier curve correspond to the inter- 
atomic distances occurring in the system. 

I t  could be demonstrated tha t  the structure of the 
iodine-benzene complex is less compact than  is often 
assumed, the shortest carbon-iodine distance being 3-93 A, 
i.e. about 0-1 A less than  the sum of the van der Waals 
radii. Moreover, we think tha t  the iodine molecule has 
not  a fixed orientation with respect to the benzene nu- 
cleus. The shortest C-I  distance in the iodine-mesitylene 
complex is 3.84 /~, which is a little shorter than  tha t  of 
iodine-benzene. I t  has further been found tha t  the I - I  
distance is shorter in this complex. 

We also started an investigation of the pyridine-  
iodine complex in solutions. I t  is probable tha t  the dis- 
tance of 2.90 /~ found is an I - I  distance, which would 
reveal a considerable distortion of the iodine molecule. 
The distance found might be explained by the occurrence 
of a I~- ion in the solution. 

4. R. H O S E ~ .  Klarung des Trialismus kristallin-fliis- 
sig--amorph. 
Die Strukturerforschung mittels R6ntgen- und Elek- 

troneninterferenzen hat  gezeigt, dass es viele Stoffe gibt, 
die der Kristallgittertheorie von v. Laue--Ewald-Bragg 
gentigen, w~hrend gewisse Fliissigkeiten in erster N~he- 
rung nach einer von Debye-Menke--Zernicke-Prins ent- 
worfenen Gittertheorie diskutiert werden kSnnen. Die 
Interferenzen an Gasen, D~impfen und die Kleinwinkel- 
interferenzen gewisser 'Festk6rper vom Gastyp' ver- 
langen eine weitere Interferenztheorie, mit  deren Aus- 
arbeitung Guinier, Hosemann, Shull, Roess u.a. be- 
sch~ftigt waren. 

Viele Realstoffe, vor ahem Fliissigkeiten und hoch- 
molekulare Stoffe, lassen sich aber nicht befriedigend in 
einen dieser drei Prototypen einreihen. Die Gittertheorie 
des idealen Parakristalls und der polydispersen Hauf- 
werke gibt eine L6sung des Problems. Man unterscheidet 
demnach nebet~ GitterstSrungen 1. Art, zu denen die 

6. J.  S. DAv~. Mixed liquid crystals. 

§ 10. Verres 
1. A. S ~ A T . .  Vitreous states generated by lattice plasticity. 

In  contrast to normal crystal plasticity, lattice plasticity 
demands work of the order of the melting heat. Therefore, 
vitreous states have been generated by suitable mechani- 
cal t reatment  of substances fulfilling appropriate bonding 
conditions. 

2. K. FAJANS. Structural viewpoints concerning a general 
theory of glasses. 
According to Tammann (1903), all liquids can be ex- 

pected to solidify as glasses under appropriate conditions 
of supercooling. Among numerous other substances, 
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water ,  e thanol  and  some sa tura ted  hydrocarbons  are now 
known to form glasses. Therefore, the  theory  of the  
vi treous s ta te  should be concerned wi th  the great  dif- 
ferences in conditions under  which various liquids solidify 
as glasses. 

The outs tanding  measurable p roper ty  involved is the  
viscosi ty of the supercooled hquid  near  its freezing point .  
The  main  s t ructura l  factor  appears to be the s y m m e t r y  
of the force field around the const i tuent  uni ts  (atoms, 
ions or molecules) whose mu tua l  displacements are in- 
volved in crystal l ization.  For  instance,  the  ex t raord inary  
f lu idi ty  of He  I I ,  i.e. the  negligibly small ac t iva t ion  
energy  of the mot ion of hel ium atoms wi th in  this  liquid, 
implies the near ly  perfect spherical synune t ry  of these 
only  very  s l ight ly  deformable atoms. On the other  hand,  
if the  energy of interact ion between the const i tuent  uni ts  
differs markedly ,  depending upon which par ts  of these 
uni ts  are adjacent ,  the  ac t iva t ion  energy of their  dis- 
p lacement  becomes significant.  As a result,  the  viscosi ty 
increases and  the a t t a inmen t  of the spat ial  order of the 
the rmodynamica l ly  more stable crystal  is impeded. 

Examples ,  including organic hydroxy l  compounds in 
which the proton bridges influence the viscosity, and  
inorganic oxides whose crystals  consist of molecules 
(M3+)4(OZ-)e , will be discussed. 

3. H.  RICHTER. Struktur des glasigen B203. 

Aufnahmen  mi t  monochromat ischer  Cu- and  Mo- 
S t rah lung  an  sehr dt innen pla t tenf6rmigen Pr / ipara ten  
yon  glasigem B~Oa zeigen ein Streubfld, wie m a n  es bei 
festen amorphen  Stoffen ganz allgemein beobachtet .  Bei 
Beri icksicht igung der /iusseren Interferenzen (grosse 
sin 0//t-Werte) liefert die zugeh6rige Kurve  der radialen 
Dichtever tef lung eine ganze Reihe ausgepr~gter Maxima,  
d.h. ira glasigen B~Oa liegt offenbar eine hohe Ordnung 
der Atome vor. Eingehende Unte rsuchungen  haben  welter 
gezeigt, dass der Grundbauste in  des B~O3-Glases durch 
ein flaches Tetraeder  (Abst~nde: B - 0  = 1,38 A; O-O : 
2,39 A und  Hehe  H----0,4 A) dargestell t  wird. Diese 
BOa-Tetraeder sind zu Schichten yon  mehr  oder weniger 
regelm~ssiger Bauweise mi te inander  verbunden  und  ira 
ki irzesten Schich tabs tand  (----1,85 A) zu sehr di innen 
Schich tpake ten  aneinander  gelagert. 

§ 11. Transformations thermiques 
1. H.  SAA~.F~.LD & H.  JAOODZINSKI. Solubility and precip- 

itation of AI~O a in Mg-Al-spinels. 

The A1-Mg.splnel can dissolve an  excess of alumkua 
(ratio MgO:Al~Oa ranging from 1:1 to 1:7) which is 
precipi ta ted  in crystal lographic directions b y  heat  t reat-  
ment .  Analogous phenomena  are well known in metal-  
phases.  The optical  and X- ray  behaviour  of these spinels 
has  been studied. The following stages of the precipi ta t ion 
process b y  hea t  t r ea tmen t  m a y  be dis t inguished:  

(1) 600-800 ° C . ~ H e a t i n g  for some hours produces 
unsymmetr ica l  diffuse scat ter ing around dist inct  X- r ay  
reflexions. This m a y  be the result  of incipient  precipita- 
t ion. 

(2) 800-1150 ° C . - - H e a t  t r ea tmen t  for 1 hr. is sufficient 

to dist inguish optically a new phase ( t ransi t ion phase).  
I t  is an anisotropie lamellae sys tem parallel  to the  spinel 
planes { 113}. An enormous number  of reflexions rendered 
the  X- r ay  invest igat ion very  difficult. B y  a new method,  
yielding the identical  points  of the 12 different or ientat ions 
b y  s y m m e t r y  operations of the spinel latt ice,  i t  was pos- 
sible to find a twinned triclinic cell of which two axes are 
near ly  parallel to two [113] directions and  one axis is 
near ly  parallel  to [112]. The lat t ice constants  are five 
t imes those of the  corresponding spinel spacings. As the  
associated streaks prove, there  exist  in t imate  relat ions 
between the s t ra ined spinel lat t ice and  the new phase. 
Measurements  of the lat t ice constants  during the precipita- 
t ion mechanism give rise to the assumption of a near ly  
pure AlcOa-modification. 

(3) 1150-1500 ° C . - -The  t ransi t ion-phase disappears 
and  the precipi ta t ion to ~-A1208 takes  place. The spinel 
lat t ice is no longer strained. Measurements  b y  Eppler  
show t h a t  the impor tan t  hardness  increase coincides wi th  
the appearence of the lamellae system. The behaviour  of 
hardness  in the nucleat ion s ta te  is now being invest igated.  
The mechanism of precipi ta t ion is accompanied b y  ther-  
moluminescence, the spectral  dis t r ibut ion of which was 
measured. Examina t ions  of the (OH)-content  b y  infra- 
red absorpt ion es tabhshed the  existence of two (OH) 
frequencies at  2.8 ~ and  3/~. The (OH) content  varies  as 
a funct ion of hea t - t rea tment .  These invest igat ions,  too, 
are not  ye t  completed. 

2. S. CAILLI~RE (~ F. KRAUT. Transformation de quelques 
mindraux mangandsif~res sous l'action de la chaleur. 
I1 a 6t6 montr6 ant~r ieurement  que, sous Faction de la 

chaleur, la polianite se t ransforme en brauni te ,  puis en  
haussmani te .  

Or, les manganates ,  en part iculier  la hol landite  et  la  
coronadite,  possedent une s t ructure  cristalline tr~s voisine 
de celle de la polianite.  Cette analogie nous a sugger6 
l ' idee d '~tudier le comportement  thermique de ces min4- 
raux  et de chercher k identifier les compos~s qui p rennent  
naissance au tours  du chauffage. 

L 'ana lyse  thermique differentielle fair appara l t re  un  
domaine de stabili t4 s 'd tendant  jusqu 'k  environ 600 ° C. 
En t r e  600 et 1000 ° C. se mani fes ten t  des phenom~nes 
endothermiques  correspondant  ~ un  premier s tade de 
t ransformat ion,  aussi bien pour  la polianite que pour  l es  
deux manganates .  Enfin,  au  delk de 1000 ° C., se produi t  
une  nouvelle modificat ion qui se t r adu i t  sur les courbes 
par  un  accident endothermique ex t remement  impor tant .  

Pa r  ailleurs l 'e tude thermopond~rale permet  de suivre 
quan t i t a t ivemen t  ces t ransformations.  Les pertes de poids 
enregistr~ies sent  dues pr incipalement  au d~ipart de l 'oxy- 
gene et caracterisent  dans une certaine mesure les com- 
p0ses de ne0f0rmati0n. 

E n  4tudiant  aux rayons  X les poudres chauff~es on 
determine avec plus de cert i tude ces substances.  

Enfin,  l ' examen microscopique des 6prouvettes  portees 
aux differentes tempera tures  de t ransformat ion  confirme 
le diagnostic et  montre  le mode d 'associat ion des nouveaux  
const i tuants .  

3. H.  WILMA~ & T. DE S. M U r U C ~ A ~ A .  The thermal 
transformations of mica between 200 and 650 ° C. 
I t  is found by  electron diffraction t h a t  cleavage faces 

of muscovite  mica, when hea ted  in vacuo or in air for ~--3 
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hr., first show a change of surface structure at  about  
200 ° C., a hexagonal  s tructure being formed, wi th  a 
be tween 5.3 and 5.5 /~ and  c be tween 6'9 and  7.4 /~, 
or ienta ted  wi th  the  basal axes parallel to those of spacing 
5.18/~ of the mica cleavage face. Similar lattices, though  
wi th  several major  variat ions in s tructure as shown by  
the  relative spot intensities, were found up to near ly  
550 ° C., where a complete change in pa t te rn  occurred, 
corresponding to an epitaxially or ienta ted structure which 
was orthorhombic,  or nearly so, wi th  axial lengths near  
7-4, 9-6 and  12.9 /~. 

After heat ing mica for 3 hr. in the  region of 650 ° C. the  
decomposi t ion product  again gave a different type  of pat-  
tern, corresponding to a similar or thorhombie  structure,  
wi th  axial lengths near  9.9, 13.3 and  7.7 A, but  in different 
epitaxial  or ientat ion relative to the  main  mica substrate.  
These decomposit ion products  are presumably  due to a 
progressive dehydra t ion  of the  mica, but  identif icat ion of 
their  composit ion is difficult owing to lack of da ta  for 
comparison. Mica hea ted  to 850 ° C. became too wrinkled 
and  rough-surfaced to yield a clear pat tern.  

4. H. F. W. TAYLOR. Dehydration mechanisms of the hy- 
drated calcium silicates. 
The dehydra t ion  of single crystals of hydra t ed  calcium 

silicate minerals  has been s tudied by X-ray,  electron- 
microscope, and  electron-diffraction methods.  In  some 
cases the  product  is an unor ien ted  aggregate, but  more 
often it is a single or twinned  crystal having a definite 
or ientat ion relative to t ha t  of the  initial material .  In  
these cases, a close relat ion exists be tween the  uni t  ceils 
of initial and  final materials.  

Earlier X-ray  studies yielded incomplete  information,  
especially wi th  the fibrous compounds,  because these are 
f requent ly  available only as polycrystall ine aggregates 
which give only rota t ion photographs.  In  several of these 
cases (okenite, tobermori te ,  foshagite) more complete  
informat ion has now been obta ined by electron-diffraction, 
using the three-stage electron microscope. 

The transi t ion afwillite --> ?-Ca2Si04 has been examined 
in some detail, because the  crystal structures of both  
compounds are known.  The (010) and  (101) directions 
of the  afwfllite become respectively the  (100) and  (001) 
directions of the ~-Ca~SiO¢. The atomic movemen t s  needed 
to effect the  change have been determined.  The subsequent  
change to rankini te  has also been examined. .  

The occurrence in the  neighbourhood of t ransi t ion 
tempera tures  of 'extra '  X-ray  reflexions, not  a t t r ibutable  
to either of the pure phases, is no ted  and  their  possible 
significance is discussed. 

§ 12. Diffusion aux petits  angles;  diffusion 
en dehors des r@flexions s@lectives 

1. W. A. WOOSTER. A n  instrument for the study of central 
sections of diffuse reflexion surfaces. 

2. H. CVRIE~. Diffusion des rayons X par le sodium. 
On a pr@par@ des monocris taux de sodium dans des 

moules plats & fen@tres en nickel tr@s mince, et  on a 
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@tudi6 la diffusion des rayons X par transmission. On a 
ainsi trac@ des courbes de diffusion le long des directions 
impor tantes  dans le r@seau r@ciproque. On constate que 
les pouvoirs diffusants du deuxi~me et du trosi@me ordre 
d@passent largement,  pour  la p lupar t  des mesures, ceux du 
premier  ordre. On calcule a priori avec une bonne approxi- 
mat ion  ces pouvoirs d 'ordres sup@rieurs & part i r  des con- 
s tantes @lastiques. On peut  ainsi interpr@ter l 'ensemble de 
la diffusion des rayons X par  l 'agi ta t ion thermique  dans 
le sodium ~ temp@rature ordinaire. 

3. P. OL~rER & H. ROBERT. Diffusion des rayons X par 
les ondes d'agitation thermique. 
Les r@sultats qui avaient  @t@ pr imi t ivement  obtenus  

sur l ' a luminium pour la direction [100], sont  compl@t@s 
par  une @tude pr@cise de la diffusion pour des vecteurs  
de diffusion coincidant  avec une axe ternaire [111]. Les 
plans d 'ondes acoustiques coincident alors avec les plans 
d ' empi lement  compacts  de la structure.  

Caract@ristiques de la diffusion aux limites de la zone. 
Cons@quences sur les courbes de la dispersion de vitesse. 

4. K. KR~_~Jc. Influence de la densitg apparente d'un sy- 
sterne hdtdro-dispersg sur la diffusion des rayons X aux 
petits angles. 
On @tudie exp@rimentalement l ' influence du rappro- 

chement  syst@matique des 'particules '  d 'un  syst@me h@- 
t@ro-dispers@ sur la forme de la courbe de diffusion et sur 
l'intensit@ des ondes diffract@es sous les pet i ts  angles. E n  
tassant  de plus en plus d 'hydroxyde  d ' a lumin ium tr@s 
f inement  divis@ dans un  volume donn@, on a obtenu des 
@chantillons de densit@ relative al lant  de 0,026 & 0,89. 
Des d iagrammes de diffusion des rayons X de douze de 
ces @chantfllons ont  @t@ faits. Sur aucune des courbes de 
diffusion on n 'apergoit  de m a x i m u m  d'intensit@. L'al lure 
g@n@rale des courbes ne varie pas beaucoup d 'une  courbe 

l 'autre,  ce qui est en accord avec les pr@visions th@ori- 
ques (Guinier, 1943; Fournet ,  1951; Hosemann,  1939, 
1950). 

Les r@sultats d 'analyse quant i ta t ive  d'apr@s les m@tho- 
des de Hosemann (1950) et Porod (1951-3) sont compar@s 
entre  eux et aussi avee la photographic  obtenue au micro- 
scope @lectronique. Pour  l'@chantillon de densit@ faible les 
deux m@thodes donnen t  la taille moyenne  de l'@l@ment 
structural  environ 90 /~, en bon accord avee l ' image 
@lectronique. La taille augmente  avec la densit@ apparente  
de l'@chantillon. Ce r@sultat s 'explique par l 'association 
des particules provoqu@e par  la compression de la sub- 
stance. 

Le rapprochement  des @l@ments structurals  diminue 
l'intensit@ des ondes diffract@es, ce qui est en accord 
quali tat if  avec certaines consid@rations th@oriques. L'@tu- 
de quant i ta t ive  de cette influence mont re  une d iminut ion  
de l'intensit@ avec la densit@ relative approx imat ivement  
exponentielle.  Tout  se passe comme si le coefficient d 'ab- 
sorption massique @tait augment@. Quant  ~ l ' influence 
combin@e de 1'absorption et des interf@rences, l'exp@rience 
mont re  un  m a x i m u m  d'intensit@ des ondes diffract@es 
pour l'@chantillon de densit@ relative 0,2 et non 0,5, 
g@n6ralement admise. 
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5. R. SMOLUCHOWSr~I, Y. Y. LI & W. H. ROBINSOI~. Small- 
angle X-ray scattering by lattice imperfections. 
I t  is pointed out tha t  a Fourier inversion of the 

intensity distribution of X-ray scattering, taking the 
small-angle scattering alone, gives the electron-density 
function of the continuum approximation. The procedure 
of including only the central scattering is practicable, 
when none of the Bragg peaks of the lattice diffraction 
occur at  such a small angle tha t  their scattered intensity 
overlaps the central scattering. A general discussion of 
the choice of the sign of the phase factor in the Fourier 
transformation and of its experimental consequences is 
given. The analysis is applied to scattering in a super- 
saturated alloy and to a discussion of some of the ap- 
proximate formulae used in fitting experimental data. 
When the electron-density function of the scattering 
center has an odd symmetry with respect to one of the 
coordinate variables, conclusions can be drawn about the 
scattered intensity distribution without actually knowing 
the density function. The most interesting case of an odd 
symmetry is the edge dislocation. Various experimental 
results recently obtained on metallic and non-metallic 
imperfect solids will be presented and discussed. 

6. P. B. HIRSCH. The measurement of low-angle scattering 
by the double-crystal spectrometer technique. 
The double-crystal spectrometer has been used to mea- 

sure diffuse scattering up to spacings of several thousand 
~ngstrSms. The extension of the method to even larger 
spacings is discussed. I t  is also shown how the total  
scattering, measured by the Warren method, can be used 
to determine the shapes of the structural units responsible 
for the low-angle scattering in substances which exhibit 
preferred orientation. Some applications of these methods 
are described. 

7. J. LAv~ .  Intensitg des rayons X diffusds par un cristal 
sous l'e]]et de l'agitation thermique. 

§ 13. Croissance des cristaux 
1. C. S. BRow~, R. C. KET,T, & L. A. THOMAS. The growth 

of large quartz crystal,9. 
The growth of large quartz crystals on seeds cut 

perpendicular to the trigonal axis has been described 
previously. Subsequent work has achieved two main 
results: the growth of crystals substantially larger than 
those obtained in the earlier work and the successful use 
of low-grade sources of silica, native to the United King- 
dom, instead of high-grade melting-quality quartz from 
Brazil. 

Crystals weighing about 150 g. are now being grown 
on a pilot scale in a period of 30 days using autoclaves 
having a 63 mm. bore. This size of crystal is large enough 
for the major i ty  of piezoelectric purposes in radio com- 
munications. Certain applications, including those in car- 
rier telephony, require larger crystals and this has 
prompted an investigation using autoclaves having 100 
ram. bore. In  such autoclaves crystals weighing over 
700 g. have been grown in 40 days. 

Quartz crystals have been grown from flint, from 
quartzites of varying composition and even from granite. 
Depending on the nature and the amount of impuri ty 

in the source material the crystals may  be strained or 
flawed owing to the inclusion of impuri ty atoms. However, 
certain modifications of the growth process have enabled 
these defects to be overcome, yielding crystals of good 
quality. Work now in progress promises to reveal the 
nature of the impurities which most affect the growth of 
quartz. 

2. C. S. BROW:~ & L. A. T~o~_~s. The response of labora- 
tory-grown quartz to irradiation with X-rays and other 
radiations. 
I t  has been shown previously tha t  the darkening 

produced in quartz when irradiated with X-rays is 
dependent on the presence of impurities incorporated 
during growth. Moreover, a quartz crystal grown in the 
laboratory under optimum conditions is not  appreciably 
darkened by exposure to X-rays for a period which 
normally induces substantial darkening in natural  quartz, 
e.g. a dose  of 5×10 sR.  

The continuation of the investigation has shown tha t  
laboratory-grown quartz can be made to darken either 
by a sufficiently long exposure to X-rays, about twenty  
times the normal dose, or by irradiation with high-energy 
electrons or thermal neutrons. However, the saturation 
darkening is still only about one-fifth of tha t  produced 
in a typical natural  quartz crystal. 

In  contrast to the laboratory-grown quartz of good 
quality, crystals grown from impure source materials, 
such as flint, darken readily when exposed to X-rays, 
the darkening forming a characteristic pat tern  directed 
along the trigonal axis. This pat tern  no longer occurs when 
quartz is grown from flint using a modified process which 
produces high quality crystals. The characteristic darken- 
ing patterns can also be produced by the intentional 
introduction of impurities into the quartz lattice during 
growth. There also appears to be a close correlation be- 
tween the darkening and the strain patterns observed 
when the crystals are viewed in polarised light. 

A tentat ive explanation is given of the form taken by 
the darkening which accounts for the manner in which 
the impurities are adsorbed. 

3. A. R. V~RMA. Interferometric studies of crystal growth. 
The growth of long-chain compounds, e.g. palmitic 

acid crystals grown from dilute solutions, has been studied 
by the application of multiple-beam interferometry. I t  is 
found tha t  these crystals grow by the screw-dislocation 
mechanism, exhibiting growth spirals on the basal planes 
(ab planes). 

The measurement of spiral step heights by the ap- 
plication of multiple-beam internal interference fringes 
has been carried out. The measured step heigh~ are 
discussed in r~l~tion to the siz0 0f X-ray uni t  cell. 

The formation of large dislocation groups, their 
movement and macroslips have been illustrated. 

The birefringence of thin crystals has been measured 
for different wavelengths in the visible region by the 
application of the multiple-beam fringes of equal chro- 
matic order for doubly silvered crystals. 

4. I. M. DAWSON. The formation of dislocations in crystal~ 
of long chain compounds. 
The electron microscope has been used to study the 

growth of crystals of long-chain paraffins, acids, alcohols 
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and  esters. Using shadowcast ing techniques,  i t  is possible 
to resolve molecular  layers  on crystal  faces and  measure 
the  he ight  of growth steps under  va ry ing  conditions for 
growth.  

Micrographs have  now been obtained which show how 
dislocations are formed in crystals  of the ester, n-propyl-  
pentacontanoate .  Growth appears to s ta r t  from mono- 
molecular  sheets of the ester which first form as nuclei. 
As these sheets grow out, lat t ice misfi t  occurs a t  the  edge 
of the  sheet. The dislocation thus  formed is then  bui l t  
in to the body  of the  crys ta l  by  cont inued growth.  
Secondary dislocations can arise in the same way  a t  the  
edge of growth steps in large crystals.  

The mechanism is p robab ly  a general one for the 
format ion  of screw dislocations in crystals.  

5. A . R .  LANG & B. C m ~ E R S .  Imperfections in lead single 
crystals grown from the melt. 
Imperfect ions in lead single crystals  grown from the 

mel t  have  been s tudied by  the methods  used b y  Teght-  
soonian & Chalmers in the case of t in  (Canad. J. Phys. 
(1951), 29, 370; (1952), 30, 388). Single crystals  grown 
in the form of f lat  bars show a macromosaic or lineage 
s t ruc ture  consisting of ' s t r ia t ions '  about  1 ram. in wid th  
ro ta ted  relat ive to each other  by  angles of up to a few 
degrees about  the growth axis. If  a wide crystal  is grown 
from a narrow seed the new mater ia l  shows no str iat ions 
unt i l  a cer tain length  has grown. The length of th is  
coherent  region, called the  ' incubat ion distance' ,  and  the 
form of the subsequent ly  developing s t r ia t ions  have  b e e n  
s tudied under  a va r i e ty  of growth conditions. For  all 
orientat ions,  a t  growth speeds above about  10 ram. per 
minute ,  s t r ia t ion boundaries  are closely aligned wi th  the 
growth axis. At  lower speeds the boundaries form an 
irregular  pa t te rn .  Incuba t ion  distance is decreased when 
growth  rate  is increased and  when tempera ture  gradients  
are decreased. A modified Berg -Bar re t t  X- r ay  technique 
enables or ienta t ion differences to be measured and  indi- 
cates the local degree of crystal  perfection. Observat ions 
are in general  accord wi th  Teghtsoonian & Chalmers '  
explana t ion  of the behavior  of t in :  vacancies formed a t  
the  sol id-l iquid interface aggregate into discs which 
subsequent ly  collapse to form edge dislocation half-loops, 
dislocations of the same sign later  al igning themselves as 
low-angle boundaries.  However,  the  behavior  of lead is 
general ly  more complex t h a n  t h a t  of tin. 

6. S. B. LEwbr. Crystal-growth improvements over the Ver- 
neuil method. 

7. B. H O N m ~ N ~ .  Zi2chtung grSsserer Einlcristalle yon 
Hexamethylentetramin aus der Dampfphase. 

Die Kris ta l lzf ichtung erfolgt in evakuier ten  Gias- 
rShrchen in einem Metal lblockthermostaten.  Gekfihlt 
wird durch eine Kupferp la t t e  (10 x 10 ram.), die an  die 
RShrchenwand  angedrfickt  wird und  deren Tempera tu r  
geregelt und  gemessen werden kann.  

Keimbildungshi~ufigkeit  und  Wachstumsgeschwindig-  
kei t  werden durch Fremdadsorpt ionsschichten  beein- 
flusst. GrSssere, fehlerfreie Kristal le  konntefi  bisher nur  
in n icht  ausgeh.eizten Rohren,  in die die Substanz unter  
H o c h v a k u u m  einsublimiert  worden ist, gezfichtet werden. 

Desgleichen n i m m t  die Tendenz zur Fehlerbf ldung mi t  
steigender Tempera tu r  merkl ich  ab. 

Von Wicht igkei t  ist  ferner die Fo rm der Isotbermen.  
An den Kristal lf l~ehen,  die I so thermen schneiden, t re ten  
Temperaturdifferenzen auf. Diese ffihren bei Uberschrei-  
ten  ~ines kr i t ischen Wertes  zur Fehlerbi ldung am Kristal l .  
Bei der P la t t enkf ih lung  liegen die I so thermen e twa paral-  
lel zur Unter lage.  Dabei  gelingt  die Zfichtung gr6sserer 
plat tenfSrmiger  Kristal le  (bis 10 × 10 × 3 ram.), sofern die 
Keime in geeigneter Orient ierung zur Unter lage  aufge- 
wachsen sind. Dabei  muss eine Kristallfl/ iche etwa parallel  
zur Unter lage  liegen. 

Mit der beschriebenen Appara tu r  gelingt  ferner die 
Beobach tung  zahlreicher Oberfl/~cheneffekte wie z.B.:  
Ausbi ldung yon  Vizinalfl/ichen, Wachs tumsschich ten ,  
Fehlerbi ldungen und  deren Auswirkung auf die Wachs-  
tumsgeschwindigkei t  usw. 

8. ]~,. I~E~rNI-NGER & B. ~ A U S E .  Kristallgitter-Model aus 
schwimmenden Pentaerythrit-Kristallen infolge von elek- 
trischer Aufladung bei der KristaUisation. 

Bei der Kris ta l l i sa t ion yon  P e n t a e r y t h r i t  aus wasse- 
riger L6sung ordnen sich die an  der Oberfliiche schwim- 
menden  Kris tal lkeime,  falls sie einheitl iche Gr6sse haben,  
regelm~ssig an  zu einem hexagonalen Git ter  ahnlich dem- 
jenigen der Seifenbl~schen beim Bragg-Nie ' - schen Modell. 
Ursache sind elektrische Auf ladungen der wachsenden 
Kristalle.  Die mi t  ver t ikaler  te t ragonaler  Achse schwim- 
menden  Krist~tllchen erweisen sich als an  ihren K6pfen 
negat iv  aufgeladen. Geht  das W a c h s t u m  in Wiederauf-  
16sung fiber, so kehr t  sich das Ladungsvorzeichen urn. 
Die Potent ia le  der Kris ta l le  erreichen Werte  bis zu 
mehreren hunder t  Volt,  sie sind proport ional  deren 
Kantenl / ingen.  Da  das elektrische Feld nu t  im Luf t r aum 
herrscht ,  konnte  n icht  e indeutig entschieden werden, ob 
die Aufladung unipolar  ist, oder e twa echten Dipol- 
Charakter  hat .  Verschiedene Hinweise sprechen aber ffir 
ein homogen r~umliches 'Einfr ieren '  yon  negat iven La- 
dungen beim Wachs tum,  und  dami t  ffir Zusammenh/~nge 
mi t  dem Costa Ribeiro 'schen ' thermo-dielektr ischen Ef- 
fekt ' .  

9. L. GR~v. Das Verhalten der nieder indizierten Ebenen 
bei verschiedenen Wachstumsgeschwindigkeiten. 

Nieder indizierte Ebenen  weisen bekarmtl ich ein ge- 
ringes Adsorpt ionspotent ia l  auf. Dies ha t  zur Folge, dass 
die Ar t  ihres Wachs tums  yon  der Anzahl  der pro Zeit- 
einheit  auf ihnen adsorbier ten Atome abhangt .  Bei ge- 
r inger Anzahl  ist die Keimbi ldungswahrscheinl ichkei t  auf 
i tmen gleich Null  und  es erfolgt kein W a c h s t u m  in Nor- 
malenr ichtung,  nu t  eine VergrSsserung der Fl~che. Bei 
grSsserer Anzahl  k o m m t  es auf den Ebenen  zu einer 
Keimbi ldung mi t  t angen t ia lem Auswachsen des Keims,  
d.h. es t r i t t  (atomares oder lamellares) Schich twachs tum 
auf, die Ebenen  wachsen in Normalenr ich tung  durch 
Paral le lverschiebung zu sich selbst. Bei hoher Zahl pro 
Zeiteinheit  adsorbierter  Atome wird jedoch die Wahr-  
scheinlichkeit  einer Keimbfldung auf den Ebenen  t rotz  
ihres geringen Adsorpt ionspotent ia ls  so gross, dass sich 
gleichzeitig sehr viele Keime bilden. Ihr  tangent ia les  
Auswachsen ist aber n icht  mehr  bedeutungsvoll ,  da sie 
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sich durch Anlagerung weiterer Atome viol rascher in der 
Normalenrichtung der Ebene weiterentwickeln. Die 
Wachstumsgeschwindigkeit der einzelnen Keime ist da- 
bei unabhangig von einander und wird nur yon den an 
dem betreffenden Keim herrschenden Wachstumsbedin- 
gungen bestimmt. Daher bleiben die Ebenen nicht er- 
halten, sondern es bilden sich beliebig gekriimmte, kri- 
stallographisch undefinierte Flachen. Die aussere Be- 
grenzungsform eines Kristalls wird dann yon der Grenz- 
flachenspannung, der Wachstumsanisotropie und der Ab- 
leitungsgeschwindigkeit der Kristallisationswarme (bezw. 
Diffusionsgeschwindigkeit bei wasserigen LSsungen) be- 
stimmt. Es bilden sich hierbei Dendriten mit  krummen, 
kristallographisch undefinierten Flachen. 

10. H. W I T , ~  & T. H. V. SE~rY. Crystal growth in electro- 
deposits on single-crystal substrates. 

Previous work in this laboratory has demonstrated 
how the main factors influence the structure of crystalline 
electrodeposits, and in particular has distinguished two 
types of growth-- ' la teral  growth' and 'outward growth' 
- -w i th  characteristic orientations. The present experi- 
ments and electron-diffraction observations show more 
quanti tat ively the effects of bath composition, deposit 
thickness, current density, temperature and substrate 
nature, in the case of deposition of silver from the argento- 
cyanide bath  upon smooth electropolished (llO), ( l l l )  
and (lO0) faces of silver single crystals. 

I t  is also shown that  between the initial growth which 
is orientated parallel to the substrate lattice, and the 
randomly-orientated polycrystalline layer which de- 
velops with increasing deposit thickness at  the higher 
current densities, there is an intemnediate twinned layer. 
This onset of twinning, in conjunction with 'outward 
growth' conditions, (high current-density etc.) appears 
indeed to be the cause of the development of the random 
layer. The dependence of the critical current density 
above which twinning occurs, upon the substrate face, 
bath  temperature, etc. is determined. 

11. I t .  W~,~_x~ & l~I. S. A. Km~__~. The structure and growth 
of metal layers formed by chemical replacement from 
solution. 

Earlier experiments on chemicafly formed deposits 
were made with polycrystalline substrates. In the present 
experiments, the structure of gold, silver and plat inum 
deposits, respectively, formed by chemical replacement 
from solution upon atomically smooth electropolished 
(111), (100) and (110) faces of copper single crystals, is 
determined by electron diffraction. I t  is shown that ,  as 
tends to occur in other types of deposition, in particular 
eleotrodepositi0n, the depo~i~ grow initi~fly in epR~xiM 
orientation relative to the substrate, then with increasing 
deposit thickness twinning occurs and a wider and wider 
spread of orientation develops. A proportion of close- 
packed hexagonal structure was present, however, in 
certain of the deposits, in epitaxial orientations showing 
it had been formed as initial nuclei, not  as a faulting of 
the f.-c. cubic structure. 

In  the case of gold deposited on Cu (111) and Cu(ll0),  
the orientation is of parallel {111} and {110} type respec- 
tively. On Cu (100) the deposit from gold cyanide was 
initially {111}, orientated with a cube-face diagonal 
parallel to one of those of the copper surface. This is 
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evidently due to primary deposition on a very thin layer 
of Cu~O present initially, which is also in this {111} 
orientation on the copper surface. Later growth was in 
parallel {100} orientation, evidently directly on the 
copper. 

Deposits from gold chloride solution on Cu (100) 
showed only the {111} orientation and were associated 
with formation of much Cu20. 

12. T. ICHIKI & It.  FuJIW~A. To produce thin single crys- 
tal foil of aluminium having any desired crystallographic 
orientations. 

By using Fujiwara's method we have succeeded in 
producing aluminium single-crystal foils (0-05 x 6 x 100 
ram. s) having definite crystallographic orientations in the 
following manner:  

First many  slender pieces (1 × 5× 100 ram. s) of alu- 
minium were cut from commercial plate (1 ram. in thick- 
ness, 99.5% in purity); then each was reduced to 0.05 
ram. in thickness by rolling, after suitable intermediate 
annealing. These thin rolled foils were cut in lengths of 
200 ram. and, after suitable anneal, were stretched 
lengthwise about 2.5%. Secondly, a foil treated in this 
way was held between two aluminium plates (0.25 ram. 
in thickness and having the same form and nature as those 
of foils), to which composite specimen we applied Fuji- 
wara's method. 

13. J .C. MetIER & R. HOC~T. J~pitaxies et recouvrement~ 
de liaisons. 
A l'interprdtation r6ticulaire classique des 6pitaxies, 

nous proposons d'ajouter une prdcision nouvelle; cello 
des recouvrements g6om6triques de liaisons du support 
et du d6p6t. 

Ces recouvrements permettent  plusieurs justifications: 
1 °. Justification de certains accolements par des plans 

r6ticulaires qui n'apparaissent dans le facies du cristal 
port6 que lors du d6p6t orient~. Exemple du chloruro 
cuivreux de facies ½(111) qui donne sur le clivage (110) 
de la blende une 6pitaxie par (110). Exemple de la s6nar- 
montite Sb40~, de facies (111) qui s'accole sur (110) do 
la blende, ~galement par (110). 

2% Justification de l 'orientation unique observ~ie duns 
le cas off la r6it6ration que laisse pr6voir la sym4trie des 
r6seaux des plans d'accolements n 'a  pus lieu. Exemplo 
du chlorure cuivreux, de facies ½(111), accol~i par (110) 
sur (110) de la blende en dormant une seule orientation do 
triangles isocNes. Exemple de l'ars6nolite, de facies (111), 
accol~i par (111) sur (111) de la fluorine, en donnant  uno 
seule orientation de triangles dquilat6raux. 

14. A. OBERLIN & R. HOCART. ~ t a x i e 8  ~tud~e8 au micro- 
scope dlectronique et par diffraction dlectronique. 
Le graphite est cliv4 en feuillets assez minces pour 

servir de support utilisable en microscopie 61ectronique. 
I1 est employ~i comme porteur ~pitaxique pour l '6tude 
de quelques microcristaux. 

Des particules de MoO a obtenues par sublimation et  
d'or pr6par~ par r6duction en solution, s 'orientent sur le 
graphite. D'autres exemples sent examines avec les 
m6mes m6thodes. 

Les concordances r~ticulaires sent 6tablies au moyen 
de la diffraction ~lectronique. 
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15. J .  vo~  V ~ T ~ E .  Uber die orientierten Verwachsungen 
yon Rutil in Quarz. 
Zehn Vorkommen yon  Blauquarz  wurden  mikrosko- 

pisch untersucht .  Die R ich tungen  der Nadelaehsen der 
im Blauquarz  orientiert  eingelagerten Rutf le  wurden auf 
dem Universaldreht isch bes t immt.  Es konnten  elf Ver- 
wachsungsgesetze mi t  insgesamt 55 Nadel lagen nachge- 
wiesen werden. Weitere  Beobachtungsergebnisse beziehen 
sich auf die ve rmutbaren  Zusammenh~nge zwischen den 
Bi ldungsbedingungen des Blauquarzes  und  der L~nge der 
eingelagerten Rut i lnade ln  und  auf ein wahrscheinliches 
Zwillingsgesetz des Rut i l s  mi t  einem Winkel  yon  169 ° 
zwischen den c-Achsen der Individuen.  

Die mikroskopische Unte r suchung  yon  ach t  Vor- 
kommen  yon  Rosenquarz  zeigte, dass bei s t~rksten Ver- 
gr6sserungen durcbans gleichg,eartete Einlagerungen el- 
her nadelf6rmigen Komponente  zu beobachten sind. Dass 
es sich dabei ebenfalls um Rutf le  handel t ,  konnte  wie 
beim Blauquarz  durch Debye-Scher re r -Aufnahmen der 
Riickst~tnde nach dem Abrauchen des Quarzes mi t  Flus- 
s~ure gezeigt werden . - -Zu  einer Vermessung der Nadel- 
lagen auf dem U-Tisch sind die Rut i le  im Rosenquarz  
zu klein. Es  ist  jedoch m6glich, aus dem Asterismus an  
Rosenquarzkugeln  auf die Orient ierung der eingeschlos- 
senen nadelf6rmigen Komponen te  zu schliessen. Eine  
Unte r suchung  yon  64 Rosenquarzkugeln  aus den Samm- 
lungen des Heidelberger Mineralogischen Ins t i tu tes  zeigte, 
dass die zu beobachtenden Lichtkreise an  den Kugeln  
auf neun Verwachsungsgesetze schliessen lassen, die 
s~mtlich mi t  Verwachsungsgesetzen in Blauquarzen iiber- 
einst immen.  

U m  neben den Orient ierungen zum Quarz als Wirt-  
mineral  und  der l ichtmikroskopisch messbaren Lange der 
Ru t i lnade ln  auch eine Aussage fiber die Nadeldicke 
machen  zu k6nnen,  warden  von Blau- und  Rosenquarzen 
elektronenoptische Aufnahmen  gemacht .  Es zeigte sich, 
dass die Durchmesser  der Nadeln  bei Blauquarzen zwi- 
schen 0,02 und  1 # schwanken.  E in  H~tufungswert der 
Nadeldurchmesser  liegt bei e twa 0,3/z. In  Rosenquarzen 
konn ten  im Regelfall  Nadeldurchmesser  zwischen 0,01 
und  0,2/~ festgestellt  werden. I m  reinen, klaren Rosen- 
quarz besi tzt  die weitaus gr6sste Anzahl  der Rut i lnade ln  
einen Durchmesser  yon  0,05 bis 0,07/~. 

Die s t rukturgeometr ischen Analogien zwischen dem 
Quarz als Wir tminera l  und  dem Rut i l  als Gast  werden 
fiir die einzelnen Verwachsungsgesetze aufgezeigt. Ab- 
schliessend folgen einige Bemerkungen  zur Frage  der 
Fa rbung  des Rosenquarzes.  

16. J .  BARDOLLE & J.  B~NARD. Sur quelques aspects cri- 
stallographiques et morphologiques de la rdaction de 
formation du protoxyde de fer d let surface du fer. 
Des ~chantfllons de fer monocristal l ins ou compor tan t  

au  plus quelques cr is taux d'assez grandes dimensions 
sen t  oxyd~s /~ haute  tempSrature  sons pression r~duite 
d 'oxyg~ne. 

Sous tr~s basse pression (10 -a ram. de H g  environ) 
850 ° C. on peut  observer apr~s un  temps variable (de 

10 minutes  h plusieurs heures) la format ion de germes 
d 'oxydes  en ~pitaxie avec le m~tal  sous-jacent.  L'orien- 
t a t ion  de ces germes est ~tudi~e. De plus leur nombre  
par  unit~ de surface, variable d 'un  cristal k l 'autre  est 
d~termin~ pour diff~rentes or ientat ions de la surface 
meitallique initiale. 

Sous des pressions un  peu plus 61ev~es (10 -3 ~ 10 -1 ram. 
de Hg) dans  les m~mes conditions de temps et de tempera-  
ture  on obt ient  une eouche continue de pro toxyde  de fer, 
~galement en ~pitaxie avec le m~tal  sous-jacent.  Vers 
750-850 ° C. il est m~me possible d 'obtenir  tm monocris tal  
de pro toxyde  sur un  monocris ta l  de m~tal. Ce dernier  
r~sul tat  permet  une ~tude precise de l 'or ienta t ion cristal- 
lographique du rSseau de l 'oxyde par  rappor t  & celui du 
mStal. Les relations d 'or ienta t ions  ainsi mises en 6vidence 
sont rapprochdes des aspects morphologiques observes. 

17. G. I. FINCH, M. V. GHARPUREY & A. GOSWAMI. The 
initial stages of epitaxial crystal growth. 
The or ienta t ion of an  overgrowth crystal  formed on 

a single-crystal  subs t ra te  is pr imar i ly  determined by  the  
or ientat ion and spacing of the a tom pair  const i tu t ing the  
p r imary  crystal  nucleus. Stresses due to misfi t  between 
overgrowth and  subst ra te  m a y  be relieved by  an appro- 
priate  change in or ienta t ion of the growing crystal .  

18. G. I. FINCH & A. GOSWAMI. The structure of tin 
deposits. 
A comparat ive  s tudy  of t in  deposits formed by  electro- 

deposition, displacement  and  hot-dipping shows t h a t  the  
deposit can be formed ei ther  by  the laying down on the  
basis meta l  of successive densely packed layers (lateral 
growth),  or by  the building up of crystals  along densely 
packed a tom rows normal  to the surface (outward growth).  
Lateral ,  bu t  not  outward,  growths conform epi taxia l ly  to  
the subs t ra te  crystals.  Thin  layers produced by  hot  
dipping are epitaxial .  

19. A. P. KAPOUSTI~E. J~tude expdrimentale de l'influence 
des ultrasons sur la cindtique de la cristallisation. 

20. M. FROZEN, S. GOLDSZTAUB & ~:~. KERN. ~tude des 
cristaux par interferomdtrie. 
Les auteurs  appl iquent  diffdrentes, m~thodes inter- 

f~rentielles k l '~tude de la qualit~ des faces cristallines 
et  de la croissanee des cr is taux ~ par t i r  de leurs solutions. 

Pa rmi  ces m~thodes il e n e s t  une nouvelle, bas~e sur 
les interf6rences en lumi~re polaris~e et applicable aux 
objets isotropes. 

21. G. NOMARSKL ]~tude de la croissance des cristaux par 
interfdrence en lumi~re polarisde. 
Pour  l 'observat ion en lumi~re r~fl~chie des figures de 

croissance visibles sous divers grossissements, on propose 
une m~thode de contraste  interf~rentiel den t  l 'appl icat ion 
se ram~ne ~ l ' ad jonct ion d 'un  dispositif optique simple h, 
un  microscope quelconque ~quip6 pour les examens en 
lumi~re polaris~e. 

Le m~me dispositif, qui se place entre l 'object if  et 
l ' i l luminateur  vert ical  du microscope ~ r~flexion n 'exige  
aucune l imita t ion du faisceau. I1 permet,  en lttmi~re 
blanche, la mesure des discontinuit~s observ~es depuis 
quelques 2kngstrSms jusqu'& quelques microns. 

O n  donnera  quelques exemples d 'applicat ion,  tir~s de 
l '6tude des cr is taux de carbure de silicium qui pr~sentent  
des figures de d~veloppement tr~s diff~rents h des ~chelles 
variables. 
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22. G. PFEFFERKORN. Da# Wachsen yon MetaUoxydkri- 
stallen nach elektronen-milcroskopischen Unterm~chungen. 
Auf Oxydh~uten  wachsen sublichtm~l~roskopisch kleine 

Nadeln  und  diinne Bl~t tchen.  Die Abh~ngigkei t  des 
Wachs tums  nach  L~nge und  Dicke und  die Abh~ngigkei t  
weiterer Oberfl~chenerscheinungen yon  ~usseren Be- 
d ingungen wird untersucht ,  und  ist  ein Beweis fiir die 
Oberfl~chendiffusion von Bausteinen.  

23. P. HAMARD. Formations cristallines tubulaires de l' hexa- 
mdthylene-tdtramine-triphdnol : probl~me de croissance. 
P a r  cristal l isat ion rapide, l 'hexam4thyl~ne-t~itramine- 

triph~inol cristallise en bot tes  d'aiguilles. E n  cristall isation 
lente, fl donne des prismes allongds, tous creux, £ section 
ext~irieure hexagonale.  Le tube  int~rieur pr~sente l 'aspect  
d 'une pyramide  hexagonale allong~e, termin~e k l 'ex- 
tr~mit~ ouverte par  un  p lan  en biseau k 51 ° des g~n~ira- 
trices ext~rieures. La  format ion tubulaire,  dont  ce corps 
para l t  un  pro to type  parfai t ,  est re la t ivement  fr~quente. 

La  r~gularit~ du d~veloppement de cette format ion 
nous para i t  difficflement interpretable  par  les th~iories 
habituel les  de la diffusion. 

Pa r  analogie avec la th~orie de Kossel qui envisage, 
dans le cas des cr is taux cubiques homopolaires, des forces 
de liaison ~galement r~parties autour  d 'une part icule 
~l~imentaire et des forces d 'agr~gat ion sensiblement 
~quivalentes su ivant  les deux ou trois directions d 'un  
syst~me de composantes,  on pourrai t  chercher £ inter- 
preiter l 'existence des formations en aiguille et tubulaire  
par  une  force d 'agr~gation k forte pr~ipond~rance dans le 
sens de l 'a l longement .  

L ' inf luence relat ive de cette composante principale et  
des composantes secondaires conjugu~es varie largement  
avec la na ture  de l'esp~ce chimique poss4dant cette 
propri~t~i. Cette force pr~pond4rante correspond aussi 
la possibflit~ de delformations m~caniques permanentes  
dans  le cas de certaine sym~trie (urge). Pa r  ailleurs, la 
pr4pond~rance considSrable d 'une force d'agr~igation ne 
para i t  pas compatible avec la th~orie du grossissement par  
nucleat ions bidimensionnelles.  

Le type  de s t ructure  d~crit pose un  probl~me dont  la 
solution pourra i t  contr ibuer  k l ' in terpr~ta t ion du grossis- 
sement  des ~difices fibreux. 

24. G. D E I C e .  La  gen~e des groupements cristallogra. 
phiquement ddfinis de cristaux droit et gauche, observde 
sur l'exemple du chlorate de sodium. 
Les macles off se t rouven t  associ~es les vari6t4s d et g 

d 'une  m~me esp~ce cristalline apparaissent  comme u a  
interm~diaire entre les macles s.s. associant des individus 
eristallins semblables et les groupements  ~pitaxiques d'es- 
p~ces diff6rentes. L'~itude expelrimentale de la cristallisa- 

ti0n de C103Na (t~tart0~drie 6nanti0m0rphe cubique) 
montre  que la format ion de macles associant individus 
droit  et gauche peut  ~tre obtenue en faisant  varier  le 
degr6 de sursaturat ion.  Ce r~sul tat  est un  nouvel  exemple 
de l ' influence du d~is~quilibre eristallog6n~tique sur l 'orien- 
t a t ion  mutuel le  s.1. Les m~mes exp6riences pe rme t t en t  
de pr~ciser les relations entre sursa tura t ion  et format ion 
de lacunas de cristallisation. 

25. M. DRECHSLER. Schmalfilm : Adsorption und Diffusion 
auf Einkristallflachen. 
I n  Feldelektronenmikroskopen wird die flachenspezi- 

fische Adsorpt ion und  Oberfl~chendiffusion an  den Bei- 
spielen W auf W und  Ba  auf W gezeigt. Aufgedampfte  ad- 
sorbierte W-Atome wandern  gem~iss den Verweilzeiten 
und  d~n Platzwechselenergien fl~chenspezifisch und  in  
Vorzugsrichtungen.  Ba-Atome zeigen auf W-Fl~chen 
charakter is t ische Verweilzeiten. Die Linie monoa tomarer  
Ba-Bedeckung wander t  entsprechend den fl~chen-spezi- 
fischen Oberfl~chendiffnsions-Koeffizienten. Einkopier te  
Zahlenwerte sowie ein Modell erm6glichen Vergleiche mi t  
theoret ischen Werten.  

26. M. DRECHSLER. Messung strukturabhSngiger Platz- 
wechselenergien mit dem FeldelektronenmikrosI¢op. 
Fl~chenspezifische Platzwechsel-  und  Bindungsener-  

gien von ar teigenen und  n ich t  ar teigenen Atomen  auf 
Einkris tal l f l~chen werden vereinfacht  berechnet  du tch  
Summat ion  der Bindungsenergien zu den n~chsten Nach-  
barn.  

I m  Feldelektronenmikroskop werden zeitl ich r~um- 
l i the  Ver~nderungen adsorbierter  Einzelteflchen und  
Schichten als F u n k t i o n  der Tempera tur  auf mehreren  
Einkris tal l f l~chen gemessen und  daraus  Platzwechsel-  
energien und  Pla tzwechselr ichtungen bes t immt.  I m  Falle  
der un tersuchten  Systeme Bar ium auf Wolf ram u n d  Wol- 
f ram auf Wolfram s t immen gemessene und  berechnete 
Platzwechselenergien fiberein. Diese Messungen erm6g- 
l ichen es auch, die verschiedenen Gi t te rs t ruk turen  der 
einzelnen Fl~chen festzustellen bzw. zu best~tigen.  

27. M. DRECHSLER & R.  Vh_NSELOW. Die Wachstumsform 
yon Tantal-EinkristaUen im 1%ldelektronenmikroskop. 
Mit dem Feldelektronenmlkroskop werden Temper-  

und  Wachs tumsformen von Einkris t~l len aus Ta  sowie 
aus W, Mo, Ni  u.a. beobachtet .  Als Ta-Waehstumsf l~chen 
t re ten  bei einem V a k u u m  von 10 -l°  ram. H g  nur  noch 
011 und  001, dagegen nicht  l l2 -F l~chen  auf. Dies s teh t  
im Gegensatz zu Messungen an  Ta bei weniger gu tem 
V a k u u m  sowie zu bisherigen Messungen an  anderen 
kubisch raumzent r ie r ten  Kristal len,  s t immt  abet  un- 
mi t te lbar  mi t  der Theorie von Stranski  tiberein. 

28. C. A. R u s ~ .  Moving bubbles in negative crystals. 
A motion picture showing the rapid movement  of gas 

bubbles in liquid-filled crys ta l  cavities is presented.  The 
cavities are negat ive  crystals,  and  appear  to be filled 
wi th  mother  l iquor from the  crystal l ization.  The gas 
bubble is ei ther  air or the vapor  phase of the  liquid. The 
movement  is presumed to be Brownian  in nature ,  as 
modified b y  the p rox imi ty  of the cell wall, and  is ve ry  
rapid  for bubbles below two microns in diameter.  Larger  

bubbles show slower movement ,  and above 25 microns 
no perceptible mot ion is noted. Examples  of organic and  
inorganic labora tory  crystals  are shown. 

§ 14. Diffraction des neutrons 
I. J. A. GOEDKOOP & A. F. ~ANDRESEN. The C~8~l  S t a -  

ture of copper hydride. 
The crystal  s t ructure  of CuI-I, about  which conflicting 

information appears in the l i terature,  was re invest igated 
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wi th  X- r ay  and  neu t ron  powder techniques.  The X- ray  
d iagram was t aken  wi th  a G. E.  Geiger-counter genie- 
meter  and  confirmed the hexagonal  s t ructure  as given 
by  Wyckoff  wi th  a = 2.920, c = 4.614 A. Samples 
produced in the usual way,  i.e. by  adding hypophospherous  
acid to a copper sulphate  solution, show considerable line 
broadening,  and contain several per cent metall ic copper• 
The neut ron  diffraction da ta  were obta ined a t  the  
i j e l l e r  250 kW. heavy-water  reactor.  They  are consistent  
wi th  the wurtz i te  s t ructure  assumed by  Wyckoff .  Work  
on the deuteride will be reported.  

2. G. E.  BACON. The ferroelectric structure of potassium 
dihydrogen phosphate. 
Neutron  diffraction measurements  of the (h/c0) and  

(hO1) reflections of KH,PO4 have been carried out  a t  
20, --140 a n d  --180 ° C., using a neu t ron  wavelength  of 
0.8 A which permi t t ed  the s tudy  of in te rp lanar  spacings 
down to 0.45/~. 'Normal  and  'difference' Fourier  projec- 
t ions have been constructed on the (001) and  (010) planes. 
I n  the ferroelectric s ta te  the crystal  was main ta ined  as a 
single domain  under  the influence of const ra int  and  an  
electric field, evidence of the domain  s t ructure  and  
or ienta t ion being obta ined from the shape of the  rocking 
curves. Certain pairs of reflections, such as 16,0,0 and  
0fl6p0, which are of equal  in tens i ty  in the te t ragonal  
s tate,  are ve ry  sensitive to displacement  of the hydrogen 
atoms.  In  the or thorhombic ferroelectric s ta te  they  are 
quite unequal ,  becoming, for this par t icular  example,  in 
the rat io of 1:7. Reversal  of the electric field reverses 
the s t ructura l  a s y m m e t r y  and  domain  or ientat ion and  
interchanges these intensit ies,  the  rat io becoming 7:1.  

4. P.  A. EG~.T.ST~VF & G. L. SQUIRES. A thermal neutron 
analyser . 

A pulsed beam of the rmal  neut rons  from the Harwel l  
Linear  Accelerator is allowed to fall on the ro ta t ing  cad- 
mium shut te r  of a slow neut ron  chopper. In  this  way  a 
pulsed monochromat ic  beam of neut rons  is produced. 
A crystal  is placed in this  beam, and  the neut rons  scat- 
tered a t  a selected angle are then  ana lysed  according to 
their  t ime of fl ight from the crystal  to a detector.  Thus  
the  wavelength  spectrum of the  scat tered neut rons  m a y  
be measured as a funct ion of the scat ter ing angle and  the  
incident  neu t ron  wavelength.  Such measurements  provide 
information on the relat ion between the f requency and  
wavelength  of elastic waves in the  crystal  latt ice.  

Some pre l iminary  measurements  will be presented.  

5. P. A. EGELSTAFF. Inelastic scattering of cold neutrons by 
liquids. 
Wl~en a cold neut ron  is scat tered b y  a l iquid i t  is 

possible for one or more quan ta  of v ibra t ional  energy  
(phonons) to be t ransferred to it. B y  measur ing the cross 
section and  the gain in energy we m a y  obta in  the ap- 
proximate  size of a n y  groups of a toms in the l iquid which 
are more t igh t ly  bound to one another  t h a n  to thei r  
neighbours.  I f  the  energy spectrum is measured in detai l  
we will also be able to determine the bond s t rength.  

As a first step in the exper imenta l  s tudy  of this  subject  

the average energy gain (T) of 15 ° K.  neut rons  scat tered 
b y  metals  is being measured.  Some results  will be given 
on the var ia t ion  of T wi th  sample t empera ture  for Pb  
and  Zn near  their  mel t ing  points.  

3. R.  PEPINSKY & B. C. FRAZER. Miniaturized genie- 
meters for neutron single-crystal diffraction. 
U s e  of Li I (Sn and  Eu) scint i l lat ing crystals  coupled 

to photomult ipl iers ,  and  minia ture  high-pressure enriched- 
BF8 counters,  permits  development  of minia ture  single- 
crys ta l  neu t ron  diffraction goniometers.  In  the  case of the 
scint i l la t ion detectors,  the  entire minia ture  goniometer  is 
placed wi th in  a shielded region wi th  4-in.-thick walls of 
Pb  and 4-in.-thick L iF  embedded in paraffin.  No shield- 
ing is required a round the goniometer  when the small 
B F  a counter,  encased  in a B4C-in-plastic shield, is used. 
Measurements  wi th  bo th  types  of detectors a t  the  Brook- 
haven  Reactor  are i l lustrated.  I t  is shown t h a t  the  minia-  
ture counters have  sens i t iv i ty  and  background comparable 
wi th  s t andard  large BF3 counters. 

The great  advantages  of these minia tur ized genie- 
meters  lie in their  small size and  weight,  low cost, and  
ease wi th  which three-dimensional  measurements  can be 
accomplished wi th  their  use. 

Two laboratory-const ructed  models of these genie- 
meters  are i l lustrated.  These have  been constructed a t  
The Pennsy lvan ia  Sta te  Univers i ty .  A th i rd  ins t rument  
is also i l lustrated,  which consists of a General Electr ic  
X - R a y  Speetrogoniometer,  modified according to Zacha,  
r iasen 's  design for three-dimensional  single-crystal  mea- 
surements ,  bu t  wi th  BaC-in-plastic slits for neut ron  
collimation, and  wi th  a minia ture  B F  a counter  enclosed 
in a shield of similar mater ial .  

6. A. I ~ P n ,  T. ~tude thEorique de la diffusion indlastique 
des neutrons par un monocristal. 

7. R.  D. LOWDE. The scattering of neutrons by magnetic 
spin waves. 

The magnet ic  disorder which thermal  agi ta t ion  induces 
in a magnet ic  lat t ice can be analysed into spin waves.  
At  tempera tures  not  too near  the Curie point  or the N~el 
point ,  these waves m a y  be represented as Fourier  com- 
ponents  of the mot ion of the a r ray  of spins;  from this  
point  of view they  are the analogues in magne t i sm of the  
simple harmonic  modes of v ibra t ion  in lat t ice dynamics .  
Like the v ibra t ional  modes, the  spin waves are also 
associated wi th  definite momen tum and energy,  and  in 
jus t  the  same way  they  give rise to character is t ic  diffuse 
re flexions by  inelastic scat ter ing when a magnet ic  crys ta l  
is exposed in a neut ron  beam. 

Wi th in  an order of magni tude  the spin wave reflexion 
intensi t ies  are found to be comparable wi th  those of 
phonon scat ter ing;  thus  the spin wave reflexions hold out  
the possibi l i ty of s tudying  magnet ic  coupling forces by  
diffuse scat ter ing methods.  The cross section is, however,  
sma l l - - in  iron about  0.002 barns  per  a t o m - - a n d  so ex- 
ploi tat ion of this  po ten t i a l i ty  is difficult. Nevertheless ,  
i t  has been possible to isolate the spin wave pa r t  of the  
diffuse reflexion 110 in the Laue diffraction pa t t e rn  of 
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iron, using the  dependence of the  cross-section on the  
magnet izat ion direction of the  crystal. Theoretical for- 
mulae will be given and compared wi th  observation. 

'biocristallographie' .  Les cristaux formds dans l 'or- 
ganisme sont rencontr6s par beaucoup de sp6cialistes, 
mais le ' s t roma organique'  est seul mentionn6.  

8. G. L. SQUIRES. The scattering of slow neutrons by lead in 
the region of the melting point. 
The total  cross-section of lead for neutrons  wi th  an 

average wavelength  of 8.3 /~ has been measured as a 
function of the tempera ture  of the  lead. Measurements 
have been made  at temperatures  from 20 to 550 ° C. 

The cross-section is found to increase at  the mel t ing 
point. 

9. L. M. CoR~ss & J.  M. HASTINGS. A neutron-diffraction 
study of zinc ferrite at low temperatures. 
Recent  neutron-diffraction measurements  (J. M. Has- 

t ings & L. M. Corliss, Rev. Mod. Phys. (1953), 25, 114) 
have  confirmed the  earlier X-ray result tha t  zinc ferrite 
has the  normal  spinel structure, in which the  diamagnet ic  
zinc ions occupy the te t rahedral  or A sites and  the tri- 
va lent  iron ions occupy the  octahedral  or B sites. Ac- 
cording to the  N~el theory  of ferrimagnetism, there is, 
in addi t ion to the dominant  ant iferromagnetic  interact ion 
between magnet ic  ions on A sites and  those on B sites, 
a weaker  antiferromagnetic coupling between magnet ic  
moment s  on B sites alone. Since the  A - B  interact ion is 
absent  in zinc ferrite, this compound is ideally suited to 
observing the  subsidiary B - B  interaction, and might  well 
be expected to exhibit  ant i ferromagnet ism at  sufficiently 
low temperatures .  

At  room temperature ,  powder pat terns  show no evi- 
dence of coherent  magnet ic  scattering. Exper iments  de- 
signed specifically to measure the  diffuse scattering show 
no evidence of short-range order and  permit  an assign- 
m e n t  of the  ideal paramagnet ic  m o m e n t  of 5/~fl to the  
Fe +a ions. A low-temperature cryostat  employing th in  
a luminum windows made  it possible to obtain powder 
diffraction pat terns  down to l iquid-helium temperatures.  
Peak  intensities and  positions obtained from runs at  
77 ° K. and  48 ° K. are identical wi th  those obtained at  
room temperature .  At about  20 ° K. the  general level of 
paramagnet ic  scattering decreases noticeably and  a dif- 
fuse m a x i m u m  appears in the  low-angle region. At  4.2 ° K. 
a reasonably well-defined set of superlattice lines is 
present  while the  peaks corresponding to the  original 
spinel structure are unchanged.  

The transi t ion which occurs in the neighborhood of 
6-10 ° K. is in terpreted as ant iferromagnetic  in origin. 
Exper iments  recently completed by Mr Friedberg at the  
Carnegie Ins t i tu te  of Technology, utilizing a port ion of 
the  neut ron  diffraction specimen, indicate a substantial  
heat  capacity anomaly  at  8.3 ° K., in confirmation of the  
diffraction result. The extra diffraction lines cannot  be 
indexed on the  original spinel uni t  cell. Possible models 
of the spin ar rangement  will be discussed. 

§ 15a. Biocristallographie 
1. H. v. PHILIPSBORN. BiocristaUographie. 

Les termes biophysique, biochimie et d 'autres  com- 
pos~s avec 'bio' sont usuels, mais pas encore le terme 

2. J .  BARRAVD. "BiocristaUographie de l'ossification. 
Nous pr~sentons une hypoth~se t endan t  ~ expliquer 

une des phases de l 'ossification par  un  m~canisme pure- 
m e n t  cristallographique. Cette hypothSse nous a ~it~ 
sugg6r~e par un  rapprochement  entre  les donn6es sui- 
vantes :  

1% Le cartilage est tr~s pauvre  en phosphore inorga- 
nique, pauvre  en calcium, re la t ivement  riche en soufre. 
Celui-ci appar t ient  A des ions sulfuriques fixes sur une  
hexosamine,  la chondroit ine avec laqueUe ils cons t i tuent  
l'acide chondro~tine sulfurique (ACS). 

2 °. L'os, au contraire, est tr~s riche en phosphore e t  
en calcium, tr~s pauvre  en soufre. 

3 °. La brushite, PO4HCa , 2H~O, dont  le rSle est admis  
au cours de la calcification, a une maille presque rigou- 
reusement  ident ique A celle du gypse, SO4Ca, 2H~0: 

Gypse: a ---- 10,47, b ---- 15,15, c -  6,51, 
d(001) ~ 7,578 A, fl ---- 151 ° 38'. 

Brushi te :  a = 10,47, b = 15,15, c = 6,37, 
d(001) = 7,57/~, fl ---- 150 ° 8'. 

On peut  donc imaginer que: 
(1 °) I'ACS du cartilage fixe le calcium du milieu cir- 

culant  pour donner  un  chondro~tine sulfate de calcium; 
(2 °) k la surface de celui-ci s 'ddifient (dpitaxie ?) quelques 
couches de sulfate de calcium (gypse); (3 °) du fair, de 
l ' identit~ des mailles, le gypse sert de germe pour la 
cristallisation de la brushite A part ir  des ions PO~' - -  du 
milieu circulant;  (4 °) par enrichissement progressif en 
calcium, la brushite donne, par exemple, du phosphate  
tricalcique a, puis de l 'hydroxyapat i te ,  d'ofl ~dification 
du 'sel de l'os'. 

Nous ne voulons voir 1A, pour le moment ,  autre  chose 
qu 'une  hypoth~se de travail, mais celle-ci sugg~re un  certain 
hombre  d'exp~riences, la plupart  du domaine de la cristal- 
lographie, dont  il reste k a t tendre  le verdict.  

3. A. S. POS~-ER. The carbonate content of bone, teeth and 
allied phosphate minerals. 
A report  upon the  crystallographic investigation of the  

nature  of carbonate found in the  mineral  port ion of bone 
and t ee th  as well as the  mineral  which resembles t h e m  
(francolite). X-ray  diffraction and infra-red spectroscopy 
were used to prove the  presence of calcite and magnesi te  
in these materials.  This lends support  to previous chem- 
ical and physical data  which indicated the  presence of 
admixed carbonates in a general mat r ix  of apat i te  in 
these substances. 

4. J.-G. HELMCKE. Biokristallographische Einlagerung an- 
organischer Verbindungen in organ@che Hartsubstanzen. 
Die Kristall isationen weichen bei den unterschiedli-  

chen organogenen Har tsubs tanzen  voneinander  ab. Beim 
Wachs tum der Per lmut te r  erfolgt die Ausf~llung des 
Kalz iumkarbonats  in der Modifikation des Aragonits  aus 
einem kalkhal t igen Schleim, in dem statistisch (r~umlich 
und  zeitlich) einzelne Keime auftreten,  an die sich die  
Kalz iumkarbonat ionen anlagern. Die wachsenden Kri-  
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stalle treiben die organische Substanz vor sich her, sodass 
diese sich zwischen den Einkristallen des Aragonits ab- 
lagert. Bei der seitlichen Beriihrtmg der Einkristalle 
t reten Kompromissfl~chen auf, die yon der typischen 
Kristallisationsform des Aragonits unabh~ngig sind. 

In  Z~hnen und Knochen der S~ugetiere vollzieht sich 
die Ausf~llung des Hydroxylapat i t s  nicht (wie bisher an- 
genommen) in vorgebildete organische Strukturformen, 
sondern unter kolloidchemischen Bedingungen. Inner- 
halb eines yon den Zellen ausgeschiedenen Gels ordnen 
sich die Kristallite, den Zugspannungen entsprechend, an. 
Als kleinste Bauelemente bilden sich Einkristalle, die 
nicht zu hexagonalen Apatitprismen anwachsen kSnnen, 
sondern deren GrSsse durch Verarmung des umgebenden 
Gels an geeigneten Ionen friihzeitig begrenzt und deren 
Tracht  durch organische LSsungsgenossen bestimmt wird. 
In  Modellversuchen kounten entsprechende Kristallisa- 
tionen yon Hydroxylapat i ten  erzielt werden. 

Die Kiesels~ureverbindungen sind in elektronenmi- 
kroskopisch amorphem Zustande in die Diatomeenschale 
eingelagert und bilden eine Schaumstruktur,  die ihre 
Parallelen sowohl in organische Membranen als auch in 
Kiesels~uregelen besitzt. Mit ihnen haben die Diatome- 
enschalen das AdsorptionsvermSgen und ein selektiv 
wirkendes Membranpotential  gemeinsam (Es wurden 
Potentiale yon 4 his 15,4 inV., positiv fiir Kationen, 
zwischen 1/100 und 1/1000 Na0I-I ermittelt). Die Dia- 
tomeenschale wird aufgrund ihrer chemischen Bauele- 
mente, sowie ihres mikromorphologischen Gefiiges aktiv 
in den Stoffaustausch zwischen dem Protoplasma und 
dem umgebenden Wasser eingreifen. 

5. H. SEIFERT. ~)ber die Bedeutung der Kristallstruktur fi~r 
die Silikose. 
Lange herrschte beziiglich der tktiologie der Silikose 

die 'L6slichkeitstheorie' (Gardner, King). Ihr  zufolge 
sollte aus den silikatischen Fremdpartikeln,  vornehmlich 
dem Quarz, ira Lungengewebe die Kiesels~ure in L6sung 
gehen und in dieser Form ihre toxische Wirkung ent- 
falten. Seit dem 1. Staublungenkongress in Miinster 1949 
machte sich wachsender Widerstand gegen diese Auf- 
fassung geltend, zumal sie keine erfolgreiche Therapie und 
Prophylaxe gezeitigt hatte.  Zun~chst unabh~ngig von- 
einander, sp~tter gemeinsam entwickelten R. J~tger und 
Verfasser eine neue Theorie. Sie machte auf den bisher 
g~nzlich vernachl~ssigten kristallinen Charakter der ein- 
geatmeten Fremdteilchen aufmerksam und legt den 
Hauptwer t  auf die strukturgebu~denen und struktur- 
gelenkten Grenzfl~chenprozesse, vergleichbar den Ele- 
mentarprozessen der heterogenen Katalyse  wie beim 
Kristallwachstum bzw. der KristallauflSsung. Entschei- 
dend fiir den Ablauf der Silikose soUen die spezifischen 
selektiven Adsorptionen yon Part ikeln des biologischen 
Milieus sein, die so zur Einleitung bestimmter Reaktions- 
ket ten fiihren, die eine Umlenkung gew6hnlicher Reak- 
t ionsketten bedeuten, nicht so ganz un~hnlich dem Ver- 
lauf bei den Viruserkrankungen. Die selektiven Adsorp- 
tionen werden dabei im wesentlichen mit  Struktur- 
entsprechungen im Shine der Epitaxie oder auch niederer 
Grade begrtindet, so dass die Vorg~nge im ganzen Spann- 
bereich zwischen Langmuir-Orientierung und orientierten 
Verwachsungen liegen. 

Mit den feinstrukturellen Einzelheiten der Quarz- 
grenzfl~chen im Sinne dieser Theorie hat  man sich bisher 

nicht  ernstlich besch~ftigt. Einige Andeutungen im 
Schrifttum nehmen lediglich Bezug auf die bekannten 
Git terkonstanten a 0, c o des Quarzes. Diese zun~chst not- 
wendige Grundiage fiir die Erforschung aller Adsorptions- 
und Orientierungseffekte wird in Beispielen vorgeffihrt 
und diskutiert.  Die Folgerungen scheinen wertvoll fOr 
die Beurteilung der bisher vorliegenden experimentellen 
Untersuchungen zur Adsorption an Quarzoberfl~chen. 
Strukturelle Beziehungen yon Dimensionen der Quarz- 
s truktur  zu Molekiil- und Kristal ls trukturen von Mole- 
ktilarten des biologischen Milieus werden untersucht.  

Der direkte experimentelle Nachweise der postulierten 
Grenzfl~chenprozesse wird begreiflicherweise sehr schwie- 
rig sein. Wir sind in mehrfacher I-Iinsicht um solche 
Untersuchungen bemiiht. Es sei nur gesagt, dass, wie 
wohl kaum anders erwartet werden konnte, einfache 
Versuche der Erzielung von Epitaxie bis jetzt  noch nicht  
positiv ausgefallen sind. 

6. A. V. SHUBNIKOV. L'antisyradtrie des figures finies. 

7. S. N. BOSE. Appareil pour l'analyse des spectres d'dmis. 
sion transitoires. Son emploi dans l'dtude de la thermo- 
luminescence. 

§ 15b. Sym~trie et morphologie; divers 
1. W. ~OWACKL On the number of different space groups. 

I t  is shown with the aid of the Hauptpunlcte of Weis- 
senberg tha t  there are 219 non-holomorphous space 
groups, i.e. 219 d i f fe rentspace  groups in the abstract  
group-theoretical sense, these groups being the 230 
crystallographic space groups minus the 11 groups which 
occur as enantiomorphous pairs. 

2. E. TAVORA. Multiplication tables for the crystallographic 
point-groups. 
Multiplication tables were constructed for the proper 

cyclic and non-cyclic point groups and for the improper 
ones which have a 1:1 isomorphism with the former 
groups. Furthermore, if properly handled, these tables 
may also be used for operations with the remaining im- 
proper groups of which the inversion is an element. 

The highest order of the groups for which the tables 
were specially prepared is 24 (simply isomorphic groups 
432 and 43m) but, as remarked, it is possible to utilize 
the same tables for improper groups up to the order 48 
(groups m3m) provided the peculiar nature of the modi- 
fications introduced is taken into account. 

Defining relations based upon a maximum of three 
generating cyclic groups were established, which enable 
one to rebuild with ease any of the given tables. 

The symbolism of the abstract  groups was throughout 
used to identify their elements but  its direct correspon- 
dence with tha t  of the crystallographic point groups of the 
same structure (Hermann-Mauguin notation) is clearly 
shown. 

The direct inspection of the tables provides readily 
interpretable information as to the nature, order and 
elements of the point-groups; to the isomorphism rela- 
tionships; to the nature, number, order, index and ele- 

43* 
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" m e n t s  of the subgroups; to the nature, number and order 
of the classes of conjugate elements and of the conjugate 
subgroups; to the allowed expansions of the groups in 
cosets; to the number of Abelian groups; to the existing 
Sylow groups; to the constituent elements of the inter- 
sections; to the identification of the normalizer elements 
and of the normalizer groups; to the invariant  sub- 
groups; to the establishment of factor-groups etc. 

A tentat ive complementary nomenclature to the in- 
ternational symbolism of the point groups was suggested 
and largely employed and accounts for the unequivocal 
identification of the group elements referred to specific 
symmetry  directions. 

Ei ther  the groups of the real uni tary  matrices, or of the 
dyadic matrices which are isomorphous with the point 
groups and which constitute their representation of 
dimension 3, may  be used to perform the product of 
elements. 

From the calculated tables the determination of the 
irreducible representations, and consequently of the 
character tables, becomes a simple task. 

3. S. B~rAOAVA~-TA_W. Crystal symmetry and photoelasticity. 
Crystals of the T and Ta classes in the cubic system 

are expected to differ from those of the Td, 0 and Oh 
classes in respect of their photoelastic behaviour. Many 
experiments have been performed and the results con- 
firm this expectation. Similarly, cr~rstals of the Cab, C~ 
and (76a classes of the hexagonal system are expected to 
differ from those of the four other classes in tha t  system 
in respect of their photoelastic behaviour. Experiments, 
performed for the first t ime with apatite belonging to the 
Ceh class, confirm this. 

4. C. HEI~MA~rN; Some crystallographiv problems which are 
easily solved in terms of 'gitterkomplexe'. 
Gitterkomplexe (or simple representative crystal struc- 

tures) are most useful for describing the properties and 
mutual  relations of  space groups. They offer a successful 
way of at tacking the problem of homometric structures.  

5. C. HER~.~¢.  A nomenclature for ' gitterkomplexe'. 
By extending the generally accepted descriptions of 

Gitterkomplexe, such as the translat ion lattices, the hex- 
agonal close packing, or the diamond lattice, a nomen- 
clature of all Gitterkomplexe will be proposed, short and 
descriptive enough to be useful in structural  research. 

6. P. ]~M.RTM.AI~. Morphology of isostructural crystals. 
Crystals of isostructural compounds sometimes show 

different morphologies. Any geometrical theory that 
relates morphology to structure (e.g. the theories of 
Niggli and of Donnay-Harker)  must  fail here to give an 
explanation. 

A qualitative explanation can be given when the 
bonds in the structure are considered. Different strength 
and different type of corresponding bonds affect the 
relative importances of periodic bond chains and hence 
the faces parallel to these chains. In  this way the dif- 
ferences in morphology between the pairs hahte~galena, 
aragonite--cerussite and haueri te-pyri tes can be under- 
stood. In  these pairs the bond type in the former mineral 

is more or less covalent. In  each case it  appears t h a t  
certain zones, which were !mlmportant  in the former 
mineral because of the interaction of ions with like charge, 
become more important  in the lat ter  mineral. 

7. A. R. VERM~. Polymorphism and poly~yl~m in crystals 
with large unit cells: correlation between X-ray and int~r- 
ferometric data. 
SiC and long-chain organic molecules are two sub- 

stances very suitable for this s tudy of polymorphism and 
polytypism. Both are known to grow by the spiral mech- 
anism of crystal growth. Formation of the different 
poly~ypes of SiC, some with very large uni t  cells, has 
been suggested by Frank to arise from the screw disloca- 
tions, whose pitch determines the size of the uni t  cell. 
Interferometric and X-ray techniques have been used 
for the s tudy of SiC crystals and an a t tempt  has been 
made to correlate the two data. 

In  the case of long-chain molecules (palmitic and 
stearic acids) it is observed tha t  they occur in a t  least 
two stable polymorphs at  room temperatures. These 
polymorphs give rhomboidal crystal plates with different 
profile angles. Small crystals (~  100 microns) have been 
examined Ca) by  the application of multiple-beam inter- 
ferometry to s tudy their surface structure and (b) by  
fine-focus X-ray  beams for the measurement of their 
unit-cell sizes. The X-ray data, the measured spiral step 
heights and other growth features can all be explained 
only by recognizing polytypism in addition to poly- 
morphism in these crystals. 

8. W .  G. PERDOK. On the relation be tw~n crystal structure 
and crystal morphology. 
Some new ideas on crystal morphology "are given, 

relating crystal structure and crystal shape on an energy 
base. Anomalies in the earlier geometrical theories of 
Brava is -Donnay-Harker  and of Niggli can be under- 
stood and often removed by. applying these new ideas. 
Their main feature is the rule tha t  high-energy bond 
chains govern the morphology rather  than  the highest 
reticular densities or the shortest distances along latt ice 
rOWS, 

The morphology of a crystal can be deduced from a set 
of periodic bond chain vectors (p.b.c. vectors), the most 
important  zones being parallel to these vectors. The faces 
can be divided into three classes: ~ (flat) faces, contain- 
ing two or more co-planar p.b.c, vectors; S (stepped) 
faces, containing one vector, and K (kinl~ed) faces con- 
raining no vector at  all. 

The most prominent faces belong to the F faces, the 
K faces being not observed or very rare; the other faces 
are S faces. 

Some examples will be given; in general i t  is difficult 
to give a quant i ta t ive order of importance for the zones 
and the faces, because no qnanti ta t ive data  on bond 
energies in crystal structures are available. 

9. M. A. JASWON. Structural properties of lattice planes. 
A mathematical  investigation is made of the arrange- 

ment  of lattice points in a lattice plane of Miller indices 
(hkl), for any type of crystal structure. Primitive vectors 
for the plane cannot be obtained explicitly in terms of 
h, k and l, but  it is possible to lay down a simple proce- 
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dure for determining them in any given case. When one 
of the indices is unity,  i.e. the indices are 1,/c, l, the 
primitive vectors can be defined in terms of /c and l. 
The stacking properties of the (hkl) series of planes is 
also investigated, and admits of a general solution subject 
to the same limitations as for the preceding problem. 
The analysis is readily extended to cover the case of 
lattices with one or more bases. 

Out of several possible applications, the results are 
illustrated by an analysis of atomic movements in defor- 
mation twinning. Given the plane of twinning, and not  
making use of the concept of a second undistorted piano, 
it  is possible to calculate the direction and magnitude 
of the macroscopic twinning shear in such structures as 
zinc, bismuth, diamond, calcite, fl-tin and a-uranium. 
The concomitant heterogeneous atomic movements are 
analysed in detail, and it is found tha t  these are aIways 
such as to be facilitated by compressive stresses applied 
normally to the twinning plane. The lack of decisive 
evidence for a critical (twinning) shear stress is at t r ibuted 
to the effect of the normal stresses. In  the case of c.-p.h. 
structures of c/a = U3, heterogeneous movements alone 
suffice to cause twinning; no macroscopic deformation 
should be observed in such cases, but  the existence of a 
twin could be inferred by X-ray techniques. 

10. H. WO~D~ATSCHEK. On the description of physical 
properties of crystals by surfaces. 
Physical properties of crystals, which shall be de- 

scribed by surfaces, have to follow some conditions. A 
convenient description will be obtained if exactly one 
value of the property is related to every radius vector 
from the origin. The actual values of mat ter  tensors, 
however, generally depend on two directions, namely on 
the position of the orthogonal coordinate system referred 
to. 

Let the z axis of the coordinate system lie in the direc- 
t ion considered. In  this case either (I) the x and y axes 
must  be fixed by a supplementary condition or (2) the 
expression to be described has to be invariant  under 
arbi t rary rotations of the coordinate axes. 

Let us investigate case (2). Exact ly  those combina- 
tions of tensor components, invariant  under the rotations 
of the cylinder group, allow the required description by 
surfaces. The cylinder axis in the z direction will be 
represented by 

x--xcosq~+ysinq~; y - - - - x s i n ~ + y c o s ~ 0 ;  z - - z ;  q~< 2~r/s; 
where s is the order of the tensor. 

A complete set of linear cylinder invariants Iv of any 
tensor can be obtained immediately by transformation 
on complex principal axes. No difficulties created by 
intrinsic symmetries of the tensor will arise. 

The number of independent Iv can be derived most 
easily by the usual methods of group theory. 

Cylinder invariants of higher than  first degree can be 
derived too. Examples will be given. 

The most simple surfaces may be obtained by postulat- 
ing r =-~l/{llv[}l/s, or applying spherical coordinates 

11. R. RE~-~n~GER. AbsoIut- Vergleich der s~rlasten RSnt- 
genreflexe verschiedener Kriztalle. 
Die Tatsache, dass das 'integrale Reflexionsverm6gen' 

fiir die R6ntgeninterferenzen unter bestimmten Bedin- 

gungen, etwa solchen der symmetrischen Bragg-Reflexion 
einen definierten, theoretisch beherrschten H6chstwert,  
n~mlich fiir den 'idealen Mosaikkristall', hat,  li~sst es 
sinnvoll erscheinen, nach einem Kristall mit  dem absolut 
h6chsten ReflexionsvermSgen (fiir eine bestimmte Wel- 
lenl~nge) zu suchen, auch in Hinblick auf die Frage nach 
geeignetem Material fiir Monochromator-Kristalle. Eine 
Berechnung der Absolut-Intensit~ten einer Reihe von 
Reflexen mit  Cu-Strahlung hat  u.a. folgende Ergebnisse: 
Steinsalz (200) 31, LiF (200) 93, Pentaerythr i t  (002) 115, 
Quarz (101) 43, A1 (200) 29, Cu (200) 71, Diamant  (111) 
120, Graphit (002) 620, jeweils × 10 -5. Fiir grebe Ab- 
schiitzung l~tsst sich eine N~herungsformel angeben, wo- 
nach die Werte proportional sind dem Netzebenen- 
Abstand sowie dem Quadrat der mitt leren Elektronen- 
dichte, umgekehrt  proportional dem Absorptionskoeffi- 
zienten. Das iiberragend hohe Reflexionsverm6gen yon 
Graphit (best~tigt durch Absolutmessungen an Spalt- 
fl~chen von natiirHchem Ceylon-Graphit) Hesse diesen als 
idealen Monochromator erscheinen, wenn er in geniigend 
gut gewachsenen Einkristallen zur Verfiigung stiinde. Dem 
als Monochromator vielfach verwendeten Pentaerythr i t  
steht als gleichwertig Li_F (auch NaF) gegeniiber, mit  dem 
Vorteil, dass es nicht wie-jones unter  der R6ntgen-Be- 
strahlung 'verwittert ' ,  und dass es sich durch Schleif- 
und Polierbehandlung auf das hohe Reflexionsverm6gen 
bringen l~sst ohne allzu grosse Einbusse an Reflexions- 

l o  schdrfe (Halbwertsbreite ~ ~ ). 

12. R. RENNINGER. Zwei Arten der Verzwillingung yon 
Pentaerythrit. 
Die aus w~isseriger L6sung ausfallenden Kristalle yon 

Pentaerythr i t  (Raumgruppe I4), quadratische Doppel. 
pyramiden oder S~ulen parallel zur c-Achse, mit  Quer- 
schnit tkante parallel (100), sind vierfach untertei l t  durch 
Diagonal-Fl~chen parallel (110). Diese Unterteilung zeigt 
sich deutlich an Spaltpl~ttchen senkrecht zur c-Achse, 
sowohl im ~tz-Bild als ira Polarisationsmikroskop. R6nt- 
genographisch (im Laue-Bfld) sind die Felder nicht unter- 
scheidbar. Dies beweist, dass es sich nur urn Verzwillin- 
gung nach der (001)-Ebene handeln kann. Ausser dieser 
Vierlingsbfldung ist vielfach noch eine zweite Art  yon 
Unterteilung feststellbar, die sich aber in keinerlei optisch 
erkennbaren Grenzfl~tchen ~ussert, dafiir andererseits im 
R6ntgenbfld sichtbar wird und dort eine Verzwillingung 
nach der (100) bezw. (110) Ebene anzeigt. Die Grenz- 
f/ichen dieser Verzwillingung verlaufen unregelm~issig in 
allen Richtungen, bezw. sind m6glicherweise i iberhaupt 
verwaschen. 

13. R. B R I ~  & S. ZAROMB. Solid solutions of NH4F in ice. 
The phase diagram of ice--NH4F was investigated 

by determining the solidus curve of this system. Solid 
solutions between ice and NH4F are formed between 0 
and about 10% NH4F. Measurements of the dielectric 
constants of these solid solutions in dependency upon the 
concentration of NH4F, the frequency of the al ternating 
current and the temperature showed tha t  the activation 
energy of dipole rotat ion in ice is lowered appreciably 
by the presence of very small amounts of NH4F. At a 
concentration of 10 -5 reel. Ntt4F the activation energy 
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amounts  to about  2 kcal. whereas i ts  value for pure 
water  is 13 kcal. The effect migh t  be explained b y  the 
assumption of lat t ice distort ions in ice caused by  the 
presence of N H  + and  F -  ions. 

14. A. J. FRU-EH. The application of 'zone' or 'band' theory 
to problems of sulphide mineralogy. 
The metall ic or semi-metallic characterist ics of m a n y  

sulphide minerals,  demonst ra ted  b y  such propert ies as 
duct i l i ty ,  metall ic lustre and  low electrical resist ivi ty,  
are evidence of the metall ic na ture  of their  chemical 
bonds. This justifies a l imited applicat ion of the electronic 
theories of the metallic s ta te  to problems involving these 
minerals.  

The impor tan t  Bril louin zones, the  volume of the zones 
and  the electron-to-atom ratio necessary to fill them have 
been determined for some of the minerals  of the copper-  
i ron-sulphur  system. W i t h  the assumption t h a t  all the 
outer-shell electrons of the elements of the sys tem can 
contr ibute to the free electrons composing the Fermi  body,  
the electron-to-atom rat ios were calculated. The following 
table  summarizes the da ta :  

Indices of forms Electron- 
determining to -atom 

principal ratio of 
zones filled zone 

Electron- 
to-atom 

Mineral ratio 

Chalcopyrite (CuFeS~) 4 {112}, {200}, {004} 1 
{204}, {220) 4 

Bornite (CusFeS,) 3.2 {311}, {222} 0.5 
{400} 1.6 
{440} 3.2 

Digenlte (Cu9S5) 2.8 {200} 1.4 
{220} 2.9 

Chalcocite (Cu~S) 2.7 {102}, {110} 1.7 
{103}, {110} 3.3 

Covellite (CuS) 3.5 {102}, {103} 0.5 
{110}, {006} 1.5 

(1) Die Elektronenpl/ i tze sollen mSgliehst  nahe  den 
Valenzsehalen der betei l igten Atome liegen. 

(2) Die elektrostat ische Energie  des Elekt ronengi t te rs  
soll klein sein. Es ist  gtinstig, wenn  den Elekt ronen-  
pl/~tzen Spine zugeordnet  werden kSnnen derart ,  dass ein 
+ S p i n  von mSglichst  vielen - -Spinen umgeben ist. 

(3) Die Zahl der besetzbaren Elektronenpl/~tze soll 
mSglichst  mi t  der Zahl der r/iumlich zu korrel ierenden 
Elek t ronen  i ibereinstimmen. 

(4) Die Giilt igkeit  von geometrischen oder dem Band-  
modell en tnommenen  S t ruk tu ra rgumenten  soll durch die 
Ortskorrelat ion n icht  beeintr/~chtigt werden. 

(5) An einer Ortskorrelat ion nehmen  im al lgemeinen 
ganze Gruppen yon  Elek t ronen  teil, die dureh die Zahl  
yon  im kugelsymmetr ischen Einzent renproblemen mit-  
einander en ta r te ten  Einelekt ronen-Eigenfunkt ionen ge- 
geben sind. 

Die Elekt ronenpla tzgi t te r  haben  lediglich symbolische 
Bedeutung.  Es  kann,  aber muss i lmen nicht  ein Git ter  der  
Elekt ronendichte  im Kris tal l  entsprechen.  Die Anfor- 
derungen bewirken, dass es n icht  selbverst~ndlich ist, 
dass zu einer S t ruk tur  eine befriedigende Ortskorrelat ion 
gefunden wird. Es  zeigt sich, dass es auch Verb indungen  
gibt, in denen Elek t ronen  die iiblicherweise n ich t  zu den 
Valenzelektronen gez~hlt werden, an  der Ortskorrelat ion 
tei lnehmen.  E in  solcher Bindungszus tand  mSge Durch-  
dr ingungskorrelat ion genannt  werden, well er dem Bin- 
dungszus tand in den sogenannten Durehdr ingungskom- 
plexen der Chemie der w/~ssrigen LSsung entspricht .  F i i r  
die Durchdr ingungskorre la t ion ist  die vollst~ndige Kom- 
ple t t ierung der Edelgaschale des Komplexkerns  also in 
unserem Beispiel des Cu nicht  erforderlich. 

Ebenso wie die Ortskorrelat ion der Atome beim Schmel- 
zen bzw. Verdampfen eine sprunghaf te  Anderung erleidet, 
ha t  m a n  auch bei der Durchdr ingungskorre la t ion solche 
t~nderungen zu erwarten.  Man kann  eine grosse Zahl yon  
Umwandlungen  im festen Zus tand als AufhSren der 
Durchdr ingungskorre la t ion bei ansteigender Tempera tu r  
deuten. 

These minerals  exhibi t  the properties of intrinsic semi- 
conductors and therefore i t  is assumed t h a t  free-electron 
states exact ly  fill one of the  zones, wi th  an  energy gap 
between the filled zone and the next  higher  zone. In  the 
field from digenite to chalcopyri te  the same basic struc- 
tura l  t ype  is mainta ined,  despite the increase in the  
iron-to-copper rat io by  the omission of sufficient meta l  
a toms to avoid increasing the  electron-to-atom rat io  
beyond the capaci ty  of the filled zone. The existence of 
two s t ruc tura l ly  different types  of sulphur  in covellite, 
and  possibly in chalcocite, is used to explain the apparen t  
discrepancy between the zone capaci ty  and  the electron- 

to-atom ratio of these minerals.  

15. K.  SCHUBERT. ~ber die Ortskorrelation der i~usseren 
Elektronen in Kristallstrukturen, insbesondere bei me. 
tallischen Phasen. 
Beriicksichtigt  m a n  die Wechselwirkung im Elektro-  

nengas in qual i ta t iver  Weise, so k o m m t  m a n  zum Begriff 
eines Gases mi t  Ortskorrelation. Idealisiert  m a n  die Orts- 
korrelat ion als Punk tg i t t e r  ira Raume,  so gelangt  m a n  zu 
folgenden Forder tmgen an  das 'E lek t ronenpla tzg i t t e r ' :  

16. R.  RENNINGER. Quantitative observation of the asym. 
metrical Davugn-Ewald-Prins-Kohler diffraction pat- 
tern from perfect crystals. 
I n  exper imental  real izat ion of an  idea formerly pub- 

lished by  the au thor  (Z. Kristallogr. (1938), 99, 181) 
measurements  have been made wi th  a triple reflexion 
device. The first two reflexions (from two ex t remely  
sharply  reflecting crystals  in (1, + 1)-double reflexion) 
serve as source of a beam of ve ry  small angular  and  spec- 
t ra l  width,  used as p r imary  beam for measur ing the  dif- 

fract ion pa t t e rn  of a th i rd  crystal ,  if this  diffraction pat-  
te rn  is of greater  angular  wid th  than  t h a t  of the first  
two crystals.  In  this  way,  using the second-order re- 
flexion of two good calcite crystals  for the first  double 
reflexion in (2, +2)-posi t ion (with a t  half  m a x i m u m  in 
(2 , - -2)-posi t ion 2½"), i t  has been possible wi th  C u K a  
radiat ion to observe quan t i t a t ive ly  the  character is t ic  
asymmetr ica l  diffraction pa t t e rn  of the  first-order re- 
flexion of calcite as calculated from the dynamica l  theory  
(width 7½"). The k ind of measuring can be signified as a 
tr iple reflexion in (2, +2 ,  +1)-posit ion.  

Surprisingly the cleaving faces of calcite are found to 
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be not  parallel  to the ne t  planes. I rregulari t ies  in the 
or ientat ion of the faces are no indicat ion of parallel ir- 
regularit ies in the or ienta t ion of crystal  blocks. 

17. G. BORRM~'~-~ & H.  WAG~ER. Zur Dislcussion der dyna- 
mischen Theorie der RSntgenstrahl-Interferenzen. 
(1) Die planparallele Kris ta l lp la t te .  (a) Grenzfall ver- 

schwindend kleiner Absorption.  Der Strahlenf~cher bei 
Exis tenz  yon  nur  einem Wellenfeld;  der Facher  bei 
Uber lagerung zweier Felder. (b) Grenzfall ext rem hoher 
Absorption.  Der Strahlweg des Feldes kleinster Absorp- 
t ion;  Weg "l~tngs der ref lekt ierenden Netzebene;  Weg 
gr6sster Abweichung v o n d e r  Netzebene.  

(2) Der beliebig begrenzte,  s ta rk  absorbierende Kri- 
stall.  Der auf den Strahlweg bezogene Absorptions- 
Koeffizient.  Kurven  gleicher Eindringt iefe  im Strahlen- 
f~cher. E rmi t t l ung  des Wellenfeldes kleinster  Absorption,  
seines Strahlwegs und  seines Absorptionskoeffizienten,  
im Beispiel des Kristallkeils.  Der Halbkugelkr is ta l l  als 
einfachstes Modell zum Studium der RSntgenopt ik  des 
s tark  absorbierenden Idealkristal ls .  

18. G. B G R R ~  & G. I-IILDEBRANDT$. Einige Ergebnisse 
der Durchstrahlung grosset Kallcspatplatten. 
Nachweis der Wellenfelder;  der Strahlweg im Kris ta l l ;  

Messung des effektiven Absorptionskoeffizienten.  Die 
Fe ins t ruk tu r  der Interferenzl inien und  ihre Beziehung 
zum Ig_ristallwachstum. Die Wi rkung  eines Temperatur-  
gradienten  auf die fibernormale Durchl/issigkeit.  

19. C.-R. MI~GINs. Effects of granularity in titanate eera. 
mics. 
The granular  s t ructure  of polycrystal l ine t i t ana te  

ceramics makes  itself evident  whenever  energy is propa- 
ga ted  th rough such materials ,  whether  the energy comes 
b y  way  of mechanical  or the rmal  waves from wi thout  or 
b y  way  of the internal  electromechanical  conversion of 
applied fields. Whichever  m a y  be the case, the relat ion 
of grain size to wavelength  is impor tant .  When  the waves 
are long, the granules act  as scat ter ing centers for them,  
bu t  when  the waves are short,  the propagat ion process is 
ev ident ly  a diffusion which is dependent  upon the mean  
free p a t h  for the energy quanta .  The t ransmission func- 
t ions for these two types  of phenomena  are quite dif- 
ferent.  When  the crystal  cells in the te t ragonal  phase have  
been left to assume free orientat ion,  there m a y  well be, 
in addi t ion to the granular  boundaries,  buffer regions 
between domains to be reckoned with,  analogous in pa r t  
to Bloch walls in ferromagnetics.  Mechanisms which 
migh t  permi t  this  will be discussed. Mention will also 
be made of other  processes probably  operative.  

Photographs  have  been obta ined wi th  the electron 
microscope a t  Tufts  College showing the form of the 
granules  and giving some not ion of how they  fit together.  

20. C.M. MITCHELL. The derivation of the physical proper- 
ties of oriented materials from the principal pole distribu- 
tions. 

A method  is described for calculat ing certain direc- 
t ional  properties of oriented mater ia ls  from a knowledge 

of the  or ienta t ion tex ture  and  the principal  coefficients 
of the  single crystal .  

I t  is shown t h a t  the  probabi l i ty  dis t r ibut ion of the  
un i t  cell can be derived from two orthogonal  principal  
pole distr ibutions,  of dens i ty  @i and  @/ as 

~ij = qiO o @i o oj.d~ .dD , 

where dfJ is the element of solid angle about  @i and (~ 
is the  angular  ro ta t ion  of the associated pole @i in the 
orthogonal  plane. 

Where  the physical  p roper ty  has  a tensor form, the 
component  along a given s y m m e t r y  axis in the or ienta t ion 
tex ture  can be calculated, for a n y  uni t  cell or ientat ion,  
from the principal  coefficients and, since the p robab i l i ty  
of the un i t  cell having  this  or ientat ion is known, the mean  
axial  coefficient can be derived. The t r ea tmen t  will be 
val id  providing gra in-boundary  effects are not  encoun- 
tered. 

The der ivat ion of thermal  and electrical conduct iv i ty  
and  thermal  expansion coefficients in rolled metals  is 
described and  from this  a theory  of thermo-elast ic  effects 
is obtained.  

21. J .  LIETZ. Uber die Verfdrbung einiger SiliIcate dutch 
Bestrahlung. 
Es wird ber ichtet  fiber FArbung der Silikate Quarz, 

Topas,  Zirkon und  Kunz i t  durch Bestrahlung.  Die Ver- 
fArbung wird teilweise durch ul t raviole t tes  Licht ,  teil- 
weise durch har te  R6n tgens t rah len  und  7-Strahlen her- 
vorgebracht .  Die Absorpt ionsmessungen erfolgten mi t  
einem Spektra lphotometer  zwischen 10.000 und  2.250 /~ 
f fir die verschiedenen Schwingungsr ichtungen der Kri- 
stalle bei Tempera turen  yon  --160 ° C. bis h inauf  zur 
Tempera tu r  der ZerstSrung der Fa rbung  b e i c .  300 ° C. 

Es  zeigte sich, dass die scheinbar kont inuier l ich von 
c. 1,2 eV. zum Ul t rav io le t t  ansteigende Absorpt ion bei 
allen un te rsuchten  Sil ikaten auf die Ober lagerung yon  
3 bis 4 glockenfSrmigen Resonanzbanden  mi t  unter-  
schiedlicher t tShe  und  Halbwer tsbre i te  zuriickgeffihrt  
werden kann.  ])as Verhal ten  der Resonanzbanden  bei 
verschiedenen Tempera turen  und  bei Bes t rah lung  wird 
un te rsucht  und  wahrscheinlich gemacht ,  dass bei allen 
vier Sil ikaten durch Bes t rah lung  gleichartige Farb-  
zentren entstehen.  

22. E. JENSEN. Effect of hydrofluoric acid etching on the 
X-ray diffraction intensity of powdered quartz. 
Quant i t a t ive  de terminat ion  of quartz  by  the X- ray  

powder method  are usual ly  referred to s tandard  samples 
of powdered rock crystals.  I t  has been claimed, however,  
t h a t  the individual  crystals  in such powders are not  
homogeneous bu t  are covered wi th  a Bei lby layer  which 
depresses the diffraction in tens i ty  as compared wi th  t h a t  
of crystals  from which the surface layer  has been removed 
by  hydrofluoric acid etching. 

To tes t  this  alleged 'non-homogeni ty ' ,  samples of an  
approx imate ly  monodisperse quartz  fract ion (average 
particle size --- 1-4 microns) were etched in solutions of 
increasing hydrofluoric acid concentrat ions.  Assuming a 
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uniformly th ick  layer  being removed from all part icles 
the amounts  of quar tz  dissolved (5-38 %) correspond to 
layers of 100-900 A depth.  Reflexion intensit ies were 
measured before and  'after the  etching wi th  a General 
Electr ic  Geiger-eounter X- r ay  spectrometer  using Cu K a  
radia t ion  and  f iat  non-rota t ing  samples. The lines (1011) 
and  (1122) and  thei r  backgrounds were scanned a t  a 
ra te  of 2 ° per min. ;  l ine-counts minus  background-counts  
then  give the in tegra ted  in tensi ty .  The results  show t h a t  
e tching wi th  hydrofluoric acid has no significant effect 
on the  reflexion in tens i ty ;  i t  is concluded therefore t h a t  
a Bei lby layer  th ick  enough to influence the X- r ay  re- 
flexion in tens i ty  does not  exist  on powdered quartz  
crystals.  

§ 16. Diffraction ~lectronique 
1. A. BOETTOS:ER & H.  TREUPEL. Einige Beispiele Icon- 

tinuierlicher Gittertransformationen. 
Mit einer fiir die Unte rsuchung  des Ablaufs von Git- 

t e r t ransformat ionen  besonders gee igne ten  Elektronen-  
beugungsanordnung wurden die thermischen Umwand-  
lnngen der Kupfer-  und  Silber-Selenide und  -Sulfide 
untersueht .  Dabei  wurde e inersei ts  gefunden, class bei 
einigen dieser Stoffe mehr  Modifikationen bestehen, als 
bisher aus RSntgenunl~ersuchungen bekann t  war, an- 
dererseits einige ' Umwand lungen  durch die kontinuier-  
liche /$mderung yon  Gi t te rparametern  gekennzeichnet  
sind. Umwand lungen  dieser Ar t  werden gezeigt bei 
Sflber- und  Kupfer-Selenid sowie beim Sflbersulfid. 

Es  wird der Versuch einer Deu tung  solcher kontinuier-  
licher Gi t ter~nderungen gemacht .  Die S t ruk turen  dieser 
Stoffe sind nach  ~lteren Unte rsuchungen  dadurch gekenn- 
zeiclmet, dass fiir die Metall ionen eine grSssere Zahl yon  
mSglichen Git terpl~tzen angegeben werden, als aufgrund 
der stSchiometrischen Verh~ltnisse besetzt  werden kSn- 
nen. N i m m t  m a n  an, dass die Gi t terparameter  einiger 
Modifikationen innerhalb gewisser Grenzen yon  der Ver- 
tei lung der Meta l l ionen  abh~ngig sind, lassen sich die 
beobachte ten  Gitteri%nderungen so deuten,  dass w~hrend 
einer Tempera turbehandlung  ein langsamer Ubergang  
der Metall ionen yon  einer Gruppe von  Pl~tzen auf eine 
andere erfolgt, der zu einer kont inuier l ichen ti .nderung 
der Gi t te rparameter  f i ihrt  in ~hnlichem Sinne wie bei 
einem MischkristaU, bei dem die Konzent ra t ion  der ge- 
15sten Komponen ten  laufend ge~ndert  wird. 

2. L. WEGM~NN. Un diffractographe dlectronique pour en- 
registrement continu. 
L'intSr~t  pour  les ph~nom~nes de t ransformat ion  de 

phase s 'aceroissant de plus en plus, la diffraction 41ee- 
t ronique en revolt une impulsion nouvelle, car le micro- 
laboratoire,  comme M. Trfllat  a d~nomm~i cette m~ithode, 
offre les possibflit4s les pins commodes et les plus simples 
pour  observer de telles r~actions. 

Afin de pouvoir  euregistrer pr~cis~ment chaque trans-  
formation,  Boet teher  et  Thun  ont  d~velopp~ le nouveau 
proc~d~ de la diffraction cindmatique. E t a n t  donn4 que 
l 'on travail le  le plus souvent  avec des diagrammes 
Debye-Scherrer  isotropes, sans texture,  l ' information est  
donn~e exclnsivement  par  les diam~tres et les intensit~is 
des anneaux.  Une  section du diagramme en forme d 'une 

bande efffl4e eontenant  un  diam~tre,  renferme route 
l ' information.  

Cette bande,  p ra t iquement  d 'une seule c]~mension et  
con tenant  une s4rie de points  de diff4rentes intensit~s, 
donne lieu k une deuxi~me dimension, qui permet  l 'en- 
regis t rement  continu. 

E n  prat ique,  une fente mobile, plac~e sur un  diam~tre 
du diagramme, quelques millim~tres au  dessus du  film 
photographique,  laisse libre cette bande  ~troite. Le fi lm 
se d~roulant  dans la direction perpendiculaire/~ la fente,  
l 'enregis t rement  consiste en une s6rie de tangentes  aux  
anneaux  du diagramme Debye-Scherrer .  T a n t  que le 
d iagramme ne varie pas, les lignes de l ' enregis t rement  
cont inu sont parall~les k la direction du mouvemen t  du 
film. Une  t ransformat ion  de phase se manifesto soit  pa r  
une d~iviation de cette direction (changement  des con- 
s tantes  du r~seau), soit par  l ' appar i t ion  de nouvelles 
lignes, les anciennes disparaissant.  Pour  6viter des varia-  
t ions artificielles des lignes, la tension des ~lectrons dolt  
~tre stabilit6e et l ' avancement  du  film doit  se faire bien 
r6guli~rement. 

Le diffractographe ~lectronique Trub,  Tauber ,  qui 
poss~de tous l e s  accessoires n~cessaires pour  l ' examen des 
t ransformat ions  de phase (comme par  ex. les t~tes gonio- 
m~triques avec chauffage et  refroidissement,  le canon 
ions pour d6charger les isolants ou a t t aquer  les m~itaux) 
est ma in t enan t  adapt6 ~ la m6thode de la diffract ion 
cin6matique. 

Le nouveau dispositif consiste en nne  cassette pour  
l 'enregis t rement  continu avee m~canismes du mouvemen t  
du film et du changement  des fentes. Le r~servoir du film 
est pr6vu pour 2 m. de film. La  vitesse de d~iroulement 
varie  entre 4 et  40 ram. par  seconde. Quatre  fentes de 
formes diff6rentes peuvent  6tre chang~es ou ~icart~es sous 
vide. Conjointement  avec les d iaphragmes de l 'anode et  
du condenseur ~lectromagn6tique, avec la tension 6t avec 
l ' intensi t6 de l '$mission de la cathode froide, la 1,1mluosit~ 
est r~glable k l ' op t imum pour chaque proc~d~. 

Le diffractographe ~leetronique Trub,  Tauber ,  adapt~  
l 'enregis t rement  continu, r~pond aux exigences les plus 

r$centes de la diffraction ~ileetronique. 

3. J .  J .  TRrLLAT. Sur l'enregistrement continu des dia- 
grammes de diffraction dlectronique. 
E n  ut i ] isant  une m4thode indiqu~ie par  Boet teher ,  on 

peut  suivre ais~ment d 'une fa$on cont inue l '6volution 
d 'un  grand  nombre de rSactions ou t ransformat ions  de 
structures.  

4, J, J. T~rLLAT & N, T~S~, l~,tude 1~ar diffraction 
dlectronique de l'dvolution des alliages ldgers. 
On montre  comment  l '~volution des alliages l~gers 

peut-~tre ~tudi6e k par t i r  de films constitu~s par  les 
m~taux  de base apr~s vaporisat ion dans le vide. 

5. W. C. BIGELOW • L. O. BROCKWAY. Electron-diffrac- 
tion investigation of the minor phases of heat.resistant 
alloys. 
The influence of h igh- tempera ture  ageing t r ea tments  on 

the development  of minor  phases in 16-25-6 and  Ineonel -X 
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heat - res is tant  alloys has  been invest igated.  The minor  
phases were identif ied b y  the  electron-diffraction me thod  
of Heidenreich,  S tu rkey  & Woods (J .  Appl .  Phys.  (1940), 
17, 127) and  the microstructures  of the alloys were s tudied 
by  electron and  optical  microscopy. These results  were 
correlated wi th  the h igh- tempera ture  properties of the 
alloys as de termined b y  the  metal lurgical  studies of 
F reeman  and  associates. For  each alloy, specimens aged 
1, 10, 100 and  1000 hr.  a t  1200 ° , 1400 ° , and  1600 ° F. 
were studied. The specimens were prepared for examina-  
t ion by  special e tching procedures following electrolytic 
polishing wi th  perchloric acid reagents.  

In  the 16-25-6 al loy an M2sC 6 carbide is the  pre- 
dominate  minor  phase formed during the first  few hours 
of ageing a t  each temperature .  This carbide t ransforms to 
an  M6C carbide when  the  periods of ageing ex tend  to 
approx imate ly  10, 100 and  1000 hours for tempera tures  
of 1600 °, 1400 ° and  1200 ° F.,  respectively.  

TiN, CbN, and  MgaCe were identified as minor  phases 
in all of the specimens of the Inconel-X alloy aged a t  
1200 ° and  1400 ° F.  In  the specimens aged a t  1600 ° F.,  
only TiN and  CbC were identified, indicat ing t h a t  the  
MgaCe dissolves a t  this  higher tempera ture  and  t h a t  the  
carbon released combines wi th  the Cb, t ransforming the  
CbN to CbC. Elec t ron micrographs also indicate the  
presence of a 7' phase based on NiaA1 (Taylor & Floyd,  
J .  Inst .  Met. (1953), 81, 451), a l though this  phase could 
not  be dis t inguished from the ma t r ix  phase by  electron 
diffraction. 

taneously,  has  shown t h a t  we can get  informat ion 
about  the  phases of s t ructure  factors b y  observing dif- 
fract ion pa t te rns  of s imultaneous reflexions. To i l lus t ra te  
the phenomenon we take  up a typica l  case and  show t h a t  
the  theoret ical  result  is verified b y  the observat ion of 
convergent  beam (Kossel-MSllenstedt) diffraction pat-  
tern.  The diffraction fringes in flecks of this  pa t t e rn  have  
the  form of hyperbolae  near  the  point  of s imul taneous  
reflexions, provided the  s t ructure  factors of the two 
re flexions Vh and  Vh" are sufficiently much  smaller t h a n  
Vh-h'. The theory  shows t h a t  two branches of the hyper-  
bolae ly ing inside and  outside of the two bands  (Kikuchi  
line pairs) of indices h and h'  have  the intensit ies propor- 
t ional  to I Va + Va, [ and  [ Vh-- Vh.[, respectively,  a t  the i r  
vertices. 

We have  used graphi te  as a specimen, and made  two 
(211) reflexions occur s imultaneously.  There are two 
combinat ions of them,  in which h - - h ' =  (110) and  
h - h '  = (100). The s t ructure  factors Vl10 and  V100 are 
considerably larger t h a n  V2x 1 in absolute value. When  
h--h '  = (100) the  s t ructure  factors of the two reflexions 
have the same sign, so t h a t  the  inner branch  is s t rength-  
ened and  the outer branch  weakened.  When  h - - h ' =  (100) 
the two s t ructure  factors have  different signs, and  the  
in tens i ty  relat ion is reversed. We found the same in- 
t ens i ty  var ia t ion  a t  the  crossing points  of Kikuchi  lines 
in bo th  t ransmission and  re flexion photographs.  

6. S. YOS~DA. Electron diffraction by electropolished sur- 
faces and mean inner potentials of silver and copper. 

Electropolished surfaces of meta l  single crystals  usual ly  
give electron-diffraction spots which are elongated towards 
the shadow edge. The elongation shows t h a t  the  surfaces 
are near ly  flat,  bu t  t hey  are s l ight ly undula t ing.  An un- 
dula t ing  surface is composed of minute  facets which 
make  small angles wi th  the  macroscopic surface. Kraner t ,  
Leise & Rae the r  (Z. Phys.  (1944), 122, 248) es t imated  
the angles to be 1-~ 2 ° for an  electropolished copper 
single crystal .  However ,  t hey  had  to assume a cer tain 
value for the  mean  inner  potent ia l  of copper. 

In  this  work the  au thor  has derived a simple, ap- 
proximate  relat ion between the mean  angle (~) made by  
minute  facets wi th  the macroscopic surface and  the mean  
inner potent ia l  (V), assuming a simple model for a s l ight ly 
undula t ing  surface. Using this  relation, he t r ied to deter- 
mine  ~ and  V wi thou t  assuming ei ther  of t hem by  tak ing  
an  electron-diffraction ro ta t ion  photograph of an  electro- 
polished surface of a meta l  single crystal .  

Measurements  were made  for (100) surfaces of silver 
single crystals  and  (100) and  (110) surfaces of copper 
single crystals.  They  were mechanica l ly  polished and  then  
electrolyt ical ly polished under  proper conditions. The 
values of inner  potent ia ls  obta ined are 22 V. for silver 
(100) surface and  11 V. for copper (100) surface and  
8-14 V. for copper (110) surfaces. The mean  angle 
obta ined ranges from 17 ° to 3 ° according to the condit ion 
of surfaces. 

7. K.  ~ E .  Simultaneous reflexions in electron diffrac- 
tion. 

The dynamioal  theory  of electron diffraction, applied 
to the case where two Bragg reflexions take place simul- 

8. S. GOLDSZTAUB & P. MICHEL. J~tude de la formation 
d'alliages en couches minces par dvaporation des consti- 
tuant.~ puts  clans le vide. 
Des alliages en couches minces ont  ~t~ prepares de 

deux manibres diff4rentes par  6vaporat ion dans le vide 
des cons t i tuants  purs :  

1 °. On 4vapore s imul tan6ment  les deux m6taux  purs.  
On constate  que le m61ange des vapeurs  donne toujours  
des alliages mais  g6n4ralement on obt ient  seulement des 
phases ~ s t ructure  simple (cubique centr6e, eubique 
faces centr6es, hexagonale  eompacte).  Les raies des dia- 
grammes sent  g6n6ralement floues ind iquant  des d~p6ts 
mal  eristallis6s. Pa r  vieill issement,  les raies s 'aff inent  e t  
les phases complexes apparaissent .  

2 °. On 6vapore successivement les deux cons t i tuan ts :  
terra ins  syst~mes seulement  fe rment  alors des alliages. 
On peut  mont re r  que l ' ex t rapola t ion  k temp6ra.ture 
ordinaire des valeurs des constantes  de diffusion rend 
compte des r~sultats  obtenus.  La  connaissance de la  
valeur  de eette constante  permet  de pr6voir la format ion  
d'all iages et inversement  l 'obtent ion d'all iage permet  d 'en  
fixer l 'ordre de grandeur.  

9. I. L. KARLE. A new diffraction effect with electrons. 
Two previous invest igat ions of the  s t ructure  of I s 

vapor  indicated t h a t  the  electron-diffraction pa t t e rn  was 
in good agreement  wi th  the  usual  scat ter ing theory  for 
electrons. F rom the diffraction pa t t e rn  a value for the  
in tera tomic distance was determined which agreed wi th  
the  result  from spectroscopic invest igat ions.  Electron- 
diffraction photographs  of iodine were t aken  in th i s  
Labora to ry  a t  20 kV. and  40 kV. and  i t  was observed 
t h a t  the scat ter ing pa t t e rn  differed considerably from the  
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theoret ical  expectations.  The nature  of this deviat ion was 
a large and  easily measurable phase shift which has never  
before been encountered in molecules possessing like 
atoms.  This m a y  be a phenomenon  which appears wi th  
highly polarizable substances. I t  does not  appear in Oa 
and  Br 2 wi th  40 kV. electrons. The probable reasons why 
the  previous authors  have missed this effect are lack of 
sufficient data  and  a me thod  of analysis which does not  
involve the  direct comparison between experimental  and  
theoret ical  in tensi ty  curves. This exper imental  observa- 
t ion is impor tan t  not  only because of its relationship to 
the  analysis of diffraction pat terns  but  also because it 
migh t  add  complications to the  explanat ion of phase- 
shift  effects in molecules composed of different kinds of 
atoms. A qual i ta t ive explanat ion for this effect can be 
made  on the  basis of the  change of the  electron distribu- 
t ion about  the  a toms in a molecule as the  molecule vi- 
brates. 

10. Y. MORYNO & E. HIROTA. The generalized mean ampli- 
tudes of thermal vibration in polyatomic molecules and its 
influence upon the electron diffraction. 
A m e t h o d  of calculating the  mean  amplitudes,  parallel, 

perpendicular  and  crossed, are derived, and  James ' s  
theory  on the  influence of molecular vibrat ion upon the 
diffraction pa t t e rn  is revised. 

11. L. O. BROCKWA¥. The electron-diffraction study of or- 
ganic fluorides. 
Recent  invest igat ion of the  f luoromethanes by  the  

sector-microphotometer  modif icat ion of the electron- 
diffraction m e t h o d  for gases shows tha t  the  C-F distance 
ranges from 1.391 /~ in CHaF to 1.323 ~ in CF 4. These 
values are compared wi th  1.31-2 /~ previously observed 
in fluoroethylenes.  

The effect of fluorine subst i tut ion on the  C-C1 distance 
in CHaC1 is contrasted wi th  the  effect of chlorine substitu- 
tion. The CC1 distances are: CHaC1, 1.784 A; CF3C1, 
1.753 ~ ;  CC14, 1.766 A. The decrease in the F - C - F  angle 
to 108.5 ° in CFaX compounds is compared wi th  the  
increase of the C1CC1 angle to 110.4 ° or more in CClaC 
compounds.  

The effect of fluorine subst i tut ion on C-C distances is 
also discussed. 

12. J . W .  MIDGLEY & i .  WILMAN. The crystal growth, unit 
cell and structure of thin f i lms of tetra-tetramethylene- 
tetradecane and tetra-pentamethylene-tetradecane. 
Microscopic and  electron-diffraction investigations 

have been made  on the  process of crystallization of these 
long-chain hydrocarbons,  which have recurrent  cyclic 

side groups. The effect of rubbing the film unidirect ionally 
is also shown. 

Tet ra- te t ramethylene- te t radecane  films formed by  
condensat ion in vacuo on a substrate such as polished 
stainless steel become re t racted into lenses about  4 ~ in 
d iameter  and  about  4 ~u apart.  Electron diffraction in- 
dicates tha t  the  structure is then  amorphous,  with  the  
molecules unor ienta ted.  After  10-15 rnin. a remarkable  
form of crystalhzat ion begins. One lens crystallizes, then  
5-30 sec. later an adjacent  lens migrates towards it and  
crystallizes, a similar process being repeated  at  irregular 
intervals  of up to 30 sec. unt i l  the whole film has crystal- 

lized. The crystals have at  first irregular shapes, and  some 
have  curved faces, but  af ter  some hours t hey  have be- 
come block-like in form by surface diffusion. I t  is sug- 
gested tha t  the  lens migrat ion occurs as a result  of 
bombardmen t  of the  lenses by  molecules diffusing across 
the  substrate surface to the  growing crystals. The 
migrat ion may  be assisted by the  lens spreading towards 
the  centre of heat  generated by the  crystallization. 

I n  both  materials,  rubbing the  film results in s trongly 
one-degree-orientated crystals wi th  no azimuthal  prefer- 
ence. The planes parallel to the  substrate have a spacing 
of 19.7 /k, which indicates t ha t  the  molecules are orien- 
t a t ed  wi th  the chain axes normal  to the  substrate,  or 
nearly so. The lateral spacings show tha t  the  side groups 
of adjacent  molecules mus t  be interleaving. 

13. O. BASTIA~SEN. Recent developments of the method of 
electron diffraction in gases. 
A new electron-diffraction apparatus  designed and 

constructed at the  Chemical Ins t i tu te  of the  Univers i ty  
of Oslo will be described. The apparatus  has up to the  
present  t ime been used main ly  for gas work. The in- 
s t rument  has enabled us to increase the  accuracy of our 
in tensi ty  determinat ions  and  to enlarge the  in tens i ty  
interval  by a considerable amount .  The result  of this 
improvement  is (1) a greater  accuracy in the  absolute 
de terminat ion  of molecular dimension parameters ,  (2) a 
greater resolution power, (3) the  possibility of a quant i ta -  
t ive s tudy of molecular vibrations. The improvements  
will be i l lustrated by examples. 

14. G. C. S. WAGHOR~, P. T. DAVIES & R. W. WILSON. 
Calibration of the type EM3 electron microscope. 
Calibration of electron microscopes for diffraction is 

most  commonly  done by reference to an internal  s tandard,  
and  for accurate work this is obviously highly desirable. 
For  m a n y  purposes, however,  this me thod  m a y  not  be 
suitable and the  procedure described below has been 
found to be more convenient .  I t  has been applied suc- 
cessfully to the  Metropoli tan Viekers EM3 and depends 
on the  fact tha t  the  magnif icat ion varies wi th  object ive 
lens current.  Diffraction pat terns  are obta ined of stan- 
dards, for example NaC1, at a part icular  value of objective 
lens current.  In  dealing wi th  samples, the  pa t t e rn  is first 
obta ined in the usual way and then  the  object ive lens 
current  is adjus ted  to bring it to the  fixed s tandard  value. 
Al though this procedure m a y  defocus the  specimen for 
microscopy it is shown tha t  consistent diffraction pat terns  
result. If  the  specimen is defocused too much,  dis tort ion 
of the  diffraction pa t te rn  is observed, and it is convenient  
to calibrate the ins t rument  at  various values of objective 
lena current  s0 t ha t  iS is possible to work a t  a more suit- 
able value for a particular sample. 

This me thod  may  be applied to microscopy if accurate 
magnifications are desired. 

15. H. WILMAN & A. P. B. SIZ~-~A. Some thermal transfor- 
mations studied by electron diffraction. 
Electron diffraction has been used to s tudy  the  

reversible t ransformat ion of cuprous sulphide and  silver 
sulphide hea ted  in vacuo. Cuprous sulphide hea ted  in 
vacuo at  about  300 ° C. in presence of excess sulphur was 
first conver ted to CuS, t hen  on further  heat ing  lost 
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sulphur  and  rever ted  to f.-c. cubic Cu~S which was 
init ial ly stable at room tempera ture ;  bu t  after more 
heating and loss of sulphur was f.-c. cubic above a trans- 
formation t empera ture  which progressively rose to a l imit  
of about  250 ° C. Below the  reversible t ransformat ion 
tempera ture  the  lattice was found to be te t ragonal  wi th  
abou t  the  same a axis and  axial ratio 2.0. The ortho- 
rhombic  structures previously described were not  ob- 
served. 

In  the  case of silver sulphide the  reversible trans- 
format ion  from monoclinie to b.-c. cubic (a = 4.865 /~) 
occurred a t  about  180 ° C. in agreement  wi th  previous 
data .  On progressive heat ing in vacuo at  180-200 ° C. 
further,  l i t t le or no change in t ransformat ion tempera ture  
occurred. On heat ing at 350 ° C. to 400 ° C. for 1-2 rain., 
the  latt ice was t ransformed irreversibly to f.-c. cubic 
(a = 5.412 A). Similar films prepared on rocksalt  cleavage 
faces or on pyrex glass surfaces, however,  when  hea ted  
a t  400 ° C. for 5 min.  were decomposed to silver. 

16. H. YOSHIOKA. The effect of absorption on electron dif- 
fraction. 
The effect of absorption on X-ray  diffraction by  crys- 

tals was s tudied by Molibre. According to him, the effect 
can be represented by means  of complex structure factors. 
Using a me thod  similar to tha t  of Molibre, we have s tudied 
the  effect of absorpt ion on electron diffraction. In  this 
case the  effect cannot  be represented by means  of an 
imaginary par t  of the  periodic electric potent ia l  of the  
crystal  as it introduces into the  dynamical  theory  a set 
of new complex coefficients Chg which are not  constant  
but  depend  upon the  positions of wave points on a 
dispersion surface. W h e n  a Bragg reflexion is excited, 
the  mean  inner potent ia l  V0 is modif ied to V0 +Coo for 
incident  waves and  to Vo +Chh for reflected waves. The 
h th  and  - -h th  Fourier  coefficients Vh and V-h are 
modif ied  to Vh+ Cho and V-h+Coh, respectively. Be- 
cause of these modifications, the  two waves which exist 
when  a Bragg reflexion is excited are absorbed to dif- 
ferent  degrees. That  sheet of the dispersion surface which 
lies on the  side of the  lattice origin corresponds to the 
rapidly  a t tenua t ing  wave;  the  other sheet corresponds to 
the  slowly a t tenua t ing  wave. 

§ 17. ]~tude des min6raux ar~,ileux 
1. J .  M~RING. Confdrence gdndrale. 

2. B. NAGY & W. F. BRADLEY. The structural scheme of 
8epiolite. 
An idealized structural  scheme for sepiolite is deduced 

f rom the observed X-ray  diffraction effects in the zero 
layer line of diagrams obta ined from several na tura l  
fibres. The structure consists of a centered array of l inked 
chains of composit ion H6MgsSil~Os0(OH)10, somewhat  
similar to those found in at tapulgi te ,  the  chains serving 
to enclose a second centered array of channels in which 
molecular water  is disposed. 

The hk0 project ion is orthogonal  wi th  a---- 13.4 and  
b ---- 27 /~. The skeletal chains are centered about  0, 0, z 
and  ½,½, z. ]V[g sites for each chain are at  x =  0 and  
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y = O, ± ~ ,  ± ~ ,  ± ~ ,  and  ± ~ .  Oxygen and  hydroxyl ,  
Si, and  oxygen, in layers, fill out  each chain coordinated 
as in a mica or a chlorite, and  the  eight  oxygens at  
¼, ¼, z are each links common to two chains. The water  
channels are centered about  ½, 0, z and  0, ½, z. 

The disposition of the  eight  octahedral  ions (mainly 
Mg) indicated by chemical analysis among the  nine 
positions available in the  schematic chain is not  specified. 

The qual i ty  of agreement  be tween calculated and  
observed hk0-type intensit ies is i l lustrated. I t  is considered 
to adequate ly  confirm the  idealized section. I t  seems prob- 
able tha$ the  entire s t ructure is in C2/m. 

3. T. SUDO. Long spacings at about 30 ]k confirmed from 
certain clays from Japan. 
Certain specimens of the  fireclay from the Kura t a  

Mine, Yamaguchi  Prefecture,  show the  X-ray  powder  
lines of montmorfl loni te ,  disordered kaolinite,  and  of 
29.8 kX. (+0 .5  kX.).  The basal reflexion of the  mont-  
moril lonite is 14.7 kX.(:k0.2 kX.),  which is unaffected by 
heat ing at  300 ° C. about  1 hr., and  is replaced by the  
11.7 kX.  line in the  tempera ture  range of 500-700 ° C. 
The 11.7 k i .  line completely disappeared at  900 ° C. 
and  the  clay t ransformed to mull i te  at  1100 ° C. The 
9.6 kX.  line of a dehydra ted  montmor i l loni te  never  
appeared.  The t r e a tmen t  of the  clay wi th  e thylene glycol 
caused the  14.7 kX. line to be replaced by the  15.6 kX.  
(± 0.3 kX.) line. The 29-8 k i .  line completely disappeared 
at  300 ° C. and  the  line shifts to 32.3 kX.(q-0-5 kX.) by 
the  t r e a tmen t  wi th  e thylene glycol. To account  for these 
unusual  X-ray properties as well as others, two kinds  of 
crystal latt ices were considered;  one is the  usual mont -  
moril lonite latt ice (M-lattice) wi th  two sheets of wate r  
molecules;  its cell he ight  is 15.5 kX. ;  the  other  is an un- 
usual latt ice (G-lattice) showing a configuration repre- 
sented by a gibbsite layer inter leaved be tween two 
adjacent  silicate layers; its cell height  is about  14.0 kX.  
The 29.8 kX. line is considered to be caused by a super- 
latt ice composed of these two kinds of uni t  cells. Similar 
long spacings are discovered and suggested in clays from 
the other several localities of Japan .  

4. R. GREENE-KELLY. The structure of some montmoril- 
lonite complexes. 
The sorption complexes of montmor i l loni te  and  cyclic 

organic compounds have  been s tudied by X-ray  spacing 
measurements  and  one-dimensional  Fourier  synthesis.  
The results wi th  aromatic  molecules have shown tha t  two 
orientat ions are common.  The first, which is generally 
stable at  low surface concentrat ions,  has the  plane of the  
ring of the  molecule parallel to the  plane of the  silicate 
sheet but  at  higher surface concentrat ions the  molecules 
often reorient  so t h a t  their  planes are perpendicular  to 
tha t  of the  silicate sheet. In  the  lat ter  configuration the  
molecules appear  to avoid posit ioning atoms with electron 
excesses in contact  wi th  the  oxygen a toms of the  silicate 
sheet. Satura ted ring compounds a l though puckered also 
show similar behaviour.  I t  has been possible to distinguish 
be tween the  polar and  equatorial  configurations of sub- 
s t i tu ted  alkane rings and  to show tha t  the  larger of the  
two groups a t t ached  to a carbon a tom occupies the  
equatorial  posit ion preferential ly when the  molecule is 
sorbed. Comparison of the  results obtained with aliphatic 
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chains and rings have suggested tha t  the former are also 
puckered when sorbed, neighbouring carbon atoms being 
in contact with different silicate sheets. The contact 
distances between the silicate sheet oxygens and tl~e 
sorbed molecules have been confirmed as being shorter 
than  the normal van de Waals distance. I t  has been 
found, however, tha t  the calculated shortening does not  
vary much between complexes provided the correct 
structure is allocated. 

5. ~I. PEZERAT & J. ]~]~RING. Influence des substitutions 
isomorphes sur les param~tres de structure des phyUites. 
Les r6sultats de synth~se de Fourier uuidimensionnelle 

(projection de ~ sur la perpendiculaire au plan des 
feuillets) sen t  dennis  pour la pyrophyllite, la mont- 
morillonite, la muscovite. Pour ces trois min6raux les 
taux de substitution sent respectivement: 0, 0,3-0,4 et 1. 
On peut done observer les effects de la charge n6gative 
des feuillets sur les ordonn6es z des plans d'atomes. 
D6termination pr6cise des valeurs de z et discussion des 
r6sultats. 

6. W. VOW ENGELHh_~DT. Quantitative X-ray analysis of 
clays. 
Using recording spectrometers with Geiger-Mfiller- 

counters it is now possible to measure X-ray intensities 
more easily arid accurately than by photographic and 
microphotometric methods. Therefore we have tried to 
develop a suitable technique for quanti tat ive mineral 
analysis of clays with the Norelco X-ray spectrometer. 

Examples of quanti tat ive analyses of natural  clays 
will be shown. 

7. D.M.C. M A c E w ~ .  Some Fourier transform methods for 
the study of clay minerals. 

8. M. NA~Am~A. The polymorphism of sericite. 
For many of the sericite crystals from the Unnan 

Mine, Shimane Prefecture, Japan,  there could be found 
both a two-layered (muscovite-type) and a three-layered 
(pseudo-trigonal) structure, or an intermediate type of 
these two. 

In  the intermediate structure, the (025), (114) and 
(114) reflexions of the two-layered structure were diffuse 
or disappeared, while others showed no variation in 
regard to positions of spots. These can be explained 
geometrically from the relation between the two- and 
three-layered types. 

The structures can be explained as follows: 
(1) If a mica layer be twinned on composition plane 

(001) with [310] as the twinning axis and then be twinned 
in the opposite direction with the same axis, the two- 
layered structure would be produced (A B A B A . . .  
sequence). 

(2) If this twinning operation be repeated in one direc- 
tion, the net result would be such tha t  the twinning axis 
itself is operated by a threefold screw axis perpendicular 
to the layer; thus, the three-layered structure would be 
produced (A B (7 A B (7 A . . .  sequence). 

(3) The intermediate type is a mixture of these two 
sorts of sequence, and the diffuseness of (025) etc. of the 
two-layer type will depend on the frequency of the A B 
sequence. 

9. G. HoNJo, N. KIT~TRA & K. MmAMA. A study of clay 
minerals by means of single.crystal electron-diffraction 
patterns. 
Electron-diffraction diagrams from individual crystal- 

lites of clay minerals were obtained by means of a three- 
stage electron microscope of le Peele's scheme and a 
shadow-microscope of Hillier & Baker's scheme. 

A variety of the kaolin-group clay minerals which is 
distinguished by the elongated crystallites of a tubular  
habit  of rolled sheet crystal have been studied. As ex- 
pected from the habit, the diffraction diagrams of the 
crystallites show features similar to those of rotat ing 
single crystal. The indices of the axis of rotation, or the 
axis of elongation of the crystallites, were determined 
from the diagrams. For almost all crystallites examined 
this axis was the [0, 1] axis of the kaolin layer, but  i t  
was the [1, 0] or the [3, 1] axis for a few per cent of the 
crystallites. 

The sample kaolins from different origins show dif- 
ferent degrees of crystallization. The diffraction diagrams, 
however, reveal for all of them a structure having a period 
about 14.4 A in the direction of the stacking of the kaolin 
layers, a structure which has not  been reported pre- 
viously. This structure was confirmed also by the X-ray 
powder method. I t  is a triclinic structure with a uni t  
cell similar to that  of kaolinite but  the c-period is twice 
as long as tha t  of the latter. 

10. L.A. RoMe & R. RoY. Synthesis stability and properties 
of layer silicates. VII. Anion exchange and cation re- 
placement as studied by infra-red spectroscopy. 
Utilizing the large number of synthetic layer silicates 

containing ions differing considerably in nature, infra- 
red absorption patterns .have been studied with the 
following purposes: 

1. Empirical correlation of the absorption bands due 
to various bonds as they are influenced considerably by 
the cations present in the octahedrally and tetrahedrally 
coordinated positions, with the structure-type remaining 
constant. 

2. O D - 0 H  exchange in these minerals as a function 
of time and temperature. At temperatures near 300 ° C. 
nearly complete exchange occurs in a few hours with all 
the clay minerals. 

3. Confirmation of extensive F - O H  exchange in the 
clay minerals studied at  a series of temperatures by other 
methods including analysis, t i t rat ion of exchanged OH, 
X-ray patterns etc. 

11. U. HOFM~S. Einfluss der Kristallgestalt auf die lcol- 
leiden Eigenschaften des Tons. 

Der self langem bekannte Einfluss der Morphologie 
(Kristallgestalt) der Tonmineralien auf die kolloiden 
Eigenschaften und die techuische Brauchbaxkeit eines 
Tons wurde an gemahlenem Kaolin (Schnaittenbaeher 
OF) untersucht. 

Durch trockenes Mahlen (I) wurde im wesentlichen 
der Durchmesser der Pl~tttehen verkleinert; dutch nasses 
Mahlen (II) wurde ira wesentlichen die Dicke der Pl~tt- 
chert verkleinert. 

Im Einklang damit ist die :4nderung folgender kol- 
loider Eigenschaften: 

Das thixotrope Volumen w~chst bei I I  st~ixker als bei I, 
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weil die Geriiste aus den di innen P1/~ttehen volumin6ser  
werden. 

Die Menge der austauschf/~higen Ka t ionen  w~chst  bei I 
st/~rker als bei I I ,  weil die Ka t ionen  bei Kaol in i t  bevor- 
zugt  an  den it/~ndern der P1/~ttchen gebunden sind. 

Die Trockenschwindung w/ichst bei I I  st/~rker als bei I, 
weil die Biegsamkei t  der P l~ t tchen  mi t  der Verr ingerung 
ihrer Dicke zunimmt.  

Dementsprechend w/~chst die Trockenfest igkeit  bei I I  
st/~rker als bei I. 

Die Fes t igkei t  feuchter  Massen w/~chst bei I u n d  I I  
e twa  gleichm/~ssig, weil die Zunahme der austausch- 
f/~higen Ka t ionen  die erh6hte  Biegsamkeit  der P1/~ttchen 
kompensier t .  

Die entsprechende Unte r suchung  yon 25 verschiedenen 
Tonen und  Kaol inen gibt  einen /~hnlichen Einbl ick  in 
die Bedeu tung  der Morphologie. 

12. S. GOLDSZTAUB, S. H]~NIN & i t .  WEY. Sur l'adsorption 
d'ions phosphoriques par les argiles. 
L'adsorp t ion  d 'anions  phosphoriques par  des argfles 

min~ralogiquement  d~finies ddpend du p H  de la suspen- 
sion. Dans  l ' interval le  de p H  compris entre 3 et  6 l 'ad- 
sorpt ion est forte et pr~sente un  m a x i m u m  pour p H  4. 
(Montmorillonite Na et Ca-Kaol in i te  Na et Ca). L 'adsorp- 
t ion  ne peut  se faire par  l ' interm~diaire des cations 
(ichangeables, l 'argile H adsorbe toujours plus de PO4H~ 
que l 'argile Na  ou Ca. II n ' y  a point  d ' insert ion de phos- 
pha te  entre les feuillets de la montmori l loni te  dont  les 
propri6t~s de gonflement  res tent  normales. E n  b loquant  
les ions A1 de la surface de l 'argile par  adsorpt ion soit 
d ' ions  F -  soit d 'a luminon,  l 'adsorpt ion de PO~H~ est 
inhib@e. Une  hec to r i t e -Na  ne contenant  pas d'A1 octa- 
@drique, ne fixe point  de phosphate  en milieu acide. La  
quant i t6  d' ions POaH~7 adsorb~e est en rappor t  avee le 
hombre  d ' ions A1 superficiels de la montmori l loni te .  

Pour  des p H  voisins de la neutral i t~ et pour  des 
p H  ~ 7, l ' adsorpt ion de phosphate  d~pend de la na ture  
du  cat ion present  dans la suspension. I1 y a format ion 
d ' u n  compos4 insoluble du type  h y d r o x y - a p a t i t e  en 
pr6sence de montmori l loni te-Ca.  Les ions Ca de la mont-  
moril lonite n ' in te rv iennen t  pas dans  cette prdcipi tat ion 
et  l ' appar i t ion  de la seconde phase cristalline n 'al t~re 
point  les propri~it@s de la montmori l loni te .  

13. H.  1~. S ~ s o ~ .  Flocculation characteristics of kaolinitic 
clays. 
A correlation has  been t raced between the mineralog- 

ical const i tu t ion of a series of china clays, their  floccula- 
t ion characteristics,  and  thei r  capaci ty  to absorb anionic 
dyes.  The results emphasize the marked  influence of the 
presence o f  traces of montmorfl loni te  and  illite on the 
behaviour  of these kaolini t ic  clays, as well as var ia t ions  
found between different samples of pure kaolinite.  

All these observations are in tu rn  related to a new 
in te rpre ta t ion  recent ly  proposed of the dis t r ibut ion of 
posit ive and  negat ive  electrostatic charges a t  the surfaces 
of kaolini te  crystals.  

14. U. VEN~IGLIA. Les variations chimiques et structurales 
des diffdrents mindraux des argiles. 
Dans l '~tat  actuel  des cormaissances, il para l t  n~cessaire 

d'~clarcir les rap~)orts s t ruc turaux  et g6ndtiques qu'il  y a 

entre les diff6rents minSraux des argiles (siallites) de 
fa~on que 1'on puisse soit expliquer,  soit pr6voir les dif- 
f~rentes associations naturel les  ainsi qu ' in terpr~ter  les 
r4sultats  des synth6ses.  E n  essayant  d 'ar r iver  h cet 
6claircissement on parv ien t  /~ la conclusion que chaque 
composant  des argiles ne peut  pas 6tre regard~ comme 
a y a n t  une s t ructure  cristal lographique earr~ment dis t incte  
de celles des autres  composants ;  mais  au contraire tous 
les min~raux argileux que l 'on connal t  forment  quelques 
groupes seulement,  que l 'on peut  dist inguer entre  eux 
tou t  au moins au moyen  des leurs caract6rist iques roent- 
genographiques.  Cependant ,  ces groupes m~me, ne sont  
point  ferm6s ou isol~s mais  ils peuvent  s'entrem61er. 
Quant  aux min~raux du groupe de la kaolinite,  on peut  
r~sumer les conclusions par  l 'a f f i rmat ion que (1 °) la 
phol~rite, si l 'on la regarde comme 6rant  une siallite 
a y a n t  un  rappor t  SiO2:A120 a inf~rieur /~ 2, poss~de la 
s t ructure  de la kaolini te  avec une subs t i tu t ion  partielle 
de Si par  de I'A1; (2 °) l ' anauxi te  se dist ingue de la kaol ini te  
du fair que quelques posit ions d'A1 ne sont  point  oc- 
cupies,  et de ce fair quelques posit ions de (OH) ne le 
sont pas non plus. Quant  aux min~raux du groupe de la 
montmori l loni te ,  l 'hypoth~se de H o f m a n n  et d 'autres ,  
de Marshall  & Hendr icks  n 'es t  point  satisfaisante,  parce 
qu'elle ne rend pas compte de routes les propri6t~s de 
ces min~raux et sur tout  de leur capacit6 ~ l 'dchange des 
bases; on dolt  supposer, de pr~fdrence, une s t ructure  
analogue ~ celle des micas (muscovite, paragonite ,  etc.), 
les montmori l loni tes  ne se dis t ingueraient  de ceux-l~ qu 'h  
cause d 'un  moindre nombre  de Si, ceux-ci remplac~s par  
de I'A1, ce qui aura i t  comme cons6quence un nombre  

r 6 d u i t  de gros cationes dans  la montmori l loni te  en com- 
paraison des micas et par  1£ un  parfa i t  clivage su ivant  
(001). Cette in terpre ta t ion,  que j 'a i  a v a n c ~  d~s 1945 et 
que les ~tudes faites jusqu 'k  ce jour n 'on t  pas contredite,  
para i t  6tre actuel lement  la plus logique. On vient  de la 
noter,  en effet, de fralche date  dans quelques ouvrages 
g~n~raux au sujet  des argiles. Ce point  de r u e  explique 
d 'une  fa~on intelligible l 'adsorpt ion de la par t  des siallites 
ainsi que le compor tement  des argiles qui renferment  de 
l ' i l lite seulement comme composant  argi leux;  en effet, 
dans le clivage des lamelles des min~raux argileux du type  
s6ricitique les lamelles qui en d~rivent aura ient  une 
dis t r ibut ion de l ' ion K sur les surfaces (001) qui s 'appro- 
cherait  du type  part icul ier  aux montmori l loni tes :  on 
devrai t  a t t r ibuer  ~ cette dis t r ibut ion les ph~nom~nes 
d 'adsorpt ion,  de gonflement  et les autres  caract~rist iques 
qni sont  de m~me communes aux argiles illitiques. 

15. R.  E.  GRIM. Confgrence gdndrale. 

16. R. GLAESER ~5 J .  M~RING. Isothermes d'hydratation des 
montmorillonites bi-ioniques (l~a, Ca). 
Dans  un  t ravai l  r~cent les auteurs  ont  montr6 que les 

differences de compor tement  entre la montmori l loni te-Na 
et la montmori l loni te-Ca peuven t  s 'expliquer  par  l ' im- 
possibilit~ de neutral iser  localement, par  un  cat ion bi- ou 
polyvalent ,  les charges n6gatives cr6~es par  les subst i tu-  
t ions isomorphes. 

I1 existe toutefois un  t aux  crit ique a, tel que dans une  
montmoril lonite-fCa-(1 - - f )Na  le calcium se comporte 
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comme le sodium aussi longtemps que f reste ~ ~. La  
valeur de c~ est calculable a priori, en a d m e t t a n t  la r~- 
par t i t ion  d~sordonn~e des subst i tu t ions  Mg--> _41. 

L'exp~rience confirme ce calcul, ce qui consolide 
l 'hypoth~se de d~ipart sur le r61e de la r~part i t ion des 
charges. L '~volut ion des isothermes d ' hyd ra t a t i on  sous 
l 'effet de la var ia t ion  du t aux  f permet  de pr~ciser ce 
m6canisme. 

17. S. CAILL~RE, A. OBERLIlq & S. ~-~]~l~ilq. ]~tude a u  m i c r o -  

scope dleetronique de quelques silicates obtenus par syn- 
th~se c~ basse tempdrature. 
Une m6thode de synth6se de certains min6raux ar- 

gileux k par t i r  de solutions ex t r6mement  dilu6es a 6t6 
d~crite ant6rieurement .  Les produi ts  prepares ont  4t4 
examines au microscope ~lectronique. 

A p H  8 ils ont  l 'aspect  de feuilles de papier  froiss~i 
assez ind~pendant  des quanti t~s de Si0~ et de MgO, 
utilis~es. A p H  9 les preparat ions  ont  l 'aspect  d 'ast~risques 
dfi ~ la superposit ion de part icules allong4ies. Ce sont 
toujours  des montmoril lonites.  

A p H  6-7 on observe deux phases, l 'une colloidale 
l ' aut re  a y a n t  l 'aspect  de baguet tes  probablement  con- 
stitu~es par  des feuillets enroul~s. Le diagramme de 
rayons  X est ne t t emen t  different du pr6c6dent;  il s 'agi t  
peut-&tre de s~piolite. 

L ' in t roduc t ion  de fer et d 'a lumine k des p H  variables 
mais toujours  sup~rieurs ~ 7 donne soit des mont-  
morillonites, soit des 'chlorites gonflantes '  den t  l 'aspect  
g4n4ral reste celui du papier  froiss4, les plis 4rant route- 
lois plus marqu4s. 

Enf in  les produi ts  de composit ion Si, Al et Mg 
p H  8 et en pr4sence de KC1 sont constitu6s par  des part i-  
cules en forme de feuillets 4tal4s, leur diagramme de 
rayons  X est celui d 'un  mica. 

A 20 ° C. des compos6s obtenus k par t i r  de solutions 
renfermant  Si et Mg ont  des cristallites rappelant  encore 
l 'aspect  du papier  froiss6, mais  qui se pr6sentent  avec des 
contours poly~driques. 

A 100 ° C. les produi ts  pr4par4s en pr4sence d 'une forte 
concentra t ion de NaC1 apparaissent  macroscopiquement  
comme des micas alt4r4s, bien que la cr is talhsat ion d'apr~s 
l ' examen aux  rayons  X soit parfois ne t t emen t  moins 
bonne que dans les autres  essais, il faut  encore les rap- 
procher des montmori l lonites .  

18. H.  v ~  OI ,PH~.  Interlayer forces in bentonite. 
The forces between un i t  layers of a bentoni te  part icle 

when  in aqueous suspension are analyzed.  
F rom exper imental  observations,  the general quali ta-  

t ive shape 0f the net potential curve of interaction may 
be derived. 

The long-range interact ion is then  computed from 
electric double layer  repulsion and  van  der Waals  a t t rac-  
tion. I t  is concluded t h a t  there is a considerable adsorp- 
t ion potent ia l  of the exchangeable ions to the layer  sur- 
face ( ~  0-2 eV.). The consequences for ion exchange are 
briefly discussed. 

The short-range interact ion energy is computed for two 
models:  ei ther  the adsorbed cations are u n h y d r a t e d  or 
they  are a t  least  par t ia l ly  hydra ted .  Van  der Waals  
a t t ract ion,  electrostatic interact ion and  hydra t ion  ener- 

gies, are considered in the computat ion.  The results  a re  
compared wi th  the  interact ion curve derived from the  
exper imental  water-vapor  adsorpt ion isotherm. I t  appears  
t h a t  wi th in  the l imits of the exper imental  results,  bo th  
models are acceptable. 

Al though there is a correlation of bentoni te  hyd ra t ion  
energy wi th  the hydra t ion  energy of the exchangeable  
ions present,  this  would not  const i tu te  posit ive evidence 
of ion hydra t ion .  A secondary effect of the  type  and  size 
of ion on the format ion of ideal Hendr icks '  water  layers ,  
and  thus  of their  bonding energy to the clay surface is 
also possible. 

19. S. C~Ln/~RE, S. t i t a n  & J .  ESQUEvr~. Transforma- 
tion expdrimentale de certaines chlorites ferrif~res en non- 
tronite. 
Les 'chlorites gonflantes '  ont  ~t4 pr~par6es au labora-  

toire en pr6cipi tant  un  hydroxyde  entre les feuillets de l a  
montmori l loni te  puis d~couvertes dans la na ture  dans  des 
marnes  du Keuper  et dans les minerals  de fer de Lorra ine  
(Angevillers). Cette derni&re m~rite k peine son nora de 
'chlorite gonflante '  puisque re&me une 6bulli t ion pro- 
long6e en pr6sence d 'une solution de MgCI~ ne lui pe rmet  
pas de gonfler darts l 'eau glyc~rol~e. U n  t r a i t emen t  d6- 
ferrif iant ~ l 'hydrosulf i te  de sodium transforme une pa r t i e  
de l '~chanti l lon en nontroni te  que l 'on peut  reconnai t re  
grace ~ ses propri~t~s de contract ion et de gonflemen~ 
int ras t ructura l .  

Soumis k une 61ectrodialyse prolongde, l 'dchantfl lon 
se t ransforme compl&tement en nont roni te  ainsi clue le 
mon t ren t  aussi bien l 'dtude therrnique que roentgeno- 
graphique.  Rappelons  qu 'une  telle t ransformat ion  pa ra i t  
impossible avec une chlorite vraie. Au contraire les 
'chlorites gonflantes '  pr~par~es par  voies artificielles 
peuvent  ~tre ais6ment retransform6es en montmori l loni te  
par  dissolution de l ' hydroxyde  pr~cipit6 entre les feuillets. 

U n  t ra i t ement  analogue a 6galement 6t6 appliqu4i 
une 'chlorite gonflante '  p rovenan t  des marnes  du Keuper  
et dans ce cas encore il a ~t~ possible d 'obtenir  un  minera l  
montmori l loni t ique.  

20. R.  RoY. Systematic syntheses, equilibrium thermal de- 
composition and phase relations of typical clay minerals. 
Under  controlled conditions of tempera ture  (up to  

900 ° C.) and  high water  pressure (up to 3000 atmospheres)  
the various layer  silicates can be synthesized wi th  con- 
t rol led compositions involving m a n y  different ions. The 
change of various properties such as lat t ice constants ,  
morphology,  'expansion '  wi th  e thylene glycol has  been 
studied as a funct ion of the size and na ture  of ions present ,  
for the serpentine-kaolinite group, ~he montmorilloni~e 
group and  micas and  chlorites. 

The phase equil ibrium relat ionships in the  sys tems 
A1203-SiO2-H~O, MgO-AI~03-Si02-I-I20 and  Na~O- 
AI~Oa-Si02-I-I20 have been determined,  thus  de termining  
the  tempera ture  and pressure l imits  of s tabi l i ty  of endel- 
lite, kaolinite,  serpentine,  montmori l loni tes  of various 
composition and two series of chlorites. The existence of 
two series of isomorphous chlorites helps to clarify several 
problems concerning these minerals.  The bearing of these 
da ta  on current ly-used identif icat ion procedures for clays 
is discussed. 
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21. M. N A K ~ m A .  On the thermal transformation of kaolinite 
and halloysite. 
X - r a y  diffraction methods  were used to obta in  in- 

format ion about  the so-called 'meta-kaol in '  state.  Spec- 
imens were hea ted  slowly (2 ° C./min.) to 570 ° C., 700 ° C. 
and  950 ° C. and  soaked a t  these tempera tures  for 3 hr.  
Supplementa ry  specimens were hea ted  to comparable 
tempera tures  and  wi thdrawn wi thou t  soaking to examine 
the  var ia t ions of diffraction pa t te rns  before and  after  the 
prolonged heat ing.  

F rom the var ia t ions  of intensi t ies  and  line profiles of 
such reflexions as (00l), (020), (060) and  (20l), i t  was 
concluded tha t ,  in kaolinite,  the  x and  z coordinates of 
all a toms and also the y 's  of A1 atoms seemed to change 
easily, while the y 's  of oxygen a toms were not  so seriously 
affected during the heat ing.  This could be seen from the 
diffraction features t h a t  the  (020) reflexion, though ra ther  
two-dimensional,  a lways persisted clearly a t  about  its 
original position, while those of (00l), (060) and (20l) 
were easily weakened (diffuse) or disappeared. The most  
probable explanat ion is tha t ,  in the recta-kaolin state,  
Si and  A1 atoms can easily migra te  or exchange in the 
oxygen frameworks;  the oxygen atoms themselves only 
move each other in the direction parallel  to the b plane. 
At  950 ° C. a minor  amount  of mull i te  could be detected. 

In  halloysite,  only a very  diffuse band  wi th  its peak 
near  4.0 /~ appeared a t  each of the above ment ioned 
temperatures .  

22. R.  RoY. New data on the thermal decomposition of kao- 
linite and the absence of an 'amorphous' stage. 

23. G. BARBIER. Extension des gchanges d'ions dans des 
argiles de sols par alternances de ddssication et d'humec. 
tation. 
Les al ternances de dessication eL d 'humec ta t ion  pro- 

voquent  t an t6 t  un  passage de K 6changeable a l '~tat  non 
~changeable, t a n t 6 t  le passage inverse (sans doute par  
raise en communicat ion  temporaire  de surfaces externes 
et internes qui ne sont pas au m6me niveau d'activit~i). 
L 'emploi  d ' isotopes (3~PO4) permet  de percevoir en 
quelque sorte ce double mouvemen t  en une seule opera- 
t ion, c'est-k-dire qu'il  r~ivSle nne extension de l 'auto- 
diffusion par  ces al ternances (ou par  6bullition). Les 
m6mes al ternances lib~rent ~galement des ions boriques. 

24. P. U~B~lN. Distinction des ions du rdseau et des ions 
adsorbds. 

25. U. VENTRI(]LIA. La plasticitg des argiles. 
La plasticit4, envisag6e comme une capacit4 ~ subir 

des dSformations permanentes  et  visqueses, pour des 
efforts supSrieurs toutefois ~ une limite fix~e et finie, 
peut-~tre caract~iris~e par  une expression du type  

~n/v,_ (~_f)n/~, 
//G 

off • est la contra inte  au cisafllement, V* la viscositel 
apparente ,  f la l imite de glissement, G le module d'~lasti- 
cit4 ~ la l imite de glissement et n une constante.  (Si l 'on 
fair n ---- 1, ~* devient  ~gal ~ la viscosit~i ~.) Dans  le domaine 
qui est le plus int~iressant, ~ cause de ses applications,  on 

peu~ caract~riser la plasticit6 par  le rappor t  G/~---- 
f /~,!  (G ~ mobflit6), off f est la l imite de glissement 
(c'est-~-dire l 'effort  uni ta i re  tangent ie l  T au-dessus duquel 
commencent  les d~formations permanentes) ,  et 7/ est 
la d~formation qui correspond & f .  

Une  ana lyse  du caract~re des argiles et de leur com- 
por tement  en pr6sence de l 'eau, fai t  voir que le m~lange 
argi le-eau correspond tou t  & fai t  aux conditions g~n~rales 
implicites dans le concept de plasticit6, & condit ion que le 
rappor t  quan t i t a t i f  r~ciproque entre la masse solide et  
celle liquide soit compris dans des l imites convenables. 

La  s t ructure  r~ticulaire des min~raux argileux, con- 
sid~r~e de par  elle-m6me, mais  sur tout  par  rappor t  au 
liquide du m~lange p~teux,  donne la raison complete du 
compor tment  plast ique des argiles, suff isament imbibSes 
d'eau. La  s t ructure  elle-m6me, rend compte, en premier  
lieu, des facteurs qui, depuis longtemps,  6talent  recon- 
nus comme 6tant  n6cessaires pour la plasticit6, entre  
aut res :  la forme feuillett6e, la flexibilit6 des lamelles, 
leur pet i te  dimension etc. II faut  relier la capacit6 
des argiles de donner avec l 'eau des m61anges plast iques 
dans le sens le plus 6tendu du mot  (bien entendu,  ~ condi- 
t ion que la teneur  en eau n'ail le pas au-del~ de certaines 
limites), & la possibilit6, qu'offre le type  part iculier  de 
s t ructure  des min6raux argfleux, de d~velopper un  lien 
chimique avec quelques liquides et sur tout  avec l 'eau. 
Pour  ~tre & m~me de comprendre les var ia t ions  de toutes  
ces propri~t~s et parmi  celles-ci en premier  lieu de l a  
plasticit~ par  rappor t  ~ la teneur  en eau, ~ la qualit~ et 
la quant i t6  des ~lectrolytes dissous dans celle-ci, fl fau t  
avoir  recours ~ ]a th~orie ~lectrostatique des suspensions 
en g~n~ral, avec les adapta t ions  n~cessaires au  cas des 
suspensions des min6raux argileux du type  kaolinique,  
montmorf l loni t ique et micac~ (s~ricitique ou illitique). 

26. S.M. SHU~B. A laboratory study of the minerals in the 
sediment of the Tyrrhenian sea, taken from a depth of 
1990 metres in the Gulf of Naples. 

27. G. KULBICKI. Phgnom~nes de diagdn~se dans les sddi- 
ments argileux. 
L'6tude  microscopique des roches argileuses en plaques 

minces permet  de met t re  en ~vidence des min6raux ar- 
gfleux authig~nes form6s apr~s la consolidation des sSdi- 
ments .  On a pu, dans beaucoup de cas, retracer  les con- 
dit ions de ces n~oformations.  

On d6crit des n6ogen~ses de kaolinite,  hal loysi te  et  
dickite au sein de s6diments kaoliniques. Des passages de 
min~raux ~ trois couches & des min~raux h deux couches 
et r$ciproquement  sont  ~galement 6tudi6s. 

28. E. J .  WEISS & R.  A. ROWLAND. X-ray diffractometer 
thermal studies of dehydroxylation. 

29. V. T. ALLEN. Formation of diaspore clays (U.S.) by 
secondary processes. 
In  Missouri and  Pennsy lvan ia  diaspore clays occur in 

f l int  clays composed chiefly of kaolinite.  Diaspore re- 
places colliform and  nodular  s t ructures  in fl int  clays and  
fills cracks and  pipes cu t t ing  early diaspore. Poros i ty  
provided by  nodules, carbonaceous materials ,  and  cracks 
allowed ground water  to leach silica from flint  clay and  
form diaspore. 



,688 § 17. ] ~ T U D E  D E S  M I N ] ~ R A U X  A R G I L E U X  

30. W . A .  MrrCKELL. A n  occurrence of saponite in vesicular 
lava. 
A soft green mineral  occurs in vesicular cavities in 

andesi t ic  lava  of Old Red  Sandstone age in Kincardine.  
shire, Scotland. I t  is associated wi th  calcite and  quartz  
a n d  is a product  of late stage pneumalolyt ic  processes. 
In  addi t ion to the occurrence in the vesicles, some of 
which  are completely filled wi th  the mineral ,  i t  also 
occurs in ve ry  small irregular patches  in the  ground mass 
of the  rock, causing rapid  disintegrat ion of the rock on 
exposure when  used for building and  road-making.  Pure  
mater ia l  selected from the vesicles was examined by  X- ray  
diffract ion and  was found to be a t r ioctahedral  mineral  
of the  montmori l loni te  group. Differential  thermal  anal- 
ysis curves supported this  identif icat ion and  the cat ion 
exchange capaci ty  was found to be 99 m. eq. per 100 g. 
Chemical  analysis  identified the mineral  as saponite wi th  
the  approximate  formula 

(Si6.TAll.3) (Alo.sMg4.gFeo.5)O2o(OH)4. 

After  heat ing  to  600 ° C. X- ray  analysis  showed the pat-  
t e rn  of talc, bu t  only if precautions were t aken  to prevent  
rehydra t ion .  On hea t ing  to 900 ° C. ens ta t i te  was formed. 

The basal  spacing of the mineral  af ter  drying at  110 ° C. 
was found  to va ry  wi th  the na ture  of the cat ion in the 
exchange positions. 

31. D. CARROLL. Clay mineral investigations in the United 
States Geological Survey. 
The U.S. Geological Survey is conducting research into 

several aspects of clay minera logy:  chemical composition 
of various hydrous  micas and  montmori l loni tes ;  ion- 
exchange-capac i ty  of soils, of unconsol idated sediments,  
a n d  of the clay fract ion ( <  2-micron grain diameter);  
X- r ay  ident if icat ion using a wide-anglo goniometer  wi th  
Geiger-Miiller tube  and  au tomat ic  recording, as well as 
powder  photographs ;  differential  thermal  ana lys i s ;  and  
electron microscopy. Special features of the equipment  
a n d  of the  analy t ica l  methods  are described. 

Clay-containing materials" from a wide va r i e ty  of 
sources and  geological environments  are being inves- 
t igated.  The relat ionship between the l~ind of clay mineral  
and  the  envi ronment  is s tudied wherever  possible. Out- 
lines of several research projects  will be discussed. 

32. A.M. BYSTR6M. 'Mixed layer' minerals from the Ordo. 
vician bentonite8 at Kinnekulle, Sweden. 
An invest igat ion of the  Ordovician bentoni tes  a t  

Kinnekul le ,  Sweden, has  shown, t h a t  the  main  par t  of the 
bentoni te  beds consists of clay minerals belonging to the 
type ,  described as mixed  layers of illite and  montmori l-  
lonite in r andom interstrat i f icat i0n.  Two characterist ic 
combinat ions  of layers have been found;  one type,  at- 
t ached  to the  two-meter- thick main  bed, has an  illite- 
montmori l loni te  proport ion of 1:4, as determined from 
X- ray  data ,  and  the other  type  found in the th in  beds, 
w i th  a thickness of about  15 era. each, has the proport ion 
3:2.  Excep t  in X- r ay  diffraction, the most  pronounced 
propert ies in which the  two types  differ are the cat ion 
exchange capaci ty  and  the K20 content ,  the  respective 
values being for the first  type  65 mekV./100 g. and  
N 2.5%, and  for the second type  45 mekV./100 g. and  
,~ 5 %. The following s t ructure  formulas have been found:  

M~sa 
Type  I :  

(SiT.57Alo.~a) • a+ ~+ (Al~.95Tlo.o~F%.~)Feo.osMgo.~5)Ko.4aO~o (OH)4 

Mo+... 
Type  I I  : t 

(SiT.a4A10.e6) " "+ ~+ K (A13.nTlo.o4Feo.17Feo.o6Mgo.6o) 0.8sO20(OH)4 

M + denotes an  exchangeable ion and  is chiefly calcium 
and  magnes ium in the proport ion 4:1.  

F rom the coarser fractions (0.06-1 ram.) of the  th i ck  
bed, phenocrys ts  of quartz,  biotite,  an  alkali  feldspar 
(which is found to be a sanidine) and  grains of kaol inized 
plagioclase have been isolated, showing t h a t  the  original 
lava was of a rhyoli t ic  type.  The th in  beds, however,  
seem to be genetical ly somewhat  different and  minera l  
fragments,  except  biotite,  occur ve ry  sparingly.  There is 
no sign of fresh or al tered plagioclase grains, and  accord- 
ingly no kaolin mineral  is found in the  mater ia l  from 
these beds. I t  migh t  be concluded, t h a t  the  original 
volcanic glasses have  differed, in the la t te r  case being more 
rich in potassium, thus  giving rise to the mixed- layer  
mineral  wi th  the higher content  of illite layers.  

33. H.  HAVrDI. Mineralogical study of the alluvial suspended 
matter of the Nile. 
X-ray  diffraction pat terns ,  electron micrograph,  and  

DTA classify the suspended ma t t e r  of the Nile to the  
illitic clay mineral  group. The D T  curves indicate the  
presence of an  amorphous par t  besides the clay mineral .  
Moreover, the  interrupt ions  which occur a t  about  710 ° C. 
in the different curves point  to the format ion  of an  
in termedia te  stage between illite and  montmori l loni te .  

34. C. W. CORRENS: Confdrence de cldture. 

§ 18. D o n n ~ e s  c r i s t a l l o g r a p h i q u e s  

1. W. PARRISH. Recommended practice for the powder- 
diffraction technique. 

2. I.  FA~KUCEE~. The status and aims of the A .S .T .M.  
Index. 

3. G. Do~-NAY. Determinative tables based on cell dimen- 
sions. 

4. E.  G. Cox. Some tests of single.crystal determinative 
tables for organic compounds. 

5. F . W .  MATTHEWS. Coordination of data-collecting efforts. 

§ 19. L ' e n s e i g n e m e n t  de  la  c r i s t a l l o ~ r a p h i e  

1. R. W. G. WYCKOFF. Introductory remarks. 

2. E.  G. Cox. Teaching crystallography to chemists. 

3. C. MAcG~a~Av~Y. Teaching of crystallography in Hot- 
land. 

4. J .  D. H.  D o ~ A Y .  The difference between teaching crys- 
tallography and training crystaUographers. 

5. R. PEPI~CSKY. Who is a crystallographer? 

6. J .  WYART. Nomenclature cristallographique. 
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COLLOQUE H. LOCALISATION DE 
L'ATOME D'HYDROG~NE ET LIAISON 

HYDROG~NE 
1. J .  D. BERNAL. The role of hydrogen in crystals. 

H y d r o g e n  is found in crystals  in three s ta tes ;  as in- 
ters t i t ia l  a tomic hydrogen  in t rans i t ion  meta ls ;  as non- 
polar hydrogen  in molecular  compounds such as the  
hydrocarbons ;  and  as polar hydrogen  in acids, alkalis 
and  neut ra l  polar molecules such as water  and  alcohols. 
I n  the first  two groups i t  has  only a small effect on the 
binding forces of crystals ;  in the last  i t  m a y  grea t ly  
modify  them,  as in ionic compounds (part icular ly hy-  
drates),  or dominate  them,  as in acids, in zwit ter  ions 
like urea  and  amino acids or in neut ra l  poly alcohols. 
In  these cases the s t ructure  is explicable in terms of 
hydrogen bonds. The location of hydrogen has  led to a 
quan t i t a t ive  s tudy  of this  bond. I t s  s t rength  depends 
essential ly on t h a t  of the  field in which the hydroxy ,  
amino or hydrofluoric  group is exposed. In  the free 
hyd roxy l  ion the OH distance is only 0.94 /~ and  this  
mus t  be close to its condit ion in the alkaline hydroxides  
where the  weakest  hydrogen  bond is 3.02 A. In  the strong- 
est acid ion PO~(OH)~ in which the h y d r o g e n p o s i t i o n  is 
accurate ly  known the OH distanue is 1.05 A and  the 
hydrogen  bond is 2.50 A. The s t rength  of the hydrogen  
bond depends on the effective ionic charge of the  hydrogen  
a tom which increases in acids from its value of approxi- 
ma te ly  ½e in water .  Electrosta t ic  in teract ion accounts 
for the larger pa r t  of the hydrogen-bond energy bu t  
q u a n t u m  conditions serve to determine its direction, the 
hydrogen bond being always inclined a t  an  angle to the  
polarizing direction imposed on the a tom t h a t  contains it. 
This angle varies from 105 ° in water  to 120 ° in the recent ly  
determined s t ructure  of H F .  There is evidence t h a t  in 
addi t ion to the concentra t ion of electrons in the neigh- 
bourhood of the hydrogen  a tom other  negat ive regions 
occur in the oxygen (nitrogen, fluorine) a toms disposed 
approximate ly  te t rahedra l ly .  Such considerations are be- 
ginning to explain not  only the s t ructures  of hydrogen- 
containing compounds bu t  also the relat ive ease of t rans-  
fer of the hydrogen  a tom from one place to another  in 
such compounds,  on which depend their  special electrical 
properties,  no tab ly  ferroelectricity and  capaci ty  for 
catalysis.  
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3. M. ~_AGAT. La localisation de l'hydrog~ne dans le8 cri- 
staux au moyen des mdthodes spectrographiques, infra- 
rouge, hyperfrdquence, effet Raman. 
La posit ion de l ' a tome d 'hydrog~ne dans une l iaison-H 

est liSe ~ la na ture  m~me de cette liaison. Toutes les 
experiences pouvan t  nous renseigner sur celle-ci nous 
donneront  done des informations plus ou moins directes 
sur la posit ion de l 'hydrog~ne par  rappor t  aux autres  
a tomes par t ic ipant  k la liaison. 

On examine successivement les renseignements  fournis 
par  la cin~tique chimique, par  la viscosit~ et l ' au to  
diffusion des liqnides, et par  la dispersion di~leetrique. 
Tous ces renseignements  t enden t  ~ prouver  que la 
l iaison-H est d 'origine essentiel lement ~lectrostatique, 
c'est-~-dire que l ' a tome d 'hydrog~ne dans une liaison 
A - H . . . B  se t rouve sensiblement  pins pros de l ' a tome A 
que de l ' a tome B. 

Des renseignements  plus directs sont  fournis par  la 
spectroscopic qui permet  d '~tudier  les modificat ions ap- 
port~es par  la l iaison-H aux  vibrat ions  A - H  et  B - R  
par t ic ipant  ~ la liaison A - H . . . B - R  e t  de t i rer  des con- 
clusions semi quant i t a t ives  sur les distances X - H .  Divers 
cas d~crits dans  la bibliographic seront discut~s. 

L 'exis tence des harmoniques  sup~rieurs et  l 'ensemble 
des autres  doun~es conf i rment  l ' in terpr~ta t ion de la 
l iaison-H propos~e ci-dessus. 

4. J .  M. ROBERTSOI~. The. location, of hydrogen atoms by 
X.ray  methods. 
Ear ly  work in this  field was confined to the observa- 

t ion t h a t  s t ructure-factor  agreements  could in some cases 
be subs tan t ia l ly  improved if allowance were made  for 
hydrogen a toms in the posit ions predicted b y  the chem- 
ical formulae. W i t h  the development  of more accurate  
Fourier  methods,  hydrogen  a toms became pla inly  'visible' ,  
especially in al iphatic  structures,  and  in sections of three- 
dimensional  Fouriers  t aken  th rough  the planes of aro- 
mat ic  molecules like anthracene.  In te res t  now centres on 
more detai led work regarding charge t ransfer  from 
hydrogen to carbon in different s ta tes  of chemical 
bonding,  and  par t icu lar ly  from hydrogen  to other  more 
electronegative atoms.  The me thod  of difference synthesis  
as developed b y  Cochran in his s tudy  of salicylic acid 
promises to be of great  importance in s tudy ing  m a n y  
questions of chemical in teres t  in this  connection. 

2. W. Cocm~A~. The use of diffraction methods to study the 
hydrogen bond. 
Unt i l  compara t ive ly  recently,  physical  methods  of 

s tudying  the hydrogen bond were l imited to spectroscopic 
measurements .  Deduct ions from crysta l -s t ructure  deter- 
minat ions  were based on measurements  of the distances 
between hydrogen-bonded atoms.  The results  obta ined 
in this  way  are now being supplemented by  direct deter- 
minat ions  of the dis t r ibut ion of electrons, protons,  or the 
potent ia l  in a bond b y  X-ray,  neu t ron  or electron dif- 
fract ion respectively.  

A comparison of the exper imenta l  techniques and  of 
the scope and  accuracy of the results  obta ined by  these 
three diffraction methods  for t h e  invest igat ion of hy-  
drogen bonding will be made.  The possibi l i ty of using 
similar methods  to s tudy  the chemical bond in general 
will be discussed. 

5. J.  •. ROBERTSON & H.  ~ .  1~. SHEARER. Acetylenic 
hydrogen. 
We have a t t e m p t e d  to prepare  the simplest  easily 

crystal l ine compound conta ining hydrogen  direct ly  at-  
tached to triple bonded carbon. This  appears  to be 
e thynylace t ic  acid H . C i C . C H ~ . C O O H ,  m.p. 83-5 ° C. 
Unfor tuna te ly ,  the  crystal  s t ruc ture  is complex, wi th  
eight molecules in the monoclinie cell, the  asymmetr ic  
un i t  consisting of two chemical molecules. A full analysis  
has been carried out,  however,  and the  results  show t h a t  
the  dimensions of the two molecules are identical  wi th in  
the probable l imits of error, bond lengths being close to 
the expected values. Hydrogen  bonds of 2.66 A l ink the  
molecules in pairs, forming dimers. 

The acetylenie hydrogen  a t  the  end of the  l inear 
a r ray  of carbon a toms is favourab ly  placed for observa- 
t ion by  two-dimensional  X- ray  methods,  and  has  been 
located by  Fourier  and  difference syntheses.  Elect ron 

A C7 44 
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coun t s  based orl the  difference maps  indicate a t ransfer  
of about  0.25e from the acetylenic hydrogen to the 
ad jacent  carbon. This result  is p robably  subject  to a fair ly 
large exper imental  error, bu t  m a y  be correlated wi th  the 
expected increase of the s-component  of the carbon or- 
bitals. 

6. R.  PEPINSKY. Neutron and X-ray diffraction studies of 
hydrogen bonding in crystals. 

Jo in t  neut ron  and  X- ray  single-crystal  diffraction 
studies of hydrogen-bonded crystals  a t  Brookhaven  
Nat ional  Labora to ry  and  Pennsy lvan ia  State Univers i ty  
are discussed, wi th  par t icular  emphasis  on ferroelectric 
Rochelle salt. Applications of H - D  replacement  in neu- 
t ron  diffraction are indicated.  

7. H.  A. LEVY. Location of hydrogen atoms in crystals by 
neutron diffraction. 
Neut ron  diffraction is the  only method  of gbneral 

appl icabi l i ty  for the precise location of hydrogen  a toms 
in crystals.  Use of single-crystal methods  and  Fourier  
analysis  has  marked  recent  progress. Some recent  results 
to be cited include confirmation of the  disordered struc- 
ture  of ice, ordering of hydrogen atoms in low-tempera- 
ture  KH~PO4, and the hydrogen location and  thermal  
mot ion in urea, oxalic acid dihydrate ,  and  iodic acid. 
Some observations relat ive to the thermal  mot ion of 
hydrogen atoms will be described, and a correlation 
between O - H  distance and  the length  of O - H . . .  O 
hydrogen bonds will be presented.  

8. J. P. MA~:HrEU. ]~,tudc sur l'orientation des liaisons 
OH, NH,  CH, darts les cristaux au moyen des spectres 
Raman. 

La l~g~ret6 de l ' a tome d 'hydrogbne fair que le concept 
de fr6quence caract6ristique est correct pour les radicaux 
NH,  CH, OH. On peut  met t re  ~ profit  cette remarque 
pour localiser ces liaisons dans les cr is taux par  l '~tude 
du spectre R a m a n  de monocr is taux dans des orientat ions 
diverses, en polar isant  la radia t ion excitatr ice et en 
ana lysan t  le r ayonnement  diffus6. 

(1) Dans  le chlorure et le bromure d ' ammonium (type 
NaC1), les ions t~tra~driques N H  4 ont  leurs axes ternaires 
parall~les ~ ceux de la maille. Dans  l ' iodure d ' ammonium 
(type CsC1) un  axe ternaire  du t6tra~dre est parallble 
un  axe quaternaire  de la maflle et la s t ructure  cubique 
n 'es t  r~alis~e que de fa~on stat is t ique.  

(2) L 'or ienta t ion  des liaisons C - H  dans les cr is taux 
d'acide tar t r ique  a pu  ~tre d6termin~e et s 'accorde avee 
la s t ructure  de Beevers & Stern. 

(3) De la rn~rne fa~on, on a pu dis~inguer dans l'acide 
t a r t r ique  les atomes d 'oxyg~ne des groupes C - O H  et 
ceux des groupes C = O .  On a pu  dgtermin6 l 'or ienta t ion 
des mol6cules d 'eau dans des cr is taux hydra tgs  off elles 
ne sont  pas t rop perturbges par  le champ cristall in local: 
perchlorate de l i thium, acide oxalique, chlorure cuivrique, 
mercurichlorure de potassium. 

9. A. N. LOBATCHIOV. Ddtermination par diffraction dlec- 
tronique de la position des atomes d'hydrog~ne dans les 
cristaux d' urotropine. 

10. W . A .  WOOST~.R. Evidence on the position of hydrogen 
atoms from the physical properties of crystals. 

The amoun t  of hydrogen  present  in crystals  is usua l ly  
ra ther  small and  the  physical  properties do not  depend 
on the  hydrogen  a toms alone. I t  is, therefore, necessary 
to infer from a number  of hydrogen-conta in ing crystals  
the na ture  of the  specific contr ibut ion of the  hydrogen  
atoms.  A hydrogen a tom placed in a s t ructure  between 
two oxygen a toms f requent ly  gives rise to abnormal  
properties which can be par t ia l ly  explained in terms of 
the  movement  of the  hydrogen  a toms along the  line 
joining the two oxygen atoms.  This applies to infra-red 
absorpt ion spectra, and  in a less direct w a y  to the  
dielectric, piezoelectric and  elastic propert ies of a number  
of hydrogen-conta in ing crystals.  This paper  consists of 
i l lustrat ions of this  re lat ion between the  posit ions of 
hydrogen and  oxygen a toms and  the various physical  
properties of a number  of substances.  

11. V. V ~ D .  Contribution to the wave-mechanical treatment 
of hydrogen bonding. 

I f  i t  is assumed t h a t  in hydrogen bonding the  ~r 
electron orbital  is excited on the  hydrogen,  the  hydrogen  
bond can be t rea ted  b y  the method  of the molecular  
orbital  approximat ion,  and  some degree of ' resonance'  is 
then  found to extend across the bond. The difficulties 
are the ass ignment  of the correct Coulomb and  overlap 
integrals for the hydrogen.  

However,  the  exci ta t ion of the  ~r electrons on free 
hydrogen requires quite a high energy, so t h a t  in pract ice 
this  orbital  can be considered empty  a t  room tempera-  
ture.  The presence of neighboring atoms,  such as oxygens,  
when  the hydrogen bond is formed, would lower this  
energy considerably. The energy would be a funct ion of 
dis tance;  bu t  the question arises whether  in the normal  
hydrogen bonds this  is enough for the excitat ion.  

This point  can be examined b y  considering the electrical 
conduct iv i ty  of a substance in which hydrogen bonds, 
if resonating,  would form continuous resonat ing paths .  

12. D. HY~rDM~. The location of the hydrogen atom8 in urea 
by the nuclear magnetic resonance method. 

The nuclear magnet ic  resonance spectrum from the 
protons in a single crystal  of urea, OC(NH~)~, has been 
studied at  room tempera ture  for a series of orientat ions 
of the crystal  wi th  respect to the applied magnet ic  field. 
The wid th  and  shape of the spectrum are ma in ly  deter- 
mined by  the magnet ic  dipolar interact ion between the  
protons,  which depends s t rongly  on their  separat ion and  
their  angular  disposition in the applied field. F rom an 
analysis  of the mean  square wid th  and the shape of the 
observed spectra i t  has therefore been possible to derive 
information concerning the posit ions of the protons  in 
the un i t  cell. I n  part icular ,  the  results obta ined suppor t  
an  ent i rely p lanar  s t ructure  for the molecule. 

13. L. E.  D R ~ .  Nuclear magnetic resonance in the am- 
monium halides. 

The magnet ic  resonances of the  hydrogen  and  fluorine 
nuclei in polycrystal l ine ammonium fluoride have  been 
invest igated as a funct ion of tempera ture  in the  range,  
100-350 ° K.  Bo th  resonances show l ine-width t rans i t ions  
a t  about  300 ° K.,  a tempera ture  much higher t h a n  those 
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of the  corresponding transit ions in the  other  a m m o n i u m  
halides. Below the  transitions,  the  mean  square widths  
of the  H and F resonances are about  58 gauss 2 and  33 
gauss 2 respectively. The wid th  of the  fluorine resonance 
is part icularly dependen t  on the  H - F  distance in the  
crystal. The results are consistent  wi th  the  supposition 
tha t  the  protons lie along the N - F  bonds. The line 
widths  above the  t ransi t ion indicate tha t  the a m m o n i u m  
ion can change its or ientat ion between its possible 
equivalent  positions. The potent ia l  barrier to this mot ion  
(about 10,000 cal./mole.) gives an indicat ion of the  
s t rength  of the  N - H - F  bonds. 

14. G.E.  BACON. Some considerations in single-crystal neu- 
tron diffraction measurements. 
As a prel iminary to the  construct ion of a two-dimen- 

sional project ion of sodium sesqulcarbonate from neutron-  
diffraction data,  a s tudy has been made  of the  information 
regarding the  hydrogen  atoms tha t  can be obta ined from 
a line synthesis. The substance may  be considered as an 
example of a less symmetr ical  s tructure in which X-rays 
have located all a toms other  than  hydrogen  and where 
significant information regarding the lat ter  is given by 
quite simple neu t ron  measurements .  Line syntheses using 
sixteen orders of reflexion by  the  h00 planes establish 
the  hydrogen  a tom at  the  centre of symmet ry  and  suggest 
the  positions of the  hydrogen  atoms in the  water  mole- 
cules. Al though the  coherent  scat ter ing ampl i tude  of 
hydrogen  atoms is not  inferior to t ha t  of Na, K (and m a n y  
other  atoms), large thermal  vibrat ions m a y  limit  the 
accuracy wi th  which they  may  be posi t ioned in this and  
other  structures. 

15. T. R. R. McDoNALD. The electron-density distribution 
in ammonium hydrogen fluoride. 
An account  is given of an accurate three-dimensional  

analysis of a m m o n i u m  hydrogen  fluoride 17HdHF~. The 
diffraction da ta  were obta ined wi th  an X-ray  Geiger- 
counter  spectrometer  and  supplemented  wi th  photo-  
graphic in tensi ty  measurements .  The absolute scale was 
established exper imental ly  by comparison wi th  a stan- 
dard  crystal. 

The object  of the invest igat ion was to de termine  the  
fine structure of the HF~ ion and, in particular,  to locate 
the  hydrogen atoms. The results indicate t ha t  they  are 
s i tuated central ly be tween the  fluorine atoms, no de- 
par ture  from spherical s y m m e t r y  being detectable in 
their  electron-densi ty distributions.  This result  has also 
been established elsewhere by  neut ron  diffraction and  
infra-red spectroscopic investigations.  The addi t ional  
evidence which the  X-ray  m e t h o d  affords about  the 
electron distr ibut ion is discussed in the  light of present  
views on the  resonance s tate  of the HF~ ion. 

There is also evidence for a very  marked  anisotropy 
in the  thermal  vibrat ion of the  fluorine atoms, the  
direction of m a x i m u m  vibrat ion being, in each case, 
perpendicular  to the  mean  plane of the  hydrogen  bonds. 

16. W. C. y o n  DOKLEN & G. B. CARPENTER. The crystal 
structure of the high temperature form of isocyanic acid. 
The structure of the  H N C 0  molecule in the  vapor is 

well known:  N-C-O linear and  H - N - C  angle about  128 °. 
The crystal s tructure was de termined in order to discover 

the  manner  of packing and  the  function of the hydrogen 
atoms. 

Single crystals were grown in capillaries, and  powder,  
rotat ion,  and  oscillation photographs  were prepared at  
about  --125 ° C. The crystals are or thorhombie  wi th  
a----10.82, b = 5.23, c - - 3 . 5 7  A. The space group is 
Pnma or Pn2,a with 4 molecules per uni t  cell. 

The structure was solved by Pat terson projections 
and  was refined by Fourier  and three-dimensional  least- 
squares methods .  The final discrepancy factor, for ob- 
served reflections only, is 9.3 %; H contr ibutions decrease 
this figure slightly. 

Al though it  was not  possible to obtain reliable direct 
evidence for the  positions of the  H atoms, indirect  
evidence, including infra-red spectra, indicated the  foUow- 
ing conclusions. The expected N - H  • • • O hydrogen  bond 
fails to form, but  instead N - H  • • • N bonds are present.  
The positions of the  heavier  a toms are consistent wi th  
space group Pnma; this is correct if the  H a toms are dis- 
ordered, but  Pn21a cannot  be definitely excluded. 

Powder  photographs and  infra-red spectra show the 
existence of a second modification,  stable below about  
-- 100 ° C. (but the  h igh- tempera ture  form supercools very  
readily). The structure is unknown  but  the  spectrum 
indicates the  presence of a much  stronger hydrogen bond 
than  in the  h igh- tempera ture  form. 

17. V. LUZZATI. Le r61e des atomes d'hydrog~ne clans la 8truc. 
ture des acides nitriques anhydre et hydratds. 
Les dimensions du groupement  NO a des trois esp~ces 

cristallines HNO a, HNOa.H~O et HNO a. 3H~O sent  in- 
termddiaires entre celles de la moldcule HNO a k l 'dtat  
gazeux et ceUes de l ' ion NO~: ces dimensions t enden t  
verB celles de l ' ion avec l ' augmenta t ion  du taux  d 'hy-  
dratat ion.  On t rouve dans ces cristaux trois esp~ces 
d 'a tomes  d 'oxyg~ne de l 'eau:  une est caract6risde par 
une disposition t6traddrique des liaisons hydrog~ne, 
avec deux a tomes d 'hydrog~ne attach6s k l 'oxyg~ne, 
dans la deuxi~me l ' a tome d'oxyg~ne 4change trois liaisons 
hydrog~ne, qui fe rment  une pyramide  aplatie, deux 
atomes d 'hydrog~ne 4rant at taeh6s ~ l 'oxyg~ne, tandis  
que dans la troisi~me trois a tomes d 'hydrog~ne se t rouvent  
b~ courte distance de l 'oxyg~ne, les trois liaisons hydrog~ne 
formant  une pyramide  aplatie. Ces observations ind iquent  
que des interact ions profondes s 'dchangent  entre les 
moMcules d 'acide et d 'eau,  par l ' intermddiaire des liaisons 
hydrog~ne. 

18. J . A . A .  KETELAAE. Le spectre infra-rouge de KH2PO 4 
et KD~PO 4. 

Le spectre infra:rouge 4tudi6 en absorption et en 
rdflexion ~ la tempdra ture  ambiante  et at, dessous du point  
de Curie ne mont re  pas de changements  essentiels dans 
les bandes dues aux vibrat ions de valence et de d6forma- 
t ion du groupement  OH. 

La vibrat ion de valence trouvde en absorption 
2750 cm. -1 (KD2POd: 2060 cm. -1) ~ 20 ° C. a la m~me 
frdquence dans l '6tat  ferro-61ectrique. 

Alors la liaison O - H .  -.  O isolde aussi ne change pas 
et les distances O - H  • • • O doivent  rester les m6mes. I1 
n 'es t  pas quest ion d 'un  changement  d 'une  iiaison sym- 
mdtr ique en liaison asyrmndtrique ou de l 'arr6t d 'une  
rotat ion.  Ce rdsultat  est tou t  ~ fait en accord avec les 
rdsultats les plus rdcents Bur la diffraction des neutrons  

44* 



6 9 2  § H.  L O C A L I S A T I O N  D E  L ' A T O M E  D ' H Y D R O G ] ~ N E  E T  L I A I S O N  H Y D R O G ~ N E  

par  Pease & Bacon (Prec. Roy. Soc. A, (1953), 220,  397; 
Nature, Lend. (1954), 173, 443) pour la distance OH et 
avec les r~sultats  de Frazer  & Pep insky  (Acta Cryst. 
(1953), 6, 273) sur la distance O-O et avec la discussion 
de 1~Iegaw (Acta Cryst. (1954), 7, 187). L 'absence du 
premier harmonique  est un  ph6nom~ne caract~ristique 
pour les fortes liaisons hydrog~ne, dfi au  caract~re quasi- 
symm6tr ique  de l '~nergie potentielle pour les n iveaux 
suptrieurs.  La  v ibra t ion  de d6formation OH situ~e 
1575 cm. -1 ne se d6place k basse tempera ture  qu 'k  
1540 era. -~. 

/~ de plus grandes longueurs d 'onde nous t rouvons 
pour KHg.PO 4 ~ 20 ° C. trois bandes:  1290, 1092 et 885 
cm. -1 (r~flexion (vecteur 61ectrique _1_ z)); 1299, 1098 et  
913 cm. -1 (absorption) (C. La  Lan,  (1947), t h e e ,  Amster-  
dam;  J . J .  Oberley & G. Weiner,  J. Chem. Phys. (1952), 
20, ~4o). 

Avec la polarisat ion perpendiculaire /~ l 'axe z fl n ' y  a 
pas d 'aut res  changements  avec le refroidissement qu 'une 
augmenta t ion  de l ' intensit4.  Pour  l 'autre  direction de 
polarisat ion k basse tempera ture  il n ' y  a que des traces 
tr~s pet i tes  de bandes de r t f lexion qui probablement  ont  
leur origine dans la polarisat ion incomplete. A la tempera- 
ture ambian te  il y a une r~flexion intense ~ 867 cm. -1 
avec une faible bande secondaire h 1025 cm. -1. 

La  bande centrale doit  ~tre la v ibra t ion  t r ip lement  
d~g~ntr~e v4 du t~tra~dre Pea .  Les deux autres  bandes 
ne peuvent  pas 8tre considtr~es comme dues k l 'aboli t ion 
de la d~g~n~rescence par  le champ cristallin, paree qu'elles 
se t rouvent  dans la m~me direction de polarisution. 

Dans  le KDsPO a La Lau  a d~jk remarqu~i qu 'on t rouve 
la bande centrale k la m~me place exaetement  que dans 
Ktt~POa, mais  que les deux autres  se sent  d~plac~es 
symm~tr iquement  vers la bande centrale dans un  rappor t  
approx imat ivement  }/2: 1. 

Main tenan t  nous avons t rouv$ en plus un  d~idouble- 
ment .  

L 'origine de ces bandes k c6t~ de la bande eentrale est 
un  probl~me int~iressant parce qu 'une  explicat ion qui la 
rapporte  k la somme et  la diff4rence de la fr~quence v 4 
avec une fr~quence li~e "avec l 'hydrog~ne n 'es t  pas en 
accord avec le compor tement  /~ basse temp(irature. 

19. K. F A z e s .  Quantum states and functions of hydrogen 
in molecules and crystals. 
The funct ions of hydrogen  in determining the polar i ty  

and  other  properties of molecules and  crystals  depend 
on the  type  of quant iza t ion  of the electrons which bind 
the pro ton  to other  nuclei or atomic cores. 

1. An electron pair  is quant ized wi th  respect to a single 
nucleus H +, i.e. forms an  atomic orbital ;  then  H-----(H +) I s 
is the  negat ive  pole of the M + H -  dipole and  the degree 
of polar i ty  p = l~(er) -1 in the  M --> I-I direction depends 

on the strength o~ the polarizing field of M+. 
2. A group of electrons forms a molecular orbital, i.e. 

is quant ized wi th  respect to a pro ton  and one or more 
nuclei or cores, as in H , O = ( 2 H  +, 0~+)2 s. Considering, 
for example,  H ,O as the result  of in terpenet ra t ion of H+ 
into (HO)-----(H+, O~+)2 s, one sees t ha t  the  field of H + 
is less effectively screened the smaller the electronic 
polar izabi l i ty  of the sys tem which i t  penetrates.  

Such. an  incompletely screened proton a t t rac ts  negat ive 
regions of adjacent  groups and  can act  as an  inter-  
m o l e c ~ a r  bridge. Since the polarizabi l i ty  increases in the 
series F -  ~ ( R e ) -  ~ (R~N)-, the  proton field is screened 

least  in I-IF which in fact  forms the  s t rongest  p ro ton  
bridge. The a s y m m e t r y  of the proton posi t ion in a bridge 
X - - - H  . . . .  X -  can be expected to increase wi th  the  
polar izabi l i ty  of X -  and  is undetectable  only in the case 
of F - - - H + - - F - .  

20. A. R. UBBELOHDE'- Localisation of the hydrogen atom 
in the hydrogen bond in crystals. 

COLLOQUE P. M]~CANISME 
DES C H A N G E M E N T S  DE P H A S E S  D A N S  

LES C R I S T A U X  
1. A. GUIm~R. Gdndralitds sur les changements de phase 

dane lee cristaux. 
La thermodynamique definit  les conditions g~n~rales 

des changements  de phase, ind~pendamment  de tou te  
consideration structurelle.  

Buerger a class6 les types  de t ransformat ions  subies 
par  la structure cristalline: (1) disposition des seconds 
voisins, par  deformation ou reconstruction,  (2) ddsordre 
entre les motifs, par  ro ta t ion  ou subst i tut ion,  (3) mot i f  
des premiers voisins par  d i la ta t ion anisotrope ou recon- 
struction,  (4) type  de liaison. 

Les mouvements  des atomes pendan t  la t rans i t ion  se 
font par  diffusion et propagat ion de dislocations. Les 
deux types  extremes de m~canisme sent  la t ransformat ion  

b r u s q u e  par  glissement et le processus de format ion et 
croissance des germes. 

2. A. Gvi~rEm Processus de la prdcipitation dans une 
solution solide sursaturde. 
La s6gr6gation des atomes dissous en exc~s r~sulte 

d 'une diffusion de ces atomes et de la format ion du germe 
d 'une nouvelle phase dans les domaines enrichis. A basso 
temp4rature,  le germe dli pr6cipit~ d'~quilibre ne peu t  
pas se former. D'ofl l ' appar i t ion  de un  ou plusieurs proces- 
sus interm4diaires, de degr~ de coherence a v e c l a  matr ice  
d~croissant:  zones et prdcipitds orientals en s t ructure  de 
Widmans t~ t ten .  La  complexit6 des propri~tes des alliages 
durcissants  est due k la superposit ion des differents 
meeanismes de d~composition. On passe de Fun/~ l ' au t re  
par  Fact ion du temps,  de la temp6rature ,  et aussi pa r  
~crouissage ou addi t ion d'impuret~is. 

3. B. •. WA_I~RE~. X-ray studies of order-disorder in al- 
loys. 
Long-range order produces superstructure reflections, 

and the 10ng.range.0rder parameter S is obtained from 
their  in tegra ted  intensities.  Short-range order produces 
modulat ions in the Laue monotonic  scat tering.  The 
modula ted  scat ter ing is periodic in reciprocal space, and  
when represented as a Fourier  series, the  coefficients give 
the short-range-order parameters  a 1. Measurements  of the 
long-range-order S, as a funct ion of temperature ,  are 
available for representat ive alloys such as CuZn, CuaAu , 
CuAu, and CuPt.  Short-range order above Tc "has been 
measured for CuaAu and  less completely f o r  AuAg, 
CuAu and CuPt.  No sat isfactory measurements  are as 
ye t  available for short-range order in a fl-brass t ype  
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structure.  Short-range-order measurements  in bo th  CuAu 
and  CuPt  indicate a layer  type  of short-range order 
which is related to the long-range order. Most of the short-  
range- and  long-range-order measurements  have been 
made  close to the simple stoichiometric compositions. 
Recent  measurements  in various laboratories,  a t  other  
t h a n  the stoichiometric compositions, clearly indicate the 
existence of two-phase regions containing ordered and  
disordered mater ia l  in equilibrium. 

Three origins of the driving force for ordering are 
usual ly  discussed: (a) a reduced interact ion energy for 
unlike nearest  neighbors (A loves B), (b) a reduct ion of 
the  s t ra in  energy result ing from atoms of different size, 
(c) a reduct ion in the electronic energy by  changes in the 
Bril louin zones. The 'size effect' diffuse scat ter ing demon- 
strates the difference in size postula ted in (b). In  the order- 
ing of CuPt  there is no increase in the number  of unlike 
nearest  neighbors, (b) and  (c) can app ly  bu t  not  (a) for 
nearest  neighbors. The ordering of the complex ortho- 
rhombic CuAu I I  m a y  be an  example of (c). Most of the 
theories are based on assumption (a), and  their  success 
m a y  be due to the fact  t h a t  the  constants  involved 
par t ia l ly  include effects of (b) and  (c). 

For  obvious reasons, the  X- ray  studies have concen- 
t r a t ed  on the measurement  of order in samples in equili- 
brium. There are bu t  few examples of the X- r ay  s tudy  of 
the  kinetics of ordering, the earliest is perhaps the 
observat ion of broad superst ructure  reflections due to 
ant iphase  domains.  The kinetics of order is still largely 
unexplored,  and  it  deserves serious efforts in the  next  few 
years.  

3. B. A. BILBY. The rdle of dislocations in transition pro- 
c v s s e 8 .  

Groups of dislocations, such as exist  a t  the  end of 
s topped slip bands,  m a y  on occasion nucleate  deformation 
twinning  and  mar tens i t ic  t ransformat ions .  The hab i t  
phenomena in the la t te r  are, however,  apparen t ly  con- 
trolled by  other  factors. Cracks under  shear, deformation 
twins,  k ink  bands and  mar tens i te  plates all have stress 
fields similar to these dislocation groups, and  a n y  one of 
them m a y  ini t ia te  a n y  of the others. I t  is possible in this  
way  to explain twinning  near  a cleavage crack, and  to 
in terpre t  'burs t '  phenomena.  

The interface separat ing the t ransformed and  un- 
t ransformed regions in a t rans i t ion process is an  a r ray  
of dislocations. Some subtleties are involved, however, 
in defining the dislocations in such an  interface. A general 
topological proper ty  ensures t h a t  sui table generat ing 
nodes will a lways exist  between a n y  two lattices.  Such 
a description of the mot ion of the interface is clearly 
most  appropriate  when i t  approximates  to a ra t ional  plane 
of low index, and  there are some indicat ions t h a t  such 
interfaces are re la t ively immobile. This topological prop- 
e r ty  m a y  enable t rans i t ion  products  to grow from stacking 
faults  or imperfect  dislocations of the parent  s tructure.  
When  the interface is not  a plane of low index, i ts  motion 
is more appropr ia te ly  described in terms of an  a r ray  of 
dislocations moving on planes intersect ing it. Such a 
description focuses a t t en t ion  on the type  of coherency 
of the interface and  provides a model for calculat ing 
some of its properties.  Applied to mar tens i t ic  t ransforma- 
t ions i t  permits  a discussion of habi t  plane phenomena  
which is complementary  to the phenomenological  t reat-  
ments  using ma t r ix  algebra. 

M6canisme de transit ion du type 
martensit ique 

1. 1VI. COHEn. The nature of martensitic transitions. 

2. T. A. READ. Recent theories of martensite crystallogra. 
phy. 
The various theories recent ly  proposed to account  for 

the  observed habi t  planes, or ientat ion relat ionships and  
macroscopic distort ions in terms of crystal  lat t ice proper- 
ties will be summarized.  A common feature of all these 
t r ea tments  is the provision for inhomogenei ty  of the dis- 
tor t ions accompanying  t ransformat ion;  various methods 
which have  been used for describing this  inhomogenei ty  
will be contrasted.  Exper imenta l  studies have established 
t h a t  for certain mar tens i te  reactions the inhomogenei ty  
can be represented as a shear on a unique plane and  in a 
unique direction of ei ther the parent  or product  latt ice.  
In  the cases where the plane and  direction are known, 
corresponding to either slip or twinning,  the method  of 
analysis  of Wechsler,  Lieberman & Read  provides a 
definite and  unique method  of calculat ing habi t  plane, 
or ienta t ion relat ion and  macroscopic distortion. A new 
graphical  me thod  of carrying out  this  analysis  will be 
described. 

In  conclusion, the  present  s ta tus  of our knowledge of 
the  type  of inhomogenei ty  involved in the  mar tens i te  
react ions of iron-base alloys will be summarized.  

4. M. A. JAswo~.  The nucleation problem in the austenite- 
martensite transformation. 

Nucleat ion theory  requires the existence of metas tab le  
martensit ic,  embryos in austeni te ,  which nucleate into 
mar tens i te  plates  on quenching. These embryos  are 
identif ied wi th  'half- twinning '  dislocations of Burgers 
vector a /12( l12) r ,  and  have the effect of producing a 
body-centred te t ragonal  s t ructure  (a') when  they  become 
active for slip. Dislocation movements  are readi ly  ini t ia ted 
and  propagated,  involve l i t t le ac t iva t ion  energy, and 
(owing to the reduced damping  effect of lat t ice vibrations) 
are completely uninhib i ted  by  lowering of temperature .  
We thus  unders tand  at  once m a n y  of the characterist ic  
features of the t ransformat ion,  including the significant 
fact  t h a t  mar tens i te  forms preferent ia l ly  to more stable 
phases separat ing out  by  the usual  diffusion processes. 

The intermediate  s t ructure  a '  is unstable  relat ive to the 
final b.-c.e, s t ructure  (~), bu t  m a y  be t ransformed into 
the lat t ice by  the movement  of 'half- twinning '  disloca- 
t ions of the form b/12(111)~. These are most  p robably  
created at  the  interface between a '  and  unt ransformed 

by  stress concentrat ions arising from the  disregistery 
of the a toms and  the volume and  shape misfi t  of the 
t ransformed region. The appearance of i rrat ional  habi t  
planes, and  the existence of isothermal  martensi te ,  is 
discussed and i t  is concluded t h a t  mar tens i te  t ransforma- 
t ion is a mode of plast ic  deformation akin  to slip and 
twinning,  and  t ak ing  place by  essential ly the same kind 
of mechanism. 
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5. E.  SCHEIL. Me~m~nfl der Umklappzeit bei der Martensit- 
Bildung. 

6. C. CRUSSA~D & O. KRIS~.~NT. J~tude dynamique de 
la transformation martensitique. 
Dans les aciers et quelques alliages, la 'mar tens i te '  

appara l t  sous forme de pet i tes  plaquet tes  den t  la crois- 
sance est extr~mement  rapide, comme Font  montr6 Scheil 
et, plus r4cemment,  Bunshah  & Mehl. 

A cause de cette rapidit6, n4glig4e jnsqu' ic i  par  les 
th4oriciens de la t ransformat ion martensi t ique,  la forma- 
t ion des plaquet tes  de mar tens i te  produi t  un  6chauffe- 
men t  local et temporaire.  P a r t a n t  de ces consid6rations 
Fun de nous a construi t  une thdorie adiabatique de la 
transformation martensitique. 

On pout perfectionner cette th4orie on t enan t  compte 
de l '4nergie cin4tique des atomes lors de la t ransformat ion;  
la t ransformat ion  mar tens i t ique  appara i t  alors comme 
une onde explosive ou onde de choc et rdaction. 

Le front  de cette onde se propage pins ci te  que le son, 
ce qui peut  expliquer la forme des courbes enregistr6es 
par  Bunshah  & Mehl. 

De mSme qu'fl existe pour les ondes explosives un  
r~gime suprasonique et un  r4gime de d4flagration plus 
lent,  bien distincts,  de m6me on est amen6 k dist inguer 
les transformations martensitiques vdritables, ~ vitesse de 
croissance de l 'ordre de la vitesse du son, des transforma. 
tions pseudo-martensitiques, beaucoup plus lentes. 

I)u point  de cue cristallographique, dans les premi6res 
le m6canisme exact  n ' a  pas d ' importance,  car l '4nergie 
au front  de l 'onde est telle qu'elle est toujours  capable de 
t ranspor ter  los atomes dans une nouvelle posit ion d'6quili- 
bre, en crdant des dislocations au besoin, pour l ' adap ta t ion  
plast ique des tensions internes. C'est dans la t ransforma- 
t ion pseudo-martensi t ique par  centre qu ' en t ren t  en jeu 
les m4canismes compliqu4s imagin4s k l 'heure actuelle 
(double glissement, macles r4p4t4es, etc.). 

7. H.  K~APP. About the temperature hysteresis and nuclea. 
tion of austenite~nartensite transformation. 
A driving force, i.e. a difference in free energy, of 

290 cal./mol, in Fe-C and  200 cal./mol, in Fe-Ni ,  respec- 
t ively,  is necessary to s ta r t  the t ransformation.  As the 
displacement  of the atoms in a martensi t ic  reaction is 
exact ly  defined by  the mechanism of the t ransformat ion,  
and  as coherency exists between the new phase and the 
matr ix ,  the  distort ional  energy can be calculated by  
solving a boundary  problem of theory  of elasticity.  

The mar tens i te  plates were considered as ellipsoids; 
elliptic functions could be used. At  the moment  of their  
first appearance the plates are small; that means that 
only elastic s trains will occur and t h a t  the fields of tension 
will not  interact .  

The energy of distort ion in austeni te  depends on the  
rat io of the thickness to the diameter  of the mar tens i te  
plates. The shape of small plates was determined by  
es t imat ing the  most  favourable shape t h a t  forms, cor- 
responding to a surface energy produced by  an interface 
of parallel  screw dislocations. The result ing s t ra in  energy 
of 200 cal./mol, and more explains the great  hysteresis  of 
the  t ransformat ion.  

There is some evidence t h a t  mar tensi te  nuclei mus t  

a l ready be present  in austenite,  and  i t  was proposed t h a t  
stresses caused b y  dislocations m a y  ini t ia te  the  t rans-  
formation.  I t  can now be shown t h a t  the  s t rains  of two 
dislocations will t ransfer  a small volume of aus ten i te  
direct ly into the s t ructure  of martensi te ,  thus  producing a 
nucleus above the t rans i t ion  tempera ture  similar to the 
nuclei in Co. 

B y  a dislocation in the (111) austeni te  plane the close- 
packed [ l i0 ]  rows will be arranged like the  close-packed 
rows in martensi te .  I f  a second dislocation in a (110) 
plane crosses this  area the shear-like distort ion near  the  
dislocation line will produce the final mar tens i te  s t ruc ture  
and  t ransformat ion  can begin from this  nucleus as soon 
as the driving force can do the  deformation work. 

8. L. S. BIRKS. Prediction of phase transformation in steel 
during cooling. 
An especially constructed X- ray  diffraction ins t rument  

was developed for s tudying  the phase t ransformat ion  in 
polycrystal l ine metals  under  variable conditions of tern- 
perature  and stress. I t  was found t h a t  nei ther  the  s tan-  
dard isothermal t rans format ion  diagrams nor o rd inary  
cooling-curve diagrams could be used to predict  the  
baini te  t ransformat ion  in steel. A new method  for predict-  
ing the t ransformat ion  was developed based on re la t ing  
the phase change to the  rate of cooling th rough a cri t ical  
tempera ture  region ra ther  t h a n  the to ta l  t ime required 
to reach a given temperature .  This re la t ion m a y  be 
expressed as 

l d ~ T ( d T )  
vr dt f - ~ ,  T , 

where 

T = temperature ,  t = time, VT = relat ive amount  of the 
h igh- tempera ture  phase present  a t  t empera ture  T. 

Values for subs t i tu t ion  in this  relat ion are obta ined 
from the X- r ay  ins t rument  from a few linear cooling rates,  
and the relat ion is then  used to predict  the t ransformat ion  
under  pract ical  conditions. Close agreement  is obta ined  
between predicted and  observed results. The effect of 
stress on the t ransformat ion  is separated from the  effect 
of tempera ture  change and  the relat ive importance of the  
two is evaluated.  

9. Z. NISHIYA_~A. Recent work on martensitic crystallo- 
graphic transitions in Japan. 
Takeuchi,  Suzuki & H o m m a  (Tohoku) have  observed 

two types  of the mar tens i t ic  t ransformat ions  in F e - N i  
alloys by  means of the resistance measurement  and  the  
moving-picture microscope. One of them has a slow 
propagat ion speed of the order of 2 × 10 .8 cm.sec. -1 and  
the other a fast  one of more t h a n  5 ~ 10 re.see. -1. There- 
fore they  considered them to correspond to Schiebung 
and  Umklapp t ransformat ions ,  respectively (F6rster & 
Scheil). On account  of these facts, Suzuki proposed two 
mechanisms for the development  of mar tensi te  t ransfer-  
mation.  

Nish iyama and  his co-workers (Osaka) have  found 
by  electron microscopy t h a t  the  mar tens i te  crystal  ap- 
pearing on the etched surface of quenched white  pig iron, 
has a sub-structure consisting of parallel  bands,  having  a 
spacing of 0.2 ,~ 0.3 tt and  sometimes 2 ~ 3 it, They  are 
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ve ry  similar to those formerly found in the  tempered 
martensi te .  In  some crystals  the mid-rib itself is broken 
into steps wi th  a similar spacing as t h a t  of the parallel  
bands.  In  Fe-30  % Ni alloys electrolyt ical ly polished and  
then  quenched in l iquid air, the  surface shows the relief 
effect of the mar tens i te  crystal  consisting of parallel  
needles. These needles look like twins.  The needles, 
sometimes, have  small steps through which parallel  
markings  pass, as if slipping has occurred crossing the  
needle. The sub-structures have  also been found in Co-Ni 
alloys b y  H o m m a  (Tohoku). The rSle of these sub- 
s t ructures  on the mechanism of mar tens i t ic  t ransforma- 
t ion will be given. 

Transformations dans les alliages; ph@no- 
m~nes de pr@cipitation 

!. K. W. ANDREWS. The transformation y --> a in certain 
iron alloys. 

There is evidence from published work t ha t  the  
t ransformat ion  austeni te  to ferrite (martensite) m a y  occur 
in different ways  under  different conditions. The mode of 
t ransformat ion  b y  cold working of polycrystal l ine ma- 
terials is difficult to establish (unless examinat ion  of 
chosen individual  crystals  is possible). 

An examina t ion  has  been made of the preferred 
or ienta t ion effects in stainless steel wire (18 % Cr, 8 % Ni). 
The  predominant  y-austeni te  phase or ienta t ion is [111]. 
The or ienta t ion of the a-ferrite phase, which is produced 
b y  the cold work during wire drawing, depends upon 
t h a t  of the parent  y-phase latt ice.  There is a mutua l  
relat ionship of the two latt ices result ing from the trans-  
format ion mechanism. Four  possible lat t ice relat ionships 
were considered: (i) Kurd jumov  & Sachs, (ii) Nish iyama 
& Wassermann,  (iii) Neerfeld & Mathieu,  (iv) Greninger 
& Troiano. The best agreement  between the calculated 
diffraction pa t t e rn  and tha t  ac tual ly  obtained was found 
for the  second of these relationships.  The orientat ion is 
not  perfect and  the appearance of the in tens i ty  distribu- 
t ion round a diffraction ring can be affected by  the degree 
of depar ture  from ideal orientat ion.  The direction for the 
ferrite phase parallel  to [111] is not  generally given by  
integral  indices. 

2. t I .  WILMAlV. Electron-diffraction evidence on the mecha- 
nism of the a ---> y transformation in iron. 

Unidirect ional  abrasion of an electropolished, near ly  
(110), face of an  a-iron crystal  of low carbon content  led 
to a surface layer  of randomly  disposed a-iron fragments,  
bu t  after  about  45 sec. etching in 1 ~o picric acid in alcohol, 
r andomly  disposed y iron crystals  were exposed. Fur the r  
etching removed this  and  exposed the usual  layer  of 
ro ta t iona l ly  dis turbed a iron, the ro ta t ion  decreasing 
wi th  progressive etching unt i l  when this  was all removed, 
the electron diffraction spot pa t te rns  showed y iron 
s t rongly or ienta ted relat ive to the main  a-iron crystal  
which was also pa r t ly  exposed. 

The main  orientat ions of this  y-iron (apart  from {111 } 
twinning),  which were independent  of the direction of the 

abrasion, were such t h a t  a ( l l l } y  plane was inclined a t  
5 ° to ( l l 0 )a ,  wi th  a {l l0}y plane normal  to ( l l 0 ) a  and  
to a cube diagonal in this  plane. More simply,  th is  is of 
the t ype :  (001)? parallel  to (01i)a,  and  in this  common 
plane [110]? is parallel  to [ l l l ] a .  This differs from the 
K u r d j u m o v - S a e h s  and  Nish iyama  relat ions for the 
Y --> a t ransformat ion  on quenching austeni te  and  30: 70 % 
Ni -Fe ,  respectively.  The presence of {110} facets on the 
under ly ing  a iron indicate,  together  wi th  these orienta- 
tions, t h a t  the  y - a  interface was ( l l0}a ,  i.e. {001}y. This  
suggests t h a t  in the t ransformat ion  the centred ]/2- 
rec tangular  atomic a r ray  in this  plane becomes a centred 
square a r ray  in the y iron, as a result  of a homogeneous 
shear of (211}a planes along [ i l l ] a ,  combined wi th  a 
homogeneous 6-0 % extension along [211 ]a;  a subsequent  
homogeneous contrac t ion of 13-4% along the  normal  to 
this  plane, i.e. [01YJa or [001]y, conver t ing the f.-c. 
t e t ragonal  lat t ice (c/a = 2/]/3 = 1.155) to f.-c. cubic. The 
net  a tomic movements  in this  process are along (111)a,  
i.e. < l l 0 ) y ,  as in normal  slip. 

3. A.  KT,vG. The kinematics of the austenite--pearlite tran- 
sition under continuous heating and cooling. 

4. S. M~YA~n & K. SUZUKI. On precipitation of metastable 
centres in solid solutions NaC1-CaC12. 

We found t h a t  s t a t ionary  X- ray  diffraction pa t te rns  
from t ransparen t  single crystals  of solid solutions of NaCl 
dissolved wi th  a few per cent of CaC12, which were made 
by  cooling the mel t  of the mixed salts, contain a number  
of diffuse spots. When  the specimen was reheated to 
400 ° C. and  then  quenched to room temperature ,  the 
diffuse spots disappeared, bu t  t hey  reappeared gradual ly  
wi th in  a month .  Recovery  to similar ex ten t  occurred 
when  the quenched specimen was kept  a t  100 ° C. for 
1 hr. The displacements of the diffuse spots wi th  the 
change of the direction of incident  X-rays  revealed the 
existence of rods in the reciprocal space, passing through 
certain ma t r ix  lat t ice points  along <111) and  (310) 
directions. 

The origin of the rods seems to be explained in the 
manne r  analogous to the case of alloys. Namely ,  the  
homogeneous s t ructure  is not  stable, and a number  of 
th in  plate-like metas tab le  centres, or plates, m a y  be 
formed in the interior of the matr ix ,  whereto Ca ++ ions 
replacing Na  + sites and  vacancies of Na  + sites com- 
pensat ing the ex t ra  posit ive charge are locally concen- 
t ra ted.  

We were able to explain qual i ta t ive ly  the main  features 
of the pa t t e rn  b y  assuming a suitable s t ructure  of the 
plate-like centres. Each  of them cannot  be regarded as a 
simpIe inclusion, bu t  is supposed to be an  assemblage 
of m a n y  smaller uni ts  of several kinds.  

5. B. DREYFUS-ALAIN & R. VIALLARD. Transformations 
aUotropiques progressives des mdtaux de transition et 
insertion d' hydrog@ne. 

6. A. BOETTCHER • H.  TREUPEL. Einige Beispiele kon- 
tinuierlicher Gittertransf ormationen. 

Mit einer fiir die Unte rsuchung  des Ablaufs yon Gitter- 
t ransformat ionen besonders geeigneten Elektronenbeu-  
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gungsanorduung wurden  die thermischen Umwandlungen  
der Kupfer-  und  Sflber-Selenide und  -Sulfide untersucht .  
Dabei  wurdo einerseits gefunden, dass bei einigen dieser 
Stoffe mehr  Modifikationen bestehen, als bisher aus 
RSntgenuntersuchungen  bekann t  war, andererseits einige 
Umwandiungen  durch die kontinuierl iche ~nde rung  yon  
Gi t te rparametern  gekennzeichnet  sind. Umwandlungen  
dieser Ar t  werden gezeigt bei Silber- und  Kupfer-Selenid 
sowie beim Silbersulfid. 

Es  wird der Versuch einer Deutung  solcher kontinuier-  
licher Gitterfi~derungen gemacht .  Die S t rukturen  dieser 
Stoffe sind nach  ~lteren Unte rsuchungen  dadurch go. 
kennzeichnet ,  dass ftir die Metallionen eine grSssere Zahl 
yon  mSglichen Git terpl~tzen angegeben werden, als auf- 
grund der stSchiometrischen Verh~ltnisse besetzt  werden 
kSnnen. N i m m t  m a n  an, dass die Gi t terparameter  einiger 
Modifikationen innerhalb gewisser Grenzen yon  der Ver- 
tei lung der Metall ionen abh~izlgig sind, lassen sich die 
beobachte ten  Git ter/ inderungen so deuten,  dass w~thrend 
einer Tempera turbehandlung  ein langsamer ~ b e r g a n g  
der Metall ionen yon  einer Gruppe yon  P1/itzen auf eine 
andere erfolgt, der zu einer kontinuier l ichen ~lmderung 
der Gi t te rparameter  f i ihrt  in /~hnlichem Sinne wie bei 
einem Mischkristall ,  bei dem die Konzent ra t ion  der ge- 
16sten Komponen ten  laufend ge/~ndert wird. 
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Transitions ferro61ectriques et ma~,n6tiques 
1. R.  PEPINSKY. Ferroelectric and antiferroelectric phase 

transitions. ~ 

2. H.  D. M~.oAw. Crystallography offerroelectric materials. 
As a basis for a n y  theoretical  t r ea tmen t  of ferroelec- 

t r ic i ty  or evaluat ion of exper imental  results, a knowledge 
of the geometry  of the substances is necessary. Most of 
the evidence about  this  has come hi ther to  from X- ray  
diffraction or optical studies;  neut ron  diffraction and  
other  techniques m a y  be expected to contr ibute in the 
future.  

Ferroelectr ici ty can occur only in crystals  belonging to 
polar s y m m e t r y  classes, i.e. classes in which the sym- 
me t ry  allows a resu l tan t  vector to exist. The known ferro- 
electrics differ only sl ightly in cell dimensions and atomic 
parameters  from structures of higher s y m m e t r y - - w h i c h  
are in fact  the  Structures of the 'para-electric '  poly- 
morphs - -where  the atoms lie in special positions on 
s y m m e t r y  elements. 

Antiferroelectrics, which mus t  be defined from their  
electrical properties, have structures in which the a~omic 
displacements from special positions in a h igh-symmet ry  
po lymorph  are compatible wi th  a non-polar s y m m e t r y  
class. 

Determina t ion  of exact  atomic parameters  is difficult 
and often comes a t  a ve ry  late stage in the invest igat ion 
of a crystal  s tructure.  I t  is impor tan t  to consider how 
much  can be learned about  the geometry  from more 
easily obtained evidence and  to  dist inguish clearly be- 
tween wha t  is definitely known, wha t  m a y  plausibly be 
assumed, and wha t  is cer tainly ruled out. The exist ing 
work relat ing to crystal  s t ructures of ferroelectrics and  

certain non-ferroelectrics will be surveyed from th is  
point of view. 

3. G .H .  JONKER & ft. VOLGER. Influence of crystal dimen- 
sions on the transitions of BaTiO a. 

I t  has been found by  several invest igators  t h a t  the  
crystal lographic t ransi t ions in ferroelectric mater ia ls  de- 
p e n d o n  the method  of preparat ion.  Especial ly  of BaTiO a 
i t  is known t h a t  the  c/a rat io of the totragonal  form is 
variable.  

A new series of ceramic samples has  been prepared  
a t  different temperatures.  The influence of the different  
crystal  dimensions obtained in this  way  has  been s tudied  
b y  the measurement  of the cell dimensions, the  specific 
hea t  and  the dielectric constant .  

4. H.  P. ROOKSBY & B. T. M. WILLIS. Changes in mag- 
netic materials. 

An account  is given of some X - r a y  studies of s t ruc tura l  
changes associated wi th  various types  of magnet ic  t ran-  
sition. The investigations have involved powder photo-  
g raphy  over the tempera ture  range --195 ° C. to 1000 ° C. 

Two types  of second-order change are considered, 
namely  t ransi t ions from ant i fer romagnet ism and  ferro- 
magnet i sm respectively to paramagne t i sm;  each type  is 
described in terms of the behaviour  of typica l  cubic and  
non-cubic substances. An anomalous lat t ice d i la ta t ion  
occurs in the neighbourhood of the  t rans i t ion  tempera-  
tu re ,  and  this  m a y  or m a y  not  give rise to a change of 
lat t ice symmetry .  

Unl ike  other magnet ic  mater ia ls  of NiAs type  struc- 
ture,  MnSb shows no anomalous d i la ta t ion  in the  c 
direction a t  the  t rans i t ion temperature .  This  is inter- 
pre ted to mean  t h a t  a t  this  spacing of the (0001) sheets 
of Mn ions the Heisenberg exchange energy is s ta t ionary .  

Firs t -order  changes are briefly considered wi th  refer- 
ence to MnAs and MnBi. 

I t  is suggested t h a t  the effect of magnetos t r ic t ion  m a y  
be to lower the s y m m e t r y  of cubic mater ia ls  to mono- 
clinic (MnO), rhombohedral  (Fee)  or te t ragonal  (a-Fe). 
These s y m m e t r y  changes, a l though ext remely  small, 
should be detectable by  high-resolution counter  diffracto- 
meter  methods.  

5. E . F .  BERTAUT. Structures cristallines et transitions mag. 
ndtiques dans le syst~me Fe-S.  

Le syst6me FeSI+x contient  une phase antiferro- 
magn6t ique (0 < x < 0-08) et une phase ferromagn6tique 
(0.08 < x < 0.14). FeS stoechiom6trique et la pyr rho t ine  
FeTS s fe rment  les termes ini t iaux et f inaux de cette s6rie. 

La  susceptibilit6 magn6t ique de FeS subit  une  discon- 
tsinu~ts~ h 1200 0. qul correspond au  passage d 'une sur- 
s t ructure  k une s t ructure  d~sordonn6e du type  l~iAs. 
Cette surstructure est d6crite. 

FeS est une s t ructure  k lacunes ordonn6es et  ferri- 
magn6t ique (N~el) par  suite de la non-compensat ion des 
moments  magn6tiques sur des plans (001) suecessifs. 

La  courbe de susceptibilit6 magn~tique,  d6termin6e 
par  Benoit ,  a Failure caract6ristique hyperbol ique  des 
ferrimagn6tiques jnsqu 'h  540 ° C. Elle mont re  une grande 
discontinuit6 vers 560 ° C., li~e au passage k l 'antiferro- 
magn6t isme habi tuel  et k la dispari t ion de la surs t ructure  
des lacunes. 
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Trans i t ions  dans des min@raux et dans des 
cr i s taux inor~,aniques et organiques  

1. M. J. B~ROER. Network and interstitial-disorder trans- 
formations in minerals. 
For present  purposes, ne twork  structures can be de- 

fined as l inked coordinat ion groups in which the  linkage 
is not  rigid. The coordinat ion groups m a y  be squares 
(as in tenori te  and  braggite), t e t rahedra  (as in quartz,  
t r idymite ,  cristobalite) or octahedral  (as in WOa). Bo th  
(approximately) octahedral  and  te t rahedral  groups l inked 
into a ne twork  occur in bandyli te .  

In  structures which are not  networks  there  is a 
monotonous  change of the  structure and  its thermody-  
namic propert ies wi th  increasing temperature .  On the  
other  hand  unstuffed networks  show phase transforma- 
tions. F rom one point  of view these are 'displacive' 
t ransformations,  from another  they  const i tute  disorder 
of the  network.  The t ransformat ion occurs because wi th  
each increment  of disorder, further  increments  involve 
smaller energies. 

Many mineral  s tructures are based upon stuffed net-  
works, i.e. networks  wi th  intersti t ial  atoms. These include 
nepheline,  kaliophyllite,  kalsitite, eucryptite,  the feldspars, 
leucite, analcite and  perovskite.  The effect of interst i t ial  
a toms may  be to suppress a t ransformation.  For  example,  
the  interst i t ial  l i th ium suppresses the  h igh- low quartz  
t ransformation.  On the  other  hand  the  t ransformat ion 
of the  ne twork  may  so open the  structure tha t  easy flow 
of interst i t ial  a toms occurs. This can promote  a substitu- 
t ional disorder among the  intersti t ial  atoms, as in feld- 
spar. 

2. J .  P. MATHIEU. ~tude sur la rotation dventuelle des ions 
dans les cristaux au moyen des spectres Raman. 

D'apr@s la th@orie de l 'effet R a m a n  dans les cristaux 
cubiques, la mesure du  facteur de d@polarisation des raies 
caractdristiques des vibrat ions internes d 'une  molecule 
ou d 'un  ion complexe permet  de savoir si leur or ientat ion 
moyenne  est enti@rement d~sordonn~e ou si, @rant bien 
d6termin~e par  rapport  aux ~l~ments de sym@trie de la 
maille, elle a une dis t r ibut ion r~guliSre ou statistique. On 
a pu mont re r  ainsi que, lors de la t ransformat ion du 
chlorure d ' a m m o n i u m  a --30 ° C., les axes ternaires des 
ions N H  + demeuren t  parall~les ~ ceux de la maille 
cubique et  que dans la phase cubique du cyanure de 
potassium, une pat t ie  des ions CN- a une orientat ion 
d~sordonn~e. 

carried by  the  hygroscopic salt is responsible for its ready 
transit ion.  

Jan@cke, Hamacher  & Rahlfs  have found tha t  potas- 
sium nitra¢~ in solid solution in the  a m m o n i u m  ni t ra te  
modifications alters their  t empera ture  ranges of stability. 
At  --16 ° C., a 30 % addi t ion renders the  modif icat ion I I I  
completely stable, while modificat ion IV becomes un- 
stable wi th  more  t han  8 % of the added salt. Between 
these limits, equil ibrium mixtures  of I I I  and  IV exist. 
However,  wi th  10 % or less of potass ium salt in suitable 
preparat ions stabilization of a m m o n i u m  ni t ra te  I I I  
be tween --20 ° C. and  60 ° C. may  be obtained,  and  claims 
have been made  tha t  as little as 1% is effective in phase 
stabilization. Such preparat ions have been made  by  
mechanical ly  mixing, co-crystallizing or fusing a finely 
divided potassium salt wi th  a m m o n i u m  nitrate.  I t  is 
suggested tha t  their  inhomogenei ty  is responsible for their  
immun i ty  from transit ion,  since surface solid solutions 
rich in potassium ni t ra te  would prevent  surface nuclea- 
t ion wi th  modificat ion IV. Some exper imental  observa- 
t ions in support  are quoted.  

5. S . T . ~ G I  & K. SvzvKI. The phase transition in n-par- 
affin. 
The or thorhombic-hexagonal  phase t ransi t ion in solid 

normal  paraffin has been s tudied by electron diffraction. 
Thin-film specimen suitable for t ransmission exper iment  
was prepared by  dropping the  benzene solution on a 
clean surface of water.  The crystals were or ienta ted  wi th  
their  c axes perpendicular  to the  plane of the  film. Good 
single-crystal pa t terns  were obta ined by  placing a small 
slit before the  specimen. 

At room temperature (18 ° C.), the pattern obtained 
consists of ordinary square nets, the  ratio (K) of the  
spacing of (110) to tha t  of (200) being about  1.10. The 
hkO spots for which hWlc = odd, are clearly seen. At  the  
t ransi t ion temperature ,  the  above spots disappear, while 
K remains almost  equal to the  initial value. At  the  same 
t ime,  however,  the  diffuse satellites appear  near  (200) 
spots, at  the  position corresponding to K = 1.05. At  
higher tempera tures  the  satellites become more intense, 
K approaches l, and  finally the  whole pa t te rn  becomes 
hexagonal  nets. 

These results show clearly tha t  the  paraffin molecules 
become free to rota te  or become disordered at  the  tran- 
sition tempera ture  at  which the  new lattice is formed 
which is not  exactly hexagonal  and  which gradual ly 
t ransforms into the  completely hexagonal  form at  higher 
temperatures .  

3. A. S ~ E ~ L .  On the a-fl transformation of quartz. 

4. J.  WHETSTONE. A study of the initiation of transition 
between ammonium nitrate modifications I I I  and IV. 

The occurrence of a 'metastable '  t ransi t ion a t  50 ° C. 
be tween modifications IV ~ I I  is associated wi th  special 
drying of the  sample or its immersion in a non-solvent ;  
p rompt  occurrence of the  t ransi t ion IV ~ I I I  at  32 ° C. 
would thus  appear  to depend on the  presence of an 
aqueous phase and  it is reasonable to suppose tha t  re- 
crystall ization in a surface film of sa tura ted solution 

6. V. VAND. Classification of phases in crystals of long- 
chain compounds, and some mechanisms of their phase 
transitions. 
Long-chain compounds exist  in a bewildering number  

of polymorphic forms. These arise from the fact t ha t  the 
regular chains of n-aliphatic compounds pack side by side 
in layers, which in turn  pack on top of each other to 
form the crystal. The side packing gives rise to a subcell, 
a 'crystal wi thin  a crystal ' .  Several types of subcells are 
possible. The molecular layer boundary  can be inter- 
pre ted  as a crystal face of the  subcell crystal wi th  its 
appropriate  Miller index. This gives a basis for classifica- 
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tion of long-chain polymorphic forms. Apart  from this, 
there are possibilities of different types of stacking of the 
layers themselves. 

The different forms often differ only inappreciably in 
their energies; so although they may be considered meta- 
stable, the rate of phase transitions is often zero. Dif- 

ferent polymorphic forms may  be found side by side in 
the same batch of crystals. Some of the transitions can 
be induced by vigorous mechanical working in an ap- 
paratus called a 'phase converter'. Several types of micro- 
converters have been developed and transitions studied 
as a function of temperature. 


