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The  unit -ceU d i m e n s i o n s  and space  group of z inc d ie thyld i th ioearbamate .  B y  S . H .  SrMoNs~  
and  JACK W ~  He ,  The University of Texas, Austin, Texas, U.S .A.  
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Transparent  crystals in the  form of elongated plates were 
prepared by  recrystallization of zinc diethyldithiocar-  
bamate  (Ethasan-U, furnished by the Monsanto Chemical 
Company) from chloroform. The ext inct ion direction was 
the  direction of elongation and  was designated as the  
b axis. The crystal was optically negat ive wi th  a nearly 
uniaxial figure using sodium light;  no ext inct ion angle 
was apparent .  The refractive indices were:  

c~ (almost [[c) = 1.659+0.003; fl ( [ [b)= 1.733±0.003; d I / I  o 
= 1.737±0.003. 9.34 0.29 

8.79 1-00 Powder  photographs were taken  wi th  filtered copper 
radiat ion and a single crystal was used for rota t ion and  7.46 0.72 

7.25 0.66 
equi-inclination Weissenberg photographs of the levels 6.18 0.45 
hO1; hll; h21; and h/c0. Laue photographs were taken  wi th  5.07 0.18 
the  beam parallel to the  a and  b axes. 4.83 0.19 

The density,  de termined by flotation, was 1.50 g.cm. -a, 4.67 0-08 
requiring four formula weights Zn++[S~CN(C~Hs)2]~" per 4.44 0.27 
uni t  cell (4.03 calculated). 4.29 0-38 

Zinc die thyldi th iocarbamate  is monoclinic wi th :  3.81 0-29 
3.68 0 .19  

a----- 10.02±0-02; b = 10"80±0.05; c = 16.00±0.02 A; 3.53 0.12 
fl = 111 ° . 

Characteristic extinctions were no ted  which are those 
required by the  space group C~a-P21/c. 

The principal lines measured on the  powder  photograph 
are listed in Table 1. 

Table 1. Principal lines of powder pattern of 
zinc diethyldithiocarbamate 

d I /I  o 
3.37 0.10 
3.26 0.10 
3.16 0.15 
3.11 0-15 
3.01 0.10 
2.92 0.12 
2-84 0.19 
2.79 0.05 
2.70 0.15 
2-37 0.08 
2-29 0.10 
2.08 0.12 
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The double  Pat terson  function.  By DAVID S/~YRE, Johnson Foundation for Medical Physics, University of 
Pennsylvania, Philadelphia, Penna., U. S. A. 

(Received 2 February 1953) 

Since the  paper  of Pat terson (1935) it has been known 
tha t  the  periodic function P(x)  is given by  

P(x)  ~ ~ d(t)d(t+x)dv = V~, IF(N)] 2 exp [ i2~N.x]  
d N 

and tha t  therefore this most  useful function can be 
computed  immedia te ly  from the available X-ray  data.  
I should like to call a t tent ion  to a less useful but  similar 
funct ion which can be calculated approximate ly  from the 
data. 

Let  us call the  function 

D P ( x , y )  ~ I d(t)d(t+x)d(t+y)dv 

the  double Patterson of the structure d(x), a name calling 
a t ten t ion  to the  fact tha t  this function occupies a space 
of twice as m a n y  dimensions as d(x) or P(x) .  F rom the 
definit ion it is seen tha t  a peak in DP at  the  point  x, y 
means the  existence in d of an a tom which has one 
neighbour at  a distance x and another  neighbour at  a 
distance y ;  it does not  mean  merely tha t  there are two 
atoms separated by x and  two others separated by y. 
The function DP thus  carries considerably more informa- 
tion about  d than  does P.  

Now it is very  easy to show tha t  

DP(x, y) = 

V ~  ~ F ( N ) F ( M ) F ( - - N - - M )  exp [ i 2 u ( N . x + M . y ) ] ,  
N i 

and that ,  therefore, the phases of the  Fourier  coefficients 
of D P  cannot  be known precisely at  the  s tar t  of a struc- 
ture problem. But  it has been shown by  several authors 
(for instance, Karle & Haup tmann ,  1950) t ha t  the  phase 
of F ( N  + M )  tends to be the  same as tha t  of F (N)F(M) ,  
and tha t  this tendency is stronger the larger the magni-  
tudes of the three F ' s  involved. Hence  the  Fourier  co- 
efficients of DP,  especially the  large ones, tend  to be real 
and  positive, and  therefore 

DP(x, y) - V~.~ ~'  ]F(N)I]F(M)[ 
N M 

× [ F ( - N - M )  I exp [ i 2 ~ ( N . x + M . y ) ] ,  

the  r ight-hand side being obtainable immedia te ly  from 
the diffraction data. 

For  non-centrosymmetr ie  structures this approximat ion 
is rather  drastic, for it gives DP a false center  of symmetry .  
But  for centrosyrmnetric structures i t  is probably fairly 
accurate. In  the case of a model  one-dimensional  struc- 
ture, out of the  95 non-negligible terms only 18 very  
small terms should have been negative.  
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I t  is not  seriously proposed t h a t  this  funct ion be used 
in ac tual  s t ructure  work, for the labor of calculat ing 
four- or six-dimensional  funct ions would be too great.  
W h a t  is in teres t ing is the  fact  t h a t  a geometrical  inter- 
p re ta t ion  has  been found for certain analy t ica l  relations 
among the F ' s ;  t h a t  is, a l ink has  been made  between 
the so-called 'reciprocal-space methods '  and  'direct-space 
methods '  which m a y  be of use in fur ther  work on the  
phase problem. 

As an  example of such a use, I shall  indicate how one 
might  explain the fact,  no ted  by  Cochran (1952), t h a t  
the  sign relat ionships among the F ' s  appear  to hold bet ter  
wi th  h ighly  unequal  a toms t h a n  wi th  equal ones. The 

height  of the origin peak  of D P  essential ly measures the  
preponderance of posit ive Fourier  coefficients over neg- 
at ive ones. Bu t  the height  of the origin peak is proport ional  
to Z Z ~ ,  where Z i is the  weight  of the j t h  a tom, and this  
q u a n t i t y  is greater  for a set of unequal  Z 's  t han  for a set 
of equal Z 's  of the same to ta l  weight.  

Triple and higher  mult iple  Pa t te rsons  also exist. 
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Erzmikroskopisches  Praktikum. By H. Som~EI- 
DERH6H~, Pp .  x i i + 2 8 4 ,  w i t h  48 figs., 39 t ab les  a n d  
64 m i c r o p h o t o g r a p h s  on  special  paper .  S e p a r a t e l y  
added  E r z m i k r o s k o p i s c h e  B e s t i m m u n g s t a -  
f e l n ,  pp.  v + 2 4 .  S t u t t g a r t :  Schweize rba r t ' s che  Ver-  
l a g s b u c h h a n d l u n g .  1952. Pr ice ,  bound ,  DM. 40-60. 

The descriptive pa r t  of Schneiderh6hn & Ramdohr ' s  
Lehrbuch der ErzmikrosIcopie, Volume I I ,  appeared in 
1931. Three years  la ter  this  s tandard  work was completed 
wi th  Volume I, in which the theoretical  and  methodical  
problems were t reated.  In  these volumes pract ical ly  the  
complete knowledge of ore microscopy a t  t h a t  t ime was 
compiled and  presented in an  instruct ive and  sys temat ic  
manner .  I t  could be expected, therefore, t h a t  this  work 
would become a classic in the l i terature of this  young 
branch of science, and  t h a t  the  need for it  would be felt 
for m a n y  years.  Unfor tuna te ly ,  this work has been out  
of pr in t  for some time, so i t  was good news when in 1950 
an ent i rely rewri t ten  and  enlarged edition of Volume I I  
appeared under  the t i t le  Die Erzmineralien und ihre 
Verwachsungen by  Ramdohr .  Now Schneiderh6hn pre- 
sents a new edit ion of Volume I, likewise under  a new 
name, though the old t i t le  would have been appropriate  
since i t  deals wi th  the fundamenta l  knowledge which is 
indispensable to a successful worker in this  field. 

Compared wi th  the first  edition, about  80 per cent of 
the book appears unal tered.  This is, first of all, due to the 
high s tandard  and  the completeness of the original work. 
Secondly, the  na ture  of this  ma t t e r  is such t h a t  technical  
improvements  have been made  ra ther  t han  theoret ical  
ones. Some chapters  have  been abridged by  omit t ing  
par t  of the theoret ical  discussions. This is the case wi th  
the chapter  on ore microscopes and accessory ins t ruments  
(which deals only wi th  the products  of Leitz) and wi th  
t h a t  on optical invest igat ion methods.  At  the same time, 
however, these chapters,  as well as the other  material ,  
have  been brought  up to the level of current  knowledge. 
This is also shown by  the bibl iography which comprises 
262 separate  articles, 83 of which have been published 
since 1933. The chapter  on microchemical and spectre- 

graphic analyses and t h a t  on the or ienta t ion of random 
sections are only briefly summarized in this  book, which 
is no serious loss. However,  the  epoch-making work of 
L. yon Haines  in the field of R6n tgen  spect rography since 
1933 would have been wor th  mentioning.  

The 39 tables in the t ex t  elucidate the subject  in a 
graphic way.  As to Table 15, which aims a t  giving a 
comparison between photocell  and photometer  ref lect ivi ty 
values, the  cited l i terature  has no t  been interpreted 
correctly. According to this  table each of the listed miner- 
als has been invest igated wi th  a photocell,  whereas in 
the original work it  has  emphat ica l ly  been pointed out  
t h a t  only some of these minerals have been s tudied by  
photocell methods.  The au thor ' s  conclusions are conse- 
quent ly  erroneous. 

Concerning the usefulness of micro hardness  methods  
for reliable de terminat ive  purposes, the  au thor  concludes 
t h a t  a general ly applicable method  can be obtained only 
after  exhaust ive  and critical experiments  on very  ex- 
tensive mater ia l  of undoubted  nature .  

Emphas is  has been laid upon the importance of well- 
polished surfaces and  this  problem has therefore been 
t rea ted  in detail.  Since the prepara t ion of polished sec- 
t ions is usual ly  left to others it  is recommended t h a t  the  
au thor  and the publishers agree to the  separate  publica- 
t ion of the 43 pages of this  chapter  (Die Anfertigung yon 
Erzanschli f f  en ). 

This edit ion contains three new chapters  (pp. 39), 
which, in a general way,  deal wi th  the tasks of ore 
microscopy, wi th  morphological features of ore minerals,  
and  wi th  their  intergrowths,  exsolutions and  textures .  
These subjects have  been t rea ted  wi th  much  more detail  
in Ramdohr ' s  work, to which the reader is referred in 
m a n y  cases. The author ' s  classification of ore mineral  
textures ,  however, is new. I t s  v iabi l i ty  beside the clas- 
sifications of Bas t in  (1950) and  Schwartz (1951) will 
have  to be proved. To i l lustrate these chapters,  64 
excellent microphotographs  are added. The explanat ions  
of Figs. 52, 53, 63, 64 and 104 are given as for s i tapar i te ;  
this  mus t  be bixbyi te .  Names like s i tapar i te  should not  
be used a n y  more in modern  l i terature.  

The determinat ive  tables which are appended are an 


