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The Sayro equat ion (Sayre, 1952) 

s(h + h ' )  ~-~ s(h) .s(h ' )  (1) 

has been used to generate many  signs from a set of 
known signs, and to find relations among signs from 
which further  signs may  be deduced, (Zachariasen, 1952; 
Woolfson, 1957 ; Grant, Howells & Rogers, 1957 ; De Vries, 
1963). In  the sign correlation me thod  presented here, 
several reflexions numbered  1, 2 . . . .  i . . .  are given an 
arbitrarily chosen sign and these are used together  with 
the origin determining signs to generate other signs 
with relation (1). The generated signs are determined 
relative to the arbitrarily chosen signs and this depen- 
dency is traced. From the degree of consistency of the 
generated signs it is deduced whether  or not  the arbitrary 
choices were correct. 

The following nota t ion  is used: 

[0] is a set of reflexions [0]h of which the signs are 
independent  of any of the arbitrary ehoices, 

[i] is a set of reflexions [iJh of which the signs depend 
only on the i th  arbitrary choice (the i th  arbitrary 
choice is included), 

[i, j . . . .  ] is a set of reflexions [i, j . . . .  ]h of which every 
one of the signs depends upoI1 the choices i, j . . . .  , 

[x] is an abbreviat ion for [i, j . . . .  ], so x stands for 0, 
or i, or any combinat ion i, j . . . . .  A set [x] is called a 
correlation set. 

s[x, x'Jh + h ~ s[x]h, s[x'Jh'. (3) 

A relation among the arbitrary choices is obta ined if 
a reflexion h is present  in set [x] as well as in set [x'] ; 

if s[x]h = s[x']h, then  [x, x'] "~ [0] (4a) 

if s[x]h=-s[x ']h,  then  [x, x ' ] ~ [ 0 ]  . (4b) 

(4a) expresses tha t  all reflexions of set [x, x'] probably 
have absolute correct signs, and (4b) tha t  the signs of 
these reflexions have to be reversed. These relations (4) 
are called correlation equations.~ 

A correlation equat ion is assumed to be correct if it  
is found many  times with a high probability.  Conse- 
quently,  one arbitrary choice can be expressed in terms 
of the other choices using the combinat ion rule (2). 
The number  of possible sign combinations of the original 
arbitrary choices is thus reduced by a factor 2. 

The sign correlation method  has been programmed for 
an IBM 1620 computer  for triclinic, monoclinic, and 
orthorhombic space groups, was tes ted on potassium 
fluoride te t rahydra te  (Beurskens & Jeffrey, 1964), and 
was used successfully by other members  of this laboratory 
to give a single set of signs for the structure de terminat ion  
of orthonitroperbenzoic acid, peroxypelargonic acid, and  
allantoin, all in space group P21/c. 

A more detailed description of the me thod  is given in 
the IBM 1620 computer  description (Beurskens, 1963) 
which is available upon request. 

The combination rule is defined as: 

[x, x ']  = Ix]. [x'] (2) 

in which 'i, i '  is replaced by '0' and 'i, 0' is replaced 
by 'i '. 

A reflexion ( h + h ' )  which is generated by Sayre's 
equat ion (1) from two reflexions [xJh and [x']h' is 
registered in the set [x, x'] according to the combinat ion 
rule (2). Thus Sayre's equat ion is formulated:  

* Present address: Laboratorium veer Kristalchemie, 
Rijks Universiteit, Utrecht, The Netherlands. 

¢ Some of the relations s[i, jJh----+s[i, kJh or s[i,j]h= 
±s[k, lib are equivalent to coincidences (Grant et al., 1957) 
or coincidences of the second kind (DeVries, 1963, who 
iatroduced the name 'correlation equation' for sign relation~ 
restricted for four reflexions). 
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Four  different modifications of mesotartaric acid were evaporat ing a solution at about  70 °C, prism-shaped 
obtained by crystallization from water  (Table 1). crystals of the normal  monohydra te  form I I I  by evaporat-  

Prism-shaped crystals of I were obtained by slowly ing a saturated solution at room temperature .  Crystals 
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Table 1. Mesotartaric acid 

I* I I t  I I I t  
Anhy- 

Anhy- drous Mono- 
Crystal drous ortho- hydrate 
system triclinic rhombie trielinie 

a (A) 9.459 + 3 9.84 5.516_ 3 
b (/~) 6.465 19.1 9.220 
c (/~) 5.396 12.2 7.330 

a (°) 68.99 115.11 
fl (o) 76.36 93.62 

(°) 75.77 93.64 

U (A 3) 294.6 2288 335.2 
Z 2 16 2 
M 150.09 150.09 168.10 

d(calc.) 1.693 1.743 1.666 
d(meas.) 1.674" 1"737t 1"668 t 

Space group P1 Pna21 or P I  
Pnam 

* Schneider (1928). 

IV 

Mono- 
hydrate 

monoclinic 

5.216_+3 
5.019 

25.92 

99.72 

668.8 
4 

168.10 

1.670 
1.667 

P21/c 

t Longchambon (1926). 

of the modificat ions I I  and IV were accident ly  found in 
solutions t ha t  were slowly cooled down from about  70 °C, 
together  with crystals of I I I .  IV crystallizes in plates 
parallel to (001). 

The space-group of the octahedral ly  shaped crystal  
of I I  was de te rmined  from the absences 0kl if k + l  is 
odd, hO1 if h is odd. 

The cell constants  of I,  I I I  and IV were obta ined 
after  a least-squares t r e a t m e n t  of 20 values of high-order  
reflexions measured  on a single-crystal diffractometer ,  
those of I I  from Weissenberg photographs.  

The s t ructures  of I I I  and  IV were de te rmined  from 
project ions using direct  me thods ,  three-  dimensional  
ref inement  being in progress. The s t ruc ture  de termina-  
t ion of I has been s tar ted.  
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Direc t  A n a l y s i s  of Di f fract ion  by  Matter .  Par 
R. HOSEMANN et S. hi. BAGCHI. Pp. xx i+  734. Am- 
sterdam: North Holland Publishing Company. 1962. 

Comme il est pr6cis6 dans la pr@face, le bu t  des auteurs  
est d 'exposer  une th6orie g6n6rale de la diffraction de la 
mati@re par  les rayons X,  valable quelle que soit sa 
s t ruc ture  a tomique  et  d '6tablir  les formules g6n6rales 
qui sont  ensuite  appliqu6es /~ des cas part iculiers  
(cristaux, cristaux imparfaits ,  liquides, gaz, etc . . . .  ). 
Les outils math@matiques fondamen taux  sont la trans- 
format ion de Four ier  et  Fop@ration de convolution,  
dont  les auteurs  donnen t  un  expos@ d@taill6 et @l@men- 
taire. 

Les contr ibut ions persormelles de R.  t t o s e m a n n  dans 
la th6orie de la diffraction sont  impor tan tes  et  nom- 
breuses. E n  fait, une  grande par t ie  de ee livre const i tue 
une synth~se de travaux de Hosemann, Bagchi et divers 
collaborateurs parus depuis une quinzaine d'ann@es. 
L'originalit6 de l'ouvrage y gagne mais all d6pens de 
son @quilibre g6n6ral, puisque les points trait6s ont 6t6 
choisis en fonction plus de l'int6r@t des auteurs que des 
besoins d'une certaine cat6gorie de lecteurs. C'est ainsi 
qu'un chapitre de 43 pages est consacr6 ~ l'6tude pure- 
ment math@matique de ce que iosemann a appel6 
'function algebra': il semble que ce soit en dehors des 
pr6occupations de la grande majorit6 des cristallographes. 
On insiste sur la technique de l'analogie optique pour 
l'interpr6tation des figures de diffraction et de nombreux 
et suggestifs exemples sont donn6s en particulier pour les 
structures imparfaitement p6riodiques. Du point de vue 
exp6rimental, seuls des exemples de diffusion aux petits 
angles sont trait6s avec quelques d6tails, mais il n'y a 
pas d'exemple des 6tudes d'imperfection cristalline comme 

la diffusion thermique ,  les cr is taux 6crouis, etc . . . .  et 
les d6terminat ions  de s t ruc ture  cristalline ne sont  pas du 
tou t  trait@es. 

Le fond de l 'ouvrage est la th6orie tr@s abst ra i te  de 
la diffraction:  le lecteur  pour ra  regre t ter  que des para- 
graphes about issent  & des formules, souvent  tr@s com- 
plexes, sans qu'il  lui soit montr6  que ces formules peuven t  
effect ivement  servir et  commen t  elles sont  appliqu@es. 

U n  point  impor t an t  de l 'ouvrage de Hosemann  et  
Bagchi  est la quest ion de la d@termination directe de la 
s t ruc ture  a tomique  /~ par t i r  des donn@es de l 'exp6rience 
de diffraction. Quel cristal lographe ne serait  pas par- 
ticuli@rement att ird par  ces phrases de la prdface: 'Unti l  
recent ly  it was believed t ha t  from the in tens i ty  da ta  alone 
it is no t  possible to de termine  the  s t ruc ture  of m a t t e r  . . . .  
Recen t ly  however  it has been proved (Hosemann & 
Bagchi) t ha t  a t  least in principle under  certain condit ions 
it is possible to de termine  a s t ruc ture  uniquely  from the  
in tens i ty  da ta  alone' .  Malheureusement ,  dans le texte,  
les auteurs  sont  moins optimistes:  les donn@es n6cessaires 
compor ten t  la r6part i t ion ddtaill6e de l ' intensit6 diffraetde 
au tour  du noeud de l 'espace rdciproque, ce qui es t  
comp]@tement en dehors de nos possibilit6s exp@rimen- 
tales. Est-il alors l@gitime de dire que le probl@me est 
r6solu, re@me 'en pr incipe '?  L'exposd de longs calculs 
sur une  mgthode  about issant  k une impasse exp@rimentale 
est-il uti le ? 

Le cristal d6form6 que t t o semann  a appel6 'paracristal '  
est longuement  @tudi6: le mod@le p r imi t ivemen t  donn6 
par  l ' au teur  a 6t6 modifi6 mais il ne semble pas @vident 
que le nouveau  mod@le, plus complexe, soit, en g6n6ral, 
exempt  de toute  contradic t ion:  en tou t  cas, on a imerai t  
voir pr6ciser les cas r6els auxquels  le module propos6 
peu t  s 'appl iquer  et  rendre  des services. 

Dans le cas des liquides, la formule classique de 


