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gleichungen mit konstanten Koeffizienten gel6st wer- 
den wird. Im FaUe s = 4  miissen gemgss der in I 
gemachten Feststellung (hSchste auftretende Identi- 
tatsperiode 12 Schichten) mindestens 12 Glieder der 

1-~¢~ auftreten, deren Inten- Form K~N a 1 - 2~¢~ cos A a + ~¢~ 

sitar durch die vier Fehlerwahrscheinlichkeiten a,/?, T, 3 
gekennzeichnet wird 

( hh~  k hk ~/,k 
h ~ - aNhl  

Auch hier werden wir je nach dem Ordnungszustand 
mit Verschiebungen der Maxima zu rechnen haben. 
Die Intensitatsverhgltnisse werden sich beim Uber- 
gang zu den Grenzfallen der Ordnung denjenigen 

R D N U N G  IN K R I S T A L L E N .  H 

der Ordnung in der gleichen Weise nghern, wie es in der 
hier ausgefiihrten Rechnung" der Fall ist. 

Es sei hier noch darauf hingewiesen, dass alle bisheri- 
gen Berechnungen streng nur dann giiltig sind, solange 
die Unordnung beim Wachstum eingetreten ist. In- 
wieweit aber auch eine Anwendung auf Umwandlungen 
mSglich ist, wird im dritten Tefl dieser VerSffentlichung 
diskutiert werden; es soll dort auch auf die in einem 
solchen Falle eintretenden Abweichungen yon den bier 
erhaltenen Ergebnissen eingegangen werden. 

Frl. I. Oppermann danke ich herzlich fiir die mfihe- 
volle Auswertung der G]eichungen (10), (21) und (22). 
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Potassium caprate, KCIoH1902, form A, is monoclinic. The cell contains four molecules and has the 
dimensions a=8.119, b=5.650, c=28.907A., /?=108°2'; density calculated 1.108, observed 
1.123 g.cm. -a. The space group is C~h-P21/a. Two-dimensional Fourier projections show that the 
hydrocarbon chains cross each other and that the average distance between two alternate carbon 
atoms in the chain is 2.598 A. This is significantly greater tha~ the commonly assumed distance 
2.522 A., derived from the diamond structure. The angle of tilt of the molecules is 57 ° 30'. 

Introduction 

A preliminary report on the crystal structure of potas- 
sium caprate has been published by Vand, Lomer & 
Lang (1947). There exist at least three forms, A, B, C, 
of anhydrous and three forms, D, E and F of hydrated 
neutral even-numbered potassium soaps. The form A is 
monoclinic and was obtained for sqaps with from 4 to 
12 carbon atoms in the chain. According to Lomer (to 
be published), the form B is triclinic; it was obtained 
for soaps with from 12 to 18 carbon atoms per molecule. 
The form G was observed only at higher temperatures. 
The form D is suspected to be a crystalline hydrate 
stable at lower temperatures; it has not yet been studied 
in detail. The forms E and F are liquid-crystalline, 
stable at room temperature within narrow ranges of 
high humidities. Piper (1929) reports only one form each 
of neutral and acid potassium soaps, and the neutral 
soaps of longer chain length investigated by him are 
most probably identical with our form B. 

* Now at Cavendish Laboratory, The University, Cam- 
bridge, Englaaad. 

The long spacings, d, of every form obey a linear law 
d = p N  + q, where N is the number of carbon atoms in 
the chain, and p, q are two constants. Their values, 
determined by the method of least squares, are given 
for forms A, B, and C in Table 1. 

Table 1. Values of p and q 

Form p (A.) q (A.) 
A 2-156___0-017 5.82___0.14 
B 2.052 +_ 0.018 5.24_ 0.28 
C 2.152 +_ 0.011 6.56 +_ 0-15 

0 

The angle of tilt r between the chain axes and the 
(001) plane can be calculated from the long spacings 
of a homologous series of soaps all in the same form. 

Assuming a C-C bond length of 1.54A. and the 
angle between sucessive bonds in the chain to be tetra- 
hedral, the calculated increment per two carbon atoms 
in the length of the molecule is 2.522 A. 

Since, for the form A, the observed increment in long 
spacing is 2-156A., we have s i n r =  0.8550, whence 
r = 58 ° 45'. 
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Preparation 

The potassium caprate was prepared by neutralization 
of an alcoholic solution of capric acid with alcoholic 
potash containing a little water. Phenolphthalein was 
used as indicator. The capric acid used was obtained 
in these laboratories by fractional distillation of palm- 
kernel fat ty acids, and was subsequently twice recrystal- 
lized from alcohol. Its (corrected) melting-point was 
31"8 ° C., setting point 30.6 ° C., and mean equivalent 
molecular weight by titration (saponification value) 
172.0. The neutral solution was evaporated to dryness 
in a vacuum desiccator over calcium chloride, and 
the soap was obtained as a mass of very thin white 
platelets, easily visible under the microscope. 

The single crystals used for X-ray analysis were then 
grown from solution in ethanol by very slow evapora- 
tion over calcium chloride. They are extremely thin 
plates with malformed edges, the large face being 
{001). They are stable on exposure to dry air, but dis- 
integrate (forming the probably hydrated form D) 
when exposed to air of unknown humidity at tem- 
peratures below room temperature. Dehydration 
experiments showed them to be anhydrous. 

Determination of crystal data 
P~otation, oscillation and moving-film photographs were 
prepared using Ni filtered CuKa radiation from a 
Metrovick 'Ray-max' tube. The moving-film photo- 
graphs were taken using l~obertson's (1934) moving- 
film camera. Photographs were taken with the crystal 
rotating about its a and b axes, and, in order to obtain 
some general reflexions, about the diagonal of the a-b 
face. The moving-film photographs were indexed by a 
method described by Vand (1947). The unit-cell dimen- 
sions agreed well with those determined from a powder 
photograph, taken in a 12.5cm. diameter focusing 
camera of the Frevel (1937) type. Details of the camera 
are given by Vand (1948b). The dimensions derived 
from powder data, however, were considered to be of 
greater accuracy, and the values given below are those 
determined from the powder photograph by the method 
of least squares. The camera was calibrated against 
quartz and rock salt, and the results are expressed in 
Angstr6m units, using 1 A. = 1.00202 kX. 

The following data were used in determining the 
structure: 

Molecular formula KC10H1902. molecular weight 
=210.35. 

Form A, monoclinic prismatic. 

a=8.119 + 0.016, b=5.650 + 0.011, 

c = 28.907 + 0.037 A.; 

/? = 108 ° 2' ± 4'; c sin/? = 27.488 ± 0.034 A. 

4 molecules per unit cell. Density calculated 

1.108 ± 0.005 g.cm. -3, 

density observed 

1.123 2 0"005 g.cm. -3. 
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Absent reflexions: (hO1) when h odd; (0k0) when k odd. 
Space group C~h-P21/a. Total number of electrons 
= 456 per unit cell. 

Estimation of the intensities 
The intensities were estimated visually, using the 
multiple-film technique of de Lange, Robertson & 
Woodward (1939). The lowest orders of (00/) reflexions 
were recorded on a flat film at a distance of 8 cm. The 
(00/) reflexions which occurred both on the (hO1) and 
(0kl) photographs served as a link which ensured that  
the intensity scale was the same for both photographs. 

The intensities were corrected for the oblique angle 
of incidence by the factor D2, given by Cox & Shaw 
(1930). As the crystal was very small, no absorption 
or extinction corrections were applied. The values of 
the structure factors were brought on to an absolute 
scale by comparison with the calculated values Fc at 
a later stage of the calculations. 

Calculation of structure factors 
The calculation of structure factors involves long periods 
of computation, and methods of shortening the labour 
are invaluable. The following technique was found 
adequate for this problem: 

The expression for the structure factor is 

F ( hkl ) = Z f i cos 27r( hx i -+- ky i q- lzi). 

The quantities (hxi + k y  i n t- lzi) were first calculated for 
values of h, k, 1 on an electrical adding machine; the 
summation of the cosine terms, of which the above 
quantities are the arguments, was done on a simple 
machine (Vand, 1948c) similar to that  described by 
Booth (1947a). Values of f i  were obtained from the 
scattering curves, published by Booth (1946), which 
have the same shape for all atoms irrespective of atomic 
number. Hydrogen-atom positions were neglected, 
and the curves for CI-I9 and CI-I a groups were obtained 
assuming effective atomic numbers of 8 and 9 respec- 
tively. 

Preliminary analysis of the structure 
As no similar structure has been determined pre- 
viously, the solution of the structure presented consider- 
able difficulties, and a technique suitable for long-chain 
compounds had to be developed. Among the (hO1) 
refiexions by far the strongest is the (200) reflexion. 
This indicates that  the chain axes lie approximately 
parallel to the (200) planes. If  it is assumed that the 
chains are all parallel to each other, a discrepancy arises 
in that  the angle of tilt, obtained from long spacings, 
is 58 ° 45', whereas the angle of tilt of the (200) planes 
is 72 ° . When it was realized that  this difference was real, 
it followed that  the chains must have a component of 
tilt when viewed along the a axis. Space-group con- 
siderations require that  if the chains are not perpen- 
dicular to the (001) plane in this projection, then they 
form a criss-cross pattern and cannot be parallel with 
each other. This conclusion is strengthened by the fact 

I4-2 
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that  neither the (020) nor the (040) reflexion is  as 
strong as it would be if the molecules were all parallel 
to these planes. We thus formed a rough idea of the 
structure from these considerations; in the projection 
along the b axis, the chains are parallel to each other and 
have an angle of tilt of approximately 72 ° , and in the 
projection along the a axis they form a criss-cross pat- 
tern and have angles of tilt of alternately 60 ° and 120 ° 
approximately. Steric considerations show that  the 
chains will be seen approximately edge-on in the pro- 
jection along the b axis, while the zigzag nature of the 
chains will be apparent in the other projection. 

Determination of the signs of 
the structure factors 

The signs of the (00l) reflexions were determined first. 
The shape of the molecule was assumed to be a plane 
zigzag with the usual bond dimensions and angles: 
C-C bonds 1.54A., C-O bonds 1-25A., the angle 
between C-C bonds 109 ° 28', and the O-C-O angle 125 °. 

The values of the F(OO1) then depend on only four 
variables: 

(1) the z co-ordinate of the potassium atom, 
(2) the z co-ordinate of the centre of the chain, 
(3) the angle of tilt of the chain, 
(4) the angle of twist of the chain, i.e. the angle 

between the plane of the molecule and the plane con- 
raining the axis of the molecule and the normal to the 
(001) plane. 

Several trials were made with the z co-ordinate of 
the potassium atom zero, but no satisfactory agreement 
was obtained. When the z co-ordinate of the potassium 
atom was changed, however, better agreement between 
observed and calculated F 's  resulted; approximate z 
co-ordinates were obtained for all the atoms and the 
signs of the (00/) reflexions calculated. 

Patterson maps of both the a and b proj ections were 
prepared, but these showed little except the peaks due 
to the interatomic vectors between potassium atoms, 
which confirmed that  the z co-ordinate of these atoms 
is not zero. 

Electron density projected on plane 
perpendicular to b axis 

After several unsuccessful trials at the preparation of 
an electron-density map, the following technique of the 
addition of successive ripples proved successful. The 
first synthesis consisted only of the three strong 
reflexions 

(hkZ) I FI 
(200) 219 
(20_2) 151 
(402) 161 

There are in all eight electron-density maps which result 
from the combination of these reflexions according to 
the signs given to the F's.  Of these, four are the same 
map with the origin moved and the remaining four are 
the inverse of the first four; thus only one map need be 

prepared. If  this map shows a ridge of high electron 
density on a reasonably flat, low background, all is well, 
but if it shows a valley with a flat, high background, all 
the signs must be changed. I t  is then relatively simple 
to choose the signs so that the origin coincides with 
that  used in determining the sign of the (00/) reflexions. 
The second synthesis consisted of the three above 
reflexions and all the long spacings. This crude map 
already showed the outline of the hydrocarbon chain 
and an indication of the position of the potassium atom 
in agreement with the position obtained from the 
Patterson map. These atomic co-ordinates were used to 
calculate the signs of the next strongest reflexions 
which were then added to the previous synthesis. The 
procedure of adding in succession the strongest reflexion 
not previously included has these advantages: 

(1) A ripple added with the wrong sign distorts a 
synthesis twice as much as if left out; it is thus better 
to leave out ripples of unknown sign. 

(2) The addition of one or two ripples to a synthesis 
involves much less labour than to change the whole 
synthesis. 

(3) Sometimes it is not necessary to complete the 
addition of the ripple to the whole map before it can be 
recognized that  the new ripple is being added with the 
wrong sign. 

The completed map showed that  in this projection 
the angle of tilt was approximately 80 ° , and therefore 
that  in the b-c projection the angle of tilt was approxi- 
mately 60 ° . 

Electron density projected on plane 
perpendicular to a axis 

Steric and space-group considerations suggested that  
the potassium atoms lay on one glide plane (say y = ¼), 
and that  the polar end-groups of the soap chain lay on 
the second glide plane (say y = 3)- I t  was thus easy to 
guess a structure for the preliminary calculation of 
signs of the F(Okl). The method of addition of successive 
ripples was not applicable to this projection because 
there were no reflexions very much stronger than the 
average. Several electron-density maps were prepared 
using signs calculated with varying angle of tilt of the 
chain, and with slight movements, both in y and z, of 
the chain as a whole. None of these gave a satisfactory 
map, but some of them suggested that  the assumed values 
of the molecular dimensions were wrong. In particular, 
it appeared that  the length of the chain or, more pre- 
cisely, the distance between alternate carbon atoms 
was greater than assumed. This distance was therefore 
next assumed some 4 % greater, and the signs of the 
structure factors were recalculated. A new electron- 
density map was prepared, and an improvement in the 
appearance of the map was immediately apparent. 
Refinement of the co-ordinates by the usual successive 
approximations was continued until no changes in 
signs of the structure factors resulted. 

The resulting final electron-density maps are shown 
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in Figs. 1 and 2; Fig. 1 represents the projection of the 
electron density along the b axis on the a-c plane, and 
Fig. 2 represents the projection along the a axis. The 

Fig. 1. A Four ier  pro jec t ion  of  e lectron dens i ty  on a plane 
perpendicular  to the  b axis. Contours  are d r awn  a t  levels of  
0, 2, 4, etc., e.A.-% :Negative contours  do t ted .  
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positions of the atoms deduced from the electron- 
density maxima are represented by black circles. 

In order to see better the kind of packing of the 
molecules, the projections are represented schematic- 
ally in Figs. 3 and 4. The co-ordinates obtained from the 
electron-density maps are given in Table 2. The observed 
and calculated structure factors are given in Table 3. 
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Fig. 3. Fig.  4. 

Fig. 3. Schematic  representa t ion  of  the  pro jec t ion  of  the  
s t ruc ture  on a plane perpendicular  to the  b axis. H y d r o g e n  
a toms  are no t  shown. 

Fig.  4. Schemat ic  represen ta t ion  of  the  pro jec t ion  of  the  
s t ruc ture  on a plane perpendicular  to the  a axis. H y d r o g e n  
a toms  are no t  shown.  
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0 
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>b 

Fig.  2. A Four ier  pro jec t ion  of  e lectron dens i ty  on a plane 
perpendicular  to the  a axis. Contours  (except  for potass ium)  
a r e  drawn  a t  levels of  0, 4, 8, etc.,  e.A. -2. Nega t ive  contours  
do t ted .  

Table 2. Co-ordinates from Fourier projections 

(Co-ordinates in b racke t s  are of  lower accuracy. )  

A t o m  x/a y/b z/c 
K 0.148 0-250 0.039 
O1 0.425 0.545 (0.059) 
02 0.412 0.960 (0.051) 
C1 (0.445) (0.722) 0.073 
C 2 0-442 (0-743) 0.130 
C a 0.480 0.490 0.150 
C 4 0.476 0.509 0.211 
C 5 0.510 (0.256) (0.232) 
C 6 0.500 (0.277) (0.290) 
C 7 0.530 0"022 0"312 
Cs 0"540 0"045 0"369 
C 9 0-562 (0.790) 0.389 
C10 0.566 0.811 0.450 

The agreement between observed and calculated 
structure factors does not compare well with tha t  
usually obtained with other substances. The discre- 
pancies may at least part ly be due to the t reatment  of 
the CH 2 groups as spherically symmetrical scattering 
units, whereas it is well known that  the hydrogen 
contributions are not negligible. 
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T a b l e  3. Comparison 

h~Z IFol F~ 
000 - -  456 
001 113 104 
002 35 39 
.003 68 69 
004 0 0 
005 0 9 
006 54 -- 42 
007 51 -- 42 

008 98 -- 67 
009 106 -- 75 

0,0,10 118 -- 95 
0,0,11 133 -- 118 
0,0,12 141 -- 160 
0,0,13 35 49 
0,0,14 0 9 
0,0,15 35 -- 23 

010 0 0 
011 35 -- 19 
012 35 -- 5 
013 82 104 
014 91 - -  84 

015 70 -- 59 

016 83 -- 60 
017 74 -- 47 
018 75 -- 40 
019 59 -- 31 

0,1,10 58 -- 22 
0,1,11 53 -- 14 
0,1,12 16 -- 10 
0,1,13 0 -- 4 
0,1,14 0 -- 5 
0,1,15 0 -- 12 
0,1,16 76 76 
0,1,17 45 32 
0,1,18 28 31 

of the observed and calculated structure factors 

h~Z I~ol ~ 
0,1,19 21 30 
0,1,20 22 18 
0,1,21 22 17 

020 65 -- 49 
021 0 -- 5 
022 38 -- 46 
023 0 -- 6 
024 32 -- 32 
025 0 11 
026 15 81 
027 0 -- 41 
028 42 -- 34 
029 0 4 

0,2,10 5 19 
0,2,11 13 19 
0,2,12 19 29 
0,2,13 26 11 
0,2,14 27 29 
0,2,15 20 -- 7 
0,2,16 11 0 
0,2,17 0 -- 17 
0,2,18 0 -- 20 
0,2,19 32 77 
0,2 20 9 6 

030 0 -- 5 
031 0 4 
032 56 39 
033 0 -- 25 
034 68 56 
035 110 95 
036 79 58 
037 65 48 
038 51 32 
039 20 10 

h~Z I Fol ~ 
0,3,10 0 15 
0,3,11 0 -- 5 
0,3,12 0 -- 11 
0,3,13 0 -- 12 
0,3,14 0 -- 23 
0,3,15 0 -- 14 
0,3,16 32 -- 53 
0,3,17 32 -- 41 

040 101 117 
041 69 46 
042 69 -- 5 
043 69 15 
044 0 4 
045 0 1 
046 0 -- 6 
047 0 -- 12 
048 0 -- 18 
049 0 -- 28 

0,4,10 22 -- 24 
0,4,11 22 -- 31 

200 219 245 
201 0 -- 12 
202 0 18 
203 0 -- 21 
204 11 -- 12 
205 43 -- 28 
206 71 -- 36 
207 57 - 22 
208 59 - 29 
209 46 -- 28 

2,0,10 73 -- 18 
2,0,11 33 -- 44 

201 0 12 
20~ 151 -- 164 

hkl 
20~ 
20~ 
20~ 
20~ 
20~ 
20~ 
209 

2,0,I~ 
2,0,11 
2,0,I'2 
2,0,] 
2,0 ,l-~ 

400 
401 
402 
403 
404 
405 
406 
407 
40i  
40~ 
40~ 
40~ 
40~ 
40~ 
40~ 
40~ 
409 

4,0,T0 
4 ,0 , I I  
4,0,I~ 
4,0,I~ 
4,0,l~ 

IFol Fo 
0 17 

56 - 32 
0 17 
0 0 
0 17 

32 0 
39 9 
34 -- 8 
49 2 
15 -- 29 

130 95 
107 94 

0 43 
0 - 34 
0 19 
0 1 

19 44 
27 26 
20 45 
20 43 

0 - 49 
161 - 2 4 2  

65 - 66 
65 -- 71 
65 -- 55 

0 -- 29 
0 -- 18 
0 -- 3 

0 25 

0 36 
18 58 
41 62 

75 116 
81 140 

Lattice errors o f  the structure 

S t u d y  o f  t h e  g e n e r a l  r e f l e x i o n s  o b t a i n e d  f r o m  p h o t o -  

g r a p h s  a b o u t  t h e  d i a g o n a l  o f  t h e  a-b f a c e  r e v e a l e d  t h a t  

t h e  r e f l e x i o n s  (11/)  a n d  (33/)  a r e  d i f fu se ,  w h e r e a s  (22l) 

r e f l e x i o n s  a r e  s h a r p .  D i f f u s e n e s s  o f  c e r t a i n  r e f l e x i o n s  

is  a n  i n d i c a t i o n  t h a t  t h e  p e r i o d i c  n a t u r e  o f  t h e  c r y s t a l  

d o e s  n o t  e x t e n d  i n  c e r t a i n  d i r e c t i o n s  o v e r  l a r g e  d is -  

t a n c e s .  T h e  f a c t  t h a t  a l l  t h e  (hOl) a n d  (0kl)  r e f l e x i o n s  

a r e  s h a r p  m e a n s  t h a t  t h e s e  l a t t i c e  e r r o r s  a r e  i n v i s i b l e  

o n  t h e  p r o j e c t i o n s  a l o n g  t h e  a a n d  b a x e s ,  b u t  t h a t  t h e y  

b e c o m e  a p p a r e n t  w h e n  t h e  c r y s t a l  is v i e w e d  a l o n g  t h e  

a-b d i a g o n a l .  C o n s i d e r a t i o n  o f  t h e  m o l e c u l a r  p a c k i n g  

s h o w s  t h a t  m i s t a k e s  m i g h t  e a s i l y  o c c u r  i n  t h e  o r d e r  o f  

c r o s s i n g  o f  t h e  h y d r o c a r b o n  c h a i n s .  F i g .  5 s h o w s  a n  

o r d e r e d  s t r u c t u r e .  F i g .  6 s h o w s  a s t r u c t u r e  w i t h  r a n -  
d o m l y  d i s o r d e r e d  c r o s s i n g  o f  c h a i n s  f r o m  l a y e r  t o  l a y e r ,  

o b t a i n e d  b y  t o s s i n g  a c o i n  t o  d e t e r m i n e  t h e  c h a i n  

o r i e n t a t i o n  w i t h i n  e a c h  s u c c e s s i v e  l a y e r .  S u c h  a s t r u c -  

t u r e  w o u l d  g i v e  t h e  s a m e  p r o j e c t i o n s  a l o n g  t h e  a a n d  b 

a x e s  a s  t h e  s t r u c t u r e  i n  F i g .  5, b u t  c e r t a i n  g e n e r a l  

r e f l e x i o n s ,  s u c h  a s  ( l l l ) ,  (33l) ,  e t c . ,  w o u l d  b e  d i f fu se .  

O c c u r r e n c e  o f  d i s o r d e r  i n  s o a p  c r y s t a l s  is  n o t  su r -  

p r i s i n g  as ,  d u r i n g  t h e  c r y s t a l  g r o w t h ,  t h e  a r r a n g e m e n t  

o f  t h e  d e e p e r  l a y e r s  o f  t h e  c r y s t a l  m i g h t  h a v e  b u t  s m a l l  

i n f l u e n c e  o n  t h e  s t r u c t u r e  o f  a n e w  l a y e r .  

T h e  o b s e r v a t i o n a l  m a t e r i a l  is  i n s u f f i c i e n t  t o  d e t e r -  

m i n e  w h e t h e r  t h e  d i s o r d e r  f r o m  l a y e r  t o  l a y e r  is c o m -  

p l e t e l y  r a n d o m ,  o r  w h e t h e r  a c e r t a i n  d e g r e e  o f  o r d e r  

e x t e n d s  o v e r  s e v e r a l  l a y e r s ,  a s  t h e  d i f f u s e  r e f l e x i o n s  

m e r g e  i n t o  o n e  a n o t h e r ;  h o w e v e r ,  t h e  o r d e r ,  i f  p r e s e n t ,  

c a n n o t  e x t e n d  o v e r  m o r e  t h a n  a b o u t  10 l a y e r s  a t  a t i m e .  

l~l .~  1 i I i 1 
T l ~  l ! l :  l 

i l i  i l ~  

Fig. 5. 

! l i l ~  
• lllJli, ll~ 

c, t i l i ~ l k l  / 

Fig. 6. 
Fig. 5. Schematic  representa t ion  of  a la t t ice wi thou t  mis takes .  

There is a rigorous repet i t ion of  the  pa t te rn .  Chains repre-  
sented  b y  a full line are inclined above  the  level of  the  paper ,  
dashed chains are inclined below the  level of  the  paper .  

Fig. 6. Schematic  representa t ion  of  a layer  s t ructure ,  in which  
the  succession of  inclinations of  the  chains f rom layer  to 
layer  is a t  random.  

Refinement o f  the parameters by the 
Booth  method of  steepest descents 

T h e  B o o t h  m e t h o d  o f  s t e e p e s t  d e s c e n t s  ( B o o t h ,  1 9 4 7 b ;  

V a n d ,  1 9 4 8 a )  w a s  a p p l i e d  t o  t h e  r e f i n e m e n t  o f  t h e  

p a r a m e t e r s  i n  t h e  h o p e  o f  o b t a i n i n g  m o l e  a c c u r a t e  co-  
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ordinates, and also as a test of the method itself. How- 
ever, i t  was found tha t  different answers were obtained 
when assumptions regarding the weights of observed 
structure factors were altered. Although co-ordinates 
obtained from various assumptions of weighing might  
be more probable than  those obtained from Fourier  
synthesis, it  was felt advisable to postpone their  
publication unti l  deeper insight has been gained into 
the accuracy of the method of steepest descents as 
compared with the more orthodox methods. 

modulus of the vector, which is equal to the distance 
s between two al ternate carbon atoms, is obtained as 
2.598 __ 7 x 10 -a A. 

Table 4. Components of the average vector s 
between two alternate carbon atoms 

Co- Fractional Rectangular 
ordinate components components (A.) 

x 0.0298+_6 x l 0  -~ 0.471+_ 6x10 -a 
y --0.2326± 1.8 x 10 -3 --1.314+_11 x 10 -a 
z 0.0797 +-1.5 x10 -4 2.191+- 5x10 -a 

Determination o f  the bond lengths and angles 

As the atoms of the carboxyl  groups overlapped on 
both Fourier  projections, the bond lengths and angles 
within these groups cannot be discussed with any  
accuracy, and only a general outline of the structure of 
the ionic sheet will be given. 

OK 

) 

i ) 
o ,s IOA. 

Fig. 7. Schematic represerLtation of the packing of oxygens 
and potassium ions within one, say the top, half of the 
double ionic sheet. 

The hydrocarbon chains a t tached to the carboxyl 
groups make it impossible for the ionic structure of the 
type A B  to be continued in all three dimensions, so 
tha t  only an electrically balanced double ionic layer of 
posit ively charged potassium ions and negat ively 
charged carboxyl groups is built .  The packing within 
one, say the top, ha l f  of the layer is shown in Fig. 7. 
The potassium ions of the bottom sheet are approxi- 
ma te ly  under the carboxyl groups of the top sheet, and 
vice versa. 

The only accurate data  which can be obtained from 
our mater ia l  concern the length of the hydrocarbon 
chains. 

Assuming equal weight of all the  atomic co-ordinates 
and tha t  the hydrocarbon chain is a periodic structure, 
so tha t  the co-ordinates of the even and odd carbon 
atoms obey a linear law, the application of the least- 
squares method gave components of the average vector 
between al ternate carbon atoms. They are given in 
Table 4 with their  probable errors, expressed as frac- 
tions of the cell edges and also t ransformed to a rect- 
angular  co-ordinate system. Errors in the cell constants 
and in the calibration of the camera were taken into 
account. From the rectangular  components, the 

According to Ri ley (1944), the carbon bond length 
in d iamond is 1.54453 ± 9 × 10 -5 A. I f  we assume tha t  
in a hydrocarbon chain, the carbon bond length is the 
same as in diamond,  but  tha t  the bond angle is s trained 
from its te t rahedral  value of 109 ° 28', we obtain from 
our value of s an angle of 114 ° 30' between the C-C 
bonds in a hydrocarbon chain. This is in good agreement 
with the angle of 115.3 °, deduced by Ingold (1921) from 
purely sterie considerations. 

In  a hydrocarbon chain, the hydrogens occupy a 
smaller volume than  the carbon atoms, so tha t  the C-C 
valency angle is s trained from its te t rahedral  value. I f  
the angle remained tetrahedral ,  then  a value of s equal  
to 2.52217 A. should be expected, as found in diamond. 
The value obtained by  us is 0.076A. greater, which 
exceeds our experimental  probable error by  over ten 
times, so tha t  the result is significant. 

Using our value of s=2 .598A. ,  we obtain for the 
angle of tilt, when calculated from the increment  from 

Table 1, sin r = 2.156/2.598 = 0.8300, 

whence r = 56 ° 6'. 
The same angle can be calculated from the com- 

ponents of the vector between al ternate carbon atoms. 
We obtain thus 

sin T-- 2.191/2.598 = 0.8433, 

whence 7 = 57 ° 30', which is probably the most reliable 
value of t i l t  obtained from our experimental  material ,  
as no special assumptions,  such as the constancy of r 
in a homologous series, are involved in its derivation. 

The disagreement between these two angles of t i l t  
can be judged from the disagreement between the 
increment  and the z component of the vector s; these 
values differ by  0.035 ±0.018A. ,  or the probable error 
is exceeded twice. This is not significant, and it is thus 
doubtful  whether this discrepancy is real; ff it  is, it  
m a y  be accounted for either by  an assumption tha t  the 
angle of t i l t  varies sl ightly with the chain length, or 
tha t  s varies slightly from compound to compound. 
Some degree of such var ia t ion is to be expected; how- 
ever, from the above discussion it is evident  tha t  such 
variations,  ff present, are too small  seriously to affect 
the accuracy of calculations of the angle of tilt. 

The authors wish to thank  Mr P. N. Wil l iams and 
Dr S. Pau l  for the preparat ion of pure fa t ty  acids, 
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The apparent particle size of distorted crystaUites varies from independence of 0 and 2t (particle-size 
broadening) to proportionality with/~ cosec O (distortion broadening) as the parameter E~] sin 0/2~ 
increases, where E is a particle size and y is an average strain. For a bent 'orthorhombie' lamella of 
thickness T with axes chosen so that  z is parallel to the axis of bending, x perpendicular to the 
lamella, and y perpendicular to x and z, the apparent particle size e is given by 

2TfloSin[2~rA~(1-~)]d~ ' 
p 

where A =-- T ]q2 _ c2zp~/clzl T sin p R "A ' R is the radius of curvature, p, q, r are the direction cosines of 

the reflecting planes, and c~1 and cll are elastic constants. 

Introduction 

Under  the ma in  ti t le above, Dr  A. R. Stokes and  the 
writer publ ished a crude bu t  general t r ea tment  of the 
Debye-Scherrer pat tern  given by  an aggregate of dis- 
torted crystals (Stokes & Wilson, 1944 a). The t rea tment  
was general, in tha t  no part icular  type  of strain was 
postulated, bu t  crude in tha t  s train gradients were 
neglected. This note contains some more refined results, 
without  neglect of s train gradients, for the part icular  
case of diffraction b y  bent  lamellae, of thickness small  
in comparison wi th  their  other dimensions. Such bent  
lamellae would be produced in the ' k ink ing '  described 
b y  0 rowan  (1942). Publ icat ion of this incomplete 
invest igat ion at the present t ime is prompted by  a paper 
given by  Dr  H. Ekste in  at  the Harva rd  meeting of the 
In ternat ional  Union of Crystallography, in which he 
concluded tha t  moderate  bending would lead to no line 
broadening. When  certain effects neglected b y  h im are 
taken into account an expression is obtained which 
changes continuously from 'smal l -par t ic le '  to 'dis- 
tor t ion '  broadening as the ratio Tg/XR increases, where 

T is the thickness of the lamellae and R is their  radius 
of curvature.  This behaviour  is not, however, confined 
to the part icular  model of bent  lamellae, and m a y  be 
of interest in connexion with some recent experiments  
(Wood & Rachinger,  1948) (see, however, Wood (1943) 
and Lipson & Stokes (1943)) in which the apparent  
strain in cold-worked metals  was found to va ry  with 
the wave-length. 

Calculation 

In  the simplest  case, when the  glide lamellae are 
assumed to possess orthorhombic symmet ry  and to be 
bent  into portions of circular cylinders, the displace- 
ment  u, v, w of the point x, y, z from its position in the 
undistorted state is given by  

u = - ax2/2R - y~/2R, ] 

v = x y / R ,  [ (1) 

w = 0 ,  

where x is t aken  perpendicular  to the glide plane, y in 
the glide direction, z parallel  to the axis of the cylinder, 
and a = c2Jc n is a sort of Poisson's ratio for these axes. 


