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Methyl stearate, C~H35COOCH3, is monoclinic with 

a=5.61, b=7"33, c=106.6A; fl=l16 ° 47'. 

The cell contains eight molecules and the space group is A2/a. The carbon chains are arranged in 
the orthorhombic packing 0_k (101). The molecules form double sheets (dimerization) like the 
acids. The structure is related to the structure of the B-form of stearic acid apart from the A-cen- 
tering which permits better molecular interaction. 

Introduct ion 

As a continuation of investigations on the molecular 
packing of normal fat ty  acids (yon Sydow, 1954a, b; 
1955a, b, c; 1956a, b) and branched-chain fat ty  acids 
(Abrahamsson, 1956, 1958, 1959a, b, c, d, e, and yon 
Sydow, 1958) at this University, we have started in- 
vestigations on the structural behaviour of esters of 
normal fat ty  acids. This paper is the first contribu- 
tion. 

The structural information on the methyl esters of 
the normal fa t ty  acids in the literature is the result of 
long-spacing investigations on crystalline powders of 
the esters prepared and treated in different ways, 
carried out by Malkin (1931), and also of thermal 
investigations by King & Garner (1936) and Francis 
& Piper (1939). 

Malkin found that methyl esters of even-numbered 
fa t ty  acids have only one crystal form--a dimerie 
form with the chains tilted 63 ° relative to the base 
plane, i.e. the plane containing the end groups of the 
molecules. Methyl esters of the odd-numbered acids, 
however, have two forms--one similar to that  of the 
even numbered acids but with a slightly higher angle 
of tilt, 67½ °, and one monomeric form with the chains 
tilted to 75 ° . For comparison, the angle of tilt for the 
various crystal forms of normal fat ty  acids is close to 
60 ° (yon Sydow, 1956b). This is in agreement with the 
thermal data given by King & Garner (1936) with the 
exception of the monomeric form which has the 
thermal properties of a structure with vertical, oscillat- 
ing hydrocarbon chains. King & Garner (1936) also 
point out that  there are some peculiarities near the 
melting points of methyl palm±rate and methyl 
eicosanate. This is confirmed in the work by Francis 
& Piper (1939) where they state that  methyl esters of 
even-numbered fat ty  acids also have two crystal forms 
with different melting points only a few tenths of a 
degree apart, the formation being dependent on the 
rate of crystallization. This will be discussed later in 
this paper. 

Preparat ion  of crysta ls  

Very pure methyl stearate (methyl octadecanoate) 
with m.p. 39.1-39.4 °C. was crystallized from glacial 
acetic acid, ethanol, acetone, carbon tetrachloride, 
chloroform and carbon disulfide at room temperature 
(20 °C.) and - 14 °C. The low-temperature crystalliza- 
tion from carbon disulfide gave large single crystals 
(m.p. 39-1-39-4 °C.) in the form of rhombic plates 
with the acute angle 74 ° . The crystals are optically 
biaxial and positive. Twinning on the (001) plane was 
frequently observed under the microscope. In order 
to avoid absorption errors, crystals for the X-ray 
measurements were cut from the plates, thereby ob- 
taining small cross-sections. 

X - r a y  data 

Rotation and Weissenberg photographs were taken at 
22 °C. using Cu Ka radiation. The following data were 
obtained" 

Molecular formula" C19Hss02. 
Molecular weight: 298.49. 
Unit cell: monoclinic. 

a = 5-61 ± 0.02, b = 7-33 ± 0.02, c = 106.6 ± 0.6/~; 
f l= l16  ° 47' ±20'.  
d(001) =95.2 +0.3/~. 

Eight molecules per unit cell. 
Number of electrons: 1344. 
Density calculated" 1.013 ± 0.007 g.cm.-~. 
Density measured" 1.007 g.cm.-~. 
Absent reflexions: hlcl, when ]c+l odd, hO1, when 

h or 1 odd, and 0/c0, when k odd. 
Space group: C~-Aa or C~t,-A2/a. 

From structural considerations to be explained later, 
the space group A2/a was chosen. This is consistent 
with the absence of piezoelectric effect. (Thanks are 
due to Mr T. LundstrSm for help with the measure- 
ments.) The statistical method of Howells, Philips & 



488 T H E  C R Y S T A L  S T R U C T U R E  OF M E T H Y L  S T E A R A T E  

Rogers (1950) appl ied to the  0k/-zone also indicated 
this  space group, but  this  evidence is not  conclusive, 
since the dis t r ibut ion of atoms in this  s tructure is 
p robab ly  not  sufficiently random. 

The intensi t ies  of the hO1 and 0k/-reflexions 
(sin2 0 < 0.9) were es t imated visual ly  by  two observers 
using the mult iple-f i lm technique with scale. They were 
corrected for the polarizat ion and  Lorentz factors. 
No correction for absorpt ion was applied. Two sets of 
relat ive observed structure ampl i tudes  were computed 
and  were later  pu t  on an absolute scale by  comparison 
wi th  calculated structure factors. 

Structure  determinat ion 

From the first the authors were struck by the s imilar i ty  
of this structure to the structure of the B-form of 
stearic acid (yon Sydow, 1955a). The la t ter  has the 
space group P2z/a with 

a=5-591,  b--7.404, c = 4 9 . 3 8 / ~ ;  ~ = 1 1 7 ° 2 2  ' 

and four molecules per uni t  cell. The only principal  
difference seems to be tha t  the structure of me thy l  
stearate is an A-centered version of the structure of 
the B-form of stearic acid and consequently the uni t  

cell is about  twice as long. This leads inev i tab ly  to 
the space group choice A2/a instead of Aa. 

Both these structures have an or thorhombic subcell  
with every second chain-plane approx imate ly  per- 
pendicular  to the others (Bunn, 1939; Vainshte in  & 
Pinsker,  1950). They should both be classified as 
0 ±  (101) following a suggestion by  Vand  (1954) 

complemented by  yon Sydow (1958). The subcell 
dimensions derived for methy l  stearate are 

as = 5.07, bs = 7.33, cs = 2.53 J~; ~8 = 89 °. 

The s t ructural  informat ion given by  yon Sydow 
(1955a) was applied to the space group of me thy l  
stearate, and cycles of structure-factor and  electron- 
densi ty  calculation were performed for the yz-pro- 
jection. Atom scattering factors were taken  from 
McWeeny (1951) and from Vand e$ al. (1957). In  the 
later  stages the structure factors were computed on 
the BESK-compute r  of the Swedish Board for Com- 
put ing Machinery.  The electron-density maps  were 
prepared with Beevers -L ipson  strips (3 °) and  a 
Fourier  machine  constructed by  Hi~gg & Lauren t  
(1946). There was some uncer ta in ty  whether  the trans- 
lat ion of one half  in the y-direction, consti tuting the 
difference between the space groups P21/a and A2/a, 

Fig. 1. Electron-density projection of methyl stearate along 
the a-axis. Contours given at intervals of 1 e.A -2 starting 
with 1 e.A -~. 

Fig. 2. Electron-density projection of methyl stearate along 
the b-axis. Contours given at intervals of 1 e.A -2 starting 
with 2 e./~ -2. 



S T I G  A L E B Y  A N D  E R I K  V O N  S Y D O W  489 

T a b l e  1. Coordinates of the atoms in methyl stearate 

x/a y/b z/c 
Cls 0-121 0-207 0.2355 
C17 0.229 0.298 0.2258 
C16 0.106 0.201 0.2110 
C15 0.209 0"297 0-2019 
C14 0.096 0.201 0"1869 
Cla 0.197 0"295 0"1778 
C12 0.082 0.207 0"1629 
Cll 0.188 0.291 0"1538 
C10 0.066 0.209 0.1391 
C 9 0.188 0.288 0.1302 
C s 0.057 0.211 0.1150 
C 7 0.172 0.290 0.1062 
C 6 0.042 0-211 0.0913 
C 5 0.170 0.291 0-0821 
C a 0.031 0.209 0.0674 
C 3 0.156 0.290 0.0584 
C 2 0.019 0.207 0-0433 
C 1 0.133 0-247 0.0342 
Cme 0"141 0"258 0-0119 
O l 0"001 0-221 0"0213 
O 2 0"357 0"338 0"0383 

a p p e a r e d  in  t h e  es te r -group p lanes  or in  t he  end-group  
p lanes  of t he  h y d r o c a r b o n  chains,  b u t  t he  a u t h o r s  fe l t  
t h a t  t he  f i rs t  a l t e r n a t i v e  was pre fe rab le  since t he  
chemica l  dif ferences  be tween  s tear ic  acid  a n d  m e t h y l  
s t ea r a t e  a p p e a r  t he r e ;  th i s  was  found  to  be correct  
a n d  wil l  also be d iscussed la ter .  

The  x-coord ina tes  for the  xz-synthe_sis were o r ig ina l ly  
found  b y  s t u d y i n g  the  ref lexions  202, 200, 202. T h e n  
fol lowed severa l  cycles of s t ruc tu re - f ac to r  ca lcu la t ions  
a n d  e l ec t ron -dens i ty  maps  for t he  xz-project ion.  The  
x-, y- a n d  z-coordinates  h a v e  been ref ined  b y  severa l  
d i f ference syn theses  a long  the  a- a n d  b-axes. I n  t he  
xz-project ion,  a t e m p e r a t u r e  factor ,  exp ( - B  sin 2 0/). 2) 
w i t h  B = 5 - 8 ,  was appl ied.  The  f ina l  va lue  of t he  re- 
l i ab i l i t y  i ndex  R was  0-18, o m i t t i n g  non-obse rved  
reflexions.  I n  t he  yz-pro jec t ion  an  R - v a l u e  of 0.20 
was o b t a i n e d  w i t h  the  same B-value .  An  an i so t rop ic  
t e m p e r a t u r e  fac tor  was  t h e n  t r ied,  

exp [--  (B + C sin 2 ( (p -  y~) sin 2 0/).~)], 

i 
IIl 

l 
b 

i 

I 
ii 

Fig. 3. Schematic view of methyl stearate seen along 
the a-axis. 

Fig. 4. Schematic view of methyl stearate seen along 
the b-axis. 
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w h e r e  ~ is t h e  a n g l e  b e t w e e n  t h e  r e c i p r o c a l  v e c t o r  

(Okl) a n d  t h e  c * - a x i s  a n d  y~ t h e  a n g l e  b e t w e e n  t h e  

d i r e c t i o n  of  t h e  m a x i m u m  s c a t t e r i n g  f a c t o r  a n d  t h e  

c* -ax i s ,  w h i c h ,  i n  t h i s  p r o j e c t i o n ,  is 0 ( C o c h r a n ,  1951).  

W i t h  B = 4 . 7 5  a n d  C = 2 . 4  a n  R - v a l u e  of  0 .18  w a s  

o b t a i n e d .  I n  t h e  l a s t  s t a g e s  of  r e f i n e m e n t ,  t h e  h y -  

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

c a l c u l a t i o n s .  T h e y  w e r e  g i v e n  c o o r d i n a t e s  d e r i v e d  

f r o m  t h e  d a t a  b y  V a i n s h t e i n  & P i n s k e r  (1950) b u t  w i t h  

a s l i g h t l y  s h o r t e r  C--H d i s t a n c e  (1.05 /~) w h i c h  is i n  

b e t t e r  a g r e e m e n t  w i t h  t h e  d i f f e r e n c e  m a p s .  T h e  co- 

o r d i n a t e s  a r e  g i v e n  i n  T a b l e  1 a n d  o b s e r v e d  a n d  

c a l c u l a t e d  s t r u c t u r e  f a c t o r s  i n  T a b l e s  2 a n d  3. T h e  

e l e c t r o n - d e n s i t y  m a p s  a r e  s h o w n  i n  F i g s .  1 a n d  2. 

T h e  m e a n  v a l u e  of  t h e  c a r b o n - c a r b o n  b o n d  l e n g t h s  

is 1 .54 A a n d  of  t h e  a n g l e s  b e t w e e n  t h e s e  b o n d s  is 111 °. 

Discuss ion  

Al l  h y d r o c a r b o n  c h a i n s  h a v e  t h e i r  p l a n e s  i n  { l l 0 } .  

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

t a l s  a r e  a l w a y s  b o u n d e d  b y  {110} p l a n e s  a n d ,  of  c o u r s e ,  
b y  (001) g i v i n g  r h o m b i c  p l a t e s .  T h e  a c u t e  a n g l e  cal-  

c u l a t e d  f r o m  t h e  cell  d i m e n s i o n s  is 74 ° 45 '  a s  c o m p a r e d  

w i t h  t h e  o b s e r v e d  74 ° f o r  m e t h y l  s t e a r a t e  a n d  f o r  t h e  

B - f o r m  of  s t e a r i c  a c i d .  

I n  F i g s .  3 a n d  4 m a n y  u n i t  cel ls  of  t h e  m e t h y l  

s t e a r a t e  a r e  s h o w n  p r o j e c t e d  a l o n g  t h e  s h o r t e s t  a x e s .  

0kl 2"0 2"c 
000 1344 1294 
002 - -  35 
004 - -  -- 54 
006 - -  11 
008 63 --81 

0,0,10 24 --22 
0,0,12 101 -- 105 
0,0,14 37 -- 36 
0,0,16 83 -- 102 
0,0,18 14 --20 
0,0,20 53 -- 48 
0,0,22 21 15 
0,0,24 23 --35 
0,0,26 34 36 
0,0,28 21 -- 18 
0,0,30 26 38 
0,0,32 46 -- 43 
0,0,34 6 -- 20 
0,0,36 74 -- 74 
0,0,38 8 33 
0,0,40 162 -- 174 
0,0,42 127 -- 123 
0,0,44 100 93 
0,0,46 33 21 
0,0,48 51 30 
O,O,5O 4O 32 
0,0,52 37 34 
0,0,54 27 27 
0,0,56 12 11 
0,0,58 7 1 
0,0,60 11 -- 12 
0,0,62 16 -- 17 
0,0,64 22 -- 23 
0,0,66 19 -- 22 
0,0,68 17 -- 18 
0,0,70 < 8 -- 12 
0,0,80 < 9 --11 
0,0,82 51 --52 
0,0,84 34 37 
0,0,86 48 48 
0,0,88 < 9 4 
0,0,90 15 15 
0,0,92 < 9 0 

011 9 --14 
013 6 --11 
015 < 3 2 
017 3 7 
019 10 17 

0,1,11 12 16 
0,1,13 17 21 

T a b l e  2. Observed and 

Okl 2"0 2"c 
0,1,15 9 10 
0,1,17 10 9 
0,1,19 8 - 12 
0,1,21 5 - 9 
0,1,23 23 29 
0,1,25 11 - 1 6  
0,1,27 26 - 3 0  
0,1,29 < 5 - 3 
0,1,31 18 - 17 
0,1,33 12 17 
0,1,35 21 - 19 
0,1,37 18 25 
0,1,39 53 - 4 8  
0,1,41 25 29 
0,1,43 107 106 
0,1,45 14 - 18 
0,1,47 < 6 7 
0,1,49 16 - 2 0  
0,1,51 < 7 - 7 
0,1,53 13 - 1 5  
0,1,55 < 7 - 3 
0,1,81 < 9 4 
0,1,83 18 - 2 1  
0,1,85 9 - 4 
0,1,87 9 9 
0,1,89 < 9 4 

020 - -  -- 639 
022 - -  -- 55 
024 - -  3 
026 16 --22 
028 36 20 

0,2,10 11 7 
0,2,12 49 48 
0,2,14 23 22 
0,2,16 47 55 
0,2,18 15 20 
0,2,20 35 43 
0,2,22 < 5 5 
0,2,24 20 29 
0,2,26 15 - 7 
0,2,28 16 21 
0,2,30 16 11 
0,2,32 23 29 
0,2,34 12 -- 8 
0,2,36 40 38 
0,2,38 10 -- 9 
0,2,40 95 93 
0,2,42 79 68 
0,2,44 67 -- 54 
0,2,46 19 -- 13 

calculated structure factors (Okl) 

0kl 2"0 2"c 
0,2,48 28 --19 
0,2,50 23 -- 19 
0,2,52 21 -- 16 
0,2,54 16 -- 12 
0,2,56 8 4 
0,2,58 < 8 0 
0,2,62 < 8 6 
0,2,64 13 10 
0,2,66 10 11 
0,2,68 10 9 
0,2,70 < 9 8 
0,2,80 < 9 -- 5 
0,2,82 36 35 
0,2,84 21 --25 
0,2,86 35 -- 36 
0,2,88 < 9 -- 7 
0,2,90 11 --14 
0,2,92 < 9 -- 3 

035 6 -- 5 
037 11 -- 9 
039 13 -- 15 

0,3,11 19 --14 
0,3,13 19 --17 
0,3,15 13 -- 7 
0,3,17 7 -- 5 
0,3,19 7 14 
0,3,21 12 12 
0,3,23 32 27 
0,3,25 20 21 
0,3,27 34 29 
0,3,29 8 8 
0,3,31 22 21 
0,3,33 11 --13 
0,3,35 19 22 
0,3,37 18 --28 
0,3,39 60 46 
0,3,41 31 --11 
0,3,43 120 125 
0,3,45 15 13 
0,3,47 < 8 - 14 
0,3,49 18 20 
0,3,51 < 8 7 
0,3,53 14 17 
0,3,55 < 8 4 
0,3,81 < 9 -- 8 
0,3,83 31 33 
0,3,85 13 7 
0,3,87 17 16 
0,3,89 < 9 -- 6 
0,3,91 9 13 
0,3,93 < 8 -- 6 

0kl 2'0 2"c 
040 143 147 
042 < 7 18 
044 21 -- 6 
046 < 7 11 
048 14 10 

0,4,10 < 7 12 
0,4,18 < 7 -- 5 
0,4,20 10 -- 17 
0,4,22 < 7 -- 16 
0,4,24 10 -- 23 
0,4,26 8 -- 15 
0,4,28 8 17 
0,4,30 < 8 -- 5 
0,4,32 < 8 -- l l  
0,4,34 13 6 
0,4,36 < 8 -- 3 
0,4,38 9 11 
0,4,40 31 --22 
0,4,42 27 -- 18 
0,4,44 20 17 
0,4,46 < 8 2 
0,4,80 < 9 -- 2 
0,4,82 15 --12 
0,4,84 < 9 10 
0,4,86 14 17 
0,4,88 < 8 8 

0,5,33 < 9 7 
0,5,35 15 15 
0,5,37 < 9 8 
0,5,39 46 -- 36 
0,5,41 15 12 
0,5,43 70 71 
0,5,45 13 -- 8 
0,5,47 < 9 12 
0,5,79 < 8 -- 4 
0,5,81 9 8 
0,5,83 22 --22 
0,5,85 8 -- 6 
0,5,87 12 10 
0,5,89 < 7 4 

060 25 -- 12 
062 < 9 -- 11 

0,7,37 < 8 2 
0,7,39 24 18 
0,7,41 < 8 -- 4 
0,7,43 35 --27 
0,7,45 < 8 4 
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hOl 

000 
O02 
OO4 
006 
O08 

0,0,10 
0,0,12 
0,0,14 
0,0,16 
0,0,18 
0,0,20 
0,0,22 
0,0,24 
0,0,26 
0,0,28 
0,0,30 
0,0,32 
0,0,34 
0,0,36 
0,0,38 
0,0,40 
0,0 42 
0,0 44 
0,0 46 
0,0 48 
0,0 50 
0,0 52 
0,0 54 
0,0 56 
0,0,58 
0,0,60 
0,0.62 
0,0.64 
0,0 66 
0,0,68 
0,0,70 
0,0,72 
0,0,80 
0,0,82 
0,0,84 
0,0,86 
0,0,88 
0,0,90 
0,0,92 

2OO 
202 

.Fo .F c 
1344 1312 

50 
- -  - - 4 2  

1 0  

- -  9 0  

- -  - -  3 6  

- -  - -  118 

37 --  46 

97 --  107 

14 --20 
52 -- 53 
22 23 
22 -- 25 
36 48 
20 -- 16 
24 37 
42 -- 43 

6 6 
75 -- 76 

6 6 
156 -- 166 
120 -- 115 
98 86 
28 22 
45 40 
39 32 
35 32 
24 25 

9 9 
< 7 0 

1 0  - -  12 
14 -- 16 
20 --21 
16 --20 

6 -- 16 
8 -- 12 

< 8 -- 2 
< 9 11 

45 -- 44 
27 30 
41 38 

< 9 4 
13 12 

< 9 0 

20 17 
103 -- 108 

T a b l e  3. Observed  a n d  ca l cu la t ed  s t r u c t u r e  f a c t o r s  (hO1) 

hO1 2' o 2' c 

204 39 44 
206 < 6 --21 
208 32 37 

2,0,10 9 -- 17 
2,0,12 6 8 
2,0,14 29 --43 
2,0,16 18 --22 
2,0,18 39 --59 
2,0,20 24 -- 33 
2,0,22 37 -- 59 
2,0,24 13 --21 
2,0,26 20 -- 34 
2,0,28 < 6 2 
2,0,30 9 -- 16 
2,0,32 9 14 
2,0,34 13 --11 
2,0,36 < 8 2 
2,0,38 39 -- 32 
2,0,40 57 -- 72 
2,0,42 84 92 
2,0,44 34 30 
2,0,46 < 9 9 
2,0,48 11 8 
2,0,50 < 9 6 
2,0,52 9 9 
2,0,54 < 9 8 
2,0,56 9 13 
2,0,58 < 9 10 

300 20 17 
302 286 292 
304 17 --41 
306 28 23 
308 27 -- 29 

3,0,10 < 6 -- 6 
3,0,12 9 - 5 
2,0,14 17 11 
3,0,16 18 17 
3,0,18 32 26 
3,0,20 27 32 
3,0,22 26 16 
2,0,24 I 1 --  4 

3,0,26 < 6 --  20 

3,0,28 18 - - 2 8  

3,0,30 26 -- 32 
3,0,32 35 -- 44 
3,0,34 26 -- 23 

hO1 Fo Fc 
2,0,36 32 -- 24 
2,0,38 < 6 13 
2,0,40 41 7 
3,0,42 187 159 
3,0,44 135 127 
3,0,46 < 6 -- 10 
3,0,48 52 42 
3,0,50 18 --  10 
3,0,52 11 8 
3,0,54 39 - 38 
2,0,56 16 --  14 

3,0,58 46 -- 50 
3,0,60 23 - 28 
2,0,62 42 -- 44 

3,0,64 14 -- 11 

3,0,66 26 --  20 
3,0,68 < 6 5 
3,0,70 9 -- 5 
3,0,72 9 11 
3,0,74 9 -- 6 
5,0,76 11 5 
3,0,78 13 -- 14 
5,0,80 9 --10 
3,0,82 30 -- 29 
5,0,84 143 -- 127 
3,0,86 44 42 
3,0,88 32 32 
3,0,90 21 18 
2,0,92 29 23 
3,0,94 20 17 
3,0,96 25 20 
3,0,98 13 12 
3,0,100 17 13 

400 24 -- 19 
402 < 9 3 

4,0,36 < 9 2 
4,0,38 13 --20 
4,0,40 37 43 
4,0,42 17 25 
4,0,44 11 2 
4,0,46 < 6 8 

Y~00 24 -- 19 
402 < 9 -- 3 
404 11 12 

hOl .F o Fc 
406 < 9 -- 6 
~08 11 6 

4,0,10 < 9 9 
4,0,22 < 9 -- 17 
~,0,24 14 --26 
~,0,26 14 --22 
- -  

4,0,28 17 -- 19 
- -  

4,0,30 < 9 -- 6 
4,0,36 < 9 11 
4,0,38 9 10 
~,0,40 13 -- 2 
4_--,0,42 22 -- 32 
4,0,44 118 122 
4,0,46 35 43 
~,0,48 13 11 
~,0,50 9 8 
~,0,52 9 -- 8 
4,0,54 < 9 2 
~,0,56 13 -- l0 
4,0,58 < 9 9 
4,0,60 9 -- 4 
4,0,62 9 12 
4,0,64 < 9 -- 3 
~,0,66 9 6 
4,0,68 < 9 -- 10 
4,0,70 < 9 0 
4,0,72 14 -- 13 
4,0,74 < 9 -- 4 
4,0,76 19 -- 18 
4,0,78 < 9 1 
4_,o,8o 20 - t 8  
4,0,82 27 18 
4,0,84 23 --  18 

4,0,86 51 --51 
~,0,88 17 25 
4,0,90 < 9 7 
~,0,92 17 12 
~,0,94 11 7 
~,0,96 9 5 
4,0,98 < 9 1 

600 < 6 6 
602 26 20 
604 < 6 2 

6,0,44 < 9 -- 22 
6,0,46 42 33 
6,0,48 < 9 4 

As  c a n  be  seen,  i t  is a t y p i c a l  s h e e t  s t r u c t u r e  r e m -  
i n i s c e n t  of m a n y  o t h e r  l ong  c h a i n  s t r u c t u r e s ,  i.e. m o s t  
c r y s t a l  f o r m s  of t h e  n o r m a l  f a t t y  ac ids  (von  S y d o w ,  
1956b). A l t h o u g h  t h e r e  is no  p o s s i b i l i t y  of h y d r o g e n  
b o n d i n g  in  m e t h y l  s t e a r a t e  as in  n o r m a l  f a t t y  ac ids  
t h e  m o l e c u l e s  f o r m  d o u b l e  s h e e t s  ( d i m e r i z a t i o n )  l ike  
t h e  ac ids ,  b u t  u n l i k e  t h e  e t h y l  e s t e r s  a n d  h i g h e r  e s t e r s  
w h i c h  f o r m  s ingle  s h e e t s  (Malkin ,  1931). 

A d e t a i l  of  t h e  e s t e r  g r o u p  r e g i o n  is s h o w n  in  F ig .  
5(a) .  T h e  c loses t  d i s t a n c e  b e t w e e n  t h e  e s t e r  c a r b o n  
a t o m s  is 3.3 ~ ,  w h i c h  is u n u s u a l l y  sho r t ,  b u t  cons ide r -  
i n g  t h e  p o l a r  fo rces  b e t w e e n  o x y g e n  a n d  c a r b o n  a t o m s ,  
is q u i t e  c o n c e i v a b l e .  T h e s e  fo rces  a r e  p r o b a b l y  t h e  
c a u s e  of t h e  d i m e r i z a t i o n .  

T h e  A - c e n t e r i n g  of t h e  s t r u c t u r e  h a s  g i v e n  pos-  
s ib i l i t ies  fo r  b e t t e r  m o l e c u l a r  i n t e r a c t i o n  c o m p a r e d  
w i t h  a n o n - c e n t e r e d  s t r u c t u r e  as s h o w n  in  Fig .  5(b). 

T h e  n o n - c e n t e r e d  s t r u c t u r e  s i m i l a r  to  t h e  B - s t r u c t u r e  
of s t e a r i c  a c i d  w o u l d  e i t h e r  h a v e  t o o  s h o r t  a c a r b o n -  
c a r b o n  d i s t a n c e  (2-3 _~) or  h a v e  a l a r g e r  t o t a l  v o l u m e  
w i t h  a n o r m a l  c a r b o n - c a r b o n  d i s t a n c e ,  i.e. a l o w e r  
d e n s i t y ,  a n d  be less s t ab le .  

X - r a y  p o w d e r  p h o t o g r a p h s  of t h e  c r y s t a l l i n e  sol ids  
o b t a i n e d  f r o m  d i f f e r e n t  s o l v e n t s  a n d  m e l t  (see a b o v e )  
w e r e  f o u n d  t o  be i d e n t i c a l ,  e x c e p t  for  t h e  cases  w i t h  
r a p i d  c r y s t a l l i z a t i o n  f r o m  m e l t  a n d  c h l o r o f o r m ,  w h e r e  
t h e y  w e r e  f o u n d  to  be  s i m i l a r  to  t h e  o t h e r s  b u t  w i t h  
a s i m p l e r  d i a g r a m .  T h e  m e l t i n g  p o i n t  of t h i s  c r y s t a l  
f o r m  was  f o u n d  t o  be  38 .6 -39 .0  °C. ( the  f l - fo rm ac- 
c o r d i n g  to  F r a n c i s  & P i p e r ,  1939) as c o m p a r e d  w i t h  
39 .1 -39-4  °C. f o u n d  for  t h e  c r y s t a l s  u s e d  in  t h e  s t r u c -  
t u r e  d e t e r m i n a t i o n  ( the  y - f o r m  a c c o r d i n g  t o  F r a n c i s  
& P i p e r ,  1939). T h e  t w o  c r y s t a l  f o r m s  o b v i o u s l y  h a v e  
v e r y  s i m i l a r  m o l e c u l a r  a r r a n g e m e n t s .  
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Fig. 5. The ester group regions of (a) the actual centered 
structure and (b) the corresponding non-centered structure. 

This can be correlated with the  centered and non- 
centered structures discussed above, i.e. the low melt- 
ing form (fl according to Francis  & Piper, 1939) can 
be assumed to be similar to the B-form of normal  
f a t t y  acids, which owing to the strong hydrogen 
bonds, can only have one of the two ment ioned kinds 
of s tructure--- the non-centered one. 
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