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On the Crystal Structure of 14 DL-Methyloctadecanoic Acid 
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14 DL-methyloetadecanoic acid is triclinic with a = 5.06, b = 6.01 and c = 54.5 A; a = 135 ° 6', 
= 91 ° 42' and 7 ---- 107° 18'. The cell contains two molecules related by a centre of symmetry  

(space group C~-PY). The structure represents a new molecular packing of long-chain fa t ty  acids 
with a branching methyl group. From a crystallographic point of view the molecule is a butyl- 
branched pentadeeanoic acid. The main chains can adopt a distorted triclinic chain packing by tilting 
41 ° to the (001) planes to accomodate the butyl branches between the chain ends. 

Introduction 

The crystal  s t ructures  of 9 DL- and 16 DL-methyl- 
octadecanoic acid (Abrahamsson,  1956, 1 9 5 8 ) h a v e  
shown one possible molecular a r rangement  of long- 
chain f a t t y  acids with a branching methy l  group. 
F rom long-spacing, d(001), measurements ,  however,  
14 DL-methyloctadecanoic acid appeared to have a 
different s t ruc ture  and was, therefore, invest igated by  
single crystal  methods. 

Preparation of crystals 

The pure 14 DL-methyloctadecanoic acid was provided 
by  Prof. E. Stenhagen and his collaborators. I t  had  
been synthesized by  the Kolbe reaction from 3 DL- 
methylheptanoic  acid and methyl  hydrogen dodecan- 
1-12-dioate (cf. St~llberg-Stenhagen, 1950). I t s  melt- 
ing point  was 36.3-36.6 °C. Crystals were grown from 
acetone as t r ansparen t  thin plates. They proved, 
however,  to be twinned on the  (001) planes when 
examined in polarized light and were, therefore, split 
parallel to these planes. Though this was done very  
carefully it  was impossible to obtain good single 
crystals,  and a certain spread of the X - r a y  reflexions 
could not  be avoided. I t  is highly probable t ha t  single 
crystals of the acid always consist of somewhat  dis- 
arranged,  very  thin plates. The crystals are biaxial 
positive. 

X-ray data 

Rota t ion  and Weissenberg photographs  were t aken  
with Cu K radiat ion.  The following da t a  were ob- 
ta ined:  

Molecular formula : C19H3802 . 
Molecular weight:  298.49. 
Uni t  cell: Triclinic. 

a = 5-06±0.03, b = 6.01±0.04, c = 54.5±0.5/~ .  
-- 135 ° 6 '±45 ' ,  fl = 91 ° 42 '±45 ' ,  ~, = 107 ° 18 '±45 ' .  

d(001) = 35.9±0.2 J~. 

Two molecules per unit  cell. 
N u m b e r  of electrons: 336. 

Densi ty  calculated:  0.95±0.02 g.cm. -3. 
Densi ty  measured:  0.94 g.cm. -3. 
Space group" C~-PT. 

The crystals showed no piezo-electric effect, which 
is consistent with a centre of symmet ry .  

The intensities of the  (0~l) reflexions were es t imated  
visually by  two observers using the  multiple-film 
technique. In  spite of the  spread of the spots the two 
observations were in good agreement.  The usual  
Lorentz and polarization factors were applied and the  
evaluated relative s t ructure  factors were la ter  brought  
to an absolute scale by comparison with calculated 
s t ructure  factors. No absorpt ion correction was made.  

Subcell 

As usual with long-chain compounds with a periodic 
carbon chain a sublatt ice was found in the reciprocal 
lattice. The dimensions of the  subcell were calculated 
to be: 

a s = 4 " 4 7 ,  b8=5"16 ,  c s = 2 " 5 7 ~ ;  
as = 72 ° , fiB= 109 ° , 7 s =  117°. 

These values correspond to those repor ted for the  
subcell of the triclinic packing of hydrocarbon chains 
(Vand & Bell, 1951 ; v o n  Sydow, 1956). A chain pack- 
ing of the common triclinic type  was therefore ex- 
pected to exist in this acid. The bs edge of the subceU 
coincides with the a edge of the  main  cell and the  
cs edge is parallel to the c edge but  opposite in direc- 
tion. 

Patterson projection 

As the chain direction found from the orientat ion of 
the subcell within the main cell definitely excludes a 
molecular a r rangement  similar to t ha t  of the  9 ])L- 
and 16 DL-methyloctadecanoic acids it was impor t an t  
to check this direction. Therefore, a Pa t te r son  projec- 
t ion along the  shortest  axis was calculated. The Four ier  
summat ions  were performed par t ly  with Beevers -  
Lipson strips (3 °) and pa r t ly  on the  H ~ g g - L a u r e n t  
machine (1946). The result  confirmed the informat ion 
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Fig. 1. E lec t ron-dens i ty  p ro jec t ion  of 14 DL-methyloe tadecanoie  acid a long the  shor tes t  axis. 
Contours  are given a t  intervals  of 1 e.A -9" s ta r t ing  wi th  1 e .A -2. 

from the subcell determination that  the direction of 
the periodic chain is approximately parallel to the 
chosen c axis. 

Structure determinat ion  

At this stage the packing and the direction of the 
carbon chains was known. As the branching methyl  
group is at position 14 a trial structure was assumed 
with a regular carbon chain Cj-Cla. The rest of the 
carbon atoms were omitted in the first structure 
factor calculation but the two oxygen atoms were 
included. They were given positions consistent with 
the usual dimerization of long-chain fat ty  acids. 
A centre of symmetry  was assumed on account of the 
racemic nature of the acid. Atomic scattering factors 
were taken from McWeeny (1951) and from Vand et al. 
(1957). In the later stages the structure-factor calcula- 
tions were performed on the BESK-computer of the 
Swedish Board for Computing Machinery. 

The first electron-density projection along the 
shortest axis, however, gave no further information 
about the structure. The oxygen atoms appeared on 
the map but for the rest only a repetition of the two 
subcell carbon atoms along the cell could be seen. 
Evident ly  atoms Cj5-C~9 contribute little to the 
structure factors used for the projection. 

Considering again the packing and the direction of 
the carbon chain, a trial structure including the whole 
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molecule was derived: the only possible arrangement 
seemed to be mainly as in Fig. 2. A structure factor 
calculation with all carbon and oxygen atoms deter- 
mined 55 signs. The corresponding electron-density 
projection was satisfactory, allowing the usual refine- 
ment procedure to begin. 

After ten cycles of difference syntheses the reliabi]ity 
index R 1 was reduced to 0-17 (non-observed reflexions 
omitted). In the later structure-factor calculations the 
contributions from the hydrogen atoms of the more 
regular part  of the chain, Ce-Cla (see below)were 
included. A temperature factor: exp ( - B  sin s 0/~ 2) 
with the final value of B = 5.9 A 2 was applied. The 
positions of the hydrogen atoms relative to the carbon 
atoms were calculated from the data of Vainshtein & 
Pinsker (1950). The electron-density map is shown in 

Table 1. Atomic  coordinates 

A t o m  y/b z/c A t o m  y/b z/c 
01 0.375 0.0205 C10 0.472 0.2515 
02 0.666 0.0272 Clz 0.361 0.2655 
C z 0.537 0.0405 C12 0.475 0.3020 
C9 0.535 0.0635 Cza 0.353 0.3125 
C 3 0.430 0.0800 C14 0.511 0.3525 
C 4 0.493 0.1085 C15 0.835 0.3850 
C 5 0.405 0.1235 C16 0.055 0.4215 
C 6 0.469 0.1560 Czv 0.400 0.4365 
C~ 0.377 0.1715 Czs 0-489 0.4655 
C s 0.474 0.2045 C19 0.305 0.3535 
C~ 0.354 0.2155 

14 
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hkl Fo .Fc 
000 - -  336 
001 - -  41 
002 - -  -- 6 
003 24 18 
0O4 3 1 
005 12 9 
006 < 1 -- 2 
007 < 1 2 
008 5 -- 10 
009 7 9 

0,0,10 15 --16 
0,0,11 3 5 
0,0,12 15 --14 
0,0,13 9 --10 
0,0,14 9 --7 
0,0,15 16 --14 
0,0,16 6 --6 
0,0,17 12 --9 
0,0,18 16 --19 
0,0,19 8 6 
0,0,20 5 --4 
0,0,21 24 --21 
0,0,22 20 --22 
0,0,23 < 3 5 

010 119 --125 
011 72 --73 
012 < 2 1 
013 11 5 
014 13 --9 
015 16 15 
016 < 2 1 
017 < 2 1 
018 14 11 
019 5 --1 

0,1,10 9 6 
0,1,11 3 3 
0,1,12 < 3 2 
0,1,13 3 3 
0,1,14 < 3 4 

T a b l e  2. Observed a n d  calcula ted  s t ruc ture  

hkl 2'o .Fc hkl 
0,1,19 < 2 --2 026 
0,1,20 8 --11 027 
0,1,21 8 11 028 
0,1,22 12 12 029 
0,1,23 < 3 --5 021 

023 
01i 7 --6 023 
013 11 9 02~ 
013 18 --15 025 
014 27 --28 026 
015 17 23 027 
016 30 --34 028 
017 9 12 02§ 
018 < 2 4 0,2,10 
019 21 --27 0,2,1-i 

0,1,I0 31 34 0,2,12 
0,1,11 30 --30 0,2,13 

- -  _ _  

0,1,12 31 34 0,2,14 
- -  _ _  

0,1,13 < 2 --1 0,2,15 
_ _  

0,1,14 6 9 0,2,16 
0,1,15 21 22 0,2,17 
0,1,16 4 4 0,2,18 
0,1,17 14 14 0,2,19 
0,1,18 15 17 0,2,20 
0,1,19 < 3 --1 0,2,21 
0,1,20 17 19 0,2,22 
0,1,21 48 46 0,2,23 
0,1,22 16 8 0,2,24 
0,1,23 5 --3 0,2,32 
0,1,24 16 16 0,2,33 
0,1,25 < 3 --3 0,2,34 
0,1,26 10 12 0,2,35 
0,1,27 < 3 5 0,2,36 

0,2,37 
24 27 0,2,38 
30 29 0,2,39 

< 2 1 0,2,40 
6 -- 9 0,2,41 
6 --5 0,2,42 
7 --9 

020 
021 
022 
023 
024 
025 

f ac tor s  

5 --8 
3 - - 1  
5 --7 

< 3 1 
18 --21 

< 3 1 
< 2  --7 

5 3 
< 2 --3 

8 - - 4  
2 2 
7 --10 
4 3 

< 2 --5 
8 - - 9  

< 2 --2 
< 2 --5 

12 --14 
< 2 5 

10 --15 
5 6 
8 --9 

12 3 
< 2 3 
< 2 10 

9 8 
8 - 8  

< 2 --2 
< 3 4 

4 3 
5 2 

< 3 5 
7 8 

< 3 --2 
< 3 2 
< 3 4 

8 2 
< 3  - - 1  

15 --15 

hkl _F o lZ' c 
_ _  

0,2,43 < 3 3 

036 < 3 - -  2 
037 6 8 
038 < 3 3 
039 < 3 1 

0,3,10 5 8 
0,3,11 < 3 --2 
0,3,19 < 3 4 
0,3,20 17 --16 
0,3,21 17 --19 
0,3,22 < 3 1 
0,3,23 < 3 --9 
0,3,24 10 --10 
0,3,25 < 3 --4 
0,3,26 6 --10 
0,3,27 3 --2 
0,3,28 < 3 -- 7 
0,3,29 7 --5 
O,3,3O < 3 -- 5 
0,3,31 < 3 --5 
0,3,32 6 --9 
0,3,33 < 3 1 
0,3,34 3 --4 
0,3,35 < 3 3 
0,3,38 < 3 4 
0,3,39 7 --4 
0,3,40 12 4 
0,3,41 22 19 
0,3,42 23 19 
0,3,43 < 3 --2 

0,4,19 < 3 7 
0,4,20 16 17 
0,4,21 < 3 5 
0,4,40 < 3 -- 5 
0,4,41 24 --25 
0,4,42 21 --18 
0,4,43 < 3 8 

F ig .  1 a n d  t h e  c o o r d i n a t e s  of t h e  h e a v i e r  a t o m s  a r e  
l i s t ed  in  T a b l e  1. 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  a r e  in  T a b l e  2. 

D i s c u s s i o n  of  t h e  r e s u l t s  

T h e  m o l e c u l a r  a r r a n g e m e n t  is s h o w n  in  Fig .  2. I t  
r e p r e s e n t s  a n e w  p a c k i n g  of l o n g - c h a i n  f a t t y  ac ids  
w i t h  a b r a n c h i n g  m e t h y l  g r o u p .  F r o m  a c ry s t a l l o -  
g r a p h i c  p o i n t  of v i e w  t h e  m o l e c u l e  c a n  be  d e s c r i b e d  
as a b u t y l - b r a n c h e d  p e n t a d e c a n o i c  a c i d  w i t h  t h e  

b r a n c h  in  p o s i t i o n  (o J - 1 ) .  
B y  a s u i t a b l e  t i l t  of t h e  ac id  m o l e c u l e s  to  t h e  (001) 

p l anes ,  t h e  b u t y l  b r a n c h e s  a r e  a c c o m m o d a t e d  b e t w e e n  
t h e  e n d s  of t h e  m a i n  c h a i n s  a n d  t h e s e  c a n  p a c k  t i g h t l y  
t o g e t h e r  in  t h e  c o m m o n  t r i c l i n i c  c h a i n  p a c k i n g  w i t h  
al l  c h a i n  p l a n e s  pa ra l l e l .  T h e  n e c e s s a r y  a n g l e  of t i l t  
is 41 °, c a l c u l a t e d  f r o m  t h e  a v e r a g e  d i f f e r e n c e  of z- 
c o o r d i n a t e s  b e t w e e n  a l t e r n a t e  c a r b o n  a t o m s  in  t h e  
m a i n  c h a i n  (C2-C13) a n d  t h e  subce l l  d i m e n s i o n  2.57 •. 
T h e  a c i d  m o l e c u l e  is t h u s  t i l t e d  m o r e  t h a n  in  n o r m a l  
c h a i n  ac ids  (60 °, y o n  S y d o w ,  1956) b u t  less t h a n  in  

16 DL- a n d  9 D L - m e t h y l o c t a d e c a n o i c  a c i d  (33 ° a n d  18 ° 
r e s p e c t i v e l y ) .  

T h e  c h a i n  p a c k i n g  is s e v e r e l y  d i s t o r t e d .  N o  p a r t  of 
t h e  m a i n  c h a i n  is q u i t e  r e g u l a r  a n d  t h e  c h a i n  ax i s  is 
c l e a r l y  b e n t .  S o m e  of th i s  d e f o r m a t i o n  is c a u s e d  b y  
t h e  c a r b o x y l  g r o u p s  as t h e y  h a v e  less f a v o u r a b l e  
pos i t i ons  t h a n  in  n o r m a l  c h a i n  ac ids  d u e  t o  t h e  t i l t  
of t h e  m o l e c u l e s .  T h e i r  d i s t u r b i n g  e f fec t  is n o t  so 
p r o n o u n c e d ,  h o w e v e r ,  as  in  16 DL- a n d  9 D L - m e t h y l -  
o c t a d e c a n o i c  ac id  w h e r e  t h e  c a r b o x y l  g r o u p s  a r e  
e f f e c t i v e l y  f o r c e d  i n t o  t h e  c h a i n  p a c k i n g .  

T h e  l a rge  b u t y l  b r a n c h e s  do  n o t  eas i ly  f i t  i n  t h e  

a r r a n g e m e n t  a n d  cause  m o s t  of t h e  d i s t o r t i o n s  in  t h e  
cha in .  I t  is i m p o s s i b l e  to  p a c k  t h e  b r a n c h e s  t i g h t l y  
a n d  a r a t h e r  o p e n  s t r u c t u r e  is f o u n d  in  t h e  b r a n c h  
r eg ion .  Th i s  is c l e a r l y  s h o w n  b y  t h e  low d e n s i t y  of 
t h e  ac id ,  0.95 g . cm.  -3, as c o m p a r e d  w i t h  t h e  v a l u e s  
0.991 a n d  1.001 g . cm.  -3 of 16 DL- a n d  9 D L - m e t h y l -  
o c t a d e c a n o i c  ac id  r e s p e c t i v e l y .  T h e  s h a p e  of t h e  
b r a n c h  is s u c h  t h a t  i ts  l as t  t w o  a t o m s  c o n s t i t u t e  a 
c o n t i n u a t i o n  of t h e  n e i g h b o u r i n g  m a i n  cha in ,  (Fig.  1), 
t h o u g h  a n  e x a c t  f i t  in  t h e  subce l l  r e p e t i t i o n  of t h i s  
c h a i n  is n o t  o b t a i n e d .  
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Fig. 2. Molecular arrangement of 14 DT,-methyloctadecanoic acid as viewed along the shortest axis. 

The acid dimers are held together  by weak van  der 
Waals  forces between the  methyl  group layers of the  
branches.  This causes the crystals to grow as thin 
plates and allows the  f requent  twinning on the (001) 
planes. 
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