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2 DL-Methyloctadecanoic acid is triclinie wi th  a = 5.07, b = 5.76, c ---- 52.5 /~; 0¢ = 133 ° 45', fl ----- 
87 ° 26', F = 109 ° 41'. The raeemie acid contains two molecules related by  a centre of s y m m e t r y  
(space group C~-PT). From a crystal lographic point  of view the molecule is bui l t  up of the  hydro-  
carbon octadecane wi th  a carboxyl  group in posit ion 2 project ing out as a side chain.  The polar 
groups are accommodated between the ends of the main  chains by  a suitable t i l t  of the  molecules 
to the (001) planes (46°). The hydrocarbon tails of the molecules are then  allowed to pack t igh t ly  
in the common triclinic chain packing wi th  all chain planes parallel. There are hydrogen-bonded 
dimers as is usual wi th  higher f a t t y  acids. 

Introduction 

I n  t he  series of m e t h y l s u b s t i t u t e d  oc tadecanoic  acids,  
t h e  molecu la r  a r r a n g e m e n t  in  t he  solid s t a t e  has  been 
d e t e r m i n e d  for acids b r a n c h e d  in  t he  midd le  of t he  
cha in  a n d  f u r t h e r  a w a y  f rom the  ca rboxy l  g roup  
(Abrahamsson ,  1956, 1958, 1959). F o r  a s y s t e m a t i c  
t r e a t m e n t  of t he  series i t  was t h e n  necessa ry  also to  
k n o w  the  s t r u c t u r e  of an  acid b r a n c h e d  close to the  
po la r  group.  

Preparation of crystals 

The  pure  2 DL-methy loc tadecano ic  acid was p repa red  
b y  G. Sti~llberg (1958). I t s  m e l t i n g  po in t  was 55-4-55.7 
°C. The  acid c rys ta l l i zed  f rom ace tone  as beau t i fu l  
t h i n  pla tes .  The  c rys ta l s  were v e r y  soft  a n d  there fore  
eas i ly  de formed;  t hus  some d i f f i cu l ty  was m e t  w i t h  
in  ob t a in ing  good single c rys ta l s  for t he  X - r a y  work.  
All  c rys ta l s  s tud ied  were b iax ia l  pos i t ive  and  showed  
no tw inn ing .  

X-ray data 

Rotation and Weissenberg photographs were taken 
with Cu K radiation using a calibrated camera. The 
following data were obtained: 

Molecular formula: C~9Hs802. 
Molecular  we igh t :  298.49. 
U n i t  cell: Tricl inic.  

a = 5 .07+0.02,  b = 5.67±0-02,  c = 52 .5±0-3 /~ .  
c~ = 133 ° 4 5 ' ± 3 0 ' ,  fl = 87 ° 2 6 ' ± 3 0 ' ,  ~ = 109 ° 14 '+30 ' .  
U = 990±10  A 3. 
d(001) = 36 .5±0.2  4 .  

Two molecules  per  u n i t  cell. 
N u m b e r  of e lec t rons :  336. 
D e n s i t y  ca lcu la ted :  1 .001±0.010 g.cm. -8. 
D e n s i t y  m e a s u r e d :  0.998 g.cm. -3. 
Space  group-  C~-PT. 

The  absence  of t he  piezoelectr ic  effect  is cons i s ten t  
w i t h  t h e  chosen space  group.  

The  in tens i t i e s  of t he  (Okl) ref lexions  were e s t i m a t e d  

v i sua l ly  b y  two observers .  The  L o r e n t z  a n d  polar iza-  
t i on  fac tors  were app l ied  a n d  a set  of r e l a t ive  obse rved  
s t r u c t u r e  fac tors  were  eva lua ted .  Abso lu te  va lues  were  
l a t e r  o b t a i n e d  b y  compar i son  w i t h  ca lcu la t ed  s t ruc-  
tu re  factors .  No a t t e m p t  was m a d e  to  correct  for 
abso rp t ion  errors.  

S u b c e l l  

The  rec iprocal  l a t t i ce  showed a m a r k e d  sub la t t i ce  
revea l ing  a per iodic  ca rbon  chain.  The  fol lowing d imen-  
sions of t he  subcel l  were  found :  

a s = 4 " 3 3 ,  bs=5"27, c s = 2 " 5 0 / ~ ;  
a s = 7 2  ° , f l s =  109 ° , ~ ' s=  117 ° • 

These  d a t a  are in  a g r e e m e n t  w i th  those  found  for 
t he  subcel l  of t he  t r ic l in ic  p a c k i n g  of ca rbon  chains  
(Vand  & Bell,  1951; von  Sydow,  1956) t h e r e b y  f ix ing  
the  re la t ive  pos i t ions  of t he  ca rbon  chains  in  t h e  
s t ruc tu re .  The  o r i en t a t i on  of t he  subcel l  w i th in  t he  
m a i n  cell d e t e r m i n e d  the  cha in  axis  to  be r o u g h l y  
para l le l  to  the  c-axis. 

Structure factors and electron-density 
projections 

The  l eng th  of t he  u n i t  cell cor responds  to  a double  
molecu la r  a r r a n g e m e n t .  The  acid  was  the re fore  con- 
s idered to ex is t  as h y d r o g e n - b o n d e d  d imers  as is usua l  
w i t h  h ighe r  f a t t y  acids.  As the  b r a n c h  is in  t he  

Tab le  1. Atomic coordinates 
Atom y/b z/c Atom y/b z/o 

O 1 0-053 0-4733 C10 0-576 0-2311 
02 0.340 0.4705 C n 0-470 0-2005 
C 1 0.085 0.4630 C12 0.557 0.1812 
C 2 0.674 0.4318 C13 0.447 0.1519 
C 3 0.528 0.3984 C14 0.548 0" 1332 
C 4 0.609 0.3775 C15 0.421 0.1017 
C 5 0.516 0.3489 Cle 0.529 0.0846 
C 6 0.606 0-3275 C17 0-400 0.0525 
C 7 0.497 0.2985 Cls 0.512 0.0367 
C s 0.592 0.2799 C19 0.471 0.4370 
C 9 0.481 0.2500 
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hbt 
000 
001 
002 
OO3 
0O4 
OO5 
006 
O07 
O08 
009 

0,0,10 
0,0,11 
0,0,12 
0,0,13 
0,0,14 
0,0,15 
0,0,16 
0,0,17 
0,0,18 
0,0,19 
O,O,20 
0,0,21 
0,0,22 

010 
011 
012 
013 
014 
015 
016 
017 

12 
10 

3 
18 

9 
23 
10 
21 
11 
22 
13 
20 

9 
14 

7 
< 7 

23 
< 7 

144 
5 

16 
25 
29 
25 
26 
19 

336 
- -28  

4 
- -23  

- -2  
- -14  
- -12  

- -2  
- -15  

4 
- -23  

10 
- -23  

11 
- -21  

7 
- -18  

8 
- -15  

3 
4 

24 
- - 8  

- -  132 
- -7  

14 
- -23  

25 
- -23  

24 
- -18  

Table 2. Observed and calculated structure factors 

hkl 2'0 2'c 
018 18 19 
019 12 - -10  

0,1,10 9 13 
0,1,11 < 6 - -5  
0,1,12 < 7 6 
0,1,13 < 7 1 
0,1,14 < 7 2 
0,1,15 7 7 
0,1,16 < 7 - -1  
0,1,17 8 9 
0,1,18 < 8 - -2  
0,1,19 11 14 
0,1,20 10 - -13  
0,1,21 < 8 - -6  

OIT 37 - -37  
01~ 55 49 
Olg 8 - 4  
Olg 25 21 
oi~ 6 8 
016 8 6 
017 15 17 
018 6 --6 
019 25 28 

o,14o 15 - 1 5  
0,1,11 29 31 
0,1,12 20 - -19  
0,1,1_.33 29 32 
0,I,i__44 19 - -20  
0,1,15 25 25 
0,1,16 15 - -15  
0,1,17 18 15 

hkl Fo -Fc 
o,1,1s 8 -3 
0,1,19 9 1 
0,1,20 < 5 2 
0,1,21 11 - -11  
0,1,22 < 6 9 

020 41 44 
021 13 - -8  
022 9 8 
023 < 7 - -  1 
02~ 13 14 
022 21 - -20  
02g < 5 - -5  
02~ 11 - -5  
02~ < 5 - -5  
o2g 8 - 2  
027 5 - -3  
02g 8 -- 2 
o2g 5 - 2  

o,2,1o 9 - 4  
0,2,11 8 4 
0,2,12 10 - -6  
0,2,18 6 3 
0,2,14 6 - -5  
0,2,15 < 5 3 
0,2,20 < 5 -- 1 
0,2,21 34 - -34  
0,2,22 8 - -7  
0,2,23 < 6 12 
0,2,24 7 - -5  

p _  

0,2,25 < 6 10 
0,2,39 < 8 - -2  

hkl 
0,2,40 
0,2,4~ 
0,2,42 
0,2,43 

030 
03T 
03~ 
03g 

0,3,20 
0,3,21 
0,3,22 
0,3,23 
0,3,24 
0,3,25 
0,3,26 
0,3,27 
0,3,28 
0,3,29 
0,3,30 
0,3,39 
0,3,40 
0,3,41 
0,3,42 
0,3,43 
0,4,20 
0,4,21 
0,4,22 
0,4,41 
0,4,42 
0,4,43 

12 
13 
19 

< 8 

< 8 
12 
12 

< 8 
< 7 

23 
< 7 

10 
< 7 

9 
< 7 

9 
< 7 

8 
< 7 
< 8 

9 
9 

26 
< 8 
< 8 

14 
< 8 
< 8 

22 
< 8 

- -15  
- - 4 0  
- - 2 0  

- - 2  

- - 8  
- -12  

10 
3 

- - 6  
27 

4 
- - 1 2  

3 
- - 1 2  

5 
- - 1 2  

7 
- -10  

4 
1 

- - 8  
3 

31 
2 
7 

- -22  
- - 3  

2 
- - 2 5  

- -1  

Fig. 1. E lec t ron-dens i ty  pro jec t ion  along the  shor tes t  axis of 2 DL-methyloetadeeanoie  acid. 
Contours  are given a t  intervals  of 1 e .A -z, s ta r t ing  wi th  1 e .A -z. 



SIXTEI~ ABRAHAiVIS SON 303 

%.4 

0 i J ~ 
0 :2 4A  z / 

Fig. 2. Molecular a r rangement  of 2 DL-methyloctadecanoic acid as viewed along the  shortes t  axis. 

vicinity of the carboxyl group, the hydrocarbon tails 
of the molecules were assumed to be regular, forming 
the expected triclinic chain packing. 

A trial structure along these lines was adopted with 
the methyl group ends of the chains separated by the 
usual van der Waals distances. The arrangement of 
the carboxyl region was more difficult to predict but 
from spatial considerations it was evident that  a 
structure mainly as shown in Fig. 2 should be possible. 

Cycles of structure-factor calculations and electron- 
density maps were performed for the (y, z) projection. 
The structure factors were computed on the BESK 
computer of the Swedish Board for Computing 
Machinery using the atomic scattering values of Vand 
et al. (1957). The electron-density projections were 
prepared with Beevers-Lipson strips (3 °) and the 
Hiigg-Laurent machine (1946). 

The final refinement was accomplished by several 
difference syntheses. In the later stages of the struc- 
ture determination the hydrogen atoms were included 
in the structure-factor calculations. Their positions 
relative to the carbon atoms were derived from the 
data of Vainshtein & Pinsker (1950). A temperature 
factor was applied: exp ( - B  sin 9 0/A 2) with the final 

value of R = 5.4 /~2. The reliability index R 1 is 0.16, 
omitting non-observed reflexions. The coordinates of 
the carbon and oxygen atoms are given in Table 1, 
and observed and calculated structure factors in 
Table 2. The final electron-density projection is shown 
in Fig. 1. 

Discussion of the resul ts  

The molecular arrangement is shown in Fig. 2. From 
a crystallographic point of view the molecule is built 
up of the hydrocarbon octadecane with a carboxyl 
group in position 2 projecting out as a side chain. 

The long hydrocarbon tails of the molecules tend 
to arrange in a tight side packing, in this case triclinic 
with all chain planes parallel. The disturbing effect of 
the carboxy] branch is made as small as possible by 
tilting the molecules with respect to the (001) planes 
so that  the polar groups are accommodated between 
the neighbouring methyl-group ends of the main chains 
(Fig. 2). The angle of tilt is 46 ° , calculated from the 
average difference of z-coordinates between alternate 
carbon atoms in the regular part of the chain (C4-C J 8, 
see below) and the subcell dimension c8--2.50 J~. 
By this arrangement the formation of hydrogen- 
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bonded dimers is still possible and takes place around 
a centre of s y m m e t r y  as usual. Double molecular 
sheets result  which are held together  by weak van  
der Waals  forces only. This leads to the soft f laky 
crystals. F a t t y  acid crystals built  up of sheets of 
molecules do often exhibit  twilming. No twins were 
found, however,  in this investigation. 

Distort ions are found in the  chain packing iii the 
vicinity of the  earboxyl  group where space problems 
exist. The long tails (C4-C ~ 8) of the  molecules, however, 
are free to ar range  in an almost  regular chain packing. 
The main  deviat ion seems to be a certain twist  of the 
chain plane as the  two rows of carbon atoms of one 
molecule are not  quite parallel in the  projection 
(Fig. 1). 

I wish to t h a n k  Miss G. St~llberg for a sample of 
the  acid and  Prof. G. Hi~gg, Prof. E. Stenhagen and 
Dr  E. yon Sydow for their interest.  I am also indebted 

to Messrs L. Gustavsson,  E. Herber ts ,  W. Mtiller and  
A. Westerdahl  for help with the  calculations. The 
expenses involved have  been defrayed by grants  from 
the Swedish Na tu ra l  Science Research Council and  
the Swedish Board  for Computing Machinery.  
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2 D-methyloctadecanoic acid is monoclinic with a = 9.08, b -- 5.01, c = 24.0 A; fl = 116 ° 37'. 
I t  belongs to the space group C~-P21. From a crystallographic point of view the molecule is built 
up of the hydrocarbon octadecane with a carboxyl group in position 2 projecting out as a side chain. 
The branches are as usual accommodated between the tails of the main chains. A new packing of 
hydrocarbon chains is found. I t  resembles the common orthorhombie chain packing but the sym- 
metry  elements are interchanged with respect to the subcell axes which are identical in both cases. 
The molecules are linked together in chains by infinite helices of hydrogen bonds. 

Introduction 

I n  connexion with synthet ic  work on 2-methyl- 
octadecanoic acid (G. St~illberg, 1958) the optically 
active forms of the  acid were found to exhibit  poly- 
morphism. As the high melting modification showed 
an unusual  infrared spect rum for long-chain f a t t y  
acids in the solid state,  a crystal  s t ructure  investiga- 
t ion was s ta r ted  as a pa r t  of studies of other  branched- 
chain acids (Abrahamsson,  1956, 1958, 1959a, b). 

Preparation of crystals 

One crystal  form (m.p. 54.7-55.0 °C.) of the  enan- 
t iomers is obtained by crystall ization from solution 
and another  (m.p. about  43 °C.) by  cooling the melted 
acid. Crystals of the high melting form were grown 
from glacial acetic acid. They  were well developed, 
long and la th-shaped and showed no twinning. Their 
optic sign was positive. 

X-ray data 

Rota t ion  and Weissenberg photographs  were t aken  
with Cu K radia t ion using a cal ibrated camera.  The 
following da t a  were found:  

Molecular formula :  C19H3sO2. 
Molecular weight:  298.49. 
Uni t  cell: monoclinic. 

a = 9.08+0.03, b = 5.01+0.02, c = 24-0+0.2/~.  
fl -- 116 ° 37 '±30 ' .  
U -- 977±10/~3.  
d(001) = 21.46±0.10 •. 

Two molecules per  uni t  cell. 
Number  of electrons: 336. 
Densi ty  calculated:  1.015±0.010 g.cm. -3. 
Densi ty  measured:  1.015 g.cm. -3. 
Absent  reflexions: (0k0) for k odd. 
Space group:  P2~ or P21/m. 


