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I 
V TItaN FmMS of molten f a t t y  acids between sodium 
chloride plates are slowly cooled under  the influ- 
ence of a t empera tu re  gradient,  oriented crystal-  

line samples result  which are well suited for  investi- 
gation with polarized inf ra red  radiat ion (3, 6). The 
polarized spectra  obtained on such oriented films of 
earboxylie acids have been used to arr ive  at  more 
detailed in terpre ta t ions  of in f ra red  spectra (7) and 
to obtain new s t ruc tura l  informat ion (6).  

Difficulties associated with the evaluation of polar- 
ized spectra increase with decreasing crystal  sym- 
metry.  In  orthorhombie crystals all absorption bands 
are polarized along symmet ry  axes, in monoelinie 
crystals along an axis or in a plane perpendicular  
to this axis (5). Fo r  trielinic crystals no such rules 
exist. The picture  is fu r the r  complicated by anoma- 
lous dispersion, which is par t i cu la r ly  hard  to evalu- 
ate for  triclinie crystals  in the vicini ty of absorption 
bands. The in terpre ta t ion  of data  obtained on tri- 
clinic crystals is therefore necessarily of a more quali- 
tat ive nature  than in the case of systems with higher 
symmetry.  

Even-mmlbered n-alkyl monocarboxylie acids crys- 
tallize in three different forms, called A, B, and C; 
odd numbered acids fit forms A', B', and C'. Forms  B, 
C, and C' are monoclinie, the rest  t rMin ic  (8). A rep- 
resentative acid of fo rm C has been previously investi- 
gated in this laboratory  (6). The present  work is 
eoncermxl with representat ive sanqlles of otller forms 
whi(:h (;an 1)(; obtained f rom the melt  and therefore 
lend themselves to investigation with the above-men- 
tioned technique, namely A',  B', and C'. A'  and B' 
arc t rMinie,  C' is monoclinie. Unfor tuna te ly  it was 
)rot t)(issil)h~' to obtain these forms on one and the same 
acid; (h(wcfore Ct;~ and C~7 acids were used. 

Experimental 
The prepara t ion  of oriented saml)les has been pre- 

viously described in some detail (6). F igure  I shows 

O 

FIG. 1. Various orientat ions of the electric vector with respect 
to the sample. *- -Direc t ion  of the main axis of the hydrocarbon 
chains of monoclinic fo rm C' heptadccanoie acid. 

the various directions of the electric vector of the 
polarized radiat ion in relation to the oriented sample. 
Spectra  with the electric vector along a or b were 
obtained by placing the sample in the radiat ion beam 
with the ab plane perpendicular  to the direction of 
the propagat ion  of the radiat ion and by tu rn ing  the 
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Fro. '2. I n f r a r e d  spectrum of form C' hcptudccanoic acid (A)  
nnd form B' heptadecanoic acid (B) ,  650:1550 era.-'. 

polarize, r to produce plane-polarized radia t ion with 
the electric vector parallel to the desired direction. 
Fo r  spectra obtained with the electric w~ctor ahmg 
a', a", b', and b" the sanlple was tilted in such a way 
that  the electric vector was in the prcst.ribed relat ion 
to the sample. Small NaC1 prisms were at tached to 
either side of the sample so that  the surface of the 
sample assenlbly was always perpemlimflar  to the rad- 
iation beam. In the ease of orthorhombic and mono- 
clinic acids the a and b directions arc found to coin- 
eide with the a and b (wystallogral)hic axes (6).  Fo r  
trielinie sanlph~s it is not I)ossible to specify a simt)h: 
relationshil) between the crystal lographic axes and the 
direction of the ele('~trie vector of the radiat ion 1)earn. 
I t e r ea f t e r  crystal lographic directions are designated 
by italics, directions of the electric vector by bold- 
face letters. Anomah)us dispersion effects, which can 
be elimimtted or restriet(,(I for samples of monoclinic 
or higher symmet ry  (5), (cannot be easily evaluated 
for  triclinic samples. Therefore it should be kept  in 
mind tha t  the directions of tile electric vector app ly  to 
the radiat ion beam before it enters the sample. The 
inf ra red  measurements  were made on a l ' e rk in-Ehner  
Model 21 ins t rmnent  equiI)ped with sodium chloride 
optics and a silver chloride polarizer. The samph; of 
heptadeean(lic acid has been described (1).  A t)uri- 
fled commercial sample (Eas tman-Kodak  white label) 
of tridecanoic acid was used (M.P. 41.8~ A small 
port ion of the sample was converted to the methyl  
ester and examined by gas-liquid chromatography.  No 
impuri t ies  were detected in the esterified specimen. 

Results 
Form C' H('~ptad(,canoic Acid. Form C' crystals 

first separate  f rom the melt  of this acid. A change to 
fo rm B'  takes place 10-20~ below the melt ing point  
(4). When a very  thin fihn of the melt  was slowly 
cooled between rock-salt plates, no phase change was 
observed. The crystall ine film obtained showed spee- 
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trM characteristics which were similar to form C ste- 
aric acid (6) and decidedly different from form B' C~7 
acid. I t  was concluded that this sample was eonl/)osed 
of fo rm C' heptadecanoic acid. F igure  2A shows the 
spectrum of this sample obtained without  polariza- 
tion. Polarized spectra and the region above 1550 
cm. -1 have been omitted because of their sinfilarity 
to the corresponding data of form C stearic acid (6) .  
The absorption bands, their approximate intensity,  
polarization, and assignments are listed in Table 1. 
Some weak bands were probably  not observed l)(,(~aus(, 
only a very  thin specimen of the C' acid couhl be 
prepared. 

The main difference between form C acids and form 
C' acids is the packing of the methyl end-gronl)s. This 
causes a well-lun)wn al ternat ion in l)hysical llrOl)erlies 
within the homologous series (4). The only well-re- 
solved in f ra red  band associated with the CII:I gr(>u|)s 
occurs around 1375 cm. .1. While the t'cmaini))~ |)lt)'is 
of the spectra of form C st(,aric acid and fo)'ln (Y 
heptadecanoic acid ar(, quite similar, this band is po- 
larized differently. This ot)servation is in full agree- 
ment  with and offers fu r the r  experimental  (wi(h, nce 
for the conclusion that  the main diffcren('.e t)(,tw(,(,n 
odd and even acids near their  mel i ing point is found 
in the a r rangement  of the CII3 end-groups. 1 n a zero- 
order approximatiol l  (neglecting in tergroup and in- 
termoleeular  interactions) the symmetrical  C|  I : )de-  
format ion band should be polarized pa r a l M  to th(' 
terminal  C-C bond. As shown in F igure  3, (h(, 1:175 
cm. -1 region band of (he C' acid has a much w(,akcr 
component  along the a axis than the eorrespon(lillg 

T A B L E  I 

S p e c t r u m  a n d  1 ) o l a r i z a t i o n  of  F o r m  C' ] h ; p t a d e e a n o i c  A c i d  
4 , 0 0 0 - 6 5 0  cm. l 

cm.-~ 

2 9 5 6  
2 9 1 9  
2 9 1 4  
2 9 0 0  c 
2 8 4 7  
2 8 4 5  
2 6 7 0  e 
2 5 8 0  r 
1 7 0 4  
1 6 9 8  
1 6 9 0  
1 4 7 3  
1 4 6 5  
1 4 3 8  
1 4 3 5  
1 4 1 2  
1 4 1 0  
1 3 7 9  
1 3 5 6  
1 3 4 0  
1 3 1 9  
1 3 0 5  
1 2 9 5  
1 2 6 7  
1 2 4 5  
1 2 2 5  
1 2 0 5  
1 1 8 7  
1 1 3 0  
1 1 2 2  
1 1 0 0  
1 0 7 1  

9 4 1  
9 4 0  
9 1 0  
8 9 1  
8 3 4  
7 9 8  
7 7 1  
7 3 4  
7 3 0  
7 2 1  
6 8 7  

P o l a r i z a -  
I t i on"  

v ~  ac  II 
, a ( '  

b s 
s a<. I[ 

m )) 
n l  a c  
sh  a c  I[ 
sh a<. il 
vs  l) 
v s  it(' 
v s  )) 
Ill ac ~_ 
In b 
s ac  J _  

w b 
m b 
m a e  ~ _  
w ac  ( L[ ) d 
W b, ae  
w] 
w 
sl 

n l  I 
Ill } b ,  a c  
m / 
m [ 
m [  
n l  ] 

v w l  
v w  [ b, ae  
v w  [ 
v w  / 

s a e  A _  
s b 

w a c  II 
w a e  II 
w b, a e  _ L  

v w  b. a c  ~ _  
w b, a e  ..X_ 
w b,  a e  _[_ 
s a e  _ L  
s b 

w a<; li 

D e s c r i p t i o n  I' 

Bu  CII:)  a s y m .  s t r .  

Bxu~ } (H-I~ a s y m .  s t r ,  

B .  0 I - [  s t r .  + u n r c s ,  comb.  

i~:' f (H-I,-, sy  . . . . .  t r .  

c o m b .  i n v o l v i n g  I .  R .  
i n a c t i v e  lllO(l (!S 

A,, l 
13u ~- C : O  s t r .  

Bu } C]-[z b e n d .  
Au 

'2:: t , : -o  s t ,  < o ~  b,.,,, > 

C tI:~ b e n d .  

B u ,  Au O H  b e n d .  ( C - - O  s t r , )  
a n d  C H 2  w a g .  

C - - C  ? 

n u  / ou t -o f -o la~ te  
A .  ~ O I t  b e n d  

/ 

O I-]:,~ r o c k  

B u ]  

A3 J coo def. 
a b, a l o n g  t h e  b a x i s ;  uc  w i t h i n  a e  p l a ~ e ;  II, - [ - ,  a e  c o m p o n e n t  is  ap -  

p r o x i m a t e l y  p a r a l l e l  o r  p e r p e n d i c u l a r  to h y d r o c a r b o n  c h a i n s .  
b Au, Bu  r e f e r s  to c r y s t a l  s y m m e t r y .  

c A p p r o x i m a t e  c e n t e r  of  b r o a d  o r  v e r y  s t r o n g  b a n d .  
a D i s c u s s e d  i n  t e x t .  

S p e c t r u m  

TA.BJ~I i] i I  

a n d  I ) o l a r i z a t i o n  of  F o r m  B '  J I e l ) t a d e c a n o i e  A c i d  
4 , 0 0 0 - 6 5 0  (,hi I 

c n l .  l 1 A I H ) r ( I x i n l l L t e  
t m ) a r i z a t i o n "  

2 9 4 7  w v  b 
29 '38  v w  a t  
2 9 1 0  s b, a c  
2 9 0 0  h s ac  11 
2 8 4 6  m b 
2 8 4 2  m ac 

2 7 0 0  b s)t a c  
2(160 I, sh  b 
) 7(19 ~, v s  b 
1 7 0 5  I' v s  a c  
1470 m a c  J _  
) 4 (12  m b 
14:16 W b ) 
) 4 3 5  m ac  II 
1 4 1 3  nl b ) 
) 4 0 9  m a c  -L_ 
) ;174  w a c  - 1 -  
) 3',18 w I 
1:118 m I 
1 3 0 5  n l l  
1 2 8 6  )n { 
I 2 6 6  m } b, a r  
) 2 4 5  nl I 
) 2 2 3  Ill [ 
1 2 0 4  m l 
I ) 87  m I 
1 ) 3 0  v w  ] 
I ) 2 2  v w  [ b,  a e  
1 1 0 5  v w  [ 
1071 v w  j 

9 2 7  s b ) 
!125 s ac _L i" 
0 o 8  m a e  It 
8 2 7  w b ,  a c  _ L  ) 
7 9 7  w v  b, ac _l_ l 
76.9 w b, a c  _t_ [ 
7 3 6  vr b, a c  ~ _  f 
7 2 8  s a c  _L_ I 

I ) e s c r i p t i o n  

C I [ a  asy lu ,  s t r .  

CII,~ a s y m . s t r .  
o n  s t r .  + u n r c s ,  comb.  

CH,~ sym.  s t r .  

comb.  i n v o l v i n g  I . R .  ina(. t iw~ 
I l l0dcs  

C = O  s t r ,  

(]II~ b e n d .  

C - - O  s t r .  ( ( ) H  b e n d . )  

a CH2 b e n d .  

CH:+ b o n d .  

O K  b e n d .  ( C - - O  s t r . )  a m l  
CH~ w a g .  

C - - C  ? 

o u t - o f - p l a n e  OI  [ b e n d .  

C I Ic r o c k  

7 2 0  s b ] 
6 7 9  w a c  C O O  def .  

a ac,  b .e fer  to d i r e< ' t i ons  in F i g u r e  l ;  ]1+ ~ _ -  Ill( '  a c  ( 'CUll)cl ient  is 
a p p r o x i m a t e l y  l ) a r a l h q  o r  p t ' r p e n d i < m b t r  to the  m a i n  ax i s  of  t h e  h y d r o  
Cll I ' l l l) l l  ( ' l t l l i eN.  

~) A p p r o x i m a t e  p o s i t i o n  of  M r m l g  o r  v e r y  b r o a d  b a n d .  

band of fo rm C stcal'i('~ acid in agreement  with this 
approximation.  

The band assignnlents are based on anahlgy with 
stearie acid (6).  The bands between 1180 and 1360 
era. -1 ( " b a n d  progress ion")  are assigned to inplanc 
wagging vibrations coupled with the 1300 era. -1 region 
earboxyl deformation band. Such an ass igmnent :is sug- 
gested by recent results on deuterated adipic acid (71. 

Form B' Heptadccanoic Acid. If  no particular care 
is taken to prevent  a phase change, heptadeeanoic  acid 
changes to fo rm B'  about  10 to 20~ below its melt- 
ing point. The change-over is accompanied by a loos- 
ening of the sample f rom the sodium chloride plates; 
the crystal  form of the resulting large flakes can be 
checked by x-ray measurements.  F igure  2B shows the 
spectrum of B' heptadecanoie acid obtained with un- 
polarized radiation. Polarized spectra were obtained 
in the usual  manner  [see Experimental and reference 
( 6 ) ] .  Care had to be taken to keep the loose flakes 
in a fixed position between the rock-salt plates. Only 
very thin flakes could be studied if excessive energy 
loss by scattering was to be avoided. 

The spectra obtained with the electric vector along 
b' and b" (F igure  11 were similar but not identical. 
No plane of symmetry  could be detected. This is in 
agreement with  the triclinie over-all structure. No 
in-phase C = O  stretching band was observed [known 
from Raman measurements  to occur at about 1650 
em. -1 ( 2 ) ] ,  indicating that the dimers are centrosym- 
metric. The data are thus in agreement with the space 
group C~ -- Pi. 

The position and polarization of most  major  bands, 
listed in Table II, is very similar to the C' form. One 
notable exception is the out-of-plane OH deformation 
band, which shifts down to 928 cm. -1, the value found 



SEPTEiVIBER, 1 9 6 0  SUSI  AND S M I T H :  POLARIZED INFICARED SPECTRA 4 3 3  

i 

I 

I 
1 4 0 0  1350  c m "  

FI~. 3. The a componen t  of  --CH.., d e f o r m a t i o n  band.  Solid 
l ine:  f o r m  C octadecanoic  t~cid. ])otted l ine:  f o rm  C' hcptadee:~- 
noic acid. 

by yon Sydow for  fo rm B'  pentadecanoic acid (9).  
Since the sample is triclinie, the directions a and b 
(F igure  1) do not eoineide with crystal lographic axes. 
The general s imilar i ty  of the data nevertheless indi- 
cates tha t  the C' and B'  s t ructures  are somewhat re- 
lated to each other. The position and polarization 
of bands associated with - C H y -  groups shows that  
the hydrocarbon packing is of the same type (ortho- 
rhombie subst ructure) .  The shift  of the well-estab- 
lished () t t  band around 930 era. t indicates that  the 
main factor  which forces the over-all s t ructure  f rom 
a mono(.linie into a triclinie form is a reorientat ion of 
the earboxyl groups. These conclusions are in full 
agreement  with conclusions drawn f rom x-ray  meas- 
urements  (8). 

Form A'  Trideca~wic Acid. Trideeanoic acid was 
(,lmsen for  the investigation of the A'  configuration 
because a(dds with longer hydrocarbon chains are dif- 
ficult to obtain in this fo rm from the melt. 

The s t ructure  of A '  acids is fundamenta l ly  differ- 
eat  front the previously investigated forms C, C', and 
B' (6, 8). There is only one dimer per  unit  cell, the 
hydrocarbon chains are packed roughly in accordance 
with the triclinic packing. The moh,~cuh,s of the shorter  
members  at'(,, helically twisted. Tim chains are oriented 
roughly ahmg the C axis, and the planes of the main 
portions of the molecules are approximate ly  parallel  
to the bc plane. This s t ructure  is i l lustrated in Fig- 
ure 4. lit should give rise to no " c r y s t a l  sp l i t t i ng"  
(because of the sing]e dimer in the unit  (tell), and each 
absorption band should be polarized in a unique 
direction. Because of reversibh~ l)hasc transit ions 
front A'  to B' near  room-temperature ,  the sample had 
to be cooled while the spectra were measured. Cool- 
ing was accomplished by insulat ing the sample f rom 
the (warm)  metal  par t s  of the ins t rument  and keep- 
ing it in a brisk s t ream of cool, d ry  nitrogen. No data 
could be obtained with tilted samples because of ex- 
per imental  difficulties introduced by the cooling de- 
vice. Determinat ion of the orientation of the sample 
presented some problems. I t  was assumed that  the 
ab planes (which contain the carboxyl groups)  were 
aligned parallel  to the rock-salt plates, as in all pre- 
viously investigated acids. In  this case two polarizer 
positions should exist with the electric vector : 

a) within the ab plane, roughly paral lel  to b (and 
the planes of the main portions of the molecules), 

and b) within the ab plane, roughly  perpendicu-  
lar  to b. 

We  ca l l  these  o r i e n t a t i o n s  II (b) a n d  • (b) .  I t  
should be understood that  these designations are ap- 
proximate  and refer  to the electric vector  before the 
radiat ion beam enters the sample (i.e., anomalous 
dispersion is neglected).  In-plane vibrat ions (e.g., 
-CHy-  sym. str., OH str.)  should have s t ronger  
components in the II (b) orientation. Out-of-plane 
vibrat ions (e.g., - C H e -  rock, o -o -p  OH bend) should 
have s t ronger  components in the • (b) orientation. 
Because it was not possible to determine the orienta- 
tion of the sample with certainty,  the polar izat ion of 
the well-established (perpendicular )  -CHy-  rocking 
band in the 720 era. -I region was used as a reference. 

) 

c 

A b B 

a ~ 8 9  ~ 

~s I I I~  

7 ~ 112* 

b 

Fro. 4. A - - S c h e m : , t i c  strm~ture of  a f o rm  A'  :,eid (8) .  B - - T r i -  
clinic hyd roca rbon  s u b s t r u c h n ' e  proje, etcd a long the m a i n  axis  of  
tim chains.  

Figure  5 shows the spectra obtained with the elec- 
tric vector in these two orientations. The fI 'equemdes 
and polarization of the observed bands are given in 
Table :Ill. The da ta  in the CI I  s t re tching region 

I 

, ~  

,,'" , , , I P '  

1 , , ; ,,, 
~ , ' ,,, 

' , o ' o o  ' f J ' ' ' o " ' ' ' ' c " 4 0 0 0  Z 0 0 0  i 6 0 0  , 4 0 0  12 0 1000  6 0 0  m - I  

:Fire 5. P o l a r i z e d  i n f r a r e d  s p e c t r u m  o f  f o r m  A '  t r i d e c a n o i c  ac id .  
Solid l ine:  electric vector ap l ) roxinmtely  [I to b. Dot ted  l ine:  
electric vector a p p r o x i m a t e l y  _L to b (wi th in  ab p lane ) .  
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Spectrum 

T A B L E  1 [ f  

a n d  P o l a r i z a t i o n  of F o r m  A '  T r i d e c a n o i c  A c i d  
4 , 0 0 0 - - 6 5 0  c,m. -1 

cnl .  -~ 

3000 b 
2950 
2920 ~ 
2853 
2660 
1690 ~, 
1468 
1 4 4 9  
1 4 2 5  
1410 
1 3 7 2  
1 3 3 3  
1 3 1 0  
1 2 8 6  
1 2 6 7  
1251 
1241 
1 2 2 6  
1217 
1 1 9 2  
1 1 2 6  
1108 
1085 
1054 
1 0 3 1  

985 
9 2 9  
886 
760 
7 1 4  
680 

s 
sh 

s 
in  
s h  
vs 
ra 
w 
w 
nl  
w 
w 
w 

111 
w 
in 

v w  
nl 
11 |  

w 
iiI 
~v 
w 
w 

v w 
w 
s 

w 
8 

w 

P o l a r i z a -  
t i o n  a 

II (b) 

II (b) 

/I (b) 
II (b) 

2_  (b) 
II (b) 
II (b) 

A_ (b) 
-1- (t,) 
A_ (b) 

Des(,ription 

OIt  str. ~- an tes ,  comb. 
C H a  a s y m .  s t r .  
C H u  a s y m .  sty.  
C H s  s y m .  s t r .  

C ~ O  sir. 
C H,-, bend. 
C--O str. (OH bend) 

a CtIs bend. 
(~[I~ l )end.  

OH bend (CO str.) and  CIiI~ 
w a g .  e 

(J--C ? 

]!'OFlll B '  i m p u r i t y  ? 
(} [ [  o u t - o f q ) l a n e  bend  
('AI~ r o c k  ? 
(HT~ ro( 'k 
C O O  def .  

a A p p r o x i m a t e l y  p a r a l l e l  or  p o r p e m l i ( . , l l a r  i o  I, a x i s  ( w i t h i n  ab p l a n e ) .  
Only clear and  obvious lmlarization is indi(:ated (cf. Fi~'ure 5 and  text.) 

b A p p r o x i m a t e  c e n t e r  of b r o a d  or  v e r y  s ! r ( m g  b a n d .  
c S o m e  w e a k  b a n d s  i n  t h i s  r o ~ i o n  m i g h t  be  of d i f f e r e n t  or i f f in .  

are less exact than  the rt,st t)e~;ausc of the })oor rcsohl- 
lion of the rock-salt prism in this rcgil)lu Of the 
major  group-frequency bands which can be assigned 
with confidence, the -Cl l . , -  rocking, berating, and 
symmetric stretching hands show predictable polari- 
zation. The same is truc for the OIl  stretching and 
out-of-plane Oi l  bending bands and for the 1430 cm. 
region earboxyl band. The rcnlaining group frequency 
hands show no obvious polarization, in  no case is a 
group-frequency baud polarized contrary  to the above 
described approximation. I t  appears therefore, that  
in the case of this triclinic crystal, the polarization of 
the group frequency bands, as far  as it is observed, 
can be in terpre ted in terms of the pseudo-planar 
s t ructure  of the molecules. This is in agreement with 
previous conclusions (7) that  meaningful  polarization 
data can be obtained for earboxylic acids if the inter- 
preta t ion is based on molecular pseudo-symmetry and 
if proper  consideration is given to sample orientation. 

The out-of-plane OH bending mode of form A' tri- 
decanoie acid was found to absorb at a somewhat lower 
f requency than has been repor ted for the correspond- 
ing mode of the C15 homologue (9). The position of 
this band is most useful in distinguishing between the 
various crystal  forms. Phase transitions ( B ' ~  A') 
can occur in the temperature  region usually observed 
in the radiat ion beams of inf rared  instruments (30- 
40~ and the spectrum of the C 1 5  acid seems to 
have been obtained without cooling. I t  does not seem 
likely that  the OH bending bands of two close homo- 
logues with the same crystal  s t ructure  absorb at ap- 
preciably different frequencies. 

Comparison with KBr Pellet Spectra. I t  is inter- 
esting to note tha t  the inf rared  spectra of none of the 
investigated forms (A', B', C') coincide with spectra 
obtained by the well-known K B r  pellet technique. 
The lat ter  always show a band around 1175 cnl. -1, 
which is absent in the spectra of pure crystals. Fig- 
ure  6 shows the 1150-1350 cm. -1 region of the C~3 
and C17 acids observed on K B r  pellets. I t  is eonceiv- 

able that  the 1175 ent. ~1 region band is characteristic 
of the D' form, which is very  difficult to obtain and, 
according to some authors, probably does not exist 
(8).  IIowever K B r  pellet spectra of even acids show a 
similar band (10), and no four th  form of these acids 
has ever been observed. I t  is therefore probable that  
n-alkyl carboxylic acids in K B r  pellets exist in a 
configuration which is not identical with any of the 
know,t and previously studied crystalline forms. This 
configuration gives rise to an additional band in the 
lower f requency end of the " b a n d  progression."  

Summary 
Polarized inf rared  spectra of thin fihns of repre- 

sentative sanlples of form C', B', and A' n-alkyl mono- 
carboxylic acids have been observed. The data ob- 
taincd on C' heptadeeanoic acid confirm that  the 
type C and type C' structures are very  similar and 
lhat  the major  difference is in the packing of the CIt:~ 
end-groups. The results on type B' and A' acids indi- 
catc that  meaninghfl  polarization data can be ob- 
tained ou t rMinic  crystals of n-alkyl carboxylic acids, 
l)rovidcd that  careful  consideration is given to the 
sample orientation and to the symmetry  charaeteris- 
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FIG. 6. 1 1 " 5 0 - ] 3 5 0  cm.  -1 r e g i o n  o b t a i n e d  o n  K B r  p e l l e t s .  
A - - H e p t a d e e a n o i e  a c i d .  B - - T r i d e e a n o i e  a c i d .  B a n d s  i n d i -  
c a t e d  w i t h  a r r o w  a p p e a r  o n l y  i n  K B r  p e l l e t  s p e c t r a .  
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tics of certain port ions of the molecules. The P~ space 
s t ruc ture  of these crystals and the orthorhombic sub- 
s t ructure  of the B'  configuration as well as the trielinic 
snbst rueture  of the A'  configuration were confirmed. 
Some strong in f ra red  bands of the highly i r regular  
triclinic A '  s t ruc ture  did not seem to be apprec iably  
polarized. The data on group-f requency bands which 
did show dear -cu t  polarization were in agreement  with 
prediction. The spectra of form A', B', and C' crystals  
did not coincide with data obtained on K B r  pellets. I t  
is eoncluded tha t  in these pellets f a t t y  acids exist in 
a form which is not easy to duplicate under  more con- 
ventional conditions. 
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Hydrogenation of Methyl Oleate in Solvents' 
E. R. COUSINS and R. O. FEUGE, Southern Regional Research Laboratory, 2 New Orleans, Louisiana 

The h y d r o g e n a t i o n  of the oleic acid group  was i n v e s t i g a t e d  
wi th  the objec t ive  of de t e rm in ing  the effect of solvents  on the 
reac t ion  ra te  and  the fo rma t ion  of I ios i t ional  and  geomet r i ca l  
isonlcrs. Me thy l  oleate,  e i ther  alone or dissolved in one of 
soverM solveuts,  hexane,  efhanol,  n-buty l  eiher ,  or acet ic  acid,  
was h y d r o g e n a t e d  to an iodine value of about  50 under  ntmos- 
pltcrie pressure  and  a t  30~ with pa l ln i l ium-on-earbon and  the 
W-5 fi)rln of Raney  nickel  as ca ta lys t s .  

l ty ih 'ogcnat ion with  lml ladiuni <,atalyM, with or wi thout  sol- 
vents, produced 76.6 to 79.1(/e t#'<tll.u honils, l):ised Oll tile to ta l  
doidde bonds. This  is s ign i f icant ly  grlqlilq' than  the. 67cJ~ oil- 
tabled ltr(wious]y. {-Iydrogi,nafii in i)i'()dll('ls obtli in(ql wit i i  ] ianey 
nick(!l and  solvents  eontflill(!d Its l i t t le  /is 20.7% [ran.s' ])onils 
a t  lilt iodine value of  about 50. In  fw(i e;lSOS the l l ' ( l l t ,q  l)(in(is 
were eilUal 1o Ill)out, o]to-tl i iyd the i)()S'li]OllN} ]SOl/lel'S. 

Posit ional i somers  fo rmed  extensively when the Rane.y nick(q 
was used i l l  the abselicO of solvents llil(I when ti le pali i l(]]uli i  
(qil:niysf was used. When (tie ]~iln(!y niekcl :in(]. solvents were 
ilxed Ilirge i i roport iol is of douhh, Imli(ls wt, r(' foand il l ill(, 
or ig inal  9-posit ion.  

N 
qrMI,:ROUS investigators have ('onchlded that the 

lit t uid-phase hydrogenat ion of unsa tura ted  f a t ty  
a(.ids and their  esters in the presence of hetero- 

geneous catalysts is great ly  influen('(,(1 by the solvent 
which is employed. Use of a solvent conceivably pre- 
duces one or more of several effects. Ainong these arc: 
a) a change in the viscosity of the liquid phase, which 
wonht affect mass t ransfer  resistance, h) a change in 
the sohlt)ility of hydrogen in the liquid phase, c) a 
change in the adsorption eharaeterisi ics of rea( ' tants 
on the catalyst  surface, and d) dilution of the prod- 
uct to be hydrogenated.  

Fokin (11), who apparen t ly  was aniong the first to 
present  experimental  data in tliis area, stated tiiat the 
best solvents for  the hydrogenat ion (if oh;it and other 
unsa tura ted  aeids in the presence of p la t inum hlack 
were water-soluble acids, alcohols, ether, and related 
conlpounds. Pe t ro lemn distillates, aron/atie hydro-  
carbons, and higher alcohols were elainied to be less 
suitable. The use of solvents in the hydrogenat ion of 
oils has been claimed by Sanders (1.6) to result  in 
increased selectivity without a concxmfitant increase 
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in the format ion  of iso-oleic acid groups. According 
to him, the prefer red  solvents ill order of preference 
were ethanol, methanol,  isopropyl alcohol, cych)hcx- 
auol, acetone, aud ethyl ether, l,hlpurified colnmercial 
hexane, pet roleum ether and dioxanc were deemed 
undesirable because they sh)wed the reacti(m rate. 
Vandenheuvel  (1.9) f(mnd that  the order of reaction 
dur ing tile hydrogenat ion of metilyl oleate was influ- 
enced tly the tYl)e of catalyst  and tile na ture  of the 
solv(mt elnph)yed. Sokol'skii c t a l .  (1.7) invest igated 
tim inthn,  lce of tile natllre (if the sCvellt  on the kinet- 
ics of the ]lydrogcnalion of (,ottonseed oil and eon- 
(.1 u(h,d I hat t he iItlysi(;ochemi~ml propert ies  of a solvent 
( le lcrndne the l ( , i i l | l e r a t l u ' e  at whie i i  the, max imum rat(, 
o f  h y ( I r o g e n a l i o n  o('( ' l l rS. ] ( a l l f l l l a l l l l  ( ] ; I )  f O l l i l d  t h a t  
l h e  ] l y d r o g e i i a t i o l l  ( i f  a l l  o i l  i l l  h e x a l l e  a t  ;15~ p r o -  
d l l eed  v e r y  sn ia l l  ~tli lOUlltS ( i f  iso-oleic,  a( , id  g r o u p s .  

>~ontc o f  ttl(~ COliCIllSiOtlS cited above a r e  nDt general 
f a c t s  a l l d  i t re  v a l i d  o l l l y  l l i l d o r  l;hc e x p e r l m ( q l t a ]  con-  
( l i l ions whi(,h were tmlphlyed. Therefore data also 
have, beeli oblained wi i ieh oil f i rst  exan l ina t iou  appear 
(toutra(lictory. For  e x a l l l l ) l e ,  in an investigatioil of tile 
hydrogcnath)n of nlethyl linolcate (7),  the end-prod- 
ucts obtaiue(I with Imlladimn at "~O~ were found to 
be nnaffectexl hy the presence or absence of ethanol;  
tile percentages of the residual double bonds in the 
various liositions and the proport ions of trans isomers 
were l iraelieally identi('al. Albr ight  (2) found, on 
hydrogenat ing  cottonseed oil alone and when dissolved 
iu hexane, isopropyl  alcohol, and isopropyl other, tha t  
tim rates of hydrogcnat ion iu solvent were less than 
the l'ates for  the oil alone. Selectivity and the pro- 
portions of trans isonlers produced were essentially 
unchanged by the presence of solvent. A lb r igh t ' s  
hydrogenat ions were carried nut with a commercially- 
used nickel catalyst,  at  a t empera tu re  above 100~ 
aim at constant par t ia l  pressures of hydrogen.  Thus 
nnlch remains to be learned about  hydrogenat ions  in 
solvents. 

The objective of the current  investigation was to 
develop data  on the format ion of positional and geo- 
metrical  isomers dur ing  the hydrogenat ion of methyl  
oleate in various solvents. Appa ren t l y  no such in- 
vestigation concerning the oleie acid group has here- 
tofore been made. 


