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SPECIFITY OF H I G H  RESOLUTION ' H  AND I 3 C  NMR 

SPECTRA OF SOLID FATTY CARBOXYLIC A C I D S  

LIUOVIKAS L. K I M T Y S  

Depar tment  o f  G e n e r a l  P h y s i c s  and 
Spectroscopy,  V i l n i u s  V. Kapsukas S t a t e  
U n i v e r s i t y ,  232734 V i l n i u s ,  L i t h u a n i a n  SSR 

(Submitted for p u b l i c a t i o n  May 1 4 ,  1979) 

A b s t r a c t  H i g h  r e s o l u t i o n  ' H  and I 3 C  NMR 

s p e c t r a  o f  f a t t y  c a r b o x y l i c  a c i d s  f r o m  C,5 t o  

The e x i s t e n c e  o f  n a r r o w  NMR l i n e s  has  been 

f o u n d  f o r  t h e  s t u d i e d  a c i d s  i n  t h e  s o l i d  phase. 

The new l i n e  a t  4.1 ppm i n  t h e  ' H  NMR s p e c t r a  

o f  odd-carbon a c i d s  i n  t h e  s o l i d  phase has 

been o b s e r v e d  and a s s i g n e d  t o  t h e  s i g n a l  o f  

t h e  monomers. 

have been s t u d i e d  a t  v a r i o u s  t e m p e r a t u r e s .  c 1  9 

H i g h  r e s o l u t i o n  NMR s t u d i e s  o f  o r g a n i c  s o l i d s  

r e v e a l  t h e  v e r y  i n t e r e s t i n g  f a c t  t h a t  f a i r l y  sharp  

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

where e x t e n s i v e  m o l e c u l a r  s e l f - d i f f u s i o n  i s  a l l o -  

wed. 1-3 The p l a s t i c  c r y s t a l  phase i s  n o r m a l l y  f o u n d  

i n  t h e  case o f  bulk,y m o l e c u l a r   system^,^ b u t  

t h e  m o l e c u l e s  o f  s o l i d  l o n g  c h a i n  compounds, p a r a -  

f i n s  and s a t u r a t e d  f a t t y  ac ids ,  c o n s i d e r a b l e  

f reedom o f  m o t i o n  i s  t o  be expec ted .  The p r e s e n t  

p a p e r  i n v e s t i g a t e s  t h e  h i g h  r e s o l u t i o n  'H and I 3 C  

NMR s p e c t r a  o f  f a t t y  c a r b o x y l i c  a c i d s  f r o m  CI5 t o  

'1 9 

i n  

a t  v a r i o u s  t e m p e r a t u r e s .  
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26 L o  KXMTYS 

I The s p e c t r a  were reco rded  a t  90.02 M H t  ( H) 
and 22.64 M H t  ( C )  on a F o u r i e r  t r a n s f o r m  Rrukei. 

CXP 100 spec t rometer  employ ing t h e  brood-band 

'H - 1 3 C  decoupl ing.  The chemica l  s h i f t s  were mpa- 

s u r e d  r e l a t i v e  t o  t h e  l i n e  o f  (CH2)n group, chemica l  

s h i f t  o f  which was found  t o  be tempera tu re  i ndepen-  

dent, and conver ted  t o  t h e  d e l t a  sca le ,  The t m p e r a -  

t u r e  o f  samples was s t a b i l i z e d  t o  w i th in  2 0.5 K b y  

means o f  t h e  B-ST 100/700 c tempera ture  c o n t r o l  

u n i  t. 

Commerc ia l ly  o b t a i n e d  f a t t y  a c i d s  ( 9 9 . 5  :,%? 
were c a r e f u l l y  p u r i f i e d  by  vacuum s u b l i m a t i o n .  h!ote 

t h a t  t h e  degree o f  p u r i f i c a t i o n  utas f o u n d  t o  have 

no e f f e c t  on  t h e  soec t ra .  

1 3  

The e x i s t e n c e  o f  nar row ' H  and I 3 C  NMR l i n e s  
has  been found  f o r  t h e  s t u d i e d  a c i d s  i n  t h e  s o L i d  

phase (Fig.?). The l i n e - w i d t h s  v a r y  f r o m  about  

15 Hz t o  70 Hz w i t h  t h e  tempera ture  change. Hoeever t  

t h e  tempera ture  dependences o f  t h e  chemica l  shift 
o f  t h e  c a r b o x y l  p r o t o n  and c a r b o n y l  carbon (Fic.2) 
a r e  e s s e n t i a l l y  d i f f e r e n t  f rom t h e  analogous ones 

for  p l a s t i c  p i v a l i c  ac id ,  516 where an i n c r e a s e  o f  

c h e m i c a l  s h i f t  w i t h  decreas ing  tempera tu re  has 
been found. A l l  t h e  a c i d s  i n c l u d e d  i n  t h e  p resen t  

s t u d y  show dependences o f  same t y p e  a5 hoptaeoca- 

n o i c  a c i d  (Fig.2).  The v a r i a t i o n  o f  chemica l  shiPt, 
o f  t h e  c a r b o x y l  p r o t o n  and t h e  c a r b o n y l  carbori f o r  
a l i q u i d  a c i d  above t h e  m e l t i n g  p o i n t  i s  caused b y  
a monomer-se l f -assoc ia te  ( c y c l i c  dimer, open chaiq 
n-mer) exchange p r o c e s s  and by  t h e  tempera ture  

7 dependence o f  t h e  c h e m i c a l  s h i f t  o f  t h e  assoc ia tcs ,  
The c a r b o x y l  p r o t o n  l i n e  f o r  t h e  s o l i d  a c i d s  st.uc1iat-j 
canno t  be  ass igned  t o  t h e  s i g n a l  o f  p u r e  c y c l i c  

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

4:
03

 2
3 

Fe
br

ua
ry

 2
01

3 



N M R  STUDY OF S O L I D  FATTY A C I D S  27 
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FIGURE I. 
a c i d  (Tm = 334.4 K )  a t  d i f f e r e n t  temperatures:  

( 1 )  336, ( 2 )  331, (3) 330, (4) 320, (5) 313, and 

(6) 313 K ( w i t h o u t  s p i n n i n g  o f  sample); (1' ), (2 '  ), 
and (6') - w i t h  i n c r e a s e d  a m p l i t u d e  o f  t h e  v e r t i c a l  

d i s p l a y .  The s p e c t r a  a r e  r e c o r d e d  a f t e r  accumula- 

t i o n  o f  50 - 1000 t r a n s i e t s  a t  t h e  same h e i g h t  o f  

t h e  h i g h e s t  peak. 

The 'H NMR s p e c t r a  o f  heptadecano ic  

dimers, because o f  a sharp decrease o f  i t s  chemica l  

s h i f t  w i t h  d e c r e a s i n g  tempera tu re  (F ig .2) .  Note 

t h a t  t h e  v a l u e s  o f  chemica l  s h i f t  f o r  t h e  s o l i d  
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F I G U R E  2. C h e m i c a l  s h i f t  o f  c a r b o x y l  p r o t o n  a n d  

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

o f  d e c r e a s i n g  ( 1 )  and i n c r e a s i n g  ( 2 )  t e m p e r a t u r e .  

a c i d s  have been f o u n d  t o  be s t a b l e  d u r i n g  a p e r i o d  

o f  measurement o f  a b o u t  ? O  h o u r s .  The d i r e c t i o n  o f  

t e m p e r a t u r e  change h a s  no e f f e c t  on  t h e  c h e m i c a l  

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

n e a r  t h e  m e l t i n g  p o i n t  (F ig .2 ) .  

o f  a new l i n e  a t  4.1 pprn i n  t h e  ' H  s p e c t r a  o f  odd- 

The o t h e r  u n e x p e c t e d  f a c t  is t h e  appearance 
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NMR STUDY OF SOLID FATTY A C I D S  29 

- c a r b o n  a c i d s  i n  t h e  s o l i d  p h a s e  ( F i g . 1 ) .  As t h e  

t e m p e r a t u r e  d e c r e a s e s ,  t h e  i n t e n s i t y  o f  t h i s  l i n e  
i n c r e a s e s  w h i l e  t h e  i n t e n s i t y  o f  t h e  c a r b o x y l  p r o -  
t o n  l i n e  d e c r e a s e s  c o r r e s p o n d i n g l y .  T h a t  r e s u l t  
a l l o u r s  t h e  a s s u m p t i o n  t h a t  t h e  o b s e r v e d  new l i n e ,  
w h i c h  i s  a b s e n t  f o r  t h e  a c i d s  i n  t h e  l i q u i d  p h a s e  
( F i g . l ) ,  m a y  b e  a s s i g n e d  t o  t h e  c a r b o x y l  p r o t o n  

a n d ,  p r o b a b l y ,  r e s u l t s  f r o m  t h e  p r e s e n c e  o f  t h e  
monomers .  T h e  c h e m i c a l  s h i f t  o f  t h a t  l i n e  i s  q u i t e  
c l o s e  t o  t h e  a v e r a g e  v a l u e  o f  t h e  c h e m i c a l  s h i f t  
f o r  a l i p h a t i c  a c i d  monomers  5 2 1 ppm, as  c a l c u l a -  

t e d  f r o m  t h e  c o n c e n t r a t i o n  d e p e n d e n c e s ,  7,0 or 
t e m p e r a t u r e  d e p e n d e n c e s  o f  c h e m i c a l  s h i f t  f o r  a c i d  

i n  t h e  v a p o u r  p h a s e ; 9  d i r e c t  m e a s u r e m e n t  i s  impo-  
s s i b l e  i n  t h e  l i q u i d  p h a s e .  

The  e x i s t e n c e  o f  t h e  l i n e  a t  4.1 ppm f o r  o n l y  
o d d - c a r b o n  a c i d s  a p p e a r s  t o  b e  a p e c u l i a r  r e s u l t ,  
h o w e v e r  d i f f e r e n c e s  i n  c r y s t a l l i h e  s t r u c t u r e s  
a n d  IR s p e c t r a ”  h a v e  b e e n  f o u n d  f o r  o d d  a n d  
e v e n - c a r b o n  a c i d s  p r e v i o u s l y .  

10 

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

c a r b o x y l  p r o t o n  l i n e ,  b e c a u s e  o f  e x t e n s i v e  i n t e n -  
s i t y  d e c r e a s e s .  The c h a r a c t e r  o f  t e m p e r a t u r e  d e p -  
e n d e n c e  o f  t h e  c h e m i c a l  s h i f t  of  t h e  c a r b o n y l  
c a r b o n  ( F i g . 2 )  i s  d i f f e r e n t  f r o m  t h e  a n a l o g o u s  
o n e  f o r  t h e  c a r b o x y l  p r o t o n ,  a n d  n o  a d d i t i o n a l  
l i n e  h a s  b e e n  f o u n d ,  i n s p i t e  of u s i n g  a l a r g e  num- 
b e r  o f  t r a n s i e t s  (50000)  a n d  a d i f f e r e n t  i n t e r v a l  
b e t w e e n  t h e  p u l s e s  ( 3  - 50 s e c ) .  

The e x p e r i m e n t a l  d a t a  o b t a i n e d  may b e  s i g n i -  
f i c a n t  i n  e l u c i d a t i n g  t h e  n a t u r e  o f  t h e  d y n a m i c s  
o f  c r y s t a l l i z a t i o n  o f  t h e  f a t t y  a c i d s .  
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30 L. K I M T Y S  

The a u t h o r  i s  i n d e b t e d  t o  t h e  R o y a l  N o r u e g i a n  

M i n i s t r y  o f  F o r e i g n  A f f a i r s  f o r  a f e l l o w s h i p  f o r  
t h e  s c i e n t i f i c  work a t  t h e  U n i v e r s i t y  o f  Bergen i n  

1978-79, and t o  D r s  T.Gramstad, D.W.Aksnes and 

G.W. F r a n c i s  f o r  t h e  h e l p f u l  c o n s u l t a t i o n s .  
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