
This article was downloaded by: [Tomsk State University of Control Systems
and Radio]
On: 23 February 2013, At: 03:30
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

On the Interpretation of the
High Resolution NMR Spectra of
Solid Fatty Acids - the Role of
Impurities
J. A. Ripmeester a & S. R. Gough a
a Division of Chemistry, National Research Council of
Canada, OTTAWA, Ontario, K1A 0R9, CANADA
Version of record first published: 20 Apr 2011.

To cite this article: J. A. Ripmeester & S. R. Gough (1981): On the Interpretation
of the High Resolution NMR Spectra of Solid Fatty Acids - the Role of Impurities,
Molecular Crystals and Liquid Crystals, 64:5-6, 133-138

To link to this article:  http://dx.doi.org/10.1080/01406568108072518

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/01406568108072518
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

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

3:
30

 2
3 

Fe
br

ua
ry

 2
01

3 



Md. Cryst. Lq. Cryst. Vol. 64 (Letters), pp. 133-138 

81981,  Gordon and Breach, Science Publishers, Inc. 
Printed in the United States of America 

014M566/81/6405-0133S06.50/0 

ON THE INTERPRETATION OF THE HIGH RES0Lt)TSDN 
NMH SPECS ' A  OF' SOL.I:IS w r r y  ~ C I D S  - THE ROLE OF-- IMFUHIT IES 5 . 

J*  A *  HIPMEE:STEW AND S +  Re COUGH, 
D i v i s i o n  o f  C h e m i s t r r r  
N a t i o n a l  R e s e a r c h  C o u n c i l  o f  Caniiidar 
OTTAWAI O n t a r i o r  CANADA K 1 A  OH9. 
Submi t.t.eb O c t o b e r  14 1.780. 

ABSTRACT lt.1 NMR e v i d e n c e  is rresented fur- 
s tear ic  a c i d  (C~7H35COOtl> d o r e d  w i t h  H,O or 
stearr l  a l c o h o l  which shows t h a t  t h e  recentlr 
r e p o r t e d  h i s h  r e s o l u t i o n  spectra o f  s o l i d  
Ions-cha in  f a t t r  acids mar be i n t e r r r e t e d  sole-. 
Ir i n  t,ernls o f  the i w u r j . t . r  content  o f  the 1112- 
t e r i a l s  w i t h o u t  recourse to "mononieric" ~ o s t u - -  
l a k e s .  

I t  h a s  l o n s  been known' t h a t  l o n g - c h a i n  f a t t r  
acids  c r r s t a l l i ze  i35 l i n e a r  hrdroden-bonded d i n l e r s  
a r r a n g e d  s i d e  b r  s i d e  a n d  that, t h e  v a r i o u s  structur-, 
sl m o d i f i c a t i n n s  or p h a s e s  a r i se  i n  p a r t  from varia-  
t i o n  i n  t h e  angle o f  tilt, o f  the l i n e a r  dirctw a x i 5  
< t h e  c-axis) w i t h  respect to  t h e  r l a n e  o f  t h e  h r d r o -  
$en-bended carhoxr l  Sroups ( t h e  a+ axes plane 1, 
C I l S O  i t  i s  well r e c o g n i s e d r  from t h e  h r o a d - l i n e  &ti 
nnrr s t u d i e s  o f  Dunel 1 and  co-workers i n  par ticti lar  I 
t h a t  even well below t h e  m e l t i n 3  P o i n t y  s o l i d  s a w  
ples o f  l o n g - c h s i n  f a t t r  acids c o n t a i n  l i n u i d - l i K e  
ref ions  which g i v e  r i s e  t o  narrow nar l i n e s 9  the in- 
t.esr sted i n t e n s i  tr o f  which berends on LemPeriturer 
t h e r m a l  h is t , t r r r  and  inlwritr content,?'  

Recentlr two repor t s  have a p p e a r e d  d e a l i n g  
w i t h  a n o m a l i e s  i n  t h e  Proper t ies  o f  f e t t r  acids at 
temrerat,ures , . ius t  below t h e  m e l t i n g  P o i n t .  The 
f i r s t 9  d e s c r i b i n g  an ad iaba t i c  c a l a r i m e t r i c  s t u d r  of 

* I s s u e d  a5 NkCC # 18597 
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134 J. A. RIPMEESTER and S. R. GOUGH 

s t e w i c  8cidr si.ibr~ested the existence near t h e  rrielt- 
i n s  m i n t  a f  an unknown ~hase i n  addition t o  t h e  
usual .;table C fCirtl,+ It wa5 not resolved9 however9 
whether ttie new rhssa a r o s ~  f r o r  imrurities o r  
whether i t  was intrinsic to  s t , e ~ ~ i c  acid i t s e l f *  
The second report' dealt wi th  both I t i  and ssC high 
resolution nmr srectroscow o f  t h e  solid phsses o f  
the series o f  lonS-chain fat.tu acids from C i s  t o  
Ck1 a t  v a r i o u s  temreratures near the meltin9 point*  
 he i t i  spectra i l lustrated i n  t h a t  report show sev- 
eral narrow lines which increase i n  shwrness as t h e  
temrcrature i3PProixhet the meltin% Point. I n  addi- 
t i o n ?  two af  the w u t o r t  lines9 one near 6 = 4 ppm 
and one near d = 12 PPUI the l a t t e r  w i s h %  from the 
carboxYlic wokon ) r  were found t o  concoaitantlu de- 
c r e e s ~  and iricreaoe i n  awlitudet resrectivolur as 
the  t,emwwature increased* A s  a result of' t h e  ar- 
Parent correspondence between these two lines it was 
s;uraisedr t h s t  the 4 PPUI line (not. observed f o r  t h e  
even acids nor f c r  the l iou id  Phase) arose from the 
carbrw4,ic acid rroton a f  nmnamer i c  acid moiecules 
Present, i n  the s o l i d  c r u s t d l i n e  l a t t i ce*  I t  was 
also noted7 t h a t  the narrow l i n e  observed a t  12 F P ~ I  
i n  the s~ectriim o f  t he  solid  hose broadened and 
shif Led uvf'ield 25 its awrlitucie decreased. 

Some Peculiaritiesr however 9 are awarent in 
those data. Fir5t199 t h e  inference that  monomeric 
ciwboxrlic ocid molecules onlv occur i n  detectable 
Ruankitics i n  the add series o f  these acids is 
surF>risins althousth i t  n l u s t  be acknowledi8ed that on 
occasion sisnificant differencar are found between 
add and even Rtemhers o f  z;uch honmlo$uus series+ 
Secondlur the rroton line near 4 PPUI showed 2n in--  
crease i n  both orn~lit~ude and width as t h e  tee~eri3- 
ture o f  the solid w2s decreac3ed from the  meltins 
Point+ T h i s  i w l i e s  an increase i n  t h e  number- o f  
niononleric acid malerules w i t h  decrwsinst LeNIPerature 
which sudde%t,s the sssi~fnsent af  the 4 P P ~  line to 
monomer acid u n i t s  t o  be incorrectr since9 on a sia- 
~ l e  ener-Setic basis aloner one would exrect a 
decrease i n  t h ~  number- a f  such 5j~eci .e~ w i t h  decrease 
i n  temperature ra1,tter thon the increase implied b r  
the experiwent~l observations. Fur thermorer t h e  re- 
la t ive l r  niwraw nmr liner39 o f  width less than 10 Htr 
observed i n  the  hidh tesdut ion si.ectrwn of' the  
solid phase show t h s t  the acid  iiu1oculeS under ob- 
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lWR OF SOLID FATIY ACIDS 135 

s e r v a t i o n  here9 mssess freedom i n  troth t r a n s l a t i o n -  
al and reor i en t a t iona l  senses and conseauent lv  ~ u s t  
be  a s s o c i a t e d  wi t,h the i i n u i t j  regions su r round ins  
inipuri t r  centre.; and lattice defects descvibed bv 
D u n e l  I and ca-workere?' T h u s  t,he u s u a l  taulf;w-ature 
dependent s n l u b i l i t r  effects a i u s t  be o p e r a t i v e t  
i ,e, t h e  number of acid molecules conta ined  i n  
t h e s e  r e g i o n s  must d e c r e a s e  as t h e  temperature is 
decreased 

Since the i r w l i c a t i o n s  of t h e  e a r l i e r  
wcsr81C2" aprczr t.3 have been missed we have 
re-.t;xsntined a t  h i s h  resolukion t h e  'ti s~ectrum o f  
one o f  t h e  even w i d 5  s t u d i e d  b r  Kimtus' b u t  u s i n g  
an e x c e p t i u n a ? l r  wide sweepwidth, Ue f i n d  t h e  nar- 
row lines t o  be s u ~ e r i m ~ o s e d  upon a wide-l ine spec- 
t r u m  typical a f  a non-.rotator pha5e s o l i d  and w e  
show that t h e  features of  the spectra r e p o r t e d  bv 
K i m t r s  far the odd numbered acids maw be easilr re- 
Produced i n  t h e  even-numbered acids  bv t h e  a d d i t i o n  
of an hudroxul - -canta in ins  i w u r i t u +  O u r  results for 
!%tE?z8riC: acid 1 ma% be entirelr expla ined  bu 
reference to such an added i w u r i t s ,  without  the need 
t o  invoke such a concept as the occurrence  o f  
monomeric f a t t r  a c i d  molecules i n  t h e  S o l i d  phaset 

High resolut ion 'H spectra were ob ta ined  a t  
18OMhz a t  s e v e r a l  t euwera tu res  u s i n s  a Bruker 
CXP--180 NMK swxtrameter o r e r a t i n g  i n  t h e  hish-power 
made without  s a m ~ l e  s p i n n i n g ,  For each wectrum UP 
t,o one hundred  f r ee -+ induc t i an  decsr t r a n s i e n t s  were 
co-added, Ewtrmn-KudaR Whi te Label srade stearic 
acid 4 C g  Has COnH) was used without, further Purifica- 
t i o n r  f r e s h  5i31riPle5 o f  which showed v ir tua l13  no 
s i s n 5  of narrow a&sorPtion l i n e 5  below 303K. The 
lat ter could be seen I however I w i th  i n c r e a s i n g  ease 
a5 the tmwerat,ure was raised to near t h e  a t e l t i n s  
P o i n t ,  Doped SWIW~FS o f  stearic acid were w e p a r e d  
bu add ins  the  i m w r i t u  d o r a n t  tu t h e  s o l i d  followed 
b r  m e l t i n g  and subseouent  recrustctl l i tat ion 

F,j.%ures 1s and l b  show 'H spectra obtained et 
33% and 3 1 3 K  for a water-doped stearic acid serrlat 
(2% br ut HiO) under h i3h  r e s o l u t i o n  c o n d i t i o n s  with 
a r e l sz t ive lv  narrow weep-width of' 1OKhzt With de- 
crcasin$ temperature both  t h e  decrease i n  i n t e n s i t v  
o f  the  acid  pro ton  s igna l  (seen h e r o  n e w  10 PPITI) 
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136 J. A. RIPMEESTER and S. R. GOUGH 

b 313 K 

8.10 4 0  

3.6 kHz 4 

C 332 K 

c' / 

3 '3K I 

F 125 kHz 

FIGURE 1, Hi%h r e s o l u t i o n  'H nmr s ~ e c t r a  o f  
s t e a r i c  a c i d  doped w i t h  2% h% w t  H,O o b t a i n e d  
under  c o n d i t i o n s  o f  narrow ( a r h )  and wide (crd) 
sweep-width,  

and t h e  increase i n  i n t e n s i t r  o f  t h e  4 PPRI s i $ n ; t l  
are9 as r e p o r t e d  bs K i m t r s  far  the add-numbered 
s ~ e c i e s  o n l r r  c l e a r l y  i n  e v i d e n c e ,  

F i g u r e s  l c  and l d  illustri3te s w c t r a  o b t a i n e d  
f o r  t h e  same sample and a t  t h e  same t,enwx-atures es 
before b u t  u s i n s  a much I r e a t e r  sweep-width (naaelr 
I25Khzle It. is e v i d e n t ,  t .hst the h i s h  r e s o l u t i o n  
spectrum is s u r e r i ~ ~ t p o s e d  on  t h e  much b r o a d e r  spec- 
t r u m  a r i s ing  from t h e  b u l k  s o l i d  Phi3Ser I n  the case 
o f  t h e  svectruri obtained a t  313K ( f i I  i d ) r  the ner- 
row l ine  srectriim so c h w a c t e r i s t i c  o f  l i m u i d  is ob- 
v i o u s l r  r e p r e s e n t a t i v e  o f  on13 i3 few v e r c e n t  o f  the 
~ r n t o n s  i n  t h e  samPle+ I n  cont,rasst,g at6332K ( f i $  
1c)r e l e v e n  d e g r e e s  from t h e  m e l t i n 9  P o i n t 9  the  con- 
t r i b u t i o n  f rom l i a u i d  is much greater and t h e  
u i d e - l i n e  e l e a e n t  o f  t h e  S P ~ C ~ ~ U U I ~  c h a r a c t e r i s t i c  o f  
solidr is ell but, i n d i s c e r n i b l e  e x c e p t  on the ex- 
panded p l o t  c ' r  s l t h a u s h  it, still c o n t r i b u t e s  s i d n i -  
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NMR OF SOLID FATTY ACIDS 137 

f i c o n t l r  t o  the i n t e s r a t e d  i n t e n s i t r  o f  the spec- 
t r u m  + 

The n a r r o w - l i n e  features o f  f i g u r e  1 c a n  be ex- 
p l a i n e d  i n  terms af  t h e  l i e u i d - l i k e  r e s i . o n s  associ- 
ated w i t h  i n w u r i t u  c e n t r e s  a n d  l a t t i ce  defects as 
followsb In t h e  melt9 a n d  2 u 5 t  below t h e  m e l t i n s i  
paint9 imruritr P r m t m s  form o n l r  a verg  ~rr1i311 pro- 
P o r t i o n  o f  t h e  r ru tons  c o n t a i n e d  i n  t h e  l i n u i d - l i k e  
r e g i o n s *  Thu5 t h e  cji9ns.l seen n e a r  4 prrn i n  f i g u r e  
la is verv weak. With d e c r e a s i n g  t m w e r a t u r e  an i n -  
c r e a s i n g  antount af  t h e  c e r b o x u l i c  acid dissolved i n  
t h e  l i n u i d - l i k e  r e g i o n s  crrstallizes o u t  ( t h e  i n -  
verse o f  r r e m e l t , i n l  ) r  t h e  l i n u i d - l i k e  r e g i o n s  became 
r e l a t i v e l u  richer i n  i ~ ~ t i r i t s t  the i m p u r i t r  rratons 
t h u s  form a n  i n c r e w i n s  w o p o r t i n n  of t h e  t o t a l  Pra- 
t o n  ~ o ~ u l a t i a n  at' t h e  l i a u i d - - l i k e  reczionr; e n d  so t h e  
4 t v m  l i n e  beconies s t , r o n s e r  ( f i l u r e  l b l .  A t  t h e  
same t i m e 9  the carbaxtjlic w a t o n  s i g n a l  seen n e a r  10 
P P ~  b r o a d e n s  imd decreases i n  a m r l i t u d e  as t h e  car- 
haxr l ic  ac id  c o n t e n t  o f  t h e  l i n u i d - l i k e  r e g i o n s  de- 
creases+ T h e  l i n e  b r a a d e n i n s  a n d  w-f ie ld  s h i f t  
s e e n  i n  t h e  data of Kimtvs are n o t  so slreatlr i n  
evidencer haweverr i n  o u r  wectra+ 

A d d i t , i m a l l u ~  our e c r e r i r r ~ e n t s ,  shnw ba th  the 
carbnxul ProLon si~dni31. and the i w u r i t r  r r a t o n  sisi-. 
ni3.l. to be e a u a l l r  s e n s i t i v e  t o  t h e  n a t u r e  a n d  w a n -  
t i t v  o f  t h e  added i n w u r i , t u +  For i n s t a n c e s  i n c r e s s -  
i n 3  the water c o n t e n t  b r  i) Tactor a f  two c a u s e d  t h e  
acid P r o t o n  G i s n a l  t o  broaden s i S r t i f i c a n t l u  a n d  to  
s h i f t  u?-fieldv the imPur i tM Praton s i g n a l  i n c r e a s -  
i n g  i n  anw1itucJe srrd s h i f t i n g  .Pram 4 + 1  t o  465 P P ~ +  
I n  a n o t h e r  instanter the a d d i t i o n  o f  2% hu weight o f  
stear..rl. a l c o h o l  t o  i3 s tear ic  acid satrtvle c a u s e d  the 
aweari3nce o f  311 i o r u r i t s  r r o t o n  l i n e  a t  5+3 PPRI the 
i n t e n s i  t~ o f  which d e p e n d e d  won t e m r e r a t u r e  i n  ntuch 
the !%ante W ~ M  a5 was o b s e r v e d  f a r  the w a t e r - i o v u r i t u  
s i ! i l n i f s b  For th is  cjam~le t h e  carboxtslic r r o t o n  sig- 
n a l  was temPerattire i n s e n s i t i v e  w i t h i n  e x w w i l a e n t a l  
crrar over the t e w e r s t u r e  ri3nczo s t u d i e d ,  

We c o n c l w k  front t h e s e  c o n s i d e r a t . i o n s  that t h e  
resul ts  o f  K i n i t Y s ' v  P r e s e n t e d  as be ing  P e c u l i a r  ta  
the odd-numbered members of the f a t t r  ac id  seriest  
m e  t.rricz.?. nf 311 ssr,t,enci of t h i s  trpe c o n t a i n i n $  
some snia.!.l dodree o f  i w u r i t v y  the exact n a t u r e  o f  
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138 J. A. RIPMEESTER and S. R. COUGH 

which remains i n  douhtr a l t h o u g h  i n  t h e  cases c o n s i -  
d e r e d  h e r e  an  h r d r n x u l - c o n t s i n i n f  species is un- 
d o u b t s b l r  i n v o l v e d .  I t  is well r e c o g n i s e d  t h a t  
lon%-chs in  coniPounda are d i f f i c u l t  t o  Prewar@ i n  a 
P u r e  state a n d  i n  t h e  cases o f  a l c o h o l s  end 
acids  i n  w r t i c u l s r  ir which c o n t a i n  s t r o n z i l r  hrdro- 
P h i l i c  tlroupsr t h e  e l i m i n a t i o n  of moisture is exeed- 
ing1.u d i f f i c u l t .  The wrsrent  d i f f e r e n c e s  between 
t h e  odd and  even mernkwrc, f o u n d  b r  K i m t r s '  m u s t  b e  
ascr ibed t a  t h e  well known f a c t  t h a t  the  even 
mewhers o f  s u c h  h o ~ o l o ~ i o u s  ser ies  are u s u a l l r  more 
r ead i l r  o b t a i n z h l e  i n  2 purer s t a t e  t h a n  are t h e  odd 
members, V ~ C U U N I  s u b l i m a t i o n  8s eaiploued br Kimbw 
c s n n o t  he c o n s i d e r e d  an effective method o f  P u r i f i -  
cat ion o f  these conipounds. 

The o h s a r v a t i a n  o f  high r e s o l u t i o n  spectra f o r  
such  solid ssstenis o f f e r s  some rrouiise as a method 
far s t . u d % i . n s ~  3s i n  t h i s  i n s t s n c e v  t h e  ro l e  o f  i m -  
P u r i t , i e s  i n  t h e  onset o f  F h a w  t r a n s f o r m a t i o n s *  The 
nlet,hnd s h o u l d  a l s o  have  c o n s i d e r a b l e  a r r l i c a b i l i t r  
i n  t h e  broader field o f  F,hc=se e n u i l i h r i i ,  i n  general. 
It, s h o u l d  be +?ass ta  B P P ~ Y  the t e c h n i n u e  t o  t h e  ob- 
s e r v a t i o n  o f  eut,ectic l i a u i d  and h e n c e  t o  t h e  deter- 
m i n z t i o n  o f  r e e s o n a b l s  accurate c o n w o s i t i o n  d a t e .  
Full regard c,hould bo s i v e n r  howeverr t o  t h e  
misleadinsr  m n s m u e n c e s  of incomrlete a t t a i n m e n t ,  o f  
t , h w m o d r n m i c  m u  i 1 i b r  i u m +  

F i n s l l % t r  c o n c e r n i n g  the r e c e n t  revart o f  
tia$z6 ment ioned  cxrlierr  i n  v iew o f  the foregoing 
d i s c u s s i n n  we wou l d  ~ S S e s t  thsit our o b s e r v a t i o n s  
p e r h a ~ ~  fsvour s n  i n t e r p r e t a t i o n  aT t h e  calorimetric 
d a t z  i n  terms o f  c3n i n P u r i t , r  h w a t h e s i s ,  
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