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 ® & S. R. Gough ?

& Division of Chemistry, National Research Council of
Canada, OTTAWA, Ontario, K1A OR9, 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

Downloaded by [Tomsk State University of Control Systems and Radio] at 03:30 23 February 2013

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




Downloaded by [Tomsk State University of Control Systems and Radio] at 03:30 23 February 2013

Mol. Cryst. Liq. Cryst. Vol. 64 (Letters), pp. 133-138
0140-6566/81/6405-0133$06.50/0

©1981, Gordon and Breach, Science Publishers, Inc.
Printed in the United States of America

ON THE INTERPRETATION OF THE HIGH RESOLUTION
NHMR SFECTRA OF SOLID FATTY ACIDS -~ THE ROLE OF
IMFURITIES

Je Ay RIFMEESTER aAND S. R. GOUGH.
Nivision of Chemistrus

National Research Council of Canaday
O0TTalAds Ontarios CANADA Kla OR9.
Submitted October 14 1980,

ARSTRACT  *H NMR  evidence is rresented for
stearic acid (C4p HgeCOOH) dored with HaO0 or
stearul zlcohol which shows that the recently
rerorted hish resclution srectra of solid
long—-chain fatty acids maw be interrreled sole-
iy in terms of the imruritys conteni of the ma—
terizgls without recourse to "monomeric” rostu-
lates.

It has long been Known1 that long-chain fatltw
acids crustasllize as linear hudroden-bonded dimers
arranded side be side and that the various structur-
3l modificetions or rhases arise in rart from veris-
tion in the andle of tilt of the linesar dimer axis
{the c-axis) with resrect to the rlane of the hudro-
gen~bended carboxul grours (Lthe a-b axes rlane).,
Also it iz well recosniseds from the brosd—line %H
nmr studies of Tlunell and co-workers in  rarticulars
that even well below the melting rointsy solid sam—
rles of long-chain fatty ascids contain licuid-like
redions which dgive rise Lo narrow nmr liness the in—
tegrated intensity of which derends on_ temrerature»
thermal history and imruritu content X%

Recentlw two rerortis have arreared dealing
with anomalies in the rrorerties of fatty scids at
temreratures .Just below tLhe melting roint. The
firsty describing an sdisbstic calorimetric stude of
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stearic acidr sughHested the evistence near the meli-
ing roint of an unknown rhase in sddition to the
usuasl slasble C forwm. It wss not resolvedr houwevery
whether the new shase arose from impuritiee or
whether it was intrinsic to slearic ascid ilself,
The second rerort? deslt with both H and ¥C hisgh
resolution nmr srectroscore of the solid rhises of
ithe series of long-chain fatty scids from Cis to
Cye 2t various temrerstures near the melting point.
The H srectras illustrated in that reraort show sev—
eral narrow lines which incresse in sharrness ss the
temrerature arrrosches the melting roint. In sddi~
tions tuwo of the sroton liness one near & = 4 rpm
and one near § = 12 pem (the latter arising from Lhe
carboxulic rroton)rs were found to concomitantliy de-
crease and  increasse in sarlitudesy resrectiveldr as
the temrersture incressed. As 3 result of the ae~
rarent corresrondence betuween these two lines it was
surmised’ that the 4 rrn line (not observed for the
even acids nor for the liauid shasze) arose from the
carboxulic acid rroton of monomeric acid wmolecules
rresent. in the solid crustslline lattice. It was
also noted? thal the narrow line observed at 12  rem
in  the srectrum of the solid rhsse broasdened and
shifted ur-field 25 its asrlitude decreased.

Some reculisritiesy howeverr» sre arrarent in
those data. Firstlus tLhe inference thal monomeric
carboxulic scid molecules onlw occur in deteclsble
auantities in the odd series of ULhese acids is
surrrising although il wmust be ascknowledsied thal on
occasion significent differences are found betuween
odd and even members of such homologous series.
Secondlyy the rroton line neasr 4 svm showed an in-
crease in both amrlitude and width as the Lemrera-
ture of the solid was decressed frow the meltiing
roint. This imrlies an incresse in  the onumber of
monomeric scid molecules wilh decressing temrerature
which suddgests the sssignment of the 4 rrm line to
monomer acid unite to be incorrecty sincer on a3 sim—
rle enerdetic basis aloner one Wwould exrect 3
decrease in the number of such srecies wilh decrease
in temrerature rather than the incresse imrlied by
the exrerimentzl observations. Furthermores the re-
lativelw nerrow nmr liness of width less than 10 Hz»
ohserved in the hidgh resolution srectrum of the
solid rhese show thet the scid wmolecules under ob-—
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servation herer rossess freedom in both translation—
al and recrientationsl senses and conseauently must
he associzted with the licuid redions surrounding
imrurity centres and lattice defects described bw
Dunell and co-workerss® Thus the usual temwerasture
dgerendenl solubilitwe effecls must be orerstive.
i.e. the number of acid wmolecules contained in
these redions must decrease as the temrersture is
decreaserd,

Since the imrlications of the earlier
work?? zerrear to  have  bheen missed we have
re-examined at hizh resoclution Lthe *H srectrum of
one of the even scids studied be Kimtws? butl using
an ewceptionslly wide sweeruwidth. We find the nar~
row lines to be surerimrosed uron & wide-line srec—
trum turical of 3 non-rolator phase solid and we
show that the festures of Lhe sreclra rerorted by
Kimtus for the odd numbered ascids maw be easily re-
rroduced  in the even-numbered acids bw Lhe addition
of an hudroxul-containing imeuritw,. Our resulis for
stearic acid (Cqg ) maw be entirely exrlasined bu
reference Lo such an added imrurits without the need

ta invoke such 8 concerl as the occurrence of
monomeric fatty ascid molecules in the solid rhase.

High resolution *H srectrz were obtained st
180Mhz a8t seversl lemrerstures using a Bruker
CXP~180 NMR srectrometer orerating in the high-rower
mode without senrle srinning, For each srectrum ur
to one hundred free-induction decaw transients were
co-zdded., Eastwan-Kodal White Label dgrade steasric
acid (Cey Has COOH) uwas used without further surifica-
tiony fresh samrles of which showed virtuslls no
signe of nerrow absorertion lines below 303K. The

latter could be seens houwevers» with increasing easse
as the temrerature was raised Lo near the melting

roint, liored sameles of stearic ascid Were rrerared

by adding the imrurilus dorsnt to Lthe solid followed
e melting and subseauent recrustallization.

Figures ia and 1b show IH serectrs obtained st
332K  and 313K for 2 water-dored stearic acid samrle
(2% bu wt Ha0) under high resclution conditions with
a2 relstivels narrow sweer~width of 10Khz, With de-
creasing temrerature both the decrease in intensity
of the scid rroton signzl (seen here near 10 zpm)



Downloaded by [Tomsk State University of Control Systems and Radio] at 03:30 23 February 2013

136 J. A, RIPMEESTER and S. R. GOUGH

a 332K C 332K
i—/-d\
b 33k d 33k
8- 10 D S e -
" 3.6 kHz - 125 kHz

FIGURE 1. High resolution 2*H nmr serectra of
stearic scid dored with 2% by wt Hp0 obtained
under conditions of nsrrow (2vbh) and wide (cvd)
sweer—width,.

and the incresse in intensitw of the 4 prepm sidgnasl

arey as rerorted bw Kimlus for the odd-numbered
srecies onlwr clearlys in evidence.

Fidgures 1lc and 1d illustirate srectraz obtained
for Lhe same samrle and 8t the same tLemreratures as
before but using & much dgreater sweer—widlh (namelw
128Khz). It is evident that the hish resolution
srectrum is surerimrosed on the much broader srec-—
trum arising from the bulk solid rhase. In the case
of the srectrum obtazined at 313K (fig 1d)y the nar-
row line srectrum so characteristic of liguid is ob~
vinuslw rerresentative of onle 2 few rercent of the
rrotons in the samrle. In contrasts at‘332K (fid
ic)r eleven degrees from the melting rointsy the con-
tribution from liquid is wmuch dreater and the
wide-line element of the srectrums characteristic of
solids is =2ll but indiscernible excert on the ex—
randed rlot o’ » slthough it still contributes signi-
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ficantly o the intedrated intensity of the spec—
trum.

The narrow—-line features of figure 1 can be ex—
rlained in terms of the liquid—-like resions associ-
ated with imruritu centres snd lsttice defects as
follows. In the meltrs and Just below the melting
rointsy imrurity erotons form onle 3 verwy small ero-
rortion of Lhe srotons contzined in the licuid-like
regions, Thus the signsl seen near 4 pem in fidure
1z is verw wesk, With decreasindg temrerature an in-
creasing amount of the carboxwlic scid dissolved in
the licuid-liKe resgions crustallizes out (the in-—-
verse of rremelting)r Lhe licuid-likKe redions become
relatively richer in impuritly: the imrurite erotons
thus form an incressing rrororlion of the totsl rro-~
ton rorulalion of the licuid-like redions and so the
4 pem line becomes stronder (fidure 1b). At the
same times the carbaxulic rroton sidnzl seen near 10
rrm broadens and decresses in sarlitude as the car-
hoxwlic aecid content of the licuid-like regions de-
creases. The line broadening and urp—field shift
seen in the data of Kimtus asre not so dreatlw in
evidencer» houweversy in our srectra.

additionallus our ewreriments show both the
carboxel eroton signal and the impurils reoton sisge
nal Lo be eaquzally sensitive to the nature and auan-—
tite of the zdded imruritw. For instances incress-—
ing the water content by a Taclor of Luo casused the
acid rroton sidnal Lo broaden significantle and to
shift ur~-fieldsy Lhe imrurite rroton sidgnal increas-—
ing in asmrlitude and shifting from 4.1 Lo 4.5 rrm.
In another instancer the addition of 2% by weight of
stearuy]l slcohol Lo 3 stesric scid samrle caused the
arrearance of an impuritw eroton line a3t 5.3 repm the
intensity of which derended uron Lemrerature in much
the same waw 35 was observed for the water—imruritwe
signzls, For this ssmrle the carbosulic rroton sig-
nal was Lemrerature insensitive within exrerimental
errar over Lhe tewreralure rande studied.

We conclude from these considerstions that the
results  of Kimtus?y rresented ss heindg reculiar Lo

the odd-numbered members of the fattew acid seriess
are turical of zll sustems of this ture containing
some smzll dedgree of imrurituy the exsct nsture of
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which remains in doubty zlthousgh in the cases consi-
dered here an hudroxul-contsining srecies is un-—
doubhtably  dinvolved. It is well recognised that
long-chain comrounde are difficult to rrersre in 2
FUre state and in the cases of alcochols and
acids in rarticulzrs wWwhich contain stronsly hudro-
rhilic grourss the elimination of moisture is exeed-
inglwy difficult. The arrarent differences between
the odd and even members found bw Kimbtus' must be
ascribed to the well Known fact that the even
members of such homologous series are usuzslle more
readily obtasinzhle in & rurer state than are Lhe odd
membhers, Vazcuum sublimation ¢ emploued by Kimtus
cannot be considered =n effective method of epurifi-
cation of these comrounds.

The observation of hidgh resolution srectra for
such solid sustems offers csome rromise zs 2 method
far studuings 2 in thie instazncey the role of im-
rurities in the onsel of rhese transformestions. The
method should aloco heve considerable asrrlicsbilite
in the hroader field of rhase eauilihriz in dgeneral.
Tt should be eesuy to srrle the technicue to the ob-—
servation of eutectic licuid and hence to the deter-
wination of ressonshle sccurate comrosition date.
Full redard should be givens howevery to the
misleading consequences of incomrlete stisinment of
thermodunamic ecquilibrium,

Finalluyy concerning the recent rerort of
Kogad mentioned earliery in view of the foredoindg
discussion we would sugsgest thal our observations
rerhars favour on intereretastion of the caslorimetric
date in terms of an imrurity hurothesis.
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