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ABSTRACT The d ie lec t r ic  re rmi t t iv i t r  and lns5 o f  solid 
.la:irir acid (C,&IaaCGOOHf a t  subin and radio freawncies are 
rePari,ed for t.he ter;leerature range from 1'5K t o  near the  
wltixi ~oin!,+ Na featiires ijtt.ribut&le to  confir9urational 
interchange u i t h i r t  the acid-o'irer groups are @bServe?di The 
Perulizrities of t h e  d a b  ijre discussed i n  terrc of the li- 
mib-l ike reginas asrociated u i t h  intPtiritr 2nd defect cen- 
f,rez, 
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ANOHALOUS DEFECT/IHPURITY DDYINATED DIELECTRIC BEHQUIOUR 
LAURIC ACID IN THE SOLID PHASE* 

OF 

S c  R e  GOUGH 
Division o f  Chemistrr 
National Research' Council of Canada 
OTTCIUAI Ontariot CANADA K I A  OR9 

(Submitted for Publication February 9, 1981) 

ABSTRACT The dielectric Perlnittivitr and loss of sol id  
lauric acid ( ~ H S C O O H )  a t  audio and radio freauencies are 
reported for  t h e  temperature range from f S K  to near the 
melting Point ,  No features attributable t o  confirwrational 
interchange wi th in  the acid-diaer groups are observed. The 
Peculiarities of the data are discussed i n  terms of the li- 
nuid-liKe refions associated u i t h  imauritr and defect cen- 
t res  + 

The so l id  phases of the 1on9-chain P a t h  acids have been ex- 
tensively investi3ated: X-rag evidencesa has shoun t h e  acid QO- 
lecules t o  be orientated u i t h i n  the c rss ta l  l a t t i ce  as 
"head to  head" dimersg the carboxrl "head" groups forlain$ eight 
membered rinfs havics essentiatlr  a centrosrnmetric chair confor- 
mation; infra-red evidence%,) has Pointed to conf ifurational 
chan$es w i t h i n  the dineric acid $coup as a function of tempera- 
ture! and N8R evidence'.' has indicated that impurities and lat- 
t ice defects ?lev an iaeortant role i n  the various ranifeatations 
of' molenilsr utotion within these Errstaliine solids 

The infro-red evidence3#' has been interpreted i n  terms of 
the coexistence o f  tuo molecular configurations u i t h i n  the  crys- 
ta l l ine Iat t icet  t h e  c i s  forn beins the aore stable for t h e  
C, and Cb acids and tor those of the odd series1 and the trans 
form being the Pare stable for those acids of the even series 
trom C, UP, cis and trans referins t o  the  relative c3nfisiurstion 
of the B-carbon and the carbons1 o;(Men+ Several isoPrerization 
mechanisms have been ?roPosedsB' ran9inf from that o f  a s i ra le  
overall concerted reorientation of the eight-@embered direr ring 

----- 
*Issued a s  NRCC t 19077, 
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270 S.R.GOUGH 

t o  t.hat, o f  xi interr ia l  doi:SLe wnt.on t ransfer+.  I ?  has been. sug- 
2e5ted3 t,+a!, the former mechanism would lead  t o  " a  share  t ransi-  
t.ion" r r e w w & l u  below which the interchas.9e ra?,e would he ex- 
Fect,ed be ezceedin%lr slowc Houever 9 s ince  t h e  in . f ra- red 
5.Pecf.ra varq cnlr sradnallr  Eith tewreratwe the. i a t t e r  mechanism 
bas fatirid favour % Processes involvind t w i s t i n g  or dist.ar Live 
rincj mticns @hi& would des!;rar t he  centrosrriiie.tr i c  chirractm o f  
t,he d i w r  r i n g  s w e a r  t o  tiwe been ruled otit? T ~ S  Presence o f  a 
cent,re o f  srgiFiet.rsx o f  cotjr5eg renders the. confi$urat.ional i n te r -  
chan.$e i n v n l v e d r  nn riat3,er what the mechan.iss? d i e l e c t r i c a l l r  in- 
acf.ive+ Thus the d i e l e c t r i c  cor,.;tan.t or w r m i L t i * v i t &  wnlild be 
ewected  t.3 be .low and the d i e l e c t r i c ,  l o s s  i d e a l l r  shauld be 
zeros Ne.verthelesst an% " s h i ? r ~  tr.an.sition" worilb be exaected t o  
I;iar,ifesL i t s d f  25 a disconiiriuit,.; either ir. the Peru i i t t i v i t r  i?&- 
relf or ir; i t s  r a t e  of chan4e u i t h  tewerat, .ure,  A?solt the f a t i s  
acid5 s h a ~  evideEcrz c f  ccn.siderabl.e l inuid-I iRe n~n.Lecular urotinn 
ir, the  sotii rbases a t  t ec rwra tu res  w r r e c i s k l r  below the meltin9 
r0int.P' t h u s  2 re9ion. nf d i e l e c t r i c  absori.t.ion assnciatmi wi th  
wch e:ct,i.@rl i s  m t i c i P a t e d +  Since onlr the  microuave dielectr ic  
w a r e r t i e s  of the lon.S-ch;rin fat,i,s aci.ds w e  Lnr;wr,r the. audio and 
rad io  freotienrr d i e l e c t r i c  Proper t ies  a w e z r  in% no t  t o  have been 
rerortebq i t .  uas ~resuiried. t o  be worthuhile t o  examine at, least, 
me ne.r;rber o f  the  s-zrier.. bccordincjlrr the low freaiiencr diefec-  
t r i c  per.eit!,ivit,y E' and dielect,ric loss E." o f  l a u r i c  acid are 
rewr tc ld  here f o r  the tewpera!,ure ran3e f r ae  . 1*5K t o  nesr the 
Eel t i n 2  FO!,~, t,. 

8 
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270 S. R. GOUGH 

t o  t h a t  o f  an internal  double proton transfer.  I t  ha5 been sug- 
gested' tha t  t h e  former mechanism would lead t o  "a share transi-  
tion." rresuneablr below uhi.ch the interchande rat.e would be ex- 
pected t o  he exceedinslr slowi Hawever9 since t h e  infra-red. 
s?ec.t.ra uarr onlr WadualLr uith temPe.rat.u.re t h e  l a t t e r  mechanism 
bas f o m d  favour . Processes inunlvind t w i s t i n g  or dis tor t ive 
ring mations uhich  would destror the. centrosrmmetric character o f  
the. diF1e.r ri.n.9 appear t o  h.ave been ruled out)  The erererice of a 
centare of svmiiletrvx of courser renders t h e  configurational inter- 
change involvedr no watber uhat t h e  nechanisrr d ie lec tx ica l l r  in- 
active+ T h u s  the d i e l e c t r i c  constant or r e r n i t t i v i t r  wnuld. be 
expected t o  he 1o.w an.d t h e  dielect.rir- loss  idea l l r  shauld be 
zeroI Ne.verthelessn any "share transit ion" uould be expected to  
manifest i t s e l f  as a d iscont i ru i t r  ei ther i n  the  Permit t ivi t r  it.- 
se l f  or i n  it.5 r a t e  of chan.9e u i t b  ternreratwe+ Alsot t h e  f a t t v  
acids shau  evidence cf considerable 1inui.d-liKe malecular sotian 
i n  t h  sol id  phases tt tenperat.ures appreciablr he.Law t h e  melting 
win!.,* t h ~ s  a region of d ie lec t r ic  ahsorption assaciated u i t h  
such mof,ion is an.ticiPated+ Since anlr  the microuaue die lec t r ic  
r rorer t ies  o f  the Ions-chain P a t t r  acids are  Knnwnf t h e  audia and 
rad io  freocencr d i e l e c t r i c  Properties apeearinl not t o  have been 
rwortedr i t .  uas pres6me.d to  be worthuhi.le t o  examine a t  least. 
one member o f  the ser ies .  Accordinqlry t h e  low fremiencr dielec- 
tr ic.  perei t t ivi t , r  E' and d ie lec t r ic  loss E" of laur ic  ac id  are  
reported here f o r  the tearerataure ran9e from , 1+5K to  near the 
melting pointri 

5 

EXPERTMENT 

A sample o f  the C-farm of laur ic  acid CC,,H23CllOHh 
wepared from the melt. and stored over PaOr9 was Kindlr  suprlied 
br JIUmemurac The. sampler examined br di f fe rerk ia l  scanning ca- 
lorimetrrr shnwed no s im of t h e  Presence o f  any other s t ructural  
modific,at.ion and melted a t  44.0°Cr s l i d h t l r  louer than the h i -  
 st reported va.l.ues <44+5-8rq 44.8' ), Two disc-shaped dielec- 
t r i c  specimens were prepared br  pressing the Powdered material i n  
i3 3/4" diaeeter d ie .  The first.9 of thickness Qb1Q2"t uas of den- 
s i t s  l+OlfO,Oldudccz and the sec ndv 0,Q;;SS" and 1+QSf0103en/cct 
repect.ivelr lit: p =1 ,Q32&1/cc 1 + Permittivit&r E' and 1 ~ s s  E" 
were measured.9 using a Para!lel-rlat,e three-terminal cel l  and a 
General Radio i b l 5 A  bridrlnr over the randes 50QHz t a  60k.H~ i n  
freauencr ard 1,5K t o  330s in  tewerature+ The electrical .  and 
crsostat  srst.ems upre. as described Previau.slr? In order t o  min- 
imise. t h e  effects  of inter-electrode a i r  &PS caused br  ineuit- 
a h l e  surface i r r e g u l a r i t i e s  the surfaces o f  t h e  secand saw.Le 
were co;.,t.ed w i t h  rtltArole\in j e l l s  prior to  inser t ion o f  t h e  samrLe 
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LAURIC ACID DIELECTRIC 271 
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FIGURE 1, Permitt,ivitr E' and l o s s  E" o f  l a u r i c  acid 
sawrle t f . ,  0 coolin.!4? 0 warmingi A c o o l i n s t  + warming, 
x con.tind+ 

HEIilJLTS 

The wri i i i t? . iv i tu  E..' and 10;s E" nre.asured at. lQkMz f o r  
saerle I ape shab~n in. Fig. 1, The character is t ic  fext,ures are a 
rronotinced v i r i a b i l i t r  i n  the rerwittivits va1i;es bdueen subse- 
nuen.!. caalin% and uarulin4 runs aird a v e r ~  swALi sosewhat, less 

LAURIC ACID DIELECTRIC 271 

within the d i e l e c t r i c  celL, Na s i ~ ~ i f i c a n t  improvecent i n  the  
s e a s w e b  permit.tivit.r which cnuld be ascr ibed  to  t h i s  Procedure 
was observed? haueverg althou9h there wa5 a marked absence of 
i on ic  condrx t iv i tu  effects fo r  t h i s  sanr le .  Also f o r  t h i s  sample 
t h e  measured Permi t t iv i  tr uas samewhat lower rrobabLs because t h e  
a c t u l  i n t e re l ec t rode  s r ac in9  was s l i 9 h t l s  $reat.er than t h e  real 
sanwle thickness  < from ubich t h e  ce l l  cons tan t  was ca l cu la t ed )  
because of the Presence of the  sur face  coat in9.  

2.52 - 

2.50 - 
e' 

2.40 - 

2.46 - 

2.441 

p"" 

r L g +  

I I I I I I 
0 50 D O  I50 200 250 

TEMPERATURE (KI 

0.6 

0.3 

0.0 

)o 

FIGURE 1. Pereitt,ivit.r E' and l o s s  E" o f  l a u r i c  acid 
s a n r l e  $1. 0 coolinqr 0 uarsin!3r A coolinsir + uarmingr 
w coal ingh  

RESIJLTS. 

The r e r m i t t i v i t v  E' and loss E" measured at, lQKHz for  
samrle 1 ape S ~ Q W D  i n  Fig 1. The c h a r a c t e r i s t i c  f e a t u r e s  a re  a 
rronounced v a r i a b i l i  tr in. the r e r o i t t i v i t r  values  betueen subse- 
went. conl ing and uarmin9 runs ahd a uers s s a l l t  somewhat less 
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variable9 aprsrent loss re& af amrl.it.ude E"=O,QO05 occuring a t  
temreratures near WQK, The situation is ouali t a t iv l r  similar 
for sarnrle 2 ( F i 9  211 hare9 houeverv the incipient, rermitt ivitr  
maximum seen near 18OK i n  Fig 1 is mare c lear l r  resolved and the 
arrarent. loss peak7 now centred near 2SQKe ir larger br a factor 
arroachinq twar The ionic conduction current9 evidenced for saw 
r l e  1 b r  the ursuin9 i n  E" in  F i g  1 a t  temreratures abave 255Kr 
appears t o  have been effect ivlr  blacked in the case o f  sample 2 
br its surface treatment, In Fi l r  l r  the small increase in  per- 
mitt,ivit,r near 5K is a nu9at.orY experimental a r t i f ac t  occasioned 
br temrarary contariirtatian of  the 5~11?le  and electrode re!+an br  
the l i n u i d  beliula crroqen, In  the ran3e 1.X t o  2OQK t h e  dielps- 
t r i c  loss is essent ia l l r  zerol. The values of Permittivitr re- 
Ported here for  lauric acid are cuite consistent w i t h  {aLthouqh 
rerbws s l i q h t l r  higher t h a n  f the microuave values reported br 
Buchanan ,9 

2.5 
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FIGIJRE 2+ Per r i t t i v i t r  E' and loss E" of lauric acid 
sample 42, 0 coolinsr o coolin3r P uarsinqt +. uarairlqr 
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LAURIC ACID DIELECTRIC 273 

DISCUSSION 

Firstlry the d ie lec t r ic  resu l t s  show no . features 
which can be ascribed t o  the cis-trans configurational inter-  
chande ~ r o c e s s  dicussed i n  the introduction, The overall resu l t s  
are e n t i r l r  consist,ent wi th  t h e  accepted centmsrrmetric ac id  
dimer s t ructure  and a s  such throu no l igh t ,  on the nature nf the 
interchange mechanism involved i n  the isomerization except inso- 
fa r  a s  the absence o f  anr s ignif icant  discontinuities i n  E‘ and 
4 E’/&T w i t h  temperature favours the proton transfer hrpothesis, 

The feature of the resu l t s  of areatest  significance 
is the i r re r roducib i l i t r  of the data a f t e r  thermal excursion, 
T h i s  implies a rersist.ence of thersodrnaric dis-eouilibriur i n  
the s o l i d  which r e r s i s t s  even af te r  extensive thermal eauilibra- 
tino, That t h i s  must be associated with irruritll centres and 
latt,ice defects there is l i t t l e  doubt., The NHR evidence has been. 
Shawn clearlr’*’ t o  deimnstrate t h a t  redions e x i s t  i n  the crystal-  
line l a t t i c e  where the regular l a t t i c e  order is disrurted and 
where acid molecules themselves as well as iwuritr  molecules are 
a b l e  to undergo motions ak in  t o  those occurrind i n  the l iauid 
s t a t e ,  Accordinglrx the var iab i l i t r  of the measured r e r a i t t i v i t r  
n ~ u s t ,  a r i se  from variation i n  the s ize  and polarization of these 
l iauid-like regions and from fa i lure  of these redions to follow 
conditions o f  thermodunamic e n u i l i b r  i u m  w i t h i n  the t iaescale of 
the exreriment, That, the v a r i a b i l i t r  does n o t  ar i se  either f r m  
thermal hrs teresis  or from mechanical i n s t a b i l i t &  within the die- 
l e c t r i c  c e l l  is proved b r  the absence of s u i t a b l e  correlation 
bet.ueen the v a r i a b i l i t r  o f  the re rmi t t iv i t r  data and that, o f  the 
lass  da t a ,  The srecific features o f  the resu l t s  Etas be explained 
as follows, 

The r e r a i t t i v i t r  o f  r a s t  die lec t r ic  materials incre- 
ases w i t h  increasing derrsitrr tha t  is t o  sayx decreases w i t h  i n -  
creasing temwrature, For certain solids the inverse i s  true a5 
is the case here, T h i s  inverse situation. a r i s e s  from the teeper- 
ature dependence of the. low-1rin.s translational latt-ice vibra- 
t ions which absorb a t  lower Preouencies a t  hi3he.r teweratu.res 
and so make a larger and larger cont*ribution. t o  the. refractive 
index (and hen.ce to  the pernit . t ivitr)  as the. temperatwe r i ses ,  
T h i s  si tuation is cnnwonlr observed f o r  ionic latt,ices such as 
NaC1” and fo;* stron.gIr hudrogen-bonded lat.t.ices such as t h a t  of 
hexadonal ice,  For the . f a t t y  acids t.he phen.aii1en.a muSf. be associ- 
ated with the hrdco9en-banded acid drfiUrS+ 

The i r r e s u l a r i t i e s  which occur abave l8OK must be as- 
cribed t o  overall chanqes i n  densitr  and rolarizatian. caused bu 
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214 S. R. GOUGH 

the 9raut.h and shrin.ka9E of t h e  l inu id- l ike .  re3,inns. a s  t he  ten- 
r e r a t w e  is varied.  After rereahed thermal excursian the i r re3u-  
l a r i t i e s  become.. r w h  less rronaunced rresumablu a s  a r e s u l t  af 
anneal ing+ Ahave 270K rremal t i n s  e f f e c t s  became rreduminard and 
E' f a l l s  a5 the  true utelt.in2 paint is approached, 

In  terms of d i e l e c t r i c  la5S. bath santrles. shawed ~ a l -  
itat.iwelr the  same behaviour (.Fists l and 21. Thermal crclins 
t ann.ealins' 1 caused. t h e  apparent. l a s s  maxiritus to  decrease sli2htlr 
which su=est,s that. t he  lass f e a t u r e s  a l s o  are a s sac i a t ed  with 
t h e  et-esence o f .  t he  l i a u i d - l i k e  reg ions+ The *rater amplitude 
of the apparent loss. peak for: samr1.e. 2 isrlies. a h i a e r  cancen- 
t r a t i o n  of defectlierPririt.ies i n  t h a t  samele a s  is iiselied aLsa br 
t h e  &eater v a r i a b i l i t r .  of its re rn r i t i v i t r .  E f f a r t s  ta def ine 
the.se arearent. l o s s  reaks  i n  terms of f reauencr  a t  canstant .  tem- 
peratcure showed them t a  be s r u r i o u r  i n  the sense that. the experi- 
mental.lr. observed lass maxima 5ee.n i n  the  t e r r e r a t u r e  domain at, 
con.st.ant f reauencr  do o a t  i n  Past .  rerresant.  t h e  t r u e  lass maximum 
of any r e l axa ta im process.  Spec t ra  taken betwwn SOQHr and 6QKHr 
at. cons tan t  temeerature bet.wc.sn 2U?K and 29% shawed increasing 
loss with increas ing  f reauencr  imel r ins  t h e  true r e l a x a t i o n a l  
1ns.s maximum t o  lie. at. hi9he.r Preauencies stili. The observed 
loss maxima of Fists. 1 and 2 a r e  exe la inable  i n  term.; of E" i n i -  
t i a l l r  increas ing  with decreasing t e r e e r a t u r e  as a r e s u l t  of t h e  
usiial Arr henius. behaviour 9 then as the l i au id - l ike  re.3ions *adu- 
a l l r  " f r eeze  UP" as the t e s r e r a t u r e  S.S. lawered f u r t h e r r  fewer and 
fewer d ipo le s  con t r ibu te  ta. t he  rela:.:ation eracessv sa. t h e  real 
E"nrna.x am1itud.e f a l l s  and canseauent l r  sa does t h e  ohserved loss 
at. t h e  Qrewenc ie s  of measurementr The behaviour is trpical of a 
5wt.e.m of rela.xin3 dipoles.  uith. each d ipole  a1 t e roa t ind  hetween 
tua Pns i t i ans  of minintum but  unmual  rat.entia1 energ%. an caol- 
in!& the  d ipoles  cf~aacftiailu becanre fixed i n  the orientaLion af 
minimum energs and consnauent.fr t h e  relaxat.ion. s t r eng th  a s  meas- 
ured b r  E." f a l l s .  

I t  is unlike1.r. t h a t  t h e  ahserved d i e l e c t r i c  lass is 
the  ta i l -end of a higher Qreaiiencr absa re t i an  assmiated with t he  
c i s - t rans .  cm.fidurat.iona.1. interchange. since i f  t h i s  w r e  sa then 
one uould n o t  an t i c i r a t r r  anr. grea t .  i r rePfnducib i . l i t r  i n  t h e  meas- 
ured da ta  nar r  and mare i e e o c t a n t l w  an% d i f f e rence  between d i f -  
f e r e n t  s a w l e s .  Since f a r  b0t.h samPLes. En wa5 o a t  reprclducihle 
and there uas. a fachor  of aeaclr  tuo d i f fe rence .  i n  ED between 
them ue. conclude the  iweu.ri t r i d e f e c t .  laminated explanat ion to  be 
the mast, liKel.r+ 7 h i s  can.clusinn is fu r the r  sr i r rar ted bu a con- 
s i d e r a t i o n  of other  hrdragen-bonded srsters, Hexason81 ice pra- 
vide5 a t r r i c a l  examrle ui.th a d i e l e c t r i c  r e l w a t i . n n  t ire cores- 
mnding t o  freauencies. o f  the arder of 7OdHz at. 25OK?' Far ice+ 
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it. is wet1 K ~ O U R "  t ,hat  the. wesen.ce of iatt.ice defects and irurur- 
i t i e s  leads t o  B considerable increase i n  the r e l w a t i o n  rstes 
In the l iauid-like regions wit'hir, t h e  lattric acid. crrstal the hr- 
drngen.-bond Picture can hardlN be considered t o  be well defined? 
the presence of hrdrnsen-bonded hrdrophillic species which un- 
doubt*abl~ cowrise  the  meior rortinn of the n.an-Par&f'inic impur- 
i t u  uithin the s~ftellir must resriit i n  the scceleration of an3 hr- 
brogen-b0n.d relaxation rrocess+ Cmsenuentlr t.he occurrence o f  
absorption at. h ighe r  frenuencies i s  na!, s u w r  isin.2. 

IR conc lus ion  i t  nisy be. s a i d  tha.t.: na festure re l s t -  
ed k.0 confisurat imal  chanse can be 5een i n  the d ie lec t r ic  spec- 
trum; t.he low freauencr d ie lec t r ic  data for  t h e  solid phase of 
l m r i c  a c i d  is i n  accord with the centrasrmmetric nature of the 
ei9ht-memhered bimer r i n 2  stiggested br t.he st,ructura;l dstai  and 
t h e  reculia-iLies of t h e  dielect.ric reTiF'anse RGS be inCerweted 
i n  t e ras  of the res~on.se  of t h e  l iauib-like regions associated 
ui th  imPurit:s cmtres and iattice defects, 

The author is indebted t o  dkA+Rimee5ter for  5ome 
s t i w l a t i n g  d i s c u s s i o n s  and for brin%inq the i n i t i a l  s i tuat ion to  
h i s  stten?.ion 3116 t o  d*tJme#ui-a for suwlrins the sanelc? o f  laur ic  
acidi 
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it is well Known* t h a t  the  presence of l a t t i c e  de fec t s  and ireur- 
i t i e s  leads t o  a considerable increase i n  the re laxa t ion  ra te .  
In the l iau id- l ike  r e l i o n s  within the l au r i c  a c i d  crrstal the hr- 
dragen-bond Picture can hardlv be considered t o  be well defined9 
t h e  Presence of hrdrogen-banded h rd roph i l l i c  species which un- 
doubtablr comprise the major Portion of the  non-paraffinic ireur- 
itr w i t h i n  the svstemv m u s t  result i n  the acce lera t ion  of any hr- 
droden-bond re laxa t ion  process* Conseouentlr t h e  occurrence of 
absorPtion a t  higher f renuencies  is not  su rp r i s ing r  

In conclusion i t  may be sa id  tha t :  no f ea tu re  r e l a t -  
ed ta conf i rura t iona l  change can be seen i n  the  d i e l e c t r i c  spec- 
trum; the low freauencv d i e l e c t r i c  data  for  the  s o l i d  phase of 
l a u r i c  acid is i n  accord wi th  the  c e n t r o s r r s e t r i c  nature  of the  
eight-membered dimer r ind  su3gested b r  t h e  s t r u c t u r a l  data; and 
the Pecu l i a r i t i e s  of the d i e l e c t r i c  response mar be in te rpre ted  
i n  terms of the response of the l iau id- l ike  regions associated 
u i t h  impuritr cent res  and l a t t i c e  defects. 

The author is indebted t o  3.CIIRi~meester fo r  some 
st i rnulat in3 discussions and for  bringind the  i n i t i a l  s i t u a t i o n  t o  
h i s  at?.ent.ion and t o  JrU!aeuiura f o r  supplring the  sample of l au r i c  
acid. 
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