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ANGHALOUS LEFECT/IMPURITY DOMINATED DIELECTRIC REHAVIOUR OF
LAURIC ACIL IN THE SOLID FHase™®

§. F. GOUGH

Hivigian of Chemistry

Hational Research Council of Canada
O07T7Tala, Ontarios CANADA KIA OR9

(Submitted for Publication February 9, 1981)

BHSTRACT The dielectric rermittivity and loss of solid
lauric  acid (CyuHaa COOH) 3l audio and radin fresuencies are
reroried for the temrerzlure range from Sk to near the
meltind roint, No feaztures stiributshble to confirdurational
interchande within Lthe acid-dimer drours are observed. The
reculisrities of the dala sre discussed in terms of the li-
auid-like redions sssocisted with impurity and defect cen-
ires.

The solid rhases of Lhe lonsg-chain fally scids heve been ex—
1y investigeted! {-raw evidence™ has shown the acid ma-

tenzive

lecules to be orientated wuithin the crustal Iasttice as
*hezd 1o head" dimersy Lthe carhoxzl "hesd” droues forwmindg eight
wembered rings having eszsenliszliv s centrosummelric chair confor-

mations infraz-red evidence®® hzs rointed Lo confidurational
chandges within the dimeric seid deour 83 8 function of temrera-
iures and  NHE evidence§7 n,e indirsted thal imrurities and lat-
tice defents rlzy sn imeortant role in the various manifestations
of moleculzar mobion within tnese crystzlline solids,

The infraz-red evidenaelb has been inlerereted in terms of
we of two molecular confisurations within the crus-

s the cis form beinsd ihe wmore stable for the
ids and for those of the odd seriecs: and the trans
farm hei he more stable for Lhose scids of the even series
from Cg urs cis and trans refering to the relstive counfiguration
of the E-carphon and the carbonul oxusgen. Severzl isomerization
mechanisms  hsve been rrorosed™ ranging  from that of 2 simele
overs!ll concerted reorientzlion of the eighl-membered dimer ring
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iha! of zn internsl double protaon transfer. IL has been sug-
esied thel the former mechanism would lesd Lo "3 share Lransi-
Aon” presumeshly below which the interchange rate would he ew-
ected Lo be exceedinsly slouw. Hawevers since Lthe infra-red
sreclre vary onls dreduslliz with Lesrerature the latier mechanisw
hbes found fa»oura Processes  invelving tluistind or distortive
ring motions which would destrozw the cenirosummelric characler of
the dimer ring zreear Lo have been ruled oul® The presence of 2
centre of summelryr of courses renders the confisurstional inter-
chenge involveds no matler whel the wechanismy dieleclricelly in-
active. Thus the dielectric constant or rermitiivite uwould he
exvrected 1o be low and the dielechric loss idealls should be
zero. Neverthelesss eny "share trensition” uwould be exweected Lo
manifest itself 25 & discontinuity either in the rergittivits it-
self or in its reie of chende with temrerature. é#lsos the fatlu
arids  show evidence of considershle liouid-like malecular wolion
in the solid rhases 2l lemrerstures arerecizbly below the meltindg
roint ¥ thus = resion of dielectric shsoretion 3ssociated with
zueh motion is snbiciraled.  Since onlw the n1crnuavp dielectric
rrorerties of the long-chain fatly acids azre known? the audia and
radio fresuency dislectric erorerties arpesring not Lo have been
rerorieds it uw2s  rresuymed to be worthuwhile Lo euwamine 2 least
ane member of the series. Accordindles the low freauencue dielep-
trir peepiitivite E’  2nd dielectric loss EY of lauric acid sre
rerorted here for the temperzlure rande from . 1.5K to nesr the
welling roint.

'|1 r‘-u}, c'-

EXPERTMENT

A samrle of the C~forw of lauric acid (CyuHpa COOH )«
rrerared frcm the mell and slored over FpOss uwes Kindls surrlied
by JUmenura. The semeles examined by differentizl scaaning ca-
larimetrwy sbaupd no sign cof the =resence of sne ather siruclural
madification and melted a2l 4456 u! slléhtle lower than the hi-
shecl, rerorted values (44.5-87 44,.8%). Tuo disc-shared dielec-
tric srecimens uwere grersred bs rrescing the gowdered materizl im
2 374" dismeler die. The firsts of thickness $.102%y was of den-
sity 1.0140,01id8n/ /000 and Lthe zecond: 0.035"  and  1.Q540.038m/coy
rerectively (1iti@ =1,0324n/cc)ts  Permitiivits E’ snd less E®
Wwere messureds using e rarallel-slate three-terminzl cell and 2
General FRadic 16154 briddes over tLhe ranges S0QHz to &0kHz in
freauencys angd 1.5K Lo 330K in temrerature. The electricsl and
cruostal  sustess were 2s described previousliul® In order Lo min-
imice the effects of inter-eleclrode zir dars coused by inevil-
shle surface irredgularilies the surfaces of the second szarle
were cozbed with relroleys Jelly erior Lo inseriion of Lthe szmrle
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within the dieleciric cell. No sisaificant imerovement in the
negsured rermiltivily which could be zseribed to this rrocedure
was ohserveds howevers zlthough  Lhere uaz 2 sarked absence of
ionic conduclivite effects for thiz ssmerle. Also for this samele
the messured rermillivilye uwas somewhz! lower rrobadls because the
antuel interelectrode gracing wes slishilue dreater than the reszl
samele thickaess {(from  uwhich the cell constand was calculated)
hecause of the sresence of Lhe surfsce coaf.ing,
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FIGURE 1. Permittivils £ and loss E* of lauric scid
samrle #1. O coolings O warmings A coolings < uarmings
X cooling.

RESULTS

The eermillivite £ and loss E' weassured st 1QkHz for
samele 1 2re shoun in Fid 1. The characteristic fealures zre 3
rraonounced variability in the rermitiivity values betueen subse-
guent cooling a2nd  warmind runs and 2 very smalls scomewhstl less
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varizhler zrrarent loss resk of anmrlitude E'=0.000% occuring at
temreratures near 230K, The situstion is auslitativie similar
for samele 2 {(Fig 2)r heres howevers the incirient eermitbivitu
meximum  seen near 180K in Fig 1 is more clesrly resolved znd the
grrarent. loss resky nouw centred near 2590 is larger by 2 factor
arrosching tuwo. The ionie conduction currents evidenced for sap-
#le 1 buw the urswing in E® in Fig 1 2L temrerastures ahove 255Ks
arrears Lo have been effectiviv blocked in Lhe case of samrle 2
by ite surface trestmeni. In Fig 1s; Lhe small increasse in  pep-
mittivite nesr 3K 13 2 pusstory exrerimenisl artifact occcasioned
bw temrorary contsmination of the samele and electrode region by
the limuid helium cryosen. In the range 1.5K Lo 200K the dielpe-
iric loss is essentizslle rero. The velues of rermitlivity re-
sorted herg for lauric aeid zre auite consisient with (zlihough
rerhers ﬁ}iﬁhtls higher thsnl the microuwsve wvalues rerorted by
Buchanan,
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FIGURE 2. Permiliivitu £’ snd less E" of lsuric anid
samrle 2. 0 coolingy O coolingr A uwsrmings - warming.,
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BISCUSSION

Firstlyy the dielectric resullis show no . festures
which can be ascribed Lo the cis-trans confidurational inter-
change rrocess dicussed in the introduction. The overall resulis
are entirly consistent with the sccerlted centrosummetric acid
dimer structure and as such throw no lisht on the nature of the
interchande mechanism involved in the isomerization excert inso-
far as the absence of any significant discontinuities in E’ 2and
SE'/78T with temrerature favours the rroton transfer hupothesis,

The feature of the results of dreatest sidnificance
i the irrerroducibilits of tLhe dats after thermal excursion,
This imrlies 3 rersistence of thermodunamic dis-eauilibrium in
the solid which rersists even after extensive thermal emuilibra~
tion. Thal this must be associsted with imsurity centres andg
1attice defects there is littile doubt. The NMR evidence has been
shown i:lt'-.'-ar‘l&;f"7 to demonstrate Lhat redions exist in the crustal-
line lattice where the resgular lattice order is disrurted and
where acid molecules Lhemselves as well a5 imrurily molecules are
zble to undersgo molions sKin to those occurring in the lieuid
state. Accordindluee the variabilile of the measured rermittivite
must arise from variastion in the size and rolarizastion of these
liguid-like redgions and from failure of these redions to follow
conditions of thermodunemic esuilibrium within the timescale of
the exreriment., That the variabilily does not arise either from
thermzl husteresis or from mechanical instability within the die-
lectric cell is proved by the sbsence of suitable correlzlion
hetuween the vsrishilite of the rermittivity dats and that of the
loss data, The srecific festures of the resulls maw be exrlzined
as follous,

The rermittivity of most dielectric materizls incre-
ases  with increasing densituy that is to ssy: decresses with in-
creasing temrerzture. For certain solids the inverse is true as
is the case here, This inverse situation asrises from the temrer-
a2ture derendence of the low-lwing translational latlice vibra-
tions which ashsorh at lower frecuencies at higher temserstures
and so make 2 larger and larder contribution to the refractive
index (and thence to the rermittivity) as the temrersture rises.
This situstion is commonlu observed for ionic latiices such as
NaCL™ and  for_ strongly hudrogen-bonded lstlices such as that of
hexagonal ices For the fatly acids the rhenomena must be associ-
sted with the hudrodgen-bonded acid drours,

The irredularities uwhich occur zhave 180K must be as-
cribed to overall chandges in density and rolarization caused by
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the drouwlh 2nd shrinkase of the liauid-like redinons as the tem-
rerature is varied. Afler rerested Lhermal excursian the irresu-
larities become much less eronounced rresumably as 2 rasult aof
annezling. fibove 270K rremelting effecis become rredominani and
E’ falls a5 the true mellind roint is arerosched.

In Lerms of dielectric less bath samples shauwed qual-
itatively the same behaviour (Figs 1 and 2). Thermal cucling
{annealing) caused the arrarent loss mavimum Lo decrease slightle
which susgdesis thal tLhe loss fealures zlso asre sssaciated with
the rresepce pof.the liguid-like redions. The dreater amelitude
of the arearent loss reak for ssmele 2 imelies 3 higher conrcen~
tration of defect/imrurities in thal ssmele 3s is implied alsa bu
the drealer wvarisbility of its permitivity., Efforts Lo define
these arrarenl. loss reaks in terms of freguency at constant. tem-
rerslure showed them Lo be srurisus in the sense that the exreri-
mentzlly observed lass waxima seen in the temrerature domain atl
constant freauency deo oal in facl rerresent. the true lass maximum
of any relaxatien rrocess., Srectra taken beluween 500Hz and 40KHz
al. conslanl Llesrerazlure betueen 218K and 295K shauwed incressing
lass wiih incressing freguencs imrluying the true relaxational
lass maximum to lie at higher freauencies still. The obhserved
laoss mavima of Fids 1 and 2?2 are exrlainable inr terms of E" ini-
tielly increasind with decreasing temreralure 3s a result of the
usuzl Archenius. bebavioury then 3s the lieuid-like redions dradu-
ally "freeze ur” a5 the temrerszlure is lawered further: fewer ang
fewer diroles contribute ta the relaxation eracesss sa the real
E"may amrlitude fzlls and consequentls so does the observed loss
al the freauencies of measuremenl. The bebaviour is turical aof a
sustem of relaxing diroles with each direcle zliernstind beluween
tuo rasitiens of winimum bul unenuzl reotentizl energw. 0On  ceol-
ings the diroles draduzalley become fixed in the orientabion of
minimum energw and conseauventls the relaxation strendth as meas-
ured by E" falls.

It is unlikelw thali the observed dielectrir lass is
the tazil-end of 3 hisher freauency sbsoreliaon sssociated wilh the
cis-trans canfidurational interchande since if this were sa then
ong would not snticirate 2ny dreat irreeroducibility in the meas-
ured dala nors: and mare imrortantivs any difference betueen dif-
ferent sanmvles. Since far bolh samrles E" was pal rerraducible
and lhere was 2 factor of oearlu tuo difference in E" belueen
them we canclude the imrurilu/defect daminated exelanation to be
the mast likeluw. This canclusion is further surrarted bw 3 can-
sideration of olher hudroden—bonded sustems. Hexadonal ice ero-
vides 2 turical examele wilh 2 dieleciric relaxation time cores-
randing Lo freauencies of the order of 700Hz abl 250KM  For ieces
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it is well Knoun'z that the rresence of lattice defecls and imeur-
ities leasds to & considerable increase in the relaxstion rate.
In the liauid-like regions within the lsuric acid crusisl the hu-
drogen-bond  piclure can hardly bhe considered ta be uell defineds
the rresence of hudrosen-bonded hudrorhillic srecies which un-
doubtable comerise the meJdor rortion of the non-eparsffinic imesur-
ity within the swsiems must result in the zccelerstion of any hu-
droden-bond relauation rrocess. Conseauentls bLhe occurrence of
abzorslion 2t higher freauencies is nol surerising.

In conclusion it mew be said that! no festure relst-
ed Lo confidurslionsl chande can be seen in the dieleciric srec-
trumfs the lou freauencw dielectric data for the solid srhase of
lauric acid is in zeocord with Lhe centrosummetric nature of the
eight-membered dimer ring syddested be the structural datas ang
the reculisrities of the dieleciric resronse meu be inlerereted
in terms of the resronse of the liauid-like regions associasted
with imrurile centres and latlice defecis.

The suthor is indebted to J.a.Rirmeezler for some
stimulaling discussions and for bringing the initizl siluation to
his slienlion and to Jmemura for surrluing the samele of lauric
zeid.
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