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ABSnUCT

It la antieipatad that a polyaar alaetrolyta ahieh axblbits 
propartiaa auparlor to thoaa axhibitad by pelyathylana oxida 
(PBO) -aalt eoaplaxaa, particularly at lea taaparaturaa, aould 
ba auitabla for uaa in tha davalopaant of a aolid atata call.

Coab-ahapad polyaara aara uaad as tha host aatarials in tha 
polyaar alactrolytas axaainad in thla study. Conductivitins 
aara aaasurad as a function of taaparatura and tha larala of 
conductivity aaasurad for tha various aaorphous polyaar-salt 
eoaplaxas praparad aara dapandant on tha eharactar of tha 
polyaarIc host, tha natura and concantration of tha salt 
dopant and tha taaparatura of axaaination.

Dissociation of a salt in a polysar raaultad in tha glass 
transition tasparatura (Tg) of tha polyaaric host Incraasing. 
Tha incraasa in Tg aith salt ooncantration Mas saasurad using 
diffarantial scanning calorisatry. It Mas tharafora poaaibla 
to idantify salts Nhich ganaratad a graat aany charga carriars 
Mhan disaolvad in a polysar. Such salts nara particularly 
affactiva dopants.

Cartain polyaar-salt ooaplsxas axaainad in this study 
axhlbltad highar conductivitias at I om tasparaturas than thosa 
raportad for PBO-salt coaplaxas. Thasa satarials Mara found to 
hava ralatlvaly I om Tg values Mhan a large nuabar of charge 
carriars had bean ganaratad in tha systaa.

Conductivlty-tasparatura data Mara linearisad using tha 
Vogal-Taasann-Tulohar aquation and tha configurational entropy 
nodal of hdaa and Qibbs Mas used to interpret tha 
conductivity-taaparatura behaviour in a saanlngful aannar.
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M a y  yaara reaeareh aad developMBt la tha battary 
laduatry baa baaa diraetad Mlaly toMarda iaproraaaat of tba 
tradltloMl battary ayataa. Tbara la no*» aa laeraaalag daaaad 
ior a aera aophlatloatad raaga of battarlaa aad tha adaaatagaa 
of aa all aolld atata eall baaa baaa hlghllghtad <1>.

Soaa yaara ago, aolraat-fraa alkali Mtal aalt ooaplazaa 
Mara praparad froa polyathylaaa oxlda (PSO) <2>. In thaaa 
Mtarlala tha Mtal Ion la aolratad, by athar oxygan atOM In 
tha polyMr coordinating to It dua to tba donation of Iona 
pair alaetroM <3,4>. A faaourabla polyMr aalt Intaraotlon, 
alloaad tha forMtlon of a M l t  ooaplax In tba llnMr polyMr, 
an affaet ableb had pravloualy baan dataotad by Padaraan <5> 
aad othar norkara <6,7> In alkali Mtal-eyello athar 
eoaplaxM.

ThaM polyMr-Mlt ooaplaxaa aara a M n  to hara tha 
potantlal to ba uaad aa tha alaotrolyta Mtarlal la an all 
aolld atata eall. Tha light »Might, flaxlblllty and aa M  of 
fabrleatlon Into thin flla eonfIguratloM, »Mra attraetlva 
f M t u r M  of tha polyMrie boat and tharafora tha alaotrleal 
propartlM of thaM Mtarlala iMra fully Inaaatlgatad.

1.1 Blaotrolyta Thaory.
A trua aolld alaetrolyta. Ilka aa aquao«ia alaetrolyta, la a 

p h a M  ahleh haa alaotrle oenduotanoa aholly dua to Ionio 
BOtlona althin tha aolld lattica. Tha alaotronlc contribution 
to tha conduction auat by daflaltioa ba nagllgibla. It la tha 
tranaport of Iona ahleh diatlagulahaa alactrolytaa f r M  
alaetronle conductora, auch aa Mtala. In the lattar tha 
currant la oarrlad antiraly by alaetrona, and thla Inrolraa no



transport of Mttor <8,9>.
Considoriag initially aquaeun aloetrolytan, it ia )utofm 

that on addition of an aoid, baaa, or salt to aatar, a 
eonaidarabla portion baooaas apontanaoualy disaooiatad into 
positiva and nagativa ions

MA -  A" 1 . i .

Tha dagraa of dissociation(K) ia ths fraction of tha total 
alaotrolyta ahich is split into ions and ia alsost constant at 
unity ia strong alaotrolytas« throughout tha conoantration 
ranga. In a asak alaotrolyta, tha proportion of ths aolsoulsa 
ahich diaaoeiata into ions varias aith tha oonoantration of 
tha solution, and is oonsidarad to approach unity only at 
infinita dilution.

In tha absanca of an alootrio potsntial, ths ions ia 
solution ara fraa to nova indapandantly, but during alaotrical 
conduction tha ions ara attractad to tha alaotroda of opposita 
charga by tba appliad fiald. Consaquantly, ths passags of 
currant in an alaotrolyta is accoapaniad by a transport of 
aattor dua to tha notion of positiva and nagativa ions <9>.

Tha oonduotivity(g) of tha solid stata alaotrolya is knoim 
to ba dapandant on both tha nusbar of charga carriara prssant 
and tha nobility of tha chargad spacias <1 0,1 1 > sines

n s a u
i i i

1 .ii
Nhara n| is tha nunbar of ionic carriars, S| is tha 
valanoy of tha ionic carriara, a is tha alanantary slactric 
charga and is tha ionic nobility.



For • ■onoTmlTOt «alt, on tha assuaption that tha abarga 
oarriar« in tha alaotrolyta ara gaaaratad only f r ^  tha 
inoorporatad «alt, equation l.ii. can ba «rittan 
as follows <1 1 >

• 0' " n « ^ > n a ^ » n « ( ^ + ^ )  l.ili.
♦ ♦ - - •* -Mhara n* and n. ara tha nusbar of cations and anions 

raspactiraly solvated in tha systas and aqual n, and and 
•ad ji. ara tha ionic sobilitiaa of thasa charged spaoias 
raspactivaly. Tha ionic nobility ji is relatad to tha ionic 
diffusion coafficiant 0 by tha Narnst-Binstain aquation <1 1 > 
as shown below.

xaD
u . ----- 1
~ kT

whara k ia tba Beltssann constant.
Assusing that the alaotronio conductivity is negligible, 

transport nusbars ara usad to defina tha fraction of tha total 
ionic currant that is carried by a particular ionic spaolas. 
Xha cationic transport iiusb«r(t*) and tha anionic transport 
nunbar(t.) should add togatbar to give unity and t« and 
t. are relatad to and O <12> sinoa

1 .V .

V  r.

1.2 Solid State Blactrolyta - Design Parasatars.
1.2.1 Raquirasanta of tba Polysarlc Host.

whan considering tha davalopsant of a useful polysaric 
•laotrolyta, tha nusbar of charge carriers ganaratad in tha 
ayates and also tha sobility of tba charge carriers in tha



myutmm ar* important {aaturas <13 >.
TO allow tho gonaration of eharga oarrlara, dissolution of 

tbs salt in tbs polyssr oust oeour to produes ions. An 
sffsotiTs polyawr-salt intsraetion is tbsrsfors ssssntial.

Tbs obasioal ebaraetar and tbs conforsation of tbs polyssr 
aunt prosids a suitabla solvating snvironasnt <14> and so a 
blgb density of polar groups, with readily available Iona 
pairs must be spaced at regular intervals tbrougbout tba 
pelyear eolaoules.

Since in polyaMr electrolytes tbs cbarge carriers are 
coupled to a locally fluid matrix <15> tbs mobility of ions in 
tba complex is dependant on tbs segmental motions of tba 
polymer molecules <1S>. Tbe flexibility of tba polymer must 
tberefora be maximised <14,16,17>. Tbis is acbieved by using a 
polymeric bost with tbe glass to rubber transition (see 
Section 1.4) at as low a temperature as possible <14,18,19>.
To avoid intercbain interactions, tbe polymer should also bave 
a low cobesive energy density <16>. Xt bas been establisbed 
tbat at all températures ionic conduction occurs only in tbe 
amorphous phase present in the polymer-salt complex <20>. For 
a semioryatalline polymer to be useful as tba host material in 
a solid state electrolyte, tbe amorphous phase eust be 
optimised at as low a temperature as possible. A useful 
samicrystalline polymeric bost must thorafora have a low 
melting temperature(Ta) <14>.

1.2.2, Factors Affecting the Dissolution of a Salt la a Polymer. 
1.2.2.1 Properties of the Polymer.

It could be suggested that polyatbors in general would show



•B ability to Bolvat* aotal oatieaa aineo tha athar oxygan 
atoaa, ahioh poasaaa loaa pair alaetrons oapabla o£ baing 
donatad to allow oatlon coordination, ara praaant in aaoh o£ 
tha polyaar ohaina. Salta hawa, in faot, baan addad to varioua 
polyatbara and it has baan ravaalad that an optiaua apaoing 
batwaan oxygan atoaa ia raquirad bafora diaaolution of tha 
aalt in tha polyaar oooura <2 1 >.

Of tha polyathara studiad, PSO and tha analogous atructura, 
polypropylana oxida (PPO), which both contain a rapaat unit in 
which two carbon atoaa occur batwaan aaeh oxygan atoa, ahowad 
tha graataat ability to solvate aatal cations <2 1 >. 
Polyoxyaathylana <21>, polytrlaathylana oxida <21> and 
polytatrasathylana oxida <2 2 >, tha abortar and longer chain 
h<9wologuaa of PSO ware unable to solvate natal ions. 
Polyvinylnathyl other, an isoaor of PPO,'was axasinod in this 
study <23> and this polyaar ahowad only a United ability to 
solvata natal ions.

PCO is a sanicrystallina polysar and nuasrous studies have 
baan carried out on tha pure polynar in tha crystalline and 
aolton state <24-31>. In tha crystal lattice tha polyaar 
aolaculas ara present *m 12 helices, i.a. seven npnraaric 
units turn two tines par fibre period <24,28>. In this 
confornation the aathylana groups ara on the periphery of the 
halix and oxygan atoas are clustered inside when viewing along 
the axis of the nolecula. Due to this helical confornation, 
which the polyaer aolacules adopt, an exceptional, oxygan rich 
onvironaant has baan craatod, which affectively solvates natal 
cations.

PPO can be obtained in a crystalline fora <31 > but the



Mtarial ean ••ally b« pr*p«r«d in «a aaerphoua fora <21>. Th* 
optlaua apaolag batwaoa oxygaa atoaa ia fouad la PPO ahioh la 
r«flaet«d la tb« ability of th« aatarlal to aolvata aatal 
eatloaa, howovor. It haa b««a auggoatad that «thar oxygaa 
aolvatloB of tha eatloaa la hladgrad _allghtly la PPO dua to 
tha praaaaoa of tha aathyl aubatltuaat la tha rapaat ualt 
<21,32>.

A Mhola raaga of othar polyaara ooatalalag polar groupa 
hava ahoNa tha ability to aolvato aatal catloaa <13,14,33-36> 
but thaaa aatarlala haro baaa atudlad to a auch laaaar axtaat 
thaa PEO aad PPO.

1.2.2.2 Propartlaa of tba Salt.
Tha aaargy ragulrad for loa aaparatloa of a aalt la tha 

aolvatlng aadlua la daaerlbad by

AE -  I --------------- \  I ------------------ ) 1 . v l .

abara a la tha eharga oa tha loa, la tha racuua 
paralttlvlty, 6. la tha dlalactrlc eoaataat of tha 
solvating aadlua aad r^ aad r^ ar.a tha Ionic radii of 
tha cation and anion roapactlvaly <22>. Proa this aquation It 
can bo predicted that as tha value
dacraaaas, tha cation countarlon Interaction docraasaa and tha 
solvation of tha salt la tha polyaar sill ba anhancad <2 2 >.

Hhan considering tha dissolution of salts In PEO, It haa 
bean astabllshad that tbara Is a threshold lattice energy for 
salts containing a particular cation and coaplax formation 
occurs only If tha a<ldad salt has a lattica energy balea tha



threshold Tslus <14>. Zn gsnorsl eesplsx fersstion wss 
fsToursd Mhon the salons in ths salt worn Isrgs sad ths 
Istties saargy of ths salt was low. It was also noted that as 
the else of the cation in the salt was inoreased, the 
threshold lattice energy was lowered.

1.3 Salt Cosplaxas of PBO and PPO.
Crystallina or asorphous cosplexes are prepared on addition 

of salta to PBO. The charactar of thè resultant salt cosplex 
aan ha affacted by thè setbod of preparation <37>, thè themal 
history <38> of thè sasple and thè anion of thè incorporated 
salt <2 1 >, but thè inherent charactar of thè satarial is 
suggested to he dependent on thè aixe of thè oation of thè 
incorporated salt <39>. In generai, crystallina cosplexes can 
he forsed if thè cation in thè added salt Is anali enough to 
raside withln thè oavity produced by thè helical arrangenent 
of thè PBO chaina. When thè cation is too larga to fit inside 
thè oavity produced by thè helical polyaer ohains then 
asorphous salt cosplexes are forsed. In speetreseoplc studies 
It haa been ravaalad that asorphous polyaer salt cosplaxas are 
sisilar in character to eoltan PBO <16,39>. Beoausa thè open 
Chain polyaer is vary flexible, it is thought posaibla that 
thè PBO Chain say be able to wrap around sevaral larga cations 
before serioua distortion of thè polyaer chains occura <39>.
If thè polyether helical conforaation is seriously distortad 
then thè solubility of thè aalt in thè polyaer is raducad 
<39>.

Spectroscopic studies bave ahown that lithiua and sodiua 
salta fora pradoainantly crystallina cosplaxas <16,39,40>



wherems rhubldiua and o m Iu m M i t a  raault la awarpbous ooaplax 
ferMtieo <16,39,41 >. Although potasaiua aalta oaa raault In 
eryatalllaa eonplaxoa haing foraad ahaa addad to « 0  <16,21>, 
it had boon auggaatad that tha potaaaiua ion any in £aot aaiat 
outaida tha halioal polyaar ohain <42> rathar than inaida tha 
earity of tha polyaar.

Xn addition to alkali Mtal aalta, alkallno aarth Mita 
<43-46> and Mita haaad on ailvar, ooppar. <47>, mino, laad 
<44> and Mreury <3,4,48> ean ha diaaolrad in PBO.

Tha diaaolution of a aida ranga of Mita, including 
tranaition Mtal M i t a  ia poMibla in PPO <49-82>. Conplaxaa 
praparad froa thia polynar ara aaerphoM.

1 .4 Polynar Proparty Changaa on Salt Diaaolution
On addition of a M i t  to a polyMr, any intaraetion which 

oecura batwaan tha two apaoiM, can ba dataotad by axaaination 
of oartain phyaical propartiM of tha polyMr bafora and aftar 
incorporation of tha aalt. Xn addition to changM notad in tha 
•pacific ao l u M  <33,49> and tha vlaeoalty <22,33,53-55> of tha 
pelyMr it ia known that tha addition of a aalt to a polyMr 
can hava a profound affaot on tha taaparatura of tha g l a M  to 
rubbar tranaition (Tg) <18,48,49-52,56-S9>•

Xn aMrphoua polyMra, bolow Tg, tha f r M  v o I u m  or 
unooeupiad apaca in tha polyMr, which ariaaa dua to 
inafficlant packing of tha diaordarad chaîna, attaina a 
pnr^ioular ralua and raaaina conatant aa tha taaparatura ia 
raduead <60>. Altarnatiaaly, tha eonfiguratloMl antropy of 
tha ayatM ia liaitad at taa^araturM balow Tg <60>.



As ths tsspsratur« Is incrssssd sboTS Tg, ths frss volusa 
or cottfigurstionsl ss^ropy of ^bs systss inorsasss slbh 
taspsraturs and with a spseifio taspsraturo incraasa abova Tg, 
tha polysar sill possass a partioular fraa rolusa or 
configurational antropy, relativa to that prasant at Tg.
This tasparatura inoraasa is knoan as -hha raduead tasparatura.

Tg is tharafora tha tasparatura above ahich long range 
sagsantal notion is possible in tha polynar and tha satarial 
changes fros being in a glassy state to a rubber as the 
tasparatura is inoraasad <#0>. (In tha glassy stats tha 
polynar chains are frosan in a disordered stata and only 
localised notions are possible within tha aatrix, i.a. in 
pendant aidaohains or short sections of the backbone.)

At Tg, dranatic changes occur in tha physical properties of 
tha polysar, and narked discontinuities can be noted in tha 
specific volusa, nodulus, heat capacity and refractive index 
as tha polynar changes fron tha glassy stata to tha rubber.

Tha Tg of tha polyawr is highly dependant on tha chaaioal 
structure of tha satarial <60>. Non flexible units in tha 
polynar chain, bulky sidagroups, dipola-dipola interactions 
batwaan adjacent chains or crosslinks batwaan tha chains will 
hinder tha novanant of tha polynar backbone and tha Tg will be 
Booaurad at a high tanparatura since tha tanparatura at which 
tha Tg occurs reflects tha energy required to ovarcona tha 
rotational barriers in tha polynar chain backbone.

Tha transition fros a glass to a rubber is conplataly 
ravaraibla in an aaorpbous polynar but tha precise tanparatura 
which is naasurad for Tg is dependant on tha axparinantal 
nathod used and tha rata of heating or fraquanoy of analysis.
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Zt aaa b* pr«diet*d tb«t on «ddition ef * M l t  to • 
polyMr, an «fCaetira-iatvraetiea batNMn th* polyMr «ad tb* 
aalt Nili rasult la tba aolvatioa e£ tb* ««tal aatioaa, ableb 
Nili, ia «ffaet, atlffaa or oressliak th« pelymar cbaiaa. This 
Nili b* raflNotad la tha Tg ot thm polyaar laorMsiag «a tha 
iataraatioas bataaaa tha polyaar «ad tba «alt aelaoulaa 
iaaraaaa.

la «laeat all ot tha polyaar-aalt ayataaa axaaiaad, it aaa 
raportad tbat iataraetioaa ooaurrlag batNaaa tha polyaar «ad 
tha salt raaultad ia tha Tg ot tha polyaar laoraasiag. If ao 
iataraotioaa oeeur batNaaa tha polyaar aad salt thaa tha Tg 
Nili rasala uaehaagad «s tha salt coaeaatratloa is iaoraasad 
la tha polyaar <33>. Tha chaaga la Tg aaa ba dataetad tiaiag 
Baohaaleal <33.49.51.61.62> or dialaotrlc <45.63-69> 
taohaiquaa, boNaaar, ia this study tha axtaat ot tha lataractloa 
oecurrlag batNaaa tba polyaar aad addad sai^ Naa aoaitorad. 
usiag d.s.o. by aotlag tba anhancaaaat o£ Tg Nhlch oceurrad 
«a tha salt ooaaaatratloa la tha polyaar n« s  lacraaaad

1.5 Coaduetivity Studia« la Polyaar-Salt Cosplaxas.
1.5.1 Charaetar o£ tha Polyaaric Bost.

Tha loaio eoaduetlrlty o£ a polyaar-aalt eoaplax is graatly 
a££«otad by tha atruetura ot tba polyaar aad dlso tha 
oharaetarlsties ot tha laeorporatad salt spaclas <13.18.70>.
' A graat aaay polyaars aoatalaiag polar groups bava shoNa 

tba ability to aolvata aatal oatioas aad tha alactrlcal 
propartiaa o£ auoh aatarials bara baaa lavaatigatad 
<13.34-36.57.71-83>. Za ganaral. tha coaduetivity lavala 
daaonstratad by eoaplaxas praparad oa additioa o£ salta to
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pelyMr« Including polynthylnnn nulphld* <34>, polynthylan* 
inln* <71,72>, polyrinyl fluoridn <74,75>, pelycthylnn*
•dlpat* <82>, polynthylnnn nuoeinnt* <13,80,81> and 
polyathylnnn Mbncatn <13> tnndnd to bo nlgniflenntly looor 
than tho lavalo obaarvad for PXO or PPO aystans.

pCO-alkali natal aalt eonplaxaa can exhibit conductivity 
lavala of tha order of lO'^Sc*-’ at high taaparaturaa, but at 
loa tanparaturoa tha conductivity ia of tha order of 
1 (f8 Scn~^ . At low taaparaturaa, tha praaanco of cryatalline 
polyaor and/or oryatallina eoaploxaa can reduce tha 
flexibility of tha polyaor <2,70,83», which affacta tha 
migration of tha nobile charge carriera in tha ayatoa and can 
alao raduea tha nuabar of nobile charge carriera in tha 
ayatan. Aa tha tonparatura ia incraaaad, tha conductivity la 
incroaaad draaatically whan tha anorphoua conponant in tho 
■•tarlai la Incroaaad, due to tha molting of tha eryatalllna 
phaaas. Tha nunbar of nobile charge carriera in the ayaton and 
tho flexibility of tha polynar nolaculaa are both incraaaad 
alaultanaoualy <38> and thia roaulta in tha dramatic 
onhancaaant of tha conductivity at Ta. Tha thermal hlatory of 
■alt coraplaxan proparod from thia polymer la tharafora of 
great importance <84>.

Complaxaa prepared from PPO can exhibit conductivity lavala 
reaching 10"* Sem*’ at nodorato tanparaturan whan a high 
■olacular weight polymeric hoat ia uaad <21,85», which ia 
comparable to tha lavala moaaurad in PEO complaxaa. 
Conductivity lavala ranging from 10  ̂ to 10"̂  Sem*^ can be 
noaaurad at room temperatura^ however, whan examining complaxaa 
prepared from low molecular weight PPO oligonora <54,86».
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■lae* »11 of tho PPO-bMod ee^ploxaa «ro aaorphoua, no 
dloeontinuity is notod in tho oonduetirity ns tho tsspornturo 
is inorsnssd and ths oonduotivity-tsspornturs bshnTiour of ths 
PPO bnssd eosplsxss thsrsfors diffsrs fros thnt obsorrsd for 
ths PSO bnssd sntsrinln.

1.5.2 conductirity-Tsspornturo ■ohnviour.
Dnpsnding on tho ohornctor of n polysor-snlt eosplox. 

various typos of conductivity-tosporaturo bohaviour can bo 
oxbibitod.

Coovloxos tdiieh eontain orystallino satorial, throughout 
tho tosporaturo rango, oan bo analysod in torns of tho 
Arrhonius oquation <21,70>.

A oxp 1 .vii.
KT

Nhoro Xa is tho aotivation onorgy of tho ion conduction 
process A is tho gas constant. Nhon leg conductivity is 
plotted as a function of reciprocal tosporaturo for such 
Mtorials, too intersecting straight linos can bo detected. 
«This reflects tho transition fros a high activation onorgy 
process to a loo activation onorgy process at tho solting 
tosporaturo of a crystalline phase in tho.sasplo <70,83>.

gogi0 Qosploxos .exhibit Arrhonius behaviour at loo 
tosporaturos but above tho solting tosporaturo of tho 
oryntallino cosplox non-Arrhenius behaviour is exhibited <21> 
A straight lino changes to a curved lino in tho plot of log 
conductivity versus reciprocal tosporaturo.

Nhon cosploxos are totally aa»rphous at all tosporaturos, 
aoa-Arrhonius behaviour in exhibited throughout tho
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teepereture ran«*. Conductivity-taaparatura data for ooaplaxaa 
Mhieh do met aahlbit Arrhaaius baharieur earn often ba 
llaaarlaad uala« tba Vogel-Taaaaiia-ruleber aquation <21 > but at 
^•uparaturaa near to but abora Tg^ abara tba free volume or 
ooafiguratlonal entropy in tba ayataa la Halted, tbla 
aquation nay net apply <87>.

Tba aaplrleal Vegal-Taaaann-rulObar (VTT) aquation <88-90>, 
aaa originally davalopad to axanlaa tba nature of tranapert 
preeeaaaaa ableb oeeur In glaaa forming llquldm, but tba 
eomeapta and aquatleaa bare aubaaquantly bean applied to fuaad 
salt aystama (at lorn tamporaturam) <91> and eencantratad 
aquaoua alaotrolytaa <92-94>, to analyaa tba tranaport 
preooaaaaa ooeurrlmg In thaaa aymtaaa.

Tba amplrioal VTT aquation dameribaa tranaport prepartlaa 
uJ{T) wbara U rapraaanta eonduetanea, vlaoeaity, fluidity, 
dlffumion, mobility and dialaetrie ralaxatlona, aa aboim in 
equation l.viii.

/ -B \
U(T) - A axp 1 .viii.

T-To
Mbara A and B are eonatanta ebaraotariatle of the tranaport 
preeaaa under oenaidaratlon and To la a rafaranea taaparatura. 
Tbla aquation iapliaa that it la tba tanparatura intarval 
abeva tba taaparatura To, rather than above OK, which ia of 
interaat to tranapert. The rafaranea tanparatura To ia often 
correlated with Tg and the iaportanoa of the reduced 
taaparatura (T-Tg) on tba oonduetivity of polymar-aalt 
aoaplaxaa waa hlgbligbtad by Klllla at al. <95>. Alternatively 
To can ba aaaociatad with tha "ideal glaaa tranaitlon 
tanparatura” <96>, which ooeura at a taaparatura below Tg.
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Dlff«r*neM which ««y occur In the conductivity o£ n rnng* 
of poly»«r-n*lt eenpl.cxM, under oonntnnt reduced teepereture , 
conditiona. cen result free vsrietions in the number of charge 
g^rrlars in the systes or verietions in the nobility of the 
carrier ions. Although the notions of the ions through the 
polymer are linked to the notions of the polymer chains, the 
ionic conductivity exhibited by a material is also dependant 
on the nobility of the soblle ion itself <97>.

1.5.3 Character of the Mobile Charge Carrier.
In early studies carried out on PCO-alkali natal salt 

cosplexas, it was reported that these materials Mere 
•asentially cationic conductors, with the anion ismobile in 
the systes <98>. After examining a wide range of polyser-salt 
cenplexes, there is now evidence to suggest that, rather than 
these satarials being cationic conductors <11.99,10C>, both 
ions are mobile <37,44,101-109> or the anion is the 
predominant charge carrier <43,110,111».

It is essential that the mobile species in these 
polymer-salt conplexes are identified since the occurrence of 
anionic conductance to any great extent could restrict the use 
of such materials in the development of an all solid state 
coll <98,112».

Some indication as to the nature of the mobile ions can be 
obtained by examining the conductivity levels-exhibited by 
various polymer-salt complexes prepared from a particular 
polymeric hoot, under constant reduced temperature conditions, 
when the same nunbar of charge carriers have been generated in 
the materials. Wholly cationic conduction would be suggested



IS

i£ no ehang* ooBduotiYity cxwurr«d as tha aaien «as
Y«rl«d in thn salt oesplasss oeatainiag a eonson oatioa. 
Slsllarly pursly anionlo eonduetien would bs sugodstad if tha 
eonduetiaity was unohangad whan cosplaxas containing diffarant 
oatiena a oommon anion wars axasinad.

Oiraet datarsinatien of tha obaraotar of tha sobila 
apaeiaa in tha pelynar-salt eenplaxas is, of ooursa, poasibla 
by naaaiiraaant of tha transport nusbars <98,111,113-117>.

1.6 Davalopsaat of a Suparior Polynarie Host.
Zn tha anticipation of dayaloping a polynar-salt cosplax 

whioh would axhibit highar larala of conductivity, 
particularly at rocs tasparatura, than is dasonstratad by tha 
alkali natal salt eoaplaxas of P*0, solid stata alactrolytaa 

^  on natwork polyathars, polyathar block copolynsrs, and 
eoab-ahapad polynara containing athar sidacbains hava baan 
praparad.

1 .6 . 1  Hatwork Struoturas.
Py introducing light croaslinking into a polysar, tha 

crystallina eranponant in a saniorystatllina conplax can bo 
raducad <118>, tha sachanical propartias of tha low Tg polysar 
usad to prapara tha conplaxas ara isprovad, particularly at 
high tanparaturas <119> and tha fomation of crystallina 
satarial could bo inbibitad in potantially crystallixabla, 
asorphous cosplaxas which would anhanca tha long tars storaga 
propartias of such satarials <1 2 0 >.

Tha introduction of orosslinJts into a potantially usoful 
linaar polynsr would tharafora sarva to anhanca tha stability
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of thm polyi-rlc ho.t, «nd la «dditloa. laprorad conductivity 
lomla could bo onvio««od duo to tho inerooood Morplioufl 
oontoat oC tho ooaplo, by tho oodlilontion o£ tho uooful 
polyooric host la such • aoaaor.

(xtonsivo oroooliakln® should bo svoldod aiaco it would bo 
dotriaontsl to tho uso o£ tho sstorisl os o solid ststo 
•l«otrolyto. Tho Tg o£ s croosliakod polyaor is highor thoa 
thot o£ o noB-crossllnkod sstorisl <116> sad slsilsr to tho 
•££sets Botod in liaosr polyaors, tho Tg would bo £urtbor 
oahsaeod on dissolutica o£ tho salt ia tho polyoor <1 2 1 >. It 
is thoro£oro loportsnt to oasuro that tho aetions o£ tho 
polyoMr soloculos sro not ispodod drsssticslly by tho 
introduction o£ a high donsity o£ crosslinks.

Notwerk polysor-sslt eooplaxos bsaod pradooinaatly on P*0 
ppo bsvo boon oxtoasivoly studiod <1 1 ,95,107,119,121-129>, 

howovor, ssrkad isprerosont o£ tho conductivity lovols 
oxhibitod by tho PBO-slksli aotsl salt eooploxos was not 
BOtad.

1.6.2 Block Copolyaors.
Although noB-crystallixablo liquid oloctrolytos woro 

proparod £ros a randos copolyaor basod on BO and PO 
units <5 5 >, soro intorsstiag oatorials which oontainod 
dlaothyl siloxana and BO units woro proparod by Nagaoka at 
al.<5 9>. Cooploxos proparod £roo poly(dlsothyl 
siloxano-co-othylono oxido) oxhibitod conductivity Invola o£
1 .5 m 10*'" Sea-’ at 298K which was a vast iaprovosont on 
tbs lavala o£ conductivity axhibltod hy slsilar cooploxos 
proparod £ros PBO. Tho introduction o£ tho siloxaao units into
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rao alletMd l a e r M M d  carrier Mobility in the ayatMM, hoMovar, 
IMS aloe BUOTOMtad that diBsolutioa o£ tha salt is tha 

polyaar was supprassad by tha silexaaa units, which affactad 
tha oarriar ion «anaration prooassM in tha ceaplaxas.

1.6.3 Coab-Shapad Velynars.
Tha dawalepsMat of oonb-ahapad polynars for usa as 

polynarlo alaotrolytaa, has focussad on tha usa of polynar 
baokbonas whioh hava low Tg raluas. Thaaa satarials ara 
tharafera laharantly flaxlbla as required for use in solid 
state alaetrolytas. To provide a solvating anvironnant, 
charaotar1stio of the Materials whioh allow affieiant 
solvation of natal cations, WO sldaohains have bean 
substituted onto tha polynar baekbona. Tha aldaohain units 
hang pendant fron the polynar baokbona but, provided they ara 
short and flaxibla, they do not Ispade tha raorlantatlonal 
fraadon of tha polyaar <1 2 0 >.

One of tha nost intarastlng Materials to be davalopad 
raoantly is a oonb-shapad polynar-salt ooaplax based on a 
phosphasana nainohain <17-H,130,131>. Tha pbosphasana 
nalnohain (whiob oonprisas of altamatlng phosphorus and 
nitrogen atons) is inharantly ona of tha nest flexible 
sacroMolaoular baokbonas known and exhibits Tg values of 
183-193R whan saall or highly flaxibla sldagroups ara 
attaohad. On addition of lithiua and silver salts to
poly[bis(sathoxyathoxyathoxlda)phosphasana1, i.a. MEBP, 
conductivity lavals two or throe orders of Magnitude higher 
than thoso for PRO conplaxas warn roportod <19>. Coaplaxos 
Nsra also prepared using tha salts of divalent and trivalant
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estlone, however, the oonductlvlty levels of the ssteriels 
deereased es the Tslenoy of the ostlon in the eoeplex 
inoreesed <18>.

Ceeib-shsped polynere prepared froe a silosane <132-135> or 
a nathaorylate <58,106,128,138-141> baokbona hare also been 
studied. WO sldeohalns eere introduced into the polysers and 
aserphous saterials elth Tg ualuaa in the range 180-220K can be 
prepared, provided the sideehain length is short.
Crystallinity was datectad in polysers containing long BO 
sideohains »"«* therefore these eaterials eere of less 
iMMdiate Interest. Dissolution of Tsrious salts in the 
aeorphous polyners eas possible but the salt eeeplexas fomed 
exhibited lower levels of conductlrlty than observed for 
eosplaxes prepared free NBBP.

Zt can therefore be envisaged that by varying the 
eoeposition of a coeb-shapad polyser, a novel structure could 
be identified, whloh on doping, would exhibit exceptionally 
high levels of conductivity at low teaperaturas.

Since the developeent of such a polyneric host is of great 
interest, the ale of this piece of work was to expand the 
Halted study of salt conplexes prepared froe coab-sbapad 
polyMrs. A new range of polyneric hosts were therefore 
prepared, and axaalnad when doped, which were based on either 
an itaconic acid or a vinyl ether backbona and incorporated 
either BO or PO sidechains, since these naterials were seen to 
have the potential to bo exciting new structures for use in 
solid state electrolytes, as discussed below.
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1.7 ZtAoonie Acid Coab-Shapwl PelyMra
and Ralatad Strueturaa.

A rang# of ooab-ahapad polyaara, baaad on an itaoonle acid 
baekbona and containing nathoxytarainatad BO aidaohaina, aara 
praalonaly praparad by Parguaon <14!l>. Tbaaa aatarlala waxa 
fully aaorphoua and had low Tg yaluaa. Qua to tha obaractar of 
tha aldaehaina in tha polyaar thaaa aatarlala wara potantially 
eapabla of aolvatlng aatal Iona to fora polyaar-aalt 
eoaplaxaa. It waa tharafora of intaraat to axanina tka 
aolvatlng abilltiaa of thaaa polynara and alao dataralna tha 
conductivity lavala which could ba achiavad in any 
polyaar-aalt coaplax praparad.

Sinca tha itaconic acid baaad coab-ahapad polyaara can 
incorporate two aldachaina par aonoaaric unit, unllka tha 
aathacrylata ayataaa which contain only ona, a higher danalty 
of BO aidaohaina par aononarlc aagaant can ba introduced into 
tha polyaara baaad on itaconic acid. It waa conaidarad 
poaaibla that thia feature could ba advantagaoua in attaapting 
to develop a polyaaric boat, for uae in a aolid atata 
alaotrolyta, which waa aignificantly auparlor to PBO, 
particularly at low tanparaturaa.

In thia atudy, throughout the taaparatura range, tha length 
of aldachain in tha polymeric boat and tha character of the 
incorporated aalt, wara conaidarad of vital iaportanca.

Concentrating initially on coaplaxaa praparad froa Itaconic 
acid baaad ooab-ahapad polyaara containing tO aidachalna, 
conductivity lavala wara axaalnad aa a function of inoraaalng 
aidaohain length in tha polymeric heat and aa a function of 
aalt concentration. Changaa which occurred whan tha
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incorporated «alt apacia« aa* varied «are also noted.
Ontil thi« study, there sere no reports concerned aith the 

preparation of cosb-shapad polymers containing PO sidechains 
and therefore the conductivity levels exhibited by complexes 
prepared from such saterials had not been examined. It aas 
possible that, sisilar to the affects noted in CO eaterials, 
complexes prepared from a comb-shaped polymer containing PO 
sideehains mould exhibit higher levels of conductivity than 
complexes prepared directly fros the linear PPO.

A comb-shaped polyser based on an itaconic acid backbone, 
and containing PO sideehains aas therefore prepared. The 
conductivity levels exhibited by complexes prepared from this 
natarlal aere measured and compared initially aith those 
reported for PPO based complexes. To consider boa the 
solvating ability of the itaconic acid based polymer aas 
affected by the presence of PO and SO aideehains, and hoa the 
character of the sldechain of the polymer affected the 
conductivity levels ahich could be achieved, the results 
obtained for complexes prepared from Itaconic acid aith PO and 
SO sideehains aare compared.

A comb-shaped polymer containing a vinyl ether backbone and 
SO sidechalns aas prepared. The amorphous material had a low 
Tg and dissolution of various inorganic salts aas possible in 
the flexible structure. The conductivity levels exhibited by 
salt complexes prepared from this material aere of great 
interest since it aas possible to use these results to compare 
directly the effect of backbone variation and also sidechain 
density on the conductivity levels exhibited by the 
comb-shaped polymer-salt complexes.
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Pely(viayl aathyl mthmr) (PVNB) 1« «b  Imommr of PPO. Thi« 
aaorphoua polyaor has a low T® and alailar to tbo othor 
polyathora, eontaiaa othor oxygon at o M  apaoad ragularly along 
tha polyaar chaina, bowavar, tha ability of thia polVathar to 
aolvata aatal cationa baa not yat baan invaatigatad. Tba 
aolubility of a ranga of aalta in tbia polynar waa axaainad in 
tbia atudy and tba eondxietivity lavala wbicb could ba acbiavad 
by polya«r-aalt eonplaxaa praparad wara alao notad.

Tba ovarall aia of tbia atudy waa tbarafora to invaatigata 
tba aolvating abilitiaa of a ranga of ooab-abapad polyMra 
containing polyatbar aidacbaina and fron tba raaulta of tba 
conductivity atudiaa carriad out on a variaty of polyaar-aalt 
conplaxoa, praparad froa tbaaa aatarlala, aatabllah bow tba 
obaraotar of tba polyaario boat and tba incorporatad Inorganic 
salt affactad tba lavala of conductivity wbicb could ba 
acbiavad by aucb aolid atata alactrolytaa.
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2.1 InatruatantAtion.
2.1.1 Molaeular Weight Dataraination. <143>

Pelyaario aatariala aara oharaetarlxad by dataraialng tha 
nuabar avaraga aelaeular aaight (Wa) uaing taehalguaa baaad on 
tha eolligatlTa propartiaa of dilute aolutioaa. la thia^ att^y 
both Tapour praaaura oaaoaatry and aaabraaa oaaoaatry More 
uaad to datarnina Na.

2.1.1.1 Vapour Praaaura Oaaoaatry. (r.p.o.)
V.p.o. ia a relative taohniqua which raliaa on inatruaant 

calibration uaing a low aolaeular weight aatarial of high 
purity auch aa banzil or aathyl ataarata. Tha technique ia 
baaed on vapour pranaura lowering by a aoluta and involvaa tha 
auapanaion of dropa. of a aolvant. and a aolution, on aatchad 
differential tharaiatora, located in an iaotharaal chaabar of 
aaturatad aolvant vapour. Xaotharaal tranafor of aolvant to 
the aolution occura dua to the concentration gradient. At tho 
aolution aanaor, owing to tho aelution'a vapour praaaura 
differential, tha rata of aolvant condanaation ia greater than 
tho rata of evaporation and tha roaulting oxcaaa heat of 
condanaation cauaaa a taaparatura incraaaa in tha aolution and 
it’a aanaof. Whan aquilibriua ia attained tha taaparatura 
diffaranco batwoan tho *two dropa (AT) ia a noaauro of tha 
vapour proaaura lowering by tho aoluta. Tho two tharaiatora 
fora part of a Whaatatona'a bridge and AT for varloua polyaor 
concantrationa (c) ia recorded aa a diffaronca in roalatanco 
(AR). Tha nuabar average aolocular
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walght o«B b* oaldttlatad uaing «quatiea 2 . 1  by axtrapolating
tha data to e>0

Mn 2.1.
(A*/e)e-*0

Is a calibration constant, dstamlnsd In tba ilrsnt
and at tbs tsaparaturo of oparatlon, by ■urlng AS for
solutions of known eonosntratlon (c) praparad fros atandard
coapounda of known aolacular walght. than ba usad
to avaluata tha nuabar avaraga aolaoular walght of polyaorlc 
aaaplas In tha rango 50-20,000 gaol*^ although tha uppar 
Halt Is of tan practically found to bo 15,000 gaol'1 .

Tha Inatruaant usad In this study was a Rowlott Packard 
302B nodal Vapour Prassura Oaaonator. Hn datarnlnatlons warn 
oarrlad out at 303K using althar toluona or aathyl othyl 
kotono (NBX, butan-2-ona) as a solront. Solutions of banxll 
(210.23 gaol~1 ) wars proparad (4-ÍO gdn~3) and uaad to 
callbrata tho Instruaant. Calibration constants, K* • 
1.04x10^ Vg”1 da^ and K* • 2.8x10^
Vg'1 da3 wars found for toluona and MCX raspoctlvaly.
Polyaor solutions wars proparad In tha conoontratlon ranga 
10-50 gda^ .

2.1.1.2 Naabrana Osaoaotry. (a.o.)
Masbrana oaaoaatora aro charactarlsod by tho uso of a 

saalporaaabla aoabrano whlch Is paraaabla to solrants and 
othar low aolacular walght aatorlals but laparnoabla to 
aacronolocular solutas. Such aaabranas aro usad to saparato 
osaoaotor coapartaants, whara ona coapartaant contalns puro 
solrant and tha othar a solutlon of dlssolrad polyaor.
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Aaswlne th« hydrostatic prcMuro Is Initially equal in the 
tim essesMtsr oospartssnts, a diffsrsacs oi selTsat ohssieal 
potential aeroM the sssbraas eausse solvant to diffuse 
through the sssbraas into the solution, nhioh rsduoss the 
ehasieal potential difference across the seebrane. The 
pressure reduction required to equalise the ohesical potential 
on both sides of the sesbrane is the osaotic pressure.

The Van't Hoff las relating ossotic pressure and solecular 
uaight

2L. m ____
o Nn

where It is the gas constant and T is the tesperature in 
Kelvin, is applicable only in solutions shioh obey 
ideal conditions i.e. theta solvents. For ether solvent 
conditions it is convenient to express essotic pressure in a 
virial (poser) series.
TC/c - KT (K, ♦ *2® * *3®^ .... * 2.iii.
shere ■ 1 / Nn

The coefficients of the concentration t o m s  are the virial 
cooffoients. The second virial coeffleiant Kj 
indicative of the excluded voluae of the polyser soleeules 
shlle it has been shosn that the third virial coefficiant 
Aj say often be set equal to xero.

Calculation of the solecular seight requires the 
detemination of the osaotic pressure at several 
concentrations (c). by calculating "^c for each solution and 
plotting '>Vo against c a straight line should be obtained, 
m t h  the extrapolation of the data to infinite dilution the Nn 
oan be deteminad fros the intercept.
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Xb this study s Xasusr Nssbrsns Ossosatsr sad dstsotina 
bridgs ssrs ussd. Nsssursssats wars oarriad out at 306K usiag 
NBC as a solvaat. Nasbraaas,(Sartorious 11539 50H/ raganaratad 
eallulesa) ssra eondltioBad stapwlsa to NBC and tha instrusaat 
Mas oalibratad by tha application of a knoMn axtarnal 
prassura. Polysar solutions Nsra praparad (2-10 gds~3) and ^  
introduoad into tha instrusant in tha ordar of ineraaslng 
eonoantration. Tor aaoh solution tha prassura ehanga dataetad 
by a transduear Mas displayad as a signal proportional to tha 
prassura changa on a chart racordar* Osing this inatrusant, 
solaeular Naighta graatar than 20,000 gaol*^ uara datarninad 
succassfully.

2.1.2 Tharsal Analysis.
2.1.2.1 Diffarantial Scanning Calorisatry. (d.s.c.)

O.s.c. is a tachniqua usad to datact any phanonana that ara 
accospaniad by an anthalpio changa. Datails of tha thaory and 
dasign of diffarantial scanning calorisatars hava baan 
dasribad by Hatson and al. <144> and O'Mail <145>.

O.a.c. is a taehnigua in Nhicb tha haat flou into or from a 
saspla and an inart rafaranca is aaasurad as a linaar function 
of tasparatura. In tha aquipsant tha haat flos is aaaaurad by 
kaaping tha saspla and tha inart rafaranca thamally balancad 
by changing a currant passing through tha haatara undar tha 
tMO chasbars. Tha rariation in poNar raquirad to aaintain this 
laval during a transition is saaaursd. A signal, (dB/dt) 
proportional to tha poNsr dlffaranca is plottad on ona axis of 
an X-Y raeordar and tasparaturs is plottad on tha othar.

Tha instrusant usad for analysis in this study nas a Parkin
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Blaar aodal D.S.C.-2 «quipp^d Mith a loN tMparatur* noda 
aocassory. MaaaurMiant M a a  tharafera poaaibla in tha 
taaparatura ranga 100-1000K. Oparation of tha instruaant aaa 
nornally oarriad out in tha aub-anbiant noda ahara dry hallua 
M a a  uaad aa tha purga gaa and llquid nitrogan aaa uaad aa tha 
eoollng fluid. Aaalyaia of aaaplan in tha abova-aabiant noda 
Maa oarriad out uaing oxygan-fraa nitrogan aa tha purga 
gaa. Tha aean rata uaad naa 20 Knin"^ for all aaaplaa.

Tha Tg ia nanifaat by a atap changa or a baaalina ahift in 
tha output Yoltaga aa a function of neanning taaparatura. It 
ia poaaibla to dafina Tg aa aithar tha taaparatura of onaat of 
tha atap changa or tha aidpoint of tha raaulting inflaxion of 
tha racordar traca. In thia Nork tha lattar Maa anployad. 
Figura 2 . 1 daaonatrataa thia.

In tha d.a.o., nhan a aaapla natarial ia aubjactad to a 
linaar taaparatura incraaaa, tha rata of haat fica into tha 
aaapla ia proportional to ita inatantanaoua apacific haat. Tha 
abaoluta apacific haat, Cp(T), can ba obtainad by naaauring 
thia rata of haat flou and conparing it with that for a 
atandard aatarial undar tha nana oonditiona.

Haat capaoitiaa for polynar aaaplaa wara datarminad uaing 
tha folloNing prooadura. laotharaal baaalinaa nara obtainad at 
tha lowar and uppar taaparaturaa of tha acanning ranga uaing 
anpty aluainiua aaapla pana. Thaaa tMO laotharaal baaalinaa 
Mara uaad to Intarpolata tha rafaranca baaalina ovar tha aana 
acanning aaetion. Tha acan naa rapaatad Mith a aaapla of knoMn 
nana in tha aaapla pan and a traca of dB/dt againat tina waa 
raeordad. Tha racordar daflaction oceurrad dua to tha
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•iMorptlon o£ h«»t by th* Mapl«> « m1 thu* 
AP/dt ■ Cp (dTp/dt) 2 .It

Mh*r* ■ 1» th« B U S  of thB BMivlo •»>«* «p/«*^ 
progrBBMwd r«to of tonvo*’*^“*’« iBOV— mm. Tho prooodur« 
r«p«Btod with a kaoim of roforwioB sapphlr« in tho oBoplo
pon, tho hoot eapooity of whieh is ooll ootobliohod <146>, oad 
• BOW trooo woo roeordod. Tho two brdiaoto dofloctiono aro 
thua ohtainod O(saaplo) and O(aapph) aa ahown in 
riguro 2.2. at any choaon toaporaturo whioh allowa 
dotoraination of tho ratio of tho Cp raluoa of tho aapphiro 
and tho aaaplo. Oaing Bauatlon 2.v. tho t oIuo of Cp for tho 
aaaplo ean bo oraluatod.

O(aaaplo).a(aapph).Cp(aapph)
Cp(aaaplo) > 2.T.

D(aappb).a(aaaplo)
■valuation of Cp(aaaplo) at oonvonlont toaporaturo 

intorvala in tha ehoaon aoan rango provldad Cp varaua 
^Baporaturo data. During analyaia all data woro oollootod by 
an Applo XI aicrocoaputor ayatoa and data proeaaalng waa 
earriad out ualng aoftwaro dovolopod for tho purpoao, to 
obtain Cp voraua toaparaturo data. Tho Tg and eorraapondlng 
B^op ohango in apoeiflc boat (ACp) at tho tranaition woro 
dotominod froa thoao data.

2.1.2.2. Thoraograviaotrie Analyaia. (t.g.a.)
Tho aodom thoraobalanoo ia doaignod to produco a 

ooBtinuoua rooord of woight loaa aa a function of toaporaturo. 
Haight loaa can alao bo aaaaurod aa a funotlon of tiao at 
oonatant toaporaturo.
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Zn this study s Psrkln Blssr Tbsrsogrsvisstrie systss sodsl 
T08-2 eennsotsd to ths Psrkia Blssr D8C-2 tsspsrsturs 
pregrssasr uss ussd. Aaslysis ot ths sssplas m s s  esrrisd out 
uadsr s aitrogsa stsosphsrs usiag s hsstiag rsto of 20 

Xsia~^. Bssults Nors oollsetsd ss * ut loss vs 
tsspsrsturs.

2.1.2.3 Torsioasl Brsid Aaslysis. (t.b.s.)
T.b.s. is s tsohaiqus o£ thsraossahsalesl saslysis 

dsTslopsd by Oillbsa <147>. It is sa sxtsasioa of ths torsloa 
psadulua asthod of saslysiag astsrisls. uhioh slloua 
invsstigstioa of systsas Mhich csaaot support thslr o n u  

Nslght. Siaos ths rssultsat tsst pises is s coaposlts sad not 
s purs polyasr of kaown diasnsioas. sbsoluta vsluss esaaot bs 
dstsraiasd during oxpsrlaantstion.

A torsion brsid saslyssr nodal 100B, nsnufscturad by 
Chaaiesl ladustriss Corporation of M s n  York, Mhich had bssa 
aodiflsd slightly m s s  ussd in this nork. Tbs frsqusacy of 
asssursasat m s s  spproxiastsly 1 Rs sad and tha iastruaant m s s  

cspsbla of opsrsting ovsr ths tsnpsrsturs rsngs 83-773 K.
A spsclasn m s s  prspsrsd by iaprsgnsting a sultlfllsasnt 

glass brsid substrata nith a eoacsntrstad solution of tsst 
astsrisl. Aftsr oonplata rsaoval of tha solvant. ths polynar 
braid ooaposits m s s  suspsndsd in tha sanpls chanbar, Mhich m s s  

eoatinually flushed by aitrogsa gas. Rseordlng ths tsnpsraturs 
using an iroa-eonstaataa thsraoeoupla, tha instruasnt m s s  

coolsd by ths circulation of nltrogsn gas (liquid nitrogsn 
eoolsd). Oats Msrs oollsotsd only Mhan ths lastruasnt had 
squilibratad at ths Io m  starting tsapsraturs. Allouing ths
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teepereture of th* InatruMnt to inerau* Mturally until 
2T3Kf a haatar naa than uaad to ineraasa tha taaparatura at a 
oontrollad rata o£ -2 Kaln-1 . Toraiooal oaaillationa aara 
Initiatad arary 2 .8 aiautas duriag tha taaparatura aeaa aad 
tha output daapad ainuaoidal Marafora aaa aaaplad, and 
oollaetad by an Appla IX nierocoaputar. (Tha data prooaaaing 
algorithns aara fully daaorlbad prayioualy <142>.)

rroa tha data eollaotad tha logarithalo dacraaant (LD) and 
tha ralatira rigidity (i/P*). ahich in proportional to tha 
aodulua of tha polyaar glass fibra coaposita aara oaleulatad 
for aaoh oaeillation. Tha Tg is aanifaat by a aaxlaua in XJ> 
and a larga drop in 1 /p^ as tha taaparatura ranga is 
soannad.

2.1.3 Conduetirity Inatruaaatatioa.
Conduetirity aaaauraaanta aara oarriad out as a funotion of 

ineraaaing taaparatura uaing a PT1 Digital Conduetivity Matar 
ahich ganaratad a loa poaar a.e. roltags (-1 voit) at 1.49 
kBs.

Tha eonduotirity aMtar oparatas baaically on tha Oha's I.aa 
prinolpla

X ■ 7 / K 2.ri.
whara ■ la tha rasistanea (in ohaa), X is tha ourrant (in 
aaparaa) and 7 is tha alactroaotira foroa (aaf, la rolts). Tha 
rasistanea of tha natarial bataaan tha oall platas is 
proportional to tha distança bataaan tha platas (l,oa) aad 
iararsaly proportional to tha cross-sactional araa (A.on^)
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of thm plat««, my Introducing « proportlonnlity conatant(^), 
thn npwjifio ronistnneo of tho nntorlnl. it is possible to 
srits

« - ^ . 1/» 2.rii.
wbars ^ has tbs units ^ins-eontinstros. Tbs spoeifie 
conduotancs or conductirity (^) of tbs satsrial is tbs 
rsoiprooal of tbs spsoifio rasistanos.

O' • 1/̂  ~ 1/* . 1/A 2.riii.
For a girsn eoli ths distanos bstsssn the plates and the 

erosseetional area does net ebange and a oell eonstant (C) oan 
be introduced.

C / « 2.is.

Blsetrede blocks eere prepared using an inert insulating 
Mterial (tuffnall). Silrer discs sere cut {~1 cs^) and silrer 
soldered to a natal block. This coaplete unit eas inserted 
into the tuffnall block so that tho electrode surface eas 
ooplanar with the nachined surface of the block. A achenatic 
diagran of the half cell block is shown as Figure 2.3. Spacer 
shins were used to separate a pair of aatchad eloetroda blocks 
by a known distance (''O.len), and the conplete cell block 
arrangoeent was-elanped together firnly during neasuresenta. 
Owing a solution of potassiun chloride (lalO 298K)/
cell constants of 0.092 and 0.097 were detereined for two 
different coll assesblies used during the study.

Zn this study the conductivity eater was calibrated 
regularly using a standard resistance box. The eater cosparad 
the resistance of the test saaple with the resistance of an
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aoourat* rMiater in th* oireult. Tha raelproeal rMistanoa of 
tha aatarlal mmm diaplayad in aioreaiaaan (^S, ahara aiaaan la 
unit eorraapoadiag to raelprooal oha or nho).

h tbarneatatieally oentrollad eraa ana uaad to atudy'tha 
taaparatura variation on tha eonduotivity of aaaplaa. Although 
tha apparatua aaa aquippad aith a cooling aoda, noat 
eenduotivitiaa aara aaaaurad aa a funotion of inoraaaing 
taaparatura. A ehroaMl-aluaal thamoooupla plaead in tha 
haating ehaabar, (aith tha rafaranea Jtinotion at 273K), aaa 
uaad to datamina tha taaparatura of tha aaapla during tha 
axpariaanta. Aftar changing tha taaparatura, a chart raeordar 
waa to anaura that tha ayataa had atabiliaad bafora tha
taaparatura and oonduotanoa data aara oollactad.

Conductivity aaaauraaMnta aara carriad out inaida a dry box 
ahara tha ataoaphara aaa continuoualy oiroulatad ovar fraah 
phoaphorua pantoxida, uaing a aaall ooapraaaor. Tha tranafar 
ooapartaant to tha dry box aaa fluabad aith a dry nitrogen 
aupply during tranafar dparationa, to aaintain anhydroua 
conditiona at all tiaaa.

To aaaaura tha conductivity of a natarial, tha dry aaapla 
aaa loaded into tha call and rapidly tranafarrad to the dry 
box. Aftar connecting the call block to tha conductivity 
natar, tha taaparatura aaa incraaaad to ~353K for 
aavaral ainutaa. Tha polyaar aaapla aaa than alloaad to cool 
to roon taaparatura and atabilixa overnight. Aftar noting tha 
taaparatura and conduotaaca of the naapla at rooa taaparatura, 
tha taagiaratura aaa incraaaad and tha naa dataila aara noted 
aftar >»1 hour. Data aara in general oollaetad froa rooe 
taaparatura to .>410 K. Sinilar priaeiplaa aara applied ahan
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oellaetiag data Cuaetloe oC da aiag taaparatura.
Oaing tha eeaduetaaea data in «»juaotion with tha 

partinaat call conatant for tha call aaaaably uaad during tha
axparii at it wa pesaibla to ealeulata tha spaelfle
oonduetaiiea or coaduotlrity of tha aaapla ualag Equation 2 .lx.
2.1.4 Spaotroaeople Toahniquaa.

' a n. racordad on aithar a Hitachi Parkin
Blaar H-24 («0 MBx) or a Parkia Blaar *-32 (90 HHx) 
apaotroaatar. Saaploa wara analysad ualag dautaratad 
ehlerefora aa a aelrant 
iatamal ataadard.

tatraaatbylailana (T.M.S.) tha

Xafrarad aaalyaii arriad out ualag a Parkin Binar 877
Qrating Infrarad Spaetroaatar, a Shiaadxu 1.*. 435 Infrarad
Spaeti atar or a Parkin Bli 197 lafrarad Spaetrc atar.

Saaplaa wara axaalnad fili aodiua ohlorlda plataa.

2.2 Moaoaar and Polyaar Praparation.
2.2.1 Bthylaaa Oxida Subatitutad Itaoonie Acid Polyaara - 

PDNBO^I Sariaa.
2.2.1.1 NonoaMra.

Tha ahora diaatara wara praparad <142> by coarantional acid 
catalyaad aatarification of itaeonic acid in toluana aolution 
uaing a 3 -4 a»la axoaaa of pradrlad aloohol.
p-Toluaoaaulphonlo acid waa uaad aa a oatalyat and a Daan and 
Stark trap waa anployad to raamra watar. Tha nonoaathoxy 
tarainatad athylanaglygola (alcohola) wara all arailabla aa 
coaaaaroial producta. Tha dataila of tha alcohola uaad in tha 
ayathaain of MBOpX aonoaara ara ahown in Tabla 2.X.



Tabi» 2 . 1

D*taila of Aleebol« O M d  in Proparatic 
Substitutod Ztaeoale Aeld I

of Bthyloao Oxido 
aoooro.

n Alc^tol Supplior Codo

1 2-aatboxyotlMÌnol N « B DMB01I

2 2-(2-aothoxyothoxyothanol) Aldrich DNB02I

3 Triothylonoglyeolaonoaathylothor rluka DNS03I

5 3,6,9,12,15 — Pontaoxaboxadoeanol Aldrich ONBOSI

7 PolyCothylona glyeol aothyl 
othar), NH-350

Aldrich DPMoO 3501

1 2 PolyCotbylono glyeol aathyl 
othar), NH-550

Aldrich OPMaO 5501

▼aluaa of 'n' for thooa alcohola 
langtha.

ra aTorago ropoat unit

Isolation Procoduro for Kthylono Oxido Subatitutod 
Itaeonie Acid Nonoaora.

Honoaar Nothod of laolation «Yiald

DHE01I Diatillod 393-397K, 0.1 naHg. 59

DNC02I Diatillod 415-419R, 0.01 aaBg. 30

DME03I Puro dioatar oxtraetad froa 
aquooua aolution of crudo aatorial

40
0ME05X uaing diothyl othar. 30-40

DPMoO 3501 Cruda dioator diaaolvod in ehlorofora and 
Maahod oith oatar to roaovo iapuritroa~.

55

OPNoG 5501J 30
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•Motion tioM rnagnd fron 24 hour* for tho short chain 
longths to 2-3 days for th* longer honologuas. After reaction, 
»K» toluene solutes eere sashed first sith aqueous sodiun 
bioarbonats and then slth eater till the sashings sere 
neutral. After drying the toluei^ orer anhydrous MgnMiun 
sulphate the crude diesters sere obtained by renewing the 
solvent using rotary evaporation. For n*1 and n>2 tho pure 
diester sas isolated using vacuus distillation. For all other 
diesters prepared the isolation procedure involved solvent 
estraetion toohniquM. The details are sbosn la Table 2.IX.

The pure diMter products sere characterised using i.r. and 
n.B.r. teehaiquM and representative spectra are sbosa la 
Figures 2.4. and 2.5.

2.2.1.2 Polyaterisatioa
All of the polynara sera prepared in bulk using th* f r M  

radical initiator«,».' aso-bis-iso-butyronitril* (AIBM). 
Initiator sas added to a presoighod polynerisation flask and 
noaoner sas filtered as it sas charged into th* flask. After 
daterniaing th*' seight of th* noaoaer added, th* flask sas 
evacuated using a series of frMsa thas eyelM and sealed 
under vacuun. Folynerisatloa details are shosn in Table 2.III. 
All polynerie products sera isolated by Mveral 
repreeipitations of chloroforn solutions of the polyner into 
suitable solvent systans. Details of polyser isolation are 
shosn in Table 2.IT. Cthylea* dinethacrylat* (PolysciencM) 
sas used as a orossllaking agent in aoee cases. A bulk 
polynerisation sas carried out using AIBIf as th* initiator 
(0.6 st%) sith crosslInking agent present as 3 st% sith



T«bl« 2.Ill
PelyMriMticm Caadltlou O M d  Cor 

■tbyloM Oxida lapod Xtaeeiiie Aeid WonooTO
Ho&CMMr at* AZBH Polya Taap./K Tlaa/bours *  Co o t .

OMBOIZ 0.4 328 43 SS
0NB02Z 0.4 328 40 S8

0NI03I 0.4 333 120 S3
OMBOSZ O.S 333 120 36

DPNaa 350Z 0 . 1 333 72 32
OPMaO SSOZ 0.4 328 170 17

Tabla 2.ZV
Zaolatioa and Charaetarisatioa oC

Bthylana Oxida Bubatitutad Ztaooaie Aeid Polyaara.
Polyaar Praoipitaat lO'^Nn/gaol-^

«
DPn

P0MEO1Z diathyl athar 86 3S0
PDMB02Z diatbyl atbar 131 392
P0NS03Z 7S* diatbyl atbar/eyolohaxana 44 104
PDNSOSZ SO* diatbyl atbar/eyelobaxaaa 90 ISO

PDPNaO 3S0Z 70* diatbyl atbar/eyelobaxaaa 37 47
PDPMaO SSOZ 90* diatbyl atbar/eyelobaxana 28 23

Mbara OPn • Nuabar aga dagraa oC polyaarixation.

Tabla 2.V
Dataila of Propylaaa Oxida Basad Polyaars.
Polyaar Na/gaol-1 OPb
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rMp*ct to aenoMor. Attmr a roaetlon tiao of 6S houra at 333K 
tho polyaarlaatioo-aaa taraiaatad and aoxholat aztraction 
(eblorofora) aaa uaad to aaparata uneroaalinkad aatarlal froa 
tha product gal.

2.2.2 Polypropylana Oxida Subatitutad Itaconic Acid 
Polyaar - PDPPOZ.

aaing tba aaaa aatarlflcatioa procadura aa daacribad in tba 
pravioua saotion, a polypropylaaaglyeol diaatar of itaconic 
acid waa praparad. Oalng a 4 aola azcaaa of
polypropylanaglyool 1025 (B.D.B.) tba rafluz aaa contlnuad for 
3-4 daya. Toluana aaa tban raaovad froa tba flaak ualng rotary 
avaporatlon.

Polyaarization waa carriad out in aitu by adding AIBM, 
(<w1wt%, aaaualng tbat tba aatarifloation reaction bad produced 
auccaaafully 60% of tba tbaoratical yield), and tba reaction 
waa allowed to continue for 6 daya at 343K. Tba daairad 
polyaaric aatarial waa iaolatad by adding tba polyaarization 
aiztura to bazana. A cloudy aolution foraad initially and froa 
tbia a yellow proeipltata eventually aattlad. Tba precipitate 
waa waabad aany tiaaa with fraab bazana and tba viacoaity of 
tba aatarial waa noted to Incraaao. Tba viacoua liquid product 
waa flltarad and dried prior to cbaractarizatlon uaing i.r. 
and n.a.r. tachniquaa. Figura 2 .6 . indicataa tba abaanca of 
aonoaarlc aatarial in tba iaolatad product and tba apactrua ia 
conaiatant witb tba azpaetad polyaaric aatarlal.



ri « « M  a.c. of vBWex.



35

of tho ari«ln*l «nrt final polynorle oatariala ara 
daaerlbod in Tablo 2.7.

2.2.3 Ethylana Oxlda Subatitutad Vinyl Ethar PoXyaar - 
P7EME03.

2.2.3.1 Noneaar
Oalng tha aathod daacrlbad by Mathlaa <148> tha vinyl athar 

Bononar ▼SNB03, with a aldaehaln thraa athylaaa oxlda 
units long was praparad. Trlathylanaglyeol aononathyl athar 
(Fluka, O.S aol) aaa addad to a thraa nackad flask/ flttad 
K^th a gas Inlat and outlat and ahlla bubbling nltrogan gas 
through tha alcohol tha taaparatura was ralsad to 393K. A 
catalytic aaount of potasslua natal (0.076 nol) nas addad to 
tha flask sloaly ahlla tha nltrogan flow was aalntalnad. Tha 
originally claar raaetlon alxtura turnad yalloa Initially and 
than rapidly to dark bronn. Tha taaparatura was than Incraaaad 
and alloaad to stablllsa at 448-4S8K bafora tha nltrogan floa 
Mas raplacad by acatylana gas. Aftar bubbling aeatylana gas 
through tha solution for 2.5 hours tha raaetlon Mas stoppad 
Mhan tha slxtura had solldlflad. Nltrogan gas Mas alloMad to 
flush through tha systan until rooa taaparatura had baan 
raachad.

Tha solid raaetlon slxtura dlssolvad aaslly la carbon 
tatrachlorlda and Mas Mashad savaral tlaas Mlth Matar to 
rainova unraactad alcohol. On rasoval of tha carbon 
tatrachlorlda tha cruda aonoaar Mas obtalnad (70%). Tha cruda 
■atarlal Mas vacuua dlstlllad (50%) and tha hlgbaat boiling 
fraction only Mas radlstlllad undar vacuua using a 
fractionating coluan. Oagradatlon during distillation m s s  a
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problM but th* pur* Mthexy turainutad tr lathylaaa oxida 
▼inyl athar aonaaar aaa iaolatad mm a fraatien boiling at 
331-333K 0.01 aallg («10%). X.r. and n.n.r. apaetra of tha 
produet VBMC03 ara ahoun in riguraa 2.7. and 2.8.

2.2.3.2 Cationio Polyaariaation of VBIC03.
Tha oationio polynarlnation of vmao3 naa oarriad out 

aooording to tha hoaopolyaarixation proeadura daaeribad by 
Matbiaa <148>. Tha initiator aolution aaa praparad uaing 
fraahly dlatlllad IFj-atharata (SO/l) and fraably driad 
and diatillad 1,2-diehloroathana (Sal).

Nonooar vnO03 (3g. 0.016 aol) waa addad to a aaptua 
aaalad polyaariaatlon flaak oontaining a a^gnatic atirrar 
Mhieh bad baan flaaa driad undar Taeuua. Tha ayatao waa 
aaaeuatad uaing aawaral fraaaa thaw eyelaa and nitrogan gaa 
waa than introduead into tha flaak to 1 ataoaphara praaaura. 
Tha polyaariaation aixtura waa brought to iea taaparatura 
(273K) bafora initiator aolution (SO^) waa addad alowly to 
tha atirrad aoneaar uaing a ayringa. Tha polyaMrlxatlon 
mixtura waa atirrad eontinually at 273K and within aaTaral 
houra tha wiaeoaity of tha aixtura had incraaaad to aueh an 
axtant that atirrlng waa no longar p^aibla. The 
polyaarixatlon aixtura waa dlaaolrad in ehlorofora and 
rapraoipltatad aavaral tlaaa into oyelohaxana. Tha pala yallow 
polynar (PTKNS03) waa obtainad in 80% yiald. Tha i.r. 
apaetrua, indicating tha abaanca of tha rinyl group in tha 
aatarial. la ahown mm Figura 2.9. Oaing a.o. tha aolacular 
waight of tha polymar waa datarainad aa 30,000 gaol**̂  .



n««r* a.7. Th« lafruvd

rigur* 2.S. Th« a.a.r. spaotrua (90 MHz) of TIME03.



rigw« 2.9. ia£r«r«d speetrue ef



37

2.2.4 Pr*par«tiaa of PolyCvlayl oothyl othor) - PVMB.
PVNB mmm obtainod mm m. oo— rclal product froa

PolyseioncM. aoToral tiaas, tha aatarlal aaa disaolrad la 
acatoaa rapraeipitatad iato haaaaa, bafora dataraiaiag tba
Bolaeular aalght of tba aaapla aa 27,000 gaol*^ , uaiag 
a.o.

2.2.5 PraparatioB of aa loaoaar.
2.2.5.1 Praparatioa of Noaoaathyl Itaooaata (NNI).

Noaoaathyl itaeoaata is praparad aad usad ia tha laboratory 
ragularly <142> usiag tha aathod ialtially daseribad by Bakar 
<149>. Xtacoaio aoid <0.5 aol) aad aeatyl ehlorida ("2 wt% 
with raspaet to itacoaio acid) wara addad to a raactioa flask 
aad issarsad ia a partially haatad oil bath. Kaaotaata wars 
brought to raflux rapidly aad aftar stirriag for 30 siautaa at 
rafluz tha axeaaa aoatyl ehlorida aad atathaaol wara raaovad 
usiag rotary araporatioa. As tba rasidua coolad a whita 
orystalliaa solid was forsad. Tha satarial was raerystallisad 
ia 70% yiald (Ts - 338-340K) from a toluaaa/haxaaa sixtura at 
273X.

2.2.5.2 Copolyaarixatloa of 0MB03I aad NNI.
Oaiag a bulk, fraa radloal polyaarisatioa (AXBN), 

copolyaars basad oa DNS03X aad m x  wara praparad. Xa aa 
laitlal eopolyaarixatioa, a aoaoBMr faad of 0NBO3X 
f.70wt%), NNX (dOwtk) aad AXBN (0.3wt%), wara ohargad iato a 
flask which was aaalad uadar vaouua aftar a sarlas of 
fraaxa thaw óyelas. Aftar 4 hours at 338K tha eopolyawir was 
isolatad by praeipitatioa lato 50% diathylather/cyclohaxaaa.
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Th* ooBO*ntr*tion of NNX proaont in th* oopolyanr M«a 
dotorainod using potsntionstrie titration. A sothanolie 
solution of tbs polyasr of knosn oonoantration m s s  proparsd 
»««i titratsd nitb sodius hydroxida (0.-01N> NaOB). Tbs 
oopolysar cospoaition saa found to ba 8Sat% MNI (94 aol%) at 
an orarall nonosar oonraraion of 25%.

Osing this inforaation a sariaa of thraa oopolysars with 
MMX faad eonoantrations ranging fros 1-9 at% aara praparad. 
bftar a polysarisation tins of 8 hours at 343X tba eopolynars . 
Mara raprseipitatad fres eblorofora solutions using 75% 
diatbylatbar/cyalohaxana. Tha oopolysars aara analysad 
as daseribad abova and tha rasulta ara susaarixad in 
Tabla 2.7X.

An ionosar aas praparad fros oopolysar-2 by nautralising 
tba MMX aoid groups prasant aith an aquivalant solar asount of

a
sodius hydroxida (O.IN.BjO). Tba aquaous solution aas 
stirrad for savaral hours aftar adding tba basa and on rasoral 
of tba solvant tba raaulting ionoaar aas thoroughly driad 
undar high vacuus at 333K for 36 hours. Tha i.r. of tha parant 
copolysar and darivad ionosar ara sboan as Figuras 2.10. and 
2.11 .

2.2.6 Praparation of Polysar-Salt Cosplaxas.
All polysar aasplas and salts aara driad undar high vacuus 

at 333K for at laast 3-6 days prior to usa and aara than 
atorad undar anhydrous conditions. Methanol aas usad as tha 
solvant in the praparation of tha polynar-salt cosplaxas. 
Prior to usa this solvent aas distilled and stored over 
activatad aolacular sieves. Oslng Karl Fiachar titration tha



T«bl« 2.VI
CopelyttarlMtioa ef DMB03Z «ad NMZ.
Coapoaitioa

1
Cepolyaar

2 3
CepolyMr r**d

nt% A Z m 0.3 0.3 0.3
Mt« Mil 0.9 3.9 7.9

■olt NHI 2.7 1 0 .S 2 0 .0

CopolyMr Zsolatad
Ntt NMI 12.4 14.8 37.5

aol* MfX 29.2 33.8 63.7

Tabla 2.VI! .

OMcriptloD of tha aolTating uait 
to da f l M  tha aalt eoaoaatratioa ia

(S) ia aach polyawr uaad 
a polyaar-aalt eoaplax.

Pelyaar S No.par aoaoaMr uait Salt Coao.

r a m o i i athylaaa oxida 2 [N«]/(B0]

P0MC02Z athylaaa oxida 4 (N*]/[*0]
PDHBOSI athylaaa oxida 6 [N*]/[K)]
PONEOS! athylaaa oxida 10 (N*I/t*01

POPMaO 350! athylaaa oxida 14 (N*1/[E01
PDPPai propylaaa oxida 34 [N*l/tPOJ
PVBNE03 athylaaa oxida 3 tN»J/(E0l

PVNB athar oxypaa 1 m * i / t o i



rifur* J.10. Th* i*fr«r«l «p*etr«* *« BI«»3X/I«X Oopoly**r.

Figur* 2.11. Th* ia£r*r*d apaetru* e£ 0MXO3X/MNZ/M« Zeao**r.



39

■oistur* content of tbo nolTont n m  doterninod nn <0 .1%.
A Nido rango of polynor>oalt oonploxon wore oxaninod in 

thin study and in Tabla 2.yzz., tha eharaotar of tba solvating 
unit (S) in aaoh of tho polynarie hosts is shosn. Salt 
oonoentrationa in tha eoaploxas wara daseribad using [M*]/(8 ], 
i.a. tha nunbar of solos of cations par sola of solvating 
units, la gaaaral, coaplaxas containing salt in tha 
eoncontration rango [M*]/(SJ-0.0125 to 0.2S sara oxaninad in 
this study.

A known weight (~0.8g) of dried polysar was added to a 
flask. A prodataraiaad <juaatity of salt was weighed out and 
added to tha polynar sanpla. Dry sathaaol was added to tho 
flask ("8b 1) and tha flask was sealed until tho aixtura had 
bacosa henoganaeus. Solvent was raaovsd by evaporation and 
after ceaplato loss of solvent all sanplos wora dried under 
high vaouun at 330-340K for 2-3 days prior to use. All saaplas 
wara stored in anhydrous conditions and using Karl risehar 
titration tha noistura content of tha dried pòlynar-aalt 
oonplax was dotominad as <0.0 1%.

Osing this taohniqua to prepare tha saaplas it was found 
that pradoainantly transparent, hoaoganooua products ware 
isolated, however, hatoroganoous polynar-aalt sixturas wara 
obtained on rénovai of tha solvent fron a lisitad nuabar of 
sanplas.
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3 , 1 b M i n * t i o n  of tho Puro Polyoor.
BthyloM oxldo (BO) oubotitutod itaoealo aeid polyaors •»•ro 

IgQl^ted MM trsBsporoBt Botorlolo ohloh raitBod froa risld 
■olida tbrouBh to vloeoua fluids dopondlag on tho longth of 
tho poadMt ohain. Tha Tg of tha aatarial daeraaaad as tha 
sldaebala langth-^as Ineraaaad, as is shoim from both tha 
d.s.c. and t.b.a. raaults diaplayad la Tabla 3.1. As tha 
langth of tha flaxibla sidaohain is axtaadad tha backboaa of 
tha polyaar is incrsasiagly plasticixad and this is raflactad 
in tha oontinual lowaring of tha Tg.

It Mas shown by Farguson <142> that a aialaua in Tg 
ooeurrad in suoh itaeonie aoid basad polyaara whan tha auabar 
of atoas in tha sidaehain (X) was approxiaataly 10, with 
longar sldaehaiaa raaulting in an ineraasa in Tg. In this 
prasant study it prorsd possibla to aynthasiss two highar 
hoaMloguas, using hatarodisparaa, aathoxy tarainatad 
oligoglyeols, oerrasponding to on awaraga 22 and 37 atoaa par 
sidaohain. This corrasponds to about 7 and 12 BO units par 
sidaehala raspaotlraly. Dua, prasuaably to a distribution of 
sidaehain langths, tha Tg of PDPMaO 3501 was avan lowar than 
tha alalaua dataetad by Fargusoa. Xaciplant orystallinity of 
tha sidaohains, which la thought to ba tha raason for tha 
iacraasiag Tg at loagar sldachala langth, was only dataotad 
(using d.s.e.) in POPNaQ 5501. Tha oligoaario substituant 
OPMoQ 550X, usad as tha sidaohain for this last polysar is 
orystallina at roon tasparatura, and so tha inharant 
crystallina natura of tha aatarial is not suppraasad whan it 
is inoorporatad onto tha itaconie aeid baekbona.

Bxaaination of tha propartias of ooab-shapad polyaara basad



Tihlt 3il
a i « M  TruMltleo TMp«r*turM M«sur*d for othyl« 
■ubotltutod ItoeoBie oeld pelyMr« «oiaa d.o.e. i

Ta/E

oxido
t.b.o.

Volyoor Z d.o.o. t.b.o.

KMB01Z 4 303.0 300
P0MB02Z 7 282.0 288 _
m a o 3z 10 218.8 230
PDNB08Z 16 216.0 -

FOPMoQ 3S0Z 22 212.5 -
POPMoO 580Z 37 219.8 * -

To ot 298K

Toblo 3.II
Olooo Tronoitioo Tooporoturoo/E o£ oodiuo porehloroto dopod 

otbyloBo oxido oubotitutod itoeonie oeid polyoorx.
IE*l/tE01 PDMB0 1Z PDNB02Z P0NB03Z PDMB08Z POPMaO 380Z
0.0128 303.8 261.0 229.0 224.5 220.5
0.017 - - 244.0 - -

0 .0 2 - - 240.0 229.0 -

0.028 308.8 266.8 252.0 231.0 220.5

0.033 - - 258.0 - -

0.08 308.0 275.0 255.5 243.0 236^5
0.067 - - 265.0 253.0 244.0

0 . 1 0 - 273.0 - 264.0

0.128 310.0 306.0 200.5 202.5 278.0

0.167 - - - - 285.0

0 . 2 - - 305.5 - 292.5

0.28 318.8 334.0 306.5 303.5 293.8
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oa A ailexaB* baekboa« <132-134> or « ■othAcrylato baekboa* 
<136,137> roToalod that oryatalliaity could ba datactod la 
polyaara with aidaebaias oa aaaraga 8 KO ualta loag <133,134> 
or oa arara«a 22 CO uaita loag <136>. Xt haa alao baaa 
auggaatad, hoMavai; that cryatalliaity oaly davalopad oa atoraga 
o£ tha aathaerylata ayataa eoataialag approxiaataly 22 CO 
uaita par aidachaia <137>.

Tha laolatloa of aaorphoua coab-ahapad polyaara tharafora 
appaara to ba graatly dapaadaat oa tha charactar of tha 
polyaar baekboaa aad alao oa tha tharaal hiatory.

3.2 Polyaar-Salt lataraetloa Oaoaatriaa Poaaibla in Itaconie
Acid Coab-Shapad Polyaar-Salt Coaplaxaa.

Xt la a a t  fo u r  typaa o f  p o l y a a r - a a l t  intaraction g a o a a t r ia a  

can ba v ia u a l i x a d ,  aa ahoNa ia F ig u r a  3.1.
Both iataraolaeular (!) and intranolacular (ii) 

croaaliaking of tha polyaar chaiaa ia poaaibla or aidachain 
atiffaaing (iii and iv) affacta could occur. The affoct 
obaarvad dapanda on Mhathar tha cation ia coordinatad to athar 
oxygan atoaa ahich ara in diffaraat polyaar aolaculaa (i). or 
coordination occura aithin tha aaaa polyaar chain (ii).
Bacauaa tha itaconic acid coab-ahapad polyaara contain tao 
aidachaina par aonoaarie unit intaraonoaaric aidachain 
coordination (iii) ia poaaibla. Provided tha aidachain la long 
anough, a cation could ba eoordiaatad aholly by oxygan atoaa 
aithin aa laolatad aidachain (iv).

Each of thaaa coordination procaaaaa aill raault in a loaa 
of flexibility and aa tha nuabar of iona coordinated by tha 
polyaer ia incraaaad tha extant of croaalinking or aidachain
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■tiffaaing by th* polyaar ahould miao iaoraaaa. At aoaa 
eritleal aalt eeaoantratioa, furthar lataraotiea batMaaa tha 
aalt and tha polyaar alll net ba peaalbla and no furthar 
ohanga in tha eroaallnklng or aidaehain atiffanin« affaeta 
alll ba dataatad.

Ona aathod ef axaalning thaaa affaeta la to raeord tha Tg— i 
of tha polyaar-aalt ooaplaxaa aa a funotlon of aalt 
eoneantratlen. In thla atudy tha aaaauraaant of tha Tg of tha 
polyaar-aalt ooaplaxaa aaa oarriad out pradoalnantly ualng 
d.a.e. taehnlquaa, hoaarar, aiailar bahariour aaa alao 
datarainad ualng t.b.a.« aa daaoribad in Saetlon 9.2.

3.3 Alkall Natal Parohlorata Sait Ooaplaxaa.
3.3.1 D.8 .C. Studiaa.

In Tablaa 3.IX and 3.III tha Tg raluaa datarainad for 
coaplaxaa foraad on addition of rarioua oonoantrationa of both 
MaClO^ and LiClO^ to tha itaeonio aeid baaad polyaara 
ara ahotm. Tha Tg aaa aaaaurad aa tha eoneantration of tha 
aalt in tha eoaplax ineraaaad and tha anhaneaaant of tha Tg 
(&Tg) notad for aaeh of tha aatariala la ahoan graphioally in 
Figuran 3.2. and 3.3. Tha lona of flaxiblllty notad in thaaa 
polyaara on addition of nalta aill ba a ranult of tha oation 
coordination prooaaaaa daaoribad abora.

3.3.1.1 Cffoet of Sidaohain Langth Variation.
FroB Figuran 3.2. and 3.3. It la apparant that tha ralatira 

Inoraaaa of Tg on addition of aalt to PDNS01I la anali 
aran at high oonoantrationa of aalt. Tha alight anhaneaaant of 
Tg.notad, hottarar, doaa indioata that intaraotlon of tha polyaar



T»bl« 3.Ill
alesa Tressltioa Tespsreturaa/K of lithiua psreblereta doped 

ethylese-oxide substituted iteoesio said polyaers.

(N*1/[S0] PDMB01X P0Ma0 2X PDHa03X PDPNea 350X

0.0125 303.5 255.0 230.0 217.5

0.017 - 261.0 240.0 -

0 .0 2 - - 243.5 -

0.025 - 267.5 246.0 221.5

0.033 307.0 - - -

0.05 - 275.0 253.0 232.5

0.067 - - 256.0 241.5

0 . 1 - - 269.5 -

0.125 309.5 296.0 288.0 261.5

0.167 313.0 - - -

0 . 2 - - 312.5 -

0.25 315.5 323.0 309.0 281.0



riflur« 3.2. Plot of ^  eeaoMtratioa for
■odimi parehlerote eoaplaoaa of 

. ao subatitutad Itaeooie ooid polyMra.

PDPMaa 3S0I O



riflur« 3.3. Plot of vo «alt ooocoatr at ton for 
lithiun porehXornto oooplnnon of 
■ 0 nubotitutnd . itnoonie neid poly— rn.

POMBOIX a
POIia0 2X à
poiaB03x a
PimtaO 380X o
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•nd «alt has eeeurrad. la this polyaar tha «Idaehaia« ar« vary 
short (oaa BO unit) and thus tha opportunity for chain 
stiffania« is ralativaly rastrictad, irraapaotiva of tha typa 
of cation coordination that nay occur.

Whan tha BO sidachain is axtandad by ona unit i.a.
PDNE02I tha anhaacasant of Tg with salt concantratien is 
aarkadly graatar. Boaavar, at all salt concantrations, tha 
Boat dranatic incraasa in Tg with addad salt occurs in tha 
polysar with BO sidachaias thraa units long i.a. POME03I. 
k slightly raducad anbaacasant of Tg is avidant in tha 
cosplaxas praparad fros POME05Z (in Figura 3.2.)/ and sora 
aarkadly PDPMaO 3501 (Figuras 3.2. and 3.3.), whan conparad 
with tha anhaacanant notad in tha PDME03I conplaxas.

Za uadopad POKEOSZ and POPMaG 3S0Z tha polymar backbona 
is affaetivaly plasticixad by tha long BO aidachains. On 
cation coordination thasa sidachains ara eonsidarably 
atiffanad, but tha rasultant gain in rigidity is apparantly 
not suffioiant to fully ovarooma tha inharant flaxibility of 
tha sidaehain groups, at laast in ceapariaon with tha affact 
notad in P0NBO3Z.

Tha rasultant Tg of a salt conplax praparad fron thasa 
eosb-shapad polyaars would tharafora appaar to ba dapandant on 
both tha inharant flaxibility of tha sidachain and also tha 
rigidity that is introduoad into tha systan by tha 
crosslinking and sidachain stiffening affacts which occur on 
coordination of cations.
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3.3.1.2 C2f*ot of Balt Coaeratratioa.
On additiea of salt to aaeh of tho pelyaors a aoa-llaoar 

taeraaao la Tg occurs slth iacroasiag salt eoaooatratioa. At 
high salt eoaesatratioas a plateau value of Tg Mas observed la 
soae polyaer-salt ooaplexes. This effect is iadicatlve of the 
solubility Halt of the salt la the polyaer <S1>. Xa the 
sodluB perchlorate eoaplexes of PDMC03I. POMCOSI and 
POPMeC 3S0X ^ I s  solubility Unit is reached at a salt 
eoacentratioa of (M*]/[SO] ■ 0.14. Mith LICIO^ as a 
dopaat, the solubility Unit is observed at the slightly 
higher salt coacaatratioa of [M*l/tC0] ” 0.17, but oaly oa 
i^dditioa of tho salt to POMC03X. Tor tho reaaiaiag 
systoM, illustrated ia Figures 3.2. and 3.3., plateau 
conditloas are not observed ia the concentration range 
exanined.

It can be seen in the conplexea prepared on addition of 
LiClO^ to PDMC02I, and also eonplexes prepared from 
PDHS03I in particular, that the &Tg versus salt 
eoncoatratlon plot shoNod a narked Inflexion at about 
[M*]/[C0] • 0.1. This behaviour nay be Indicative of two 
oven-lapping coordination proeosaos occurring simultaneously.
At a particular salt concentration it can be suggested that a 
transition from one doninaat coordination process to another 
say occur. A chaageover from a predoaiaantly crosslinking to a 
predosinaatly sldeehain stiffening (i and ii to iii and Iv in 
Figure 3.1) coordination process can be suggested as the 
reason for tho noted irregular enhancement of Tg Mlth salt 
concentration exhibited by these eoaplexes.

Xt is difficult to envisage hOH it may be confirmed Nhich
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o£ t h M *  t»*o proc«*««« occur« laltlclly *t low salt 
eonoontration and whloli occur« on incorporation of high 
concantratien« of «alt.

3.3.1.3 Bff«ct of Cation Variation.
Th« «ff«et of changing th« cation in the p«rchlorat« «alt 

fro« tha lithiu» ion to th« «odiu« ion can al«o b« id«nti£i«d 
fro« con«id«ration of Figur«« 3.2. and 3.3.

In FDMB01I, ind«p*nd«nt of Mh«th«r lithiu« or «odiun 
parehlorat« «a« added to th« «atarial, tha incraa«« in Tg with 
■alt concentration wa« virtually tha «a««. Thi« «uggaat« that 
aolvation of lithiu« and «odiu« ion« in the polymer wa« 
coaparabla. throughout tha «alt concentration rang«.

Addition of LiClO^ to PDME02I raaultad in the 
inflexion noted above when the «alt concentration approached 
CM*]/[E0l ■ 0.1. Sieilar effect« were not apparent in the 
NaClO^ coeplexe«. The enhanceeent of Tg noted at «alt 
concentration« below [M*I/[E01 - 0.06 were coeparable wherea« 
at higher salt concentration« the Tg enhanceeent wa« «uch «ore 
dranatic in the NaClO^ coeplexe«. Thia could «ugg««t that 
at high «alt concentration« the «odiu« ion« were «olvated to a 
greater extent than the lithiu« iona^ however, the difference« 
noted in the ATg v«r«u« «alt concentration plot« «ay reault 
only £ro« the doainant coordination proce«« in each conplex 
being different at high «alt concentration«. It i« therefore 
difficult to conpare the extent of eolvation of the different 
ion« in the«« conplexa«.

On introducing the«« alkali natal «alt« into P0ME03I it 
Ma« found that, in general, the dieeolution of NaClOt, wa«
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gr«*t«r than th« disrclutlon of LiCXO^ in tho pelyMr whon 
loM eoncontrntlonn of ««it woro incorporntod. Tho ooiubiUty 
Unit of tUClO^ NOS rooehod In tho polyaor ot a iooor 
concontration than notod for H C I O 4 and thoroforo at high 
oalt concontration« ion solvation ocourrod to a groator oxtont 
in tho lithiua ion coaplax.

Whon conaidoring PPPMoO 3501 syotoos, throughout tho salt 
concontration rango, but particularly ohon high concontratlons 
of salt Noro prosont in tho cooplox, sodiua ions Noro solvatod 
to a groator oxtont than lithlu« ions.

Pro« this d.s.c. study of alkali «otal salt co«ploxos it is 
apparont that:

1. All of tho EO substitutod itaconic acid poly«ors havo 
an ability to solvato notal cations.

2. A loss of floxibility is notod in oaeh of tho 
polysoric hosts on dissolution of salt. This offset 
is incroasod as tho nusbor of cations solvatod by tho 
polysor is indraasod until at tho solubility limit of 
tho salt in tho polymor no furthor loss of 
floxibility occurs.

3. Tho loss of floxibility notod in tho polymor on 
addition of a particular concontration of salt was 
dopondont on tho polysoric host and tho cation 
prasont in tho addod salt.

4. As tha salt coneontration was ineroasad in son« 
polynors thoro appoarad to bo a transition from on« 
prodoninant coordination proeoss to another at a 
concontration of salt particular to tho complax.
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3.3.2 Conduetlvity StudiM.
Th* eonduotlTity IsTals aMsursd for ««eh of th* uadepad 

polyaars nara 1 «m  than 1 0 *̂  Saa~^, throughout tho 
tooporaturo rang*.

Slaoo oaeh of tho polyooria hoata ahoaad tha ability to 
aolrata aatal eatioaa tha ooaductlvitioa axhibitad by tha 
alkali aatal porohlorato eoaplaxoa of thaaa coab-ahapad 
polyaara aara aaaaurad aa a fuaotioa of iaoroaaiag 
twnparatura.

la Figuraa 3.4. to 3.8. log eoaduetivity-rociproeal 
taaparatura data obtaiaad for NaClO^ eoaplaxaa of aaeh of 
tba polyaario hoata aro diaplayad. Xa aaeh Figuro tho 
ooaduetiTitioa of coaplaxoa proparod froa oaa polyaar aith a 
particular aidaehaia laagth ia ahoaa aa tha eoaeoatratioa of 
NaClO^ la tha oeaplax aaa variad. Froa laltial axaaiaatloa 
of tha plota it ia apparoat that tho coaduotirlty of a 
particular eoaplax lacroaaoa aa tho taaparaturo ia iacroaaad 
but aiaca currad liaaa aara obtaiaad tha coaploxaa do aot 
axhiblt Arrhaaiua boharlour la tha taaparaturo raaga axaaiaad. 
It oaa alao bo aotad that at a particular taaporatura tha aoat 
coaduetiva aatarlala aro aot alaaya tha riehoat ia aalt.

Naay factora ara iavolTod ia datoraiaiag tha coaductirity 
axhibitad by a polyaor-aalt coaplax at a particular 
taaparatura, aad aa ulll ba daooaatratad, tha iaforaatioa 
gaiaod ia tha d.a.c. atudy of thaao aatoriala ia of graat 
raloTaaeo.



rigura 3.4. ArrbaBlo« Plot of log oooduetivity against 
roeiproeal taavorAturo for Tarloun 
■odlun porohlorato aosplaxos of FOMB01Z 
with [ir»l/[ni ratios of 0.0125 (O). 0.025 (9), 
0.05 (a ). 0.067 (a ). 0 . 1 2 5  ( and 0.25(<- }.



Figur« 3.S. JUrrhaaiu« Plot o£ leg ooodiietlvity «g*la«t raoipree«! t«aper*tar« fer «arleu«■ediua perehler«t« eoepl«*ee of POmOSZ
Nith retlee ef 0.012S (O). 0.02S (0).O.OS (O). 0.067 (a), 0.12S and 0.2S(4> ).

lO^K/T



rigura 3.C. Arrhaaiua Piet of le« eoaduetivlty ««eiBet 
reeipreeel teepereture for trerleae 
aedlue perehlormte eoaplexM ef PDMB03X 
Mlth [ir^l/cao] ratiee ef 0.012S (O ), 0.02S ( 9  ), 
O.OS (□ ), 0.067 ( a  0.12S ( A  ) ««wl 0.2S( ♦ ).



rigur« 3.7. Arrbaolua Flot of log eonduetiTity agolaot 
roeiproeol toaporatur* for rarioua 
•odium porehlorat* eaoploMS of PONBOSZ 
with tN^l/(>01 ratios of 0.013S (O ). 0.02S (9 ), 
O.OS (a), 0.067 ( a ) .  0 . 12s (A ) and 0.2S(> ).

10^K/T



riour* 3.8. ArrhMiitt« Plot of log oooductl^ity «gaioot 
raeiproeol tooporoturo for Tortou«
■odiiaa porohloroto eooploMO of PBPIIbO 3S0I 
Mith IM«>]/[aoi ratio« of J?*'0.05 (□ ). 0.067 ( a). 0.125 ( A ) and 0.25( ♦ ).

10^K/T
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3.3.2.1 * f £ « e t  o f  X n e ro fta in « S id o o h a ln  L a n g th .

IB rigur» 3.9^-th* conductiirity t««por»tura bohaviour is 
■hewa for eoaplaxss prspsrsd froo oach of ths polysors 
ooatsiBing salt «t a. flxod concantration of - 0.12S.
Tha conductivity is incraasad throughout tha tanparatura ranga 
studiad as tha laagth of tha sidachain ia tha polyaaric host 
1. axtandad. At high tanparaturas <-^00K). tha eoaductivity 
obsarvad for tha SaClO^ coaplax praparad froa PDPNaO 3S0I 
is approxiaataly tao ordars of aagnituda highar than for tha 
coaplax praparad froa P0ME01Z.

C x a a la ia g  th a  e o a p la x a s  a t  an i s o t h a r a a l  ta a p a ra tu ra  o f  

403K, M h a ra th a  a a x ia u a  l a v a l s  o f  c o n d u c t i v i t y  a a ra  a x h ib i t a d ,  

a s  ahoan in  F ig u ra  3.10., th a  l o g  c o n d u c t iv i t y  i s  saan  t o  p ass  

th ro u gh  a a a x ia u a  aa  th a  s a l t  c o n c a a t r a t io n  in  aach  c o a p la x  i s  

in e ra a a a d .

A a g a l l  and I r a s a a l  <92,94> o b a a rv a d  s im i la r  b a h a v io u r  in  

c o n c a n tr a ta d  aquaoua a l a e t r o l y t a a  whan a x a a in in g  th a  

c o n d u c t iv i t y  o f  th a  a a t a r i a l s  u adar is o t h a r a a l  c o n d i t io n s .  I t  

Mas s u g g a s ta d  th a t  th a  c o n d u c t i v i t y  a a x ia u a  a r i s e s  n a t u r a l l y  

from  th a  b a la n c in g  o f  c a r r i e r  d e n s i t y  and m o b i l i t y  f a c t o r s ,  

Mhioh may chan ge c o n t in u a l l y  as  th a  s a l t  c o n c a n t r a t io n  ia  

v a r ie d  i a  th a  i o n i c  m a t e r ia l  and i t  i s  non b a l ia v a d  th a t  

s im i l a r  a f f e c t s  c a u sa  th a  c o n d u c t i v i t y  maximum o b s a rv a d  in  

th a  p o ly m e r ic  a l a c t r o l y t a s  <87,150>
In  th a  i t a c o a i c  a c id  b ased  a y s ta m s , a a h a llo M  maximum in  

c o n d u c t iv i t y  o c c u r r e d  a t  d e c r e a s in g  s a l t  c o n c e n t r a t io n s  as th a  

le n g th  o f  th a  s id a c h a in  Mas ax tan d ad  from  one t o  t h r e e  EO 
u n it s  lo n g .  Whan lo n g e r  s id a c h a in s  Mara p r e s e n t  (PDME05I 
and POPMaO 3501) th a  maximum c o n d u c t i v i t y  o c c u r re d  on ce  a g a in



rigur* 3.9. »rrlMBlua Plot of leg eeaduetivlty «geinat
reeipreml teapereture for aodiua parehlorata 
oeaplana of BO aufaatitutad itaeeaie *eid 
polyaara ([ir»]/lK>] - 0.129).

PBNBOIZpomo2z
PDNB03X
PONBOSZ
POPMeO 3S0Z



rl««r* 3.10. Plot of lo« oeoduotiTlty *««ÌMt
•odluo porobloroto ooaeontratioo for 
■0 o«ibotlt«tod itMOoie M i d  pelyoor-Mlt 
eooploMO oMoinod at m  laothorMl tooporaturo. 
of 403K.

Î

PPPWaO 3S0X O
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inorMMlafl eoaeaa^ratloiuB of salt*
Tliia b«h«Tiour *gr«M m* 1 1  with that raportad by tagall 

<150> Mho pradlotad that tha aaxiaua in conductivity would 
■ova to lowar salt oonoantrationa as tha tepandanea of Tg on 
salt ooneontratlca was inoraasad.

In thasa alhali natal parchlorata cosplaxas, praparad fros 
tha itaoonio acid basad polyaars, tha satarials praparad fros 
POmoSX axhibitad tha sont drasatio inoraasa in Tg with

oonoantration« Ondar isotharsal conditions# a saxisus in 
conductivity is tharafors axpaotad and found at tha loiiaat 
conoantration of salt, in coaplaxas praparad fros this 
polynar.

By axasining tha conplaxas undar conditions of constant 
raduoad taaparatura (TgvIOOK). it is possibla to oonsidar tha 
conduotivitias axhibitad whan tha nobility of tha polynar in 
tha Sana in aach cooplax. Oua to tha eoason salt in tha 
Mitarials# diffarancaa which ara notad in tha conductivity 
will thus result froa ths diffarancas in tha nxisbar of charge 
oarriars in tha oonplax. As shown in Figure 3.11. tha 
coaduotivity of tha conplax is incraaaad, particularly at low 
concentrations of salt# as tha length of tha sidaohain in tha 
polynario host la sxtandad. This behaviour nuggaats that 
dissociation of salt is anhancad# at lew ooncantrations of 
salt particularly# due to a sors afficlant polynar-salt 
interaction# whan longer BO sldachaina ara present in tha 
polynar.

Kobayashi at al. <138> also suggastad that dissociation of 
u l t  was sore axtonslva in nathacrylata polynara containing 
longer BO sidachains whan low eoaeaatrations of salt ware



rigur* 3.11. Piet of leg ceednetiTity egaiaat
aedlee perehlerete ooee— tretieo tor 
WO mbetituted iteoeaie eeid pely— r-e*lt 
eoeplexee egaeiaed under eeeeteat reduced 
teepereture eeeditieee e£ T-Tga100K.

P0MB01X
P0MB02Z
PDnaosz
PDMBOSZ

350Z

(N-»I/[ao]
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pr«Mnt in tha coaplax, howavar, thay Mara not axaalning thalr 
■atarlals undar constant raduoad tasparatura conditions.

Tha f a c t  th a t  th a  i t a c o n io  a c id  p o ly S a r s  c o n ta in in g  lo n g  CO 
s id a c h a in a  a x h ib i t a d  th a  h ig h e s t  l a v a la  o f  c o n d u c t iv i t y  

th ro u gh o u t th e  t a s p a r a tu r a  and s a l t  c o n c a n t r a t io n  ra n g a s  Mas 

h ig h l ig h t a d  in  t h i s  a ra a  o f  th a  s tu d y . P0MC03I and POFMoG 
3501 Mara th a r a fo r a  c o n s ld a ra d  t o  ba o f  s o s t  I n t a r a s t  a s  th a  

h o s t  p o ly s a r s  f o r  a p o t a n t ia l  p o ly n a r io  a l a o t r o l y t a  and s o  

fu r th a r  s tu d ia s  o f  th a  i t a c o n lc  a c id  coa b -sh a p a d  p o ly s a r s  

c o n c a n tr a ta d  on th a s a  s a t a r i a l .

3.3.2.2 Cffaot of Incraasing Tg Nith Salt Concantration.
In Ciguras 3.12. and 3.13. tha conductlvitias axhibitad 

undar iaotharnal conditions (323, 353 and 403K) for various 
SaClO^ ooaplaxas of PDNS03X, and PDPNaG 3501
raspactlvaly ara displayed. A aaxisxin conductivity is obsarvad 
at all tanparaturas as tha salt concantration in aaeh of the 
coaplaxas is varied, hoMavar, as tha tanparatura is increased 
tha saxiaua in conductivity bacosas lass pronounced (riguras 
3.12 and 3.13). A plateau conductivity value is approached at 
high concantrations of salt and high taeparaturas. For a 
particular polyearic host, tha naxiaun conductivity appears to 
ba axhibitad at slightly higher salt concentrations as the 
isothareal taeparatura of axaeinatlon la inoraasad, i.a. 
optieue levels of conductivity More axhibltad by the coeplaxos 
containing salt at a concantration of '~[M*]/tEO] - 0.04 at 
323X Mharaas at 403K coeplaxas containing salt at a 
concantration of [N*]/(XO] > 0.06 axhibitad the highest levels 
of conductivity.



rigura 3.12. Plot of leg oaoduotiTity •goiao't aalt
eoaeaatratiea for oodiuo porehlorata ooaqplaxa 
of POMBOSX ajcaaiaad at Tarieus isotharmal 
t aap a r aturaa.



r io u r «  3 .13. Plot o£ log ooodootiTlty agolMt oolt____oaMoatrotien for oodioo porehloroto eeoploxM 
of PDPlIrfl 350X oMoisod «t ▼arioua iaothorMl
tooporoturoo.
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Zt !■ knottn th*t th* conductivity of a aatorial la 
dapandaat on tba auabar of charge carrlara in a syataa and 
alao tha aoblllty of tbo oharga carriara in tba aystaa 
<10,11>. Aa tba coneantration of salt introduced into a 
polyaar Has increased, tha auabar of charge carriers produced 
Increased correspondingly, aa noted by tbe loas of flexibility 
in tba polyaar. Tbe aobility of tbo charge carriers in tba 
aystea is dependent on the flexibility of tbe polyaor chains 
and therefore tbo increasing Tg of tbe polyner, noted as the 
salt concentration is increased, is an undesirable feature 
Mhicb restricts tbo ion notion. As the Tg of tbe conplex is 
increased, higher tonporaturas must be reached before tba 
polyaer chains are suitably nobile to alloM high levels of 
conductivity to occur.

The loH levels.of conductivity exhibited by aaterials nhich 
contained high concentrations of salt Mere the result of tha 
eonploxea having greatly enhanced Tg values eoapared to those 
aeaaured Mhon Iom concentrâtiona of salt More present. In such 
natarials llaitod polymer chain aobility Maa possible, 
particularly at Iom teaperatures.

The effect of changing _Tg on the conductivity of the 
polymer-salt complexas can be ellnlnatad by plotting the 
observed conductivity of tha ceaplaxas as a function of 
reduced teaperatura. At a particular reduced temperatura tha 
coaplaxas are being exaained under iso-free volume conditions 
or conversely under conditions of constant configurational 
entropy. The mobility of the chains in each polymer-salt 
complex are therefore the same and provided a eoaaon salt 
species is present Mhen comparing the materials, any
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dl££*r«no«a ^ M r r s d  result from dl££«r«noM in the nueber o£ 
oherge eerriers ia the syateas. Thia la e£ eourae related to 
the eeaeeatratioB e£ aalt la the pelyaer-aalt ooaplex.

3.3.2.3 B££eet e£ Zaereaaiag Balt Ceaeeatratiea.
la rlgurea 3.14. aad 3.15. the log ooaductlTity o£ 

coaplexea prepared £roa MaClO^/P0MCO3I aad 
NaClO^/PDPNaO 3501 raapeetlrely are ahoMU aa a £uactloa o£ 
raduoed teaperature. Xa the PDNB03I eoaplexea. the 
aoaduetlylty iaereaaea ooatlaually aa the aalt conoaatration 
la lacraaaad aharaaa la the PDFMaO 350X ooaplexea, aa 
Increaae la ooaduetlelty la noted Initially, but at high 
concentrâtIona o£ aalt a plateau conductlrlty laral la 
reached. Thla la better deaonatrated by exaalnlng the 
coaduotlrlty aa a funotlon e£ laereaalng aalt concentration at 
a particular reduced teaperature aa aho«fn In Flguraa 3.16. and 
3.17. Froa thaae piota It la apparent that Initially the 
conductivity la laereaaed dramatically as the aalt 
concentration la Increased, hoMever, at high concentrâtIona c£ 
aalt, the Increase In conductivity alth aalt concentration la 
leas aarked. Above a salt concentration o£ [N^]/[B0] ■ 0.125 
little enhanoeaent o£ the conductivity occurs ahan the 
aaterlals are examined under constant - reduced temperature 
conditions.

Xt mas proposed by Angeli <87,150> that the aaxlaua In 
conductivity exhibited under laotheraal conditions resulted 
from the balancing o£ opposing e££oets resulting tram 
Increasing nuabara o£ charge carriers and the loaa o£ 
flexibility In the polyaar aa the salt concentration mas



Figur« 3.14. Plòt of log eoaduotiTlty «goiiist rodueod 
t«apor*tur« for ▼•riouo 
aodlua porohlorato eoopXoxoo of PDMB03X 
with (N-»]/ISO] rotioo of 0.012S (O). 
0.025 («), O.OS (G), 0.125 (A) ood 0.25 (♦ ).

T-Tg / K



Figur« 3.IS. Plot of log oeoduetlrity agmlaat r«due«d 
t— p«r«tur« for ««riou« aodiua p«rehlor*t« 
eoiVl«xM of POPItoO 3S0X. 
with tN-»l/[aO] ratio« of 0.012S (O ),
0.05 (□ ), 0.12S (Â ) aad 0.2S (♦ ).



rigur* 3.16. Plot of log eoaduetivity «galut Mltoaaeoatratloa fer sodiua porohlorato oeivloxaa of PDMB03Z oxaoiiiod uador ▼«riouo eoaotaat rodueod toaporatur* condìtiena.

m*]/(Eoi



Figur« 3.17. Plot of log eoaduotivity aguinat ««It
eeeeeetratloe for «odlu« porehlorat« ooopl«««« 
of POFItoa 3S0Z «xaaiaad uad«r coûtant roduead 
tanparaturo oonditlou of T-Tg>100K.

tH*l/[E01
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InoraaMd. A continual inerauM in conductivity aa the aalt 
conoantration aaa ineraaaad Mould tharafora ba axpaotad nhan 
tba affact of inoraaaing Tg nith aalt ooncantration mmm 
«* iainatad, by aaaaining tha ooaplaaaa at a oonatant raduead 
taaparatura.

Aa notad abova, virtually no ineraaaa in conductivity alth 
incraaalng aalt coneantratlon Naa obaarvad abova a NaClO^ 
concantration of (N*]:[CO] ■ 0.125. At high oonoantrationa of 
aalt tha oonduotivity appaara to ba raatrictad. It auat ba 
appraelatad that tha aquation praaantad by Angall naa for uaa 
in aatarlala Mhioh axhibitad a linaar inoraaaa in Tg with aalt 
conoantration, hoNovar, it ia poaaibla that tha dramatic 
affacta obaarvad in thia atudy could ba tha raault of tha 
charga carriar conoantratlon or tha aobillty of tha oharga 
carriara baing raduoad at high concantrationa of aalt. Thia 
could ba tha raault of aggragata ion formation occurring in tha 
oomplax ainca larga ohargad oluatara ara axpactad to 
contributa laaa to tha ovarall conductivity of a ayatam <151>.

3.3.2.4 effact of Cation Variation.
In rlguraa 3.18. to 3.20. tha conductivity-taaparatura data 

axhibitad by LiClO^ coaplaxaa of PDME01I, PDNE03I 
and PDPNaO 3S0I raapactivaly ara dlaplayad. Similar to tba 
affacta notad in tha MaClO^ oomplaxaa, it ia apparant that 
throughout tha aalt conoantration and tamparatura rangaa, tha 
conduotivltiaa maaaurad for tha eomplaxaa praparad PDNS01I 
ara much loMar than thoaa found for tha complaxaa praparad 
from PONS03I and POPNaO 3501.

Conoantrating initially on tha alkali natal parchlorata



Figur* 3.18. Arrhaaius Plot o£ log ceoduotiTity agaiaat
r*eipree*l t*ap*r*tur* for lithiua p*rohler*t* 
eoüVloxM of PDMBOIZ with (M«]/[SOI ratio* of 
0.012S (O ). 0.02S (« ), O.OS (O ) and 0.2S ( ■» ).

K T K  / T



riflur* 3.1t. JUrrhaaiua Plot o£ log ooaduatiTity agaiaat
raeipreeol toaporatuf» for lithiua porehloroto 
eeaploxos of P0MC03Z with (ir»I/(SO] ratios of0.0128 (O), 0.028 (•). 0.08 (□), 0.067 ( a ),
0.128(A ) «nd 0-28 (« ).

10 K / T



riflur« 3.20. ArrhMiu« Plot ot log cooduetiTity ogolnotroeiproeal tooporaturo for llthioai porehlorato eeaploxM of POPHaO 3S0X «itlr-{1l^]/in] ratios of
0.0125 (O ), 0.025 (0 ), 0.05 (Q ) and 0.125 (A ) aad 0.25 (* ).
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coeplexee of POHao3I it is «ppairont fro« oxoalnation of 
rigor* 3,21. that throughout th* salt oonoautratioa and 
taaparatur* rang**, th* aodiun ion oo*pl*x** *xhibit bighor 
la**ls of oonduetiTity than th* lithiu* ion eo*pl*x*a. Nh*n 
th* eo*pl*x*s w*r* *xaain*d und*r constant r*duo*d t**p*ratur* 
conditions as shown in rigur* 3.32, it would appear that, whan 
th* flexibility of th* polyaer chains in th* conplexes are 
eonparable, higher levels of conductivity are exhibited by th* 
sodiua ion cosplexes consistently.

This difference noted under constant reduced tasperatur* 
conditions is indicative of th* number of charge carriers in 
th* coaplexes or the mobilities of th* charge carriers in th* 
complexes varying as the cation in th* complex is changed.

Zt is interMting to not* that incorporation of both 
LiClO^ and NaClO^ into POME03I at a salt 
concentration of [M*]/[CO] - 0.125 resulted in almost 
identical anbanceaent of the Tg of the polymer (Figures 3.2. 
and 3.3.). This would suggest that at that particular salt 
concentration solvation of lithitia and sodium ions, to produce 
charge carriers, had occurred to a similar extent. When 
examining the conductivities of these materials, where th* 
aobility of th* polymers are constant, as shown in Figure 
3.22, knowing that th* carrier ion concentration is constant 
also, would suggest that the sodium ion is able to move 
through th* polyaer with greater ease than the lithium ions.

Such behaviour is also suggested by th* complexes 
containing salt at a concentration of [N*]/[X0] ” 0.25. From 
consideration of the d.s.c. data, more charge carriers were 
generated in th* LiClO^ complex, however, examination of the



ri««r* 3.31. M o t  9f lov OOMtaatWity agalMt M i t
fttlM for Alkali aatAl parafalA B of VOMBOSZ AOAolnAil At VArla

■aCIO^ ( O ) . 1 .101^ ( □  ) .
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eonduetivltlM of tba aatoriala, undar oonataat raduead 
taaparatura ooaditiona ravaalad that bighar lavala of 
ooaduotlvity aara axbibltad by tba aodiua ion coaplaxaa.

In all othar eoaplaxaa» tha diffaraneas notad in tba 
eonductivitiaa oould ooaur aa a raault of tba aodiua ion 
ooaplaxaa containing aora charga oarriara than tba lithium ion 
conplaxaa.

Proa conaidaration of tha babaviour axhibitad by tha 
ooaplaxaa containing aalt at a concentration of [N*l/[CO] • 
0.125. it can ba auggaatad that purely anionic conduction doaa 
not occur in thaaa aatariala ainca different lavala of 
conductixity warn exhibited by tha tao ooaplaxaa containing 
tba aaaa nuaber of charge carriera, at a oonatant reduced 
taaparatura ahan tba anion in tba ooaplax aaa coaaon.

rroa tba information collaotad ao far it ia not poaaibla to 
coaaant on abathar purely catimio conduct ion oooura in tbaaa 
aatariala or abatbar there ia axidanoa to auggaat that both 
ionic apaoiaa are mobile.

Moving on to oonaidar tbo alkali natal parcblerata aalt 
ooaplaxaa of POPNaQ 3501, it aaa found aban axaaining tha 
aatmpXals at varioua iaotbaraal taaparaturaa, aa aboan in 
Figure 3.23., that at loa ooncantrationa of aalt, tba lithium 
ion conplaxaa exhibited loaar lavala of conductivity than tbo 
aodiua ion conplaxaa aboroaa at high concentrâtiona of aalt, 
both ayatoau axbibitod comparable lovala of conductivity. Tbia 
behaviour aaa noted throughout tba tomparaturo range.

Hhan tbo natoriala aero oxaainad at a conatant reduced 
taaparatura of 100K, aa ahoan ia Figura 3.24., tbo aodiua ion 
conplaxaa ahoaad higher lovola of conductivity than tha
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llthiua ion eonplMon. From th* roaultn of th* d.s.o. analysis 
of thasa satarials it was astablishsd that gansration of ion 
earriars bad oocurrad to a graatar axtant in tba aodius ion 
coaplaxas, partioularly at high coneantrations of salt.

Dif.faranoas notad in tba lavals of conductivity saasurad 
whan dlffarant cations ware involvad in tha cosplax would 
appaar to ba tha rasult of tba sodium ion cosplaxas containing 
Bora charga oarriars than tha lithius ion cosplaxas. It is 
still mot posaibla to datarsina from tha infornation collactad 
whathar only tha cations or both tha cations and the 
anions in tha systas ara tha sobila charga carriars.

From this study of tha conductivity behaviour axhibitad by 
the alkali natal parchlorata salt conplaxas it can ba 
concludad that:

1. Tha conductivity of tha solid stata alactrolyta is 
incraaaad throughout tha tasparatura range as tha 
length of tha aldachain in tha polymeric host is 
axtandad.

2. Whan a particular salt is incorporated at a certain 
concentration into each of tba polysaric host 
satarials, dissociation of the salt occurs to a 
greater axtant as tha aidachaln length of the polymer 
is axtandad.

3. A maxisus in conductivity is notad whan axasining 
polyaar-salt coaplaxas under Isotharsal conditions. 
Tha salt concentration at which the naxlsua is 
obsarvad is dependant on tha polymeric host, tha 
incorporated salt and tha isothermal tamparatura.
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Th* conduotiTity Mxiaua is bslisvsd to occur as s 
result of ths bslsBoisg of esrrisr danstty sad 
Bobility factors ia tbs polyasr-salt coaqplss as ths 
salt coaesatratlea is iacrsassd, hosarsr, it sas 
Buggsstsd tram ssasiaatioa of ths satsrials under 
coastaat rsduesd tasparaturs aoaditioas that ths 
coaduotirity is lossrsd at high conosatratioas of 
salt due to a rsduction in ths auaUbar of carrier ions 
or ths restrictsd sobility of the carrier ions.
Ths coaductirity of a satsrial iaersasss as ths 
raduesd taspsraturs ia iacraassd, therefore, as ths 
Tg of a polyssr is inorsassd, higher tMparaturos are 
required to allow high conductivities to be 
exhibited.
The auaber of charge carriers ia a systes is 
iaeraased as the salt concentration is increased at 
low coaoeatratloBS but at high coacaatrations little 
enhancassat of the auaber of charge carriers ia the 
systaa ia noted as the salt concentration is 
increased.
Sodius ioa coaplexas exhibit higher levels of 
conductivity Isothersally aad under constant reduced 
tasparature conditions than lithius ion oonplaxaa 
whan a aiailar concentration of salt is incorporated 
into the polyser. This affect occurs predoniaaatly 
due to the higher aunber of charge carriers in the 
aodius ion cosplaxaa, however, it has been suggested, 
by the behaviour olssorvod when exaalning the 
cosplaxes under constant reduced tasparature
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oondltieaa. th«t th* aediua ion any nova through tho 
polyaor Cantor than tho lithiua iona.
It la auggoatod that puraly aaloalo conduction dooa 
not occur in thoao ceaploxaa. Further oxanination ia 
roqulrod, hoMoror, to M t ^ l i a h  whathor tha hahariour 
of thoaa natorlala auggaata that puraly cationic 
conduction occura in tha aystaaa or ahothar hoth 
ionic apaciaa appear to ha nobile.

3.4 BfCact of Salt Variation on Polyaar-Salt Conplax
Foraatlon and Conplax Conductivitiaa.

Fron tho initial d.a.c. and conductivity studiaa carrlad 
eut on tho mo aubatitutad itaconio acid polynar-aalt 
coaplaxaa, It naa apparent tbat ail tha polynora had tha 
potantial to ba uaad aa tha boat natoriala in aolid atata 
alactrolytaa. Tho aoat uaaful aatariala, hotiavar, appoarad to 
ba tho aalt coaplaxaa praparod frea tha oonb-ahapad polynora 
ahich oontainad tho longer EO aidoohaina, i.a. PDNB03I,
PDNBOSX and PDFMaO 3S0X.

To gain noré infornâtion on tha procoaaaa of conplax 
foraatlon in tho potantially uaaful aatariala, tho 
aolubllltiaa of a nlda range of aalta in P0MS03X, and to a 
laaaar axtont in PDPMaO 350X, aara invaatigatad. Ail aalta ■ 
ahich aera capable of diaaolrlng in tha polynoric hoat, to 
produca lona aara of laaadiata intaraat and tha conductivitiaa 
of auoh aatariala aero invaatigatad aa a fonction of 
taaparatura and aalt concantration to dataraina tha aalt 
propartiaa ahich alloa optinua lavala of conductivity to ba 
aaaaurod for a partlcular polynoric hoat.
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3.4.1 PDNBOSI-talt CoaplMa
A Mid* rang* of Mlta to pomosi aad ^tioal

traiiap*r*Bey of tb* aatorl*! auggastod that disaolutlon of th*
ilt la th* polya>*r ooeurrad. It hoMaaar. possibl* that

th* ayati l a  faot tMO pha Nith laart iaolualoaa
aolaoularly disparsad throughout th* polyaMr < 81>. Xa Tablaa 
3.XT. aad 3.T. th* "apparaat hoaogaaalty* of tba driad
produeta iaolatad 
la daaerlbad.

additloa of aarloua aalts to POmoSX

Aaauaiag that aa anhaaea it of Tg aotad oa addltioa of
■alt to th* polyaar raflaotad th* auabar of ioaa ilvatad la
th* polyaar aad tharafor* da ■tratad that dia
■It la tb* polyaar had ooourrad, d.

ilutioa of tb*
to ooaflra

th* praaaaoa of ioaa la th* optically traasparaat altaríais. 
Th* raaulta obtalaad ar* ahown la Tabla 3.TX.

3.4.1.1 Alkali Natal Salta.
3.4.1.1.1 Solubility Studia*.

Hatarogaaaoua polyamr-aalt alxturaa war* obtalaad oa 
additioa of NaCl aad NaBr to PDNnSX. Nhaa thaaa aatariala 
war* axaaiaad, th* Tg of th* dopad polyaar waa ala»at tha aaa* 
aa that aaaaurad for th* pur* polyaar nhloh ooaflraad that 
diaaolutioa of th* aalt la tb* polyaar waa aagllglbla.

Each of th* optically, traaaparaat aatariala daaoaatratad aa 
iaoraaaiag aahaaoaaaat of Tg aa th* aalt coaeaatratioa N*a 
iaoraaaad, howavar, th* aagoitud* of tha Tg aahaacaaaat notad 
at a particular aalt ooaaaatratloa Naa dapaadaat oa th* aalt 
laoorporatad lato tha eoaplax.



Tabla 3.IT
-Apparmt ho«»g«n«ity« o£ PDI«031 «Ith addad 

Alkali Natal aalta.
Anion Li*

Cation
Na* K* Cm*

Cl" Yaa No - •

Br* Yaa No - -

I* Yaa Yaa No No

8CN ' - Yaa No -

CIO 4* Yaa Yaa - -

CF38O3- Yaa Yaa Yaa -

"i* No - -

Tabla 3.V
"Apparant hoaoganaity" of P0ME03I alth addad 

Moa-alkali Natal aalta.
Sait Hoaioganaoua



X H U . s.wi
iBforesa* la T« m  • fuaetloo of salt eoaosatratlon in 

PDNB03X-aalt eoaploxos.

■alt 0.0125 0.017
[M*]/tao] 

0.025 0.05 0.067 0.125 0.25

X.1C1 C.O - - 14.0 • 26.5 38.5

X.iSr - - - 17.5 - - -

LIX 13.5 - - 26.5 - 57.5 81.5

X.1CT, 80, 18.5 - - 38r0 - 54.0 79.5

LiClO^ 11.5 22.0 27.5 34.5 37.5 69.5 90.5

HaCl - - - 6.5 - - -

NaBr - - - 5.5 - - -

Mai 19.5 20.5 23.0 36.5 56.5 81.5 97.0

NaCr^SO^ 14.5 - - 38.0 - 61.5 79.5

HaClO^ 10.5 25.5 33.5 37.0 46.5 70.0 88.0

*crj«>3 - - - 33.0 - - -

AgCTjlOj 9.0 - 14.5 25.5 37.5 53.5 73.5

Ca(C10^)2 8.5 - - 61.5 - / /
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Zn genernl, it m n  notnd thnt loa nolTatioa ooeurrod to • 
wHnn-tiis aalt l&ad a ralativaly lott la^^loa 

aaargy and eoatalaad largo aaiona aueh an lodida (I*), 
parehlerato (ClO^) and trifluorooothaaa aulphonato (trillata, 
CTjSOj*). LiCl, a aalt nhieb haa a aaall aaioa 
and a high lattiea anargy aaa diaaooiatad to a auch loaaar 
axtant in tha polynor.

Ilhan oonaidaring ineorporation o£ alkali notai aalta into 
PDMB03Z, it aould appaar froa tha inloraation ahoan in 
Tabla 3.IV., that, aiailar to tha alfaota notad in tha 
PlO-alkall aatal aalt ooaiplaxoa, diaaolutlon of tha aalta in 
pnno3I occura only if tha aalt haa a lattico aaargy baloa 
a throahold aalua. Sinea NaBr and XSCM lomad coaplaxaa ln PBO 
<14> but wara inaolubla in PDMB03I, it aould appaar that 
lor aodiuB and potaaalua aalta tha throahold lattiea aaargy in 
loaar lor P0ian3I thaa lor PBO.

3.4.1.1.2 Conductivity Studiaa.
In riguraa 3.23. to 3.29. the log coaduetivity aa a 

lunetion ol roeiprooal toaparatura la ahoan lor polyaar-aal-t 
ooaploxaa praparod on addition ol a ranga ol lithiua and 
aodlua aalta to P0NBO3I. riguraa 3.6. and 3.19. ara alao 
el intaraat ainoa thay daaerlba tha oonductivity-taaparatura 
bohaTiour ol tha alkali aatal parehlorato ooaplaxaa. Xn 
ganaral it la vary apparant that tha eonduotivity bahaviour la 
dapandant on tha Ineorporatad aalt apaoiaa, tha ooneantration 
ol nalt aiMi tha taaparatura ol axaaination.

Aa daaeribad in Chaptar 1., tha oonduotivity daoonatratad 
a aatarial la dapandant on tha nuabar ol ion carriara
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praarat ia tka ayataa. Tha dlaaolutioa of tha aalt la tha 
polyaar la affaotad by tha leale radii of tha apaolaa praaaat 
la tha aalt lattlea aad It haa baaa pradlctad <22> that aa tha 
▼alua of 1/(rg * r,) daeraaaaa tha gaaaratloa of loa 
earrlara_^a ^ a  ayataa Mill laeraaaa, Nhloh Mill laeraaaa tha 
ooaductlvlty of tha aatarlal eorraapoadlagly.

Whaa tb a  o o a p la x a a  p ra p a ra d  f r o a  roMCOSZ aad tb a  

a l k a l i  a a t a l  a a l t a  a t  a c o a e a a t r a t lo a  of (M*]/[EO] • O.OS Mara 

a x a a la a d  a t  a ta a p a ra tu ra  o f  373K, tb a  c o a d u e t l v l t y  and tha 

auB o f  th a  Ionic r a d i i  Mara aaaa t o  ba  r a la t a d  l a  th a  aannar 

p r a d lc t a d ,  aa ahoMo l a  F ig u r a  3.30.
Salta Mhieh ahoMad I o m  solubility la tha polyaar taadod to 

bohava Irragularly coaparad to tha salts Mhich anhancad tha Tg 
of tha polyaar draaatlcally Mlth lacraoslag salt 
coaeaatratloa. Tha lattar mataríais axhlbltad bahavlour such 
that tha conductivity lavals incraasad linaarly as the sum of 
tha Ionic radii of tha salt spaelas Mas iacraasad. As 
pradletad tha eoaplaxas praparad from salts Mhich eontalnad 
larga cations and anlona taadad to shorn highar lavals of 
conductivity at a particular salt eoneantratlon and a 
particular taaparatura.

3.4.1.1.2.a effact of Cation Variation.
It Mas notad pravloualy (Sactlon 3.3.2.4.) Mhan consldarlag 

tha alkali natal parchlorata salt eoaplaxas, that tha sodiua 
Ion conplaxas tandad to axhlblt highar laváis of conductivity 
than tho lithlua Ion coaplaxaa. This bahaviour appears to bs 
Indapandant of tha character of tha anion In tha salt. Whan 
axaaining tha triflata and Iodide eoaplaxas, aa shoMn In
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riguTM 3.31. ail'd 3.32., it m m  found that Nbaa tha aalt was 
praoaot la tba polynar at a eoaeantratian of (N*1/(C0] - O.OS, 
tba aodlun ion oonplaxaa axhlbitad bigbar laaala of 
eonduotiaity, tbrougbout Uia taaparatura ranga. (Xn tba 
triflata eonplaxan -it aas suggaatad that Ineraaaiag tba aisa 
of tba eatioa la tba eoaplax, by ineorporatiag potaaalua iona, 
raaultad ia a furtbar anbancaaaat of tba laaala of 
conduotialty axblbitad by tba aatarlala. biaitad data aara 
eollaotad for potaaaiua oonplaxoa, boMaaar, ao tbla oonaant la 
apaculatira.]

ba abona in Figura 3.33., undar ooaataat raduead 
tanparatura ooaditlona, aodlua ion coaplaxaa axbibit bigbar 
larala of eoaductirity tbaa tba litbiua ion coaplaxoa. In noat 
aatariala tbia ia ralatad to tba auabar of ebarga earriara 
gaaaratad in tba aodiua ion oonplaxaa baiag graatar tbaa tba 
auabar gaaaratad ia tba litbiua ion eeaplaxaa.

Nban eonaidariag tba triflata ooaplaxaa, ooataiaiag aalt at 
a ooBoantratloa of tN*]/(BO] > 0.2S, alailar auabara of obarga 
carriara aara ceaaidarad to bo proaant in tba aodiua aad 
litbiua ion eoaplaxaa aa abowa ia Tabla 3.TI. Froa tba 
bobariour axbibitad at coaataat raduoad taaparatura eondltiona 
it ia auggoatad tbat puraly anionic conduction doaa not occur 
in tbaaa' aatarlala. Tba aodiua ion appaara to aoro through tbo 
polyaor with groatar oaaa than tba litbiua ion.

3.4.1.1.2.b Kffaot of Anion Variation.
Bxaaining tho oonatant raduoad toaparaturo conductivity 

babaviour of PDNB03I-aalt coaploxaa, tha conductivity 
would bo axpaotod to Incraaaa aa tba nuabar of cbargo carriora
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ia til« systM mmm laeraaMd. Xa Figur«« 3.34. mad 3.35., th* 
log ooaduotiTity as a fuaetlea of salt eoaosatratioa, at a 
rsdueod taapsratura of 100K, is dlsplaysd for ooaploxss 
ooatalaiag lithiua aad sodium salts raspootirsly.

Coapariag thsss data with tha d.s.o. data displaysd ia 
Tabls 3.VI it is apparsat that at high ooaooatratioas of salt, 
ths ooaduotiTity data elsarly raflaet tha iaoraasa ia charga 
oarriars prasaat ia tha systaaw as tha aaioaio radii of tha 
iaeorporatad salt spacias ara iaeraasad, particularly whaa 
eoasidariag tha sodiua ioa eowplaxas.

ghaa eoasidariag tha satariala with a salt ooaeaatratioa of 
[N*]/[BO] • 0.05 prasaat , howorar, tha iodida cosplaxaa ia 
particular appear to show higher eoaductivity levels thaa 
axpactad fros ooesidaratioa of the astisatad auabar of charge 
carriers ia tha systass. Perchlorate eoaplaxas also aM>aar to 
show hlghar levels of ooaduetivity that aivaetad but to a 
lesser axtaat thaa aotad ia tha iodida coaplaxas.

This behaviour could suggest that the aaioaio spacias ara 
Bobila ia those systass aad the axtaat of aaioaic ooaduotioa 
dataotsd ia these diffaraat oosplaxas is dapoadaat oa tha 
oharaotar of the Union present ia tho diffaroat salts aad also 
tha eoaeaatratioa of salt present in tba oosplax.

3.4.1.2 Bilvar Salt Cosplaxas.
la Figure 3.36. tha oonduotivity-tosparatura data obtained 

for PDMB03I-AgCFjBOj eoaplaxas containing various 
eoacontrations of salt arc showa. Tha sagnitudo and ganoral 
tronds la conductivity daaoastratad by those cooploxoa ara
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▼•ry ■iailar to tho bobovieur obsorrad for alkali aotal aalt 
aomplmxmm.

In rigura 3.31. tha tan^aratura dapandanoa of tha 
eonduetirlty, at a fixad salt ooneantration, for triflata 
eoaplaxaa in ahieh tho oation has baaa rariad is displayad.
Tha c3onduotivity of tha silvar ioa eoaplox is highar than that 
of tha alkali aatal salts, throughout tho toaparatura ranga, 
but particularly at low taaparaturaa.

Silvar Iona hava an Ionic radii which in conparablo to tha 
ionic radii of potaasiun and sodius ions <1S2>. Since linltod 
data ara availabla for tha potasslua triflata ooaplaxas, tho 
bahaviour of tho silvar and sodlua triflata ooaploxos wara 
coaparad undar constant raducad taaporaturos of 100K, as shown 
in riguro 3.36a. Siailar lavals of conductivity wara obaarvad 
for tha coaploxas with a salt concantration of [N*]/tSO] -
O.OS but at hlghor salt coacoatratlons tba allvar ion 
cMplaxaa axhibitod bighar lavals of conduetivity.

As shown in Tabla 3.TX., tha anhaneaaant of Tg rasultlng 
froa ion solvation oecurrod to a lasaar axtont, throughout tha 
salt conesntration ranga, whan ailvor ions wara introduoad 
rathar than aodius ions. Tha silvar ion cosplax is tharaforo 
prosusad to contain fawar charge carriers than tho sodiua ion , 
oonplax whan a particular concentration of aalt is 
incorporated. Fros this inforsatlon it can ba suggastad that 
ailvar ions ara able to sova through tho pelynar, under 
constant reducad tasparatura conditions, with greater ease 
than tha sodius ions.
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3.4.1.3 CalelUB 8*lt CoaplMM.
ConductiTlty raaults for ee«pl«XM pr*p«r«d on addition of 

CalClO^)^ to PDNB03I a m  shown in Figura 3.37.
Nhsn tha ooncsntration of salt is vary low, ((N*]/(BO] •
0.0125) a conductivity of 10*^ Scs*^ is raachad at 336K 
which is only slightly lowar than that obsarvad whan aisilar 
concantrations of alkali satal parchlorata salts ara prasant 
in tha satarial. Am tha concantration of salt in tha cosplax 
is inoraassd, howsvarunlika tha bahaviour daatonstratad by tha 
alkali natal psrohlorata conplaxas, littla anhancasant of tha 
conductivity was obsarvad at high tasparaturas, whila at low 
tasparaturas, tha conductivity was axcaptionally low. At no 
tasparatura or salt concantration was a conductivity such 
graatar than 10~^ Ses*^ racordad.

Conductivity lavals of this sagnltuda ara not unaxpaotad, 
howavar, whan tha drasatlc Incraasa in Tg, which occurs as tho 
salt concentration in tha cosplax is incraasad, as shown in 
Table 3.TI., is considered.

Mhan low oonoantrations of caloius parchlorata ware added 
to POMB03I, tha Tg of tha polysar was incraasad in a 
sannar siailar to that noted on addition of tha alkali satal 
perchlorate salts to tha polysar. At a salt concantration of 
(N*]/(B01 - 0.03, tha anhancasant of Tg Increased such sore 
draaatlcally and whan salt was prasant at a concantration 
corresponding to (N*]/(BO] - 0.05, tho anhancaaont of Tg was 
such greater than had bean observed whan a 
slsilar concentration of alkali satal parchlorato salt had 
bean incorporated into tha polysar.

Tha addition of calcius porohlorata to PDNS03I rosultad



ri«ur* 3.37. ÄrrheBlue Plot of let eooduetivlty •g*iaot reeipree*! toi^oraturo for ▼oriewo mleluo perohlcwote aeoploacoo of POMC03t olth (M*]/[B01 rotleo of 0.0138 (o ), 0.08 (a ), 0.138 ( A ) and 0.38 (♦ ).
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in * l o M  of floxibllty la tho polyaor whleb n u  aueb aero 
Mrkad tbaa bad boon aetad ea diaaolutioa of aay ether aalt la 
tba peXyaar.

Calelua parohlorata la aera aelubla la aathaael tbaa It la 
la aator <153> aad tharofora tha lataraetlea of tha aalt altb 
a aoa-a^piaoua aelraat oay ba fareurabla. A favourabla 
polyaar-aalt lataraetloa Mould allea tba high lattica anargy 
(19S8 kJaol*^ ) <1S4> of Ca(C10^)2 to ba erarooaa 
aad dlaaolutiea of tha aalt la tba poiyear Mould ba poaalbla.

Cooplata dlaaoeiatloa of tbo aalt to produce Ca^* ieaa 
could eeour dua to tba lataractloa of tha polyaar aad tba aalt 
or altoraatlraly partial dlsaooiation to raault la tha 
aolaatloa of Ca(ClO^)* ioaa la poaalbla.

Tha aolvatlea of Ca^* leaa Mould ba axpaetad to eeour 
free a polyaar-aalt lataraetlea gaoaatry alallar to that 
eecurrlag to alloM aolratloa of alkali aatal loaa. Sioca tha 
eeordlaatlag iataraetioa gaeaatry of tha polyaar ebalaa, 
required to alloM aelratloa of tho CaClO^* apociaa 
could ba aligbtly dlffaraat freo that required to alloM 
aelvatloB of tha alkali aatal Iona, tho chaagaa uhlch Mould ba 
obaarvod la tha Tg of tha polyaar on aolvatloa of tha
C ac io , apeelea ara aora difficult to aaaaaa.

Dua to tha draaatlc laaraaaa la Tg aotad at low 
coaeaatratioaa of aalt, it eaa ba aaauaad that aolratioa of 
either of tho apaolaa daaoribad above haa occurred to produce 
loaa la tha pelyaar on addltloa of Ca(C10 ^)2 .

Although tho conductlvitlaa obaarvad for tha calelua 
perchlorate ocaplaxaa ware Io m  whoa eoaaldarod aa a fuaotiea 
of laaraaalag taaparaturo, axaaialag tha coaploxoa uador
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cenditiona of aoaataat raduead taaparatura, whan tha salt aas 
prasant at la eoncantration ot 0.05, tha
eonduetlTity of tha satarlal Mas only slightly loasr than that 
obsarvad for tha sodlus pardhlorata eoaplax axasinad unday 
alsllar oonditiena, as shoMn in Flgura 3.38.

It Is diffieult to ratienallzs this bahavlour Nith no firs 
avidanea as to tha eharactar of tha ions prasant in tha 
polyaar-salt cosplax or parhaps, sora isportantly, knoaing 
Mhathar tha aain charga carriar in tha systaa is cationic or 
anionic, rron the Inforsation available it is only possibla to 
spaculata on tha reasons for tha obsarvad behaviour.

Purely anionic conduction la not suggastad unless tha 
dissolution of calcius perchlorate generated fewer charga 
carriers than the dissolution of tha alkali natal perchlorate 
salt in the polyaar. If tha perchlorate ion Is the predoainant 
charge carriar than tha behaviour obaarved could result froa 
the solvation of CaClO^* with dissociation of the salt 
producing United nobila anions, coapared to those generated 
in tha alkali natal salt conplax, but tha croaslinking or 
sideohaln stiffening effects in tha polymer being more 
draaatic than thosa obsarvad in tha alkali metal salt 
complexes.

If tha divalent salt coaplax incorporates Ca^* ions 
than the nobility of the Câ '* ion is required to be auch 
lower than the nobility of the Na* ion, if cation 
conduction occurs predoainantly, since it is assuaad that 
solvation of this species occurred to a much greater extant to 
produce tha obsarvad draaatic increase in Tg.

Tha behaviour could also be explained if CaClO^*



rivur« 3.3t. tlet ef leg eeeduetlTity ageinat redti•retare fer 
perehlerete eeepl« (O ) ef F0Ma03Zeeleiua (□ )
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m*m th« pradoMiaant ch«rga oarrlar. Tb* aigratien ot thla lon 
oould ba axpaotad to ba low oaaparad to tbat of a aonovalant 
albali aatal aation sisoa larga iena ara axpaotad to 
oontrlbuta laas to tba eeaduetirity of a ayataa <1S8>. Tba 
ooordinatlon gaoaatry of tbia apaolaa eould ba axpaotad to ba 
dlffaraat to tboaa oonaidarad poaaibla in tba eoaplaxaa 
praparad froa albali aatal aalta and tba coordinàtion 
intarebanga prooaaaaa raquirad for ion tranaport tbrougb tba 
polyawr Nould alao ba raatrictad by tba bulb of tba ion.

3.4.2 PDFNaa 350Z Salt Coaplaxaa.
TbaATg of coaplaxaa praparad froa alkali aatal aalta and 

PDPNaO 3501 aa a function of aalt concentration ara 
illuatratad in Figura 3.39. Boaoganaoua polyaar-aalt coaplaxaa 
Mara obtained tbrougbout tba aalt concentration rango on 
addition of tba rarieua litbiua and aoditia aalta inraatigatad. 
On addition of tba potaaaiua aalt, XI, optically tranaparant 
aatariala Mara obtained only on addition of Io m  oonoantrationa 
of aalt. Hataroganaoua polyaar-aalt nixturaa Mara iaolatad 
Mban bigb ooncantrationa of XI More introduced into tba 
polynar.

Tba graataat anbancaotanta of Tg Mora noted on addition of 
bodiua and litbiiaa pareblorata to tba polyaar and tbaraforo. 
tba atoat affaotira polyaor-aalt interaction occurred to 
produca iena in tbaaa coaplaxaa. LiBr ia a aalt Mitb a bigbar 

tban•rgy paroblor«
diaaociation of tbia aalt in tba polyaar ii an to ba
eorraapondingly kllar. On introducing XI into tba polyaar.
tba initial anbancaaant of tba Tg, noted in Figure 3.39.



Fi*w* S.S9. Plot of ̂ Tt 'wm aalt ■alt OMBlono of PC Mtratioo for wa 
380X.
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raflaata tb* aolYatlon of tha aatal cations by tbo sldoobains 
in tba polyaar, bowavar, at a ralativaly low oonoaatration of 
salt, tba solubility linit of tba salt in tba polysar is 
raaobad. Ineraasiag tba salt ooneaatratlon bayoad (N*]/(CO] • 
0.125, ao furtbar aabancaaaat of Tg is-aotad, and tba axoaas 
salt foras a Tisibla saeond pbasa in tba polysar. It bas baan 
suggastad tbat distortion of a flaxiblo BO obaia can occur to 
allow solration of larga cations, bowarar, tba solubility of 
tba salt in tba polynar is raducad <39>. 2n PDPNsO 3501, it 
would appaar tbat solvation of both litbius and sodiun ions 
can occur ralativaly easily but tba systaa is lass capable of 
solvating potassiua ions without disrupting tba natural 
conforsation of tha sidaebains of tba polynar. This salt, KZ,' 
tbarafora has a lisitad solubility range in tha polysar.

In addition to tbo oonduotivity-tonparaturo data collactad 
for tba alkali natal parcblorata salt conplaxos of this 
polynsr (Piguras 3.8. and 3.20) tha oonductivity-tosparatura 
data wars also oollaotad for the LiBr conploxas, as shown in 
Vigura 3.40.

3.4.2.1 Effect of Anion Variation.
In Figure 3.41. log conductivities are shown for various 

LiClO^ and LiBr conplaxas, as a function of salt concentration 
at tba isotharnal tasparaturas of 323 and 403K. Higher lavols 
of conductivity ware exhibited by conploxas containing 
parchlorata anions, howovar, it-is sore instructive to consider 
tha natarials at a constant raducad tonporaturo of 10OK, as 
shown in Figure 3.42, whora tha diffaront anhanoasont of Tg 
noted on addition of tha different salts to tba polysar la
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taken into aoeeunt. The enheneeeent of Tg ehleh occurred on 
addition oe eech eelt to the polyaer ie shoen in rigure 3.39.

Ae sheen in Figure 3.42., throughout the eelt concentration 
range, the perchlorate-cenplexes exhibited higher levels of 
conductivity at a reduced tenperature of 100K. Particularly at 
high salt concentrations, the differences noted in the 
condtictivitles seasured for the different natarlals can be 
attributed to the higher number of charge carriers generated 
in the perchlorate systee on dissolution of the salts in the 
polymer.

The effect of cation variation in this system mas discussed 
previously in Section 3.3.2.4.

From the results of this study it can be concluded that:
1. Optical clarity of a polymer-salt complex suggests 

that dissolution of a salt in a polymer has occurred 
to produce ions, hoeever, further examination of the 
material, e.g. using d.s.c. techniques, is required 
to determine the extent of cation solvation in the 
system.

2. The extent of the dissociation of a salt in a polymer 
is dependent on the cation, but influenced to a 
greater extent by the anion in the salt.

3. Olssociation of an alkali metal salt in a polymer 
appears to occur if the salt has a lattice energy 
below a threshold value. The threshold lattice energy 
is particular to salts containing a particular cation 
and as the size of the cation is increased the 
threshold lattice energy is reduced.
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For «Ikall Mtal salt eoaplaxas, tba thrasheld 
lattiea anargy for aodlua and potassiua Ion aolration 
appaars to ba lottar for P0MEO3I than for V90.
In ganaral, disaooiatlon of a aâ lt in a polynar 
occurs to a graatar axtant if tha salt contains a 
larga anion and tha lattiea anargy of tha salt is 
loM.
In addition to oartain alkali natal salts, thasa 
polyssrie satarials hava shottn tha ability to solvata 
cartaio non-alkali natal salts.
Conductivity bahavlour dasonstratad by a polysar-salt 
cosplax is dapandant on tha incorporatad salt 
apaolas, tha ooneantratlon of salt in tha coaplax and 
tha tanparatura of axasination.
If solubility of an alkali-natal salt in a polysar is 
high, tha conductivity of tha conplax tands to 
Incraasa as tha valua 1/(r^>r,), datarnlnad 
for diffarant alkali natal salts, is Jaeraasad.
It Mould appaar that as tha cation in alkali natal 
salts, containing a eónson anion, ineraasos in sixa, 
conductivity lavala axhibitad by tha natarlala ara 
also incraasad. In neat natarials this m s s  tha rasult 
of diffarancas in tha nunbar of oharga carrlars in 
tha systas but fros linltad infornation availabla it 
Mas suggastad that tha algration. of aodlua ions 
through tha polysars, undar constant raducad 
tanparatura conditions, occurred Mith graatar aaaa 
than tha aigratlon of llthius ions.
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10. Za gaaaral, ul t a  oontainlag larga aniona ganarata
aora aharga oarriara la a ayataa aad thara£ora __
axblbit bigbar lavala of coaduetivlty, hoaavar, it aaa 
alao auggaatad that uadar ooaataat raducad 
taaparatura ooaditioaa« iodlda aad parchlorata aalt 
oooplaaM, eontalaiag a coaaoa eatloa, axhibltad 
bigbar lavala o£ coaduetivlty tbaa axpaetad £roa 
coaaidaration o£ tba auabar o£ obarga-carrlara in tba 
ayataa. Aaionio conduotioa u y  tbara£ora ba aa 
iaportaat £aatura o£ aoaa polyur-aalt coaplaxaa.

11. Zt aaa pravioualy aatabllabad tbat puraly aalonlc 
conduotioa doaa not occur la tbaaa aatariala. Tbara 
ia noM avldanea to auggaat tbat, dapanding on tba 
aaioa praaant ia a polyaar-aalt coaplax, botb ionie 
apaeiaa ara cobila in tba ayatra ratbar tban tba 
oatloaa oaly. Tba aau u r a u a t  o£ traaaport nuabara 
£or tba ayatau ia raqulrad, boaavar, to aatabliah to 
Mbat axtaat anion algration oceura in aacb ayataa.
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4.1 CxMinAtioa of th* Ondopcd PelyMr.
Th* propylMM exid* (FO) aubetltuted iteeeale «cid pelytMir, 

POFFOX, W M  laeleted u  • pele broMa, rlaeou* fluid. Oalik* 
th* othar polyaerie beet aaterials exaaiaed ia thia etudy, tbe 
■ideohaiax of tbe polyaer wor* hydrexy teraiaated rathor tbaa 
Mthoxy teraiaated. Th* pelyaer aaa totally aaerpboua aad 
uaia« d.s.e. th* Tg was deteraiaed at 220.SK. Tha Tg ef thia 
pelyaer ooataiaiag oa arerage 17 PO uaits p*t sidoehaia aa* 
eeaparabl* te that aeaaured for th* SO subatituted itaeoaic 
aeid pelyaer eeataiaiag 3 CO uaits per sideohaia, i.*.POME03Z.

4.2 Pelyaer-Salt Ceaplexea Prepared froa POPPOI.
4.2.1 O.S.C. Studiea.

la Tabla 4.1. th* Tg valúes deteraiaed at a raag* ef aalt 
eeaoeatratioaa are ahowa for eeaplaxes ooataiaiag a variaty of 
salta. Th* aahaaeaaaat of Tg (dTg) aoted at a particular salt 
eoBceatratioa is shewa graphieally for aach of tha aaterials 
ia Figure 4.1.

Xa geaeral it was feuad that a aoa-linear iaereaa* ia Tg 
eeettrred aa th* salt oeaeaatratioa ia th* polyaer was 
iaereaaad aad, siailar to th* effaet aoted oa additioa of 
aetal halidea to PPO <51,S2>, th* sagaituda of th* anhaoeaaaat 
ef Tg, aad th* salt eoaeeatratioa at whieh th* Tg reaehed a 
plataau valué, was dapendaat oa th* charaoter of th* 
iaeerporated aalt.

Noaeaaia aad Cuddihy <49> earried eut oa* of tha earliest 
studies of polyaer-aalt ooaplexes and they aoted that oa 
additioa of 25 wt% lithiua perehlorat* te PPO 2025, a shift ia 
Tg froa 203 to 313K waa aoted, i.e. ATg - 110K, but oa



ala
T«bl« 4.1

ft«naitiea T«ip«r«tur*«/K «eesured fer ▼«rleua 
FDPMZ-a«lt Coiq^lMCM.

S*lt 0.0128 0.028
(••♦l/tPOl
0.08 0.067 0.125 0.25

LiClOj^ 229.0 238.0 248.8 289.8 283.0 295.0
224.0 233.0 284.5 290.5 310.0

LiCl 225.0 - 228.0 228.0 227.5 229.0
ZnClj 227.0 232.5 245.0 - 262.0 274.8

Tibí« 4 . »
ConduetivitiM ef variou« Propylan* Oxida B M a d  

PolyMr-s»lt CoaplaxM.

Polyaar f/\ , T/K. 1S«lt (N*]/tPO] (0-10*5 Sea-’  )(<y-10-*8«a-’ )

IiiftMr P80(a)
PVO 420 LÍC104 0.125 298 -
PPO 105 (b) LiCPj SOj 0 . 1 1 328 368
Natuerk WO(e) 
PPO triol 780 ZiiClOj, 0.08 338 383
PPO triol 3000 LiClO^ 0.042 343 -
Co®b*8hspsó
POPPQZ LÍCIO4 0.0128 344 -
PDPPaz LiClO^ 0.08 322 361
POPPQZ LiClO^ 0.125 344 371

a
U—  mrni <86>

b
800 ■of <85>

c
ñ— Kof <1 2 >
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Addition oC ninilnr eoaoontrntions ef tho nnlt to bigh 
■olnoulnr woight polynor tho ineroaoo in Tg m o o  Ions droMtie. 
On addition of ea. 30 wt% lithiua porehlorato to PDPMII/
i.a. [N*]/(PO] ■ 0.25, a Tg o2 74.8K wan notad.

Sinon tho inoraaao in Tg notad on addition of a naît to a 
polyaor in dopondont on both tho inharont floxibility of tho 
polynor and tho Ions of floxibility that oaours on addition of 
tho naît to a particular polynor, it in not possibla to 
eonnont furthor on tho rolatiro disaoeiatiôn of lithiua 
parahlorato in tho Tarious polyaors.

Wrom Figuro 4.1. it would appoar that tho intoraotion of 
tho polynor obainn nith LiCl in linitad. This agrooa noli with 
tho rasulta proaontod by Jaaos <S1,52> uho roportod that LiCl 
M a n  innolubla in PPO.

Nbon oonnidoring tho alkali natal poroblorato conploxon of 
PDPPaZ, it in oridont that LiClO^ onhancod tho Tg of tho 
polyaor to a groator oxtont than MaClO^ at Tory low sait 
conoontrations nhilo at sait oonoontrationn groator than 
(N*]/[P0] “ 0.04, MaClO^ intoraetod nith tho polynor to a 
groator oxtont.

On addition of tho transition notai sait, ZnCl2 , to PDPPQZ 
tho Tg of tho polynor n o s  onhanood by 55 dagroos whon sait wan 
ineorporatod at a coneontration of [N*]/[P0] ■ 0.25. On 
addition of this sait to PPO <51,52>, a oonnidarablo 
anhanoonont of Tg nas also notad, hoMovor, it wan nuggontod 
that coordination of tno othar oxygon atonn diraetly to tho 
ZaCl2 nolaculo in possibla, to fom, in particular, a firo 
nasbarod oholato ring <51>. Tho fornation of this 
intranolocular oholato ring nould rosult in a loss of
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flMiblllty ia th* sldaehaiaa ot tha polyaar without solaatod 
ieaa boiag produood. It is tbsrsfers difficult to sstablish, 
fros tbs d.s.o. data ^taiaad, tbs sxtsat of ion solvation 
Mbieb has oeeurrsd in tbs POPPaZ-ZaCl2 oosplsx.

Zina ehlorids has an sxtrsssly high lattios snsrgy (2690 
kJnol'1 ) <154:) bowsvsr, coordination of a third oxygan aton to 
tbs dopant would rsault in tbs partial dissociation of tbs 
salt to produes ZaCl* and Cl~ ions and solvation of Zn^* ions 
could also ba possibls if furtbsr polyssr-salt iataraotions 
occurrad.

In gaaaral it was found that tbs iataraction of polysar 
with tba salt followad tbs trand:

LiCl < ZaClj < LiClO^ < MaClO^
Oaing a aon-llaaar laast aquaras analysis, with no 

constraints, it was found ia this work that tba ATg varsus 
salt concantration data collaotsd for tha NaClO, , LiClO, 
and ZaClj cosplaxas could ba dascribad wall, but not parfaotly, 
whan tba cation solvation in tba polysar was coasidarad 
to ba a sispls aquilibrius of tha typo shown balow <156>.

P « MX PM* * X*
whara P is tha polynar, which con ba rsgardad as tba ausbar of 
oxygon sitas availabla for cation coordination, PM* is tba 
solvatad cation and MX is tba alkali natal aalt.

[Dua to tba initial polynar-aalt intoraction which is 
ballavod to occur in tha ZaCl2 conplaxos, tha axprassioa 
abova doacrlboa tho babaviour in thosa conplaxas only on 
coordination of sora than two oxygan atons par aalt aolscula. 
ZiiCl cosplaxas wars not analysad using this aathod.]

It was astablishad in this oosputar study that disaociation
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of tbm salt ia aaoh of ths eoaplsxss was laoosplata. NaClO^ 
wes disaeeiatsd to tbs graataat axtsst ia PDPPOX, Mhlls LiCl0 4. 
Mas disseeiatsd to a grsatsr sxtsat thaa ZaClj• la saoh of 
thssa syatsss^ hoMsvsr, tbs dsgrss of loaisatloa of. ths salt la 
tbs polyasr dsorsassd froa >50* to <20* as tbs coaosatratioa 
of salt la ths polyssr sas laorsassd. This dssonstratas that a 
graatsr psreaatags of tbs laoorporatsd salt rsaalas 
uadissoelatsd la ths pelyasr as ths salt eoaesatratioa ia tbs 
polyasr is laorsassd. Visually, bstsrogsaslty of tbs aatsrlals 
Mas aot dstsetsd.

4.2.2 Coaduetlvity Studios.
It has bosa suggsstsd that polystbars sboM rolativsly high 

latrlaslc eoaduetivitlss dus to aa ioale sschaalsa la Mhlcb 
protoas ars rsaovod froa ths polyasr ohaias duo to ths 
Intsractioa of asarby sthsr oxygoa atoss <157>. Aa a rssult of 
local ssgasatal aotloas of tho polyaor chains ths protons 
ceatiaually iatsract Mith diffsront oxygon atoss and ara 
traasportsd through tbs polysor.

Duo to tho prsssacs of tho hydroxyl sndgroup in ths
■Idsehaiaa of POPPOI, it coasidsrod posslblo that proton
conduction occurring in tho satsrial say bavs coapllcatod tha 
analysis of tha coaductirity data obtainsd for ths polysar- 
aalt cooploxss. Sines tho conductivity for puro POPPQI m o s  

asasHrod at loss thaa 10*^ Sen*^ throughout tho taspsraturo
raags it Buasd that if proton conduction Mas occurring
in tho polyssr, it m s s  of a sagaitudo too til to ba
dotsetod. All changas notod in tbs eonductlvitiss of tho
polyaor, on addition of tit Msro coasidorod to ba tho



77

rMult of diaaociation of tha aalt occurring in tha polyaar, 
dua to tha aolvatlon of tha cation by tha PO aidaohain, to 
produca charga carriara.

Log conductlvity-raciprooal taaparatura data ara ahown for 
coaplaxaa containing LiClO^, NaClO^, LlCl and ZnClj in Piguraa
4.2. to 4.5. raapactivaiy. In each Figura, coaplaxaa 
containing varioua concantratiòna of aalt hava baan axaalnad 
and tha conductivity aaa aaan to incraaaa aa tha taaparatura 
Naa Incraaaad. Non-Arrhaniua bahavlour ia axhibitad by all tha 
aatariala.

In Figura 4.6. tha lavala of conductivity axhibitad by aach 
of tha polyaar-aalt coaplaxaa ara diaplayad aa a function of 
aalt concentration at an iaotharaal taaparatura of 403K. Vary 
aiailar behaviour aaa axhibitad by tha alkali natal 
perchlorate nalt coaplaxaa. An optiaua conductivity of 
•’5.6x10'^ Sca~^ naa achiavad in aach ayntaa ahan tha polynar 
incorporated aalt at a concantratlon of [N*]/tPO] • 0.09. In 
the ZnClj coaplaxaa, «5x10*^ 8cn~^ waa the aaxlnua 
conductivity reached and thia aaa noted when tha polyaar 
incorporated aalt at a concantratlon of [N*]/(PO] • 0.13. In 
tha LiCl conplaxaa tha conductivity reached a plateau value of 
1x10'^ Sca'^ at a concentration of [N*]/[PO] - 0.06.

Concantratlng on the LICIO^ eonplaxaa it waa noted that tha 
naxiaua in conductivity aovad to higher aalt concantratlona aa 
tha iaotharnal taaparatura Maa Inoraaaad, aa ahown in Figuro 
4.7. Onllko tha affect noted in tha CO aatariala diacuaaod 
pravioualy, tho naxlnun in conductivity waa pronouncad oven at 
high taaparaturoa.
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Ondar eonatnnt raduead taaparatura eoaditleas, a aaxiaua ia 
eoaduetivlty aaa found la tha aatarlal oeataialng aalt at a 
eoneaatratlea of [M*1/IP0] - 0.125 at all raduoad 
taaparaturaa. aa ahoan la Figura 4.8. Thia aould auggaat that, 
dallar to tha affacta daacribad la Saotlon 3.3.2.3, tha 
conductivity la ralativaly loa at high coneantration of aalt 
¿ua to tha nuabar of charga carrlara la tha ayataa dacraaalng 
or tha charga carrlara aigratlag through tha ayataa alth laaa 
•aaa. Tha Incraaaad aaouata of undiaaociatad aalt, praaaat 
Mhaa high concantrationa of aalt ara incorporatad into tha 
coaplax, or tha foraatlon of ion aggragataa <151>, could 
axplala thia drop in conductivity, apparent avan at high 
taaparaturaa, in POPPOI coaplaxaa containing high 
concantrationa of aalt.

Aa tha taaparatura ia incraaaad ralativaly aora aalt can ba 
incorporated into a polyaar bafora tha conductivity la raducad 
by the raatictiona daacribad above and therefore thia can 
explain why tha aaxinua in conductivity aovaa to higher aalt 
concantrationa aa tha iaotharaal taaparatura of axaaination la 
incraaaad aa ahown in Figure 4.7.

Khan axanining coaplaxaa containing different aalta at a 
eonatant reduced teaparature of 100K, aa ahoun in Figure 4.9., 
it ia evident that in all oonplexaa the incraaaa in 
conductivity aith incraaaing aalt concentration ia leaa 
pronounced at high concentrâtiona of aalt. Thia effect ia leaa 
narked in NaClO^ and LiCl coaplaxea eonpared to the effect 
notad in tha LiClOf^ and ZnCla coaplexaa.

Aa the concentration of aalt Increaaed in tha NaClO^ and 
LiCl coaplaxaa the conductivity reachea a plateau value rather



Figur* 4.8. Piet of leg eeadiietlTlty egelaet salt
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th«a daerMsiag druMtleally Mbieh would auttgoot that th# 
roduetien In tho nuaibor of charge earriara or tha nobility of 
tha eharga earriara ia laaa aigaifieaat in thaaa aatariala.

4.2.2.1 effect of Cation Variation.
In general lithiua ion ooaplaxaa axhibitad higher leTela of 

conductivity than aodiue ion coaplexea when conparing tho 
Arrbeniua plota of the eonductivity-toeperaturo data for theae 
aatoriala, aa ahown in riguro 4.10.,howavar, axaaining the 
eateriala at a eonatant reduced tenperature. aa abown in 
Figure 4.9, tho aodiun ion eoeplexoa exhibited tbe highoat 
levela of eonduetivity. throughout the aalt concentration 
range. In tho d.a.e. atudy of thoao aatoriala, aa ahown in 
Figure 4.1. it waa oatabliahed that a greater nuaber of eharga 
earriara were praaont in the aodiun ion conplexea than in tho 
lithiua ion coaplaxen and thia ia the pradoainant reaaon for 
tho foraer ayatana exhibiting higher lavola of conductivity 
under conatant reduced teaperatura conditiona.

Lithiua perchlorate enhanced tha Tg of tho polyaer to a 
leaner extent than aodiua perchlorate at any particular aalt 
concentration. Tho polyaor chaina are tharefore aore aobila, 
at any particular tanperaturo, in the lithiua ion coaplaxaa. 
Since fewer charge carriora ware ganeratad on addition of tha 
llthiun aalt to POPPGI, to rationallxe tho fact that the 
lithiun eoaploxoa exhibited higher lovala of conductivity at 
any particular toaperaturo it auat be concluded that in 
PDPPOI, tha lithiua iona are able to nova through tha ayataa 
with grantor aaae than tha aodiua iona. Tho grantor 
flaxlbility of tha polynar chaina, at any particular



r i««r «  4 . 10. Arrheelee p lot ot log eoBduetlTity mgolomt
rMiproMl t«ap«r«t«*r« £er T«rieiw «llMli Mt*l
perefclerete ooaplw  ot POPMZ with (M^]/(VO] 
ra tio « o£ 0.0128 ( a ) . . 0.08 ( B ) .  0.128 ( a )  «ad 
0.28 ( ■ ) . MOC10 4 O 

LiClO^ □
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tMparatur* la th* lithiua Ion !■ prebnbly th* nnin
roaaoa for tho litbiua lea coeploxaa hariag the higher 
conduotiritlea. Thle behaviour would alao suggest that in the 
POPPOZ systess, the predoeinaat charge carrier is the cation.

4.2.2.2 Effect of Anion Variation.
Bxaslnation of the conductivity of the oonplexes containing 

a cossoa cation, under constant reduced tesperature conditions 
should reflect any differences in the nuaber of charge 
carriers in the systen. The conductivities of lithlus ion 
eoeplexes under constant reduced tesperature conditions are 
shown in rigura 4.9. Since the dissociation of LlClO^ in 
PDPPGI was such greater than the dissociation of LiCl in the 
polyner, the higher levels of conductivity exhibited by the 
forser systaes reflects the greater nusber of charge carriers 
present.

Of course, if anion conduction does occur in these 
satarials, than the relative sobllitlas of the different 
anions present in the systass could also contribute to the 
differences noted in the conductivities of the saterials.

ZnClj can interact with the polyner in the absence of 
ionisation. The extant of charge carrier generation in the 
systos is therefore difficult to detarsine fron the d.s.c. 
study sade of the waterlals. Bxasinlng the ZnClj cosplaxes 
under constant reduced tanperatura conditions it is apparent 
that conductivity levels lower than exhibited by the 
alkali natal perchlorate coeplaxes, but higher than observed 
for the LiCl cosplaxes wore obaerved for the satarials. Eros 
this Infomation it would appear that ion generation occurred
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to eoee oxtont in tho eonplox. Tha eoaduatlvlty, howavar, 
oould ba tha rasult of pradoaiaantly oationle or pradooinantly 
anionio nlgration r'aaulting froa tha transport of Cl* Ions, 
Zn^* Ions or ZnCl'̂  ions through tha polynar. Dua to tha sisa 
of tho ZnCl* ion, this spaoias Mould ba axpaotad to aigrata 
through tha polyaar ralativaly sloMly <155>, honavor, 
transport nuabars aust ba datorainad for thaaa systaas bafora 
furthar coaaant is posaiblo on tha transport procossas in 
thaaa coaplaxas.

4.2.2.3 Bffaot of Sidachain Variation.
Hhan coaparing tho Arrhaniua plots of tha condxtctivity- 

taaparatura data obtainod for tho alkali aatal parehlorata 
salt eoaploxas of PDNB03X and PDPPQX as shoMn in Figuras 3.6., 
3.19., 4.2., and 4.3., it is apparant that highar lavala of 
conductivity ara axhibitad by tha conplaxaa praparod froa 
P0Ma03X. Tha data ara parhaps aasior to aaaoaa if tha coaplaxas 
ara axaainad undar constant raduead tanporaturo conditions as 
shoan in Figura 4.11.

P0MB03X Mould appaar to ba a battor polynario host for usa 
in a solid stata olaotrolyto than POPPOX ainca a graatar 
nuabar of chargo carriors bava boon gonaratad in tho EO 
syntoa. Tha sldaohalns in POPPOX ara vary such longor than tha 
sidaohaina in PmiB03X but tha eoaploxas proparad froa tha 
foraor polynar axhibitad nuoh loMor lavala of conductivity, 
throughout tha salt concontration and tonparaturo rangoa.

Tha inhorant floxibllltiaa of tha tMo undopod polynars Mara 
oonparabla, hoMovar, it is poaaibla that tha charactor of tho 
aidoohain in tha natarial is vitally laportant. Xt has boon



risur« 4.11. M o t  oí log oooductiTlty agalMt «oltoooeootrotleo for «lltoll ootol porehloroto 
ooiVloMO oí m m  and PDMa03Z oMolnod uador rodttood ^ooporaturo oondltloos oí 
T-Tg-100K.
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•uggMtad th^t thm Mthyl subatitu^nt prasant in a PO unlt 
inhibits tba oeordiaatiag ability o£ tha athar exygaa atoa 
<21«32> tbarafora raatricta solaatioa o£ aatal oationa and
^1̂  o£ na£al oationa tbrou^b tba aatarial* It aould
appaar that tha lottar lavala o£ oonduotivity obaarvad £or tha 
POPPO! eoaplazaa ara tha raault o£ £a«far charga oarriars balng 
«anaratad in tha ayataa and alno tha aobility o£ tha Iona in 
tha ayataa baing lottar than in tha P0m03X coaplaxaa. Tha 
aolvating anvironaant providad by aaeb o£ tha polyaara ean ba 
ooaparad by conaidaring Figura 4.12. uhara aodala 
rapraaantativa o£ aach o£ tba aidachaina ara ahottn.

4.2.2.4 Coapariaon o£ POPPGX-Salt Coaplaxaa With 
PPO-Salt Coaplaxaa.

Xn Tabla 4.XX. tha oonduotivity lavala daaonatratad by 
lithiua ioh ooaplaxaa o£ POPPO! bava baan ooaparad aith tha 
lithiua ion ooaplaxaa praparad £roa both linaar and nataork 
PPO. Xn ganaral it ia avidant that tha conductivity lavala 
daaonatratad by ooaplaxaa praparad £roa POPPO! ara lottar than 
tboaa daaonatratad by ooaplaxaa praparad £roa linaar PPO, 
hottavar, tba oonduotivity lavala found for tha fornar natariala 
ara aarkadly highar than thoaa axhlbitad by coaplaxaa praparad 
froa oroaalinkad PPO. [Tba croaallnkad aatariala bava tha 
poaaibla advantaga of baing nora aacbanically atabla than tha 
POPPO! coaplaxaa, particularly at higher tanparaturaa, aa 
outlined la Chapter 1.]

Xt ia worth noting, with rafaroneo to Tabla 4.XX that 
higher oonduotivity lavala ware exhibited by coaplaxaa 
prepared froa oligonerlo PPO, rather than high aolaoular
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(Might PPO. It is tharafer* peaaibla that significantly higbar 
larals of eonductlTity, than obsarrad for thasa PDPPai 
coaplaxas, could ba aoblavad If such shortar PO aidaobalns 
iMra Introducad Into tha Itaconio acid cosb-abapad polynar and 
coaplaxas aara praparad froa this aatarial. Tba rasultant Tg 
of tha naw PO substltutad aatarial (tould. of coursa, ba an 
isportant factor ahlcb Mould bara to ba takan into account.

Pros this study of PO substltutad Itaconlc acid salt 
coaplaxas It m s s concludsd that:

1. POPPOI («as capabla of dissolving cartain alkali aatal 
salts and also tha transition aatal salt ZnCl2 • Tha 
axtant of tha polyaar-salt Intaraotlon Mhieh occurred 
on addition of the salt to tha polynar Mas raflactad 
in tha Incraasing anhancaaant of iTg notad as tha salt 
concantration in tha polyaar m s s incraasad.

2. Dissociation of the salt m s s inconplata in all 
polynar-salt cosplaxas and as the salt concentration 
Mas incraaaad in the polynar tha degree of 
dissociation of tha salt dacraasad.

3. Sodius perchlorate m s s dissociated to a greater 
axtant than llthius parchlorata or xinc chloride in 
tha polyaar, throughout the salt concentration ranga. 
This affect was apparent whan cosparing tha 
conductivitlaa exhibited by tba alkali aatal 
parchlorata coaplaxas under constant raducad 
taaiparatura conditions but in general, throughout tha 
taaparatura and salt concantration ranges tha lithiua 
ion cosplaxas exhibited higher levels of 
cooduotlvlty than tha sodlus ion coaplaxas.
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5.1 Bxaalnatlon of tbo Pur* Polyaor.
Tho Tlayl othor b u o d  ooab-branahod pelyaor oentaiaing 

sidoobalaa 3 BO units long, PVXMC03. was isolatad as a pals 
yslloN satsrial shioh was totally aaorpboua. Oslng d.s.a. tbs 
Tg of tbs satsrial was datsrslnsd at 206.5K.

Nhsn eospariag tha tindopsd polyatsrs ooatalniag ssthoxy 
tsralnatsd sidsohains 3 CO units long, i.o. PVEME03 and 
PDNB03Z, it would appaar that tbs cosb-branchsd polyssr basod 
on a ▼inyl athar backbona and containing only ona sidachain 
par Bonosario unit, is inbarantly sora flaxibla than P0NS03I 
whioh is basad on tho itaeonic acid backbona and contains two 
sidochains par sonoaario unit.

5.2 Alkali Natal Salt Cosploxaa.
5.2.1 D.S.C Studios.

In Figura 5.1 tha ATg of various polysar-salt oooq^laxos is 
dosorlbad as a function of salt concontration. A non-llnaar 
ineraasa in Tg is notad as tha salt conoontration in aaeh 
oosplox la incraasad. On addition of sodlua parchlorata to 
tha polynor, an infloxion is notad in tho plot of ATg varsus 
salt concantratlon, alsllar to tba offset obsorvod on addition 
of various salts to PDMB03I. This bohaviour was thought to ba 
tha rosult of a transition froa ona prodoainant coordination 
proeass to anothor occurring as tha salt concontration was 
inoraasad in tha polyaor.

In PTENB03, NaClO^ and LiClO^ ineraasad tha Tg of tha 
polyaar to tha groatast axtont and whan a salt concantration 
corrosponding to [N*]/[BO] « 0.25 was prasant in tha polyaor 
tha Tg was incraasad by 74 K. LiCF^SO^ anhancad tho Tg to a



rigura 8.1. Plot of ̂ Tg ■alt oaoplaa
■alt ooocantratloo for Tariouo 
proparod fro* PTSMEOS.

NaClOA O 
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X.iCf^io^ A
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iMsar «xtsnt, throughout th* suit coneontration rang*.
Aa ahown ia Figura 3.3. tho P0ME03I coaplaxaa containing___

LiClO^ at a concantration of [M*]/(EO] • 0.25 ahowad a ATg of 
90.5K Mhila a aiailar ooncantratioa of NaClO^ anhanead tha Tg 
of PDNS03I by 88K, aa a h o m  in Figuro 3.2. Tho addition of 
alkali natal porchlorata aalta to aach of tha polyaoric hoata, 
haa raaultad in a groatar loan of floxibllity in tbo PDMK03I 
ayatoB eoaparad to that which occurred in tho PVEHE03 baaod 
aatariala. Since tha onhancaaont of Tg. notad on addition of a 
aalt to a polyaar. at a particular aalt concentration ia 
dai>andant on both tha inbaront flexibility of tha polyaor and 
tho loaa of flexibility obaarvad in tho polyaor duo to tho 
polyaor-aalt Intaractlona. it ia not poaalbla to conaont 
further on tho relativo diaaoclation of the aalt in tho 
polyaara.

5.2.2 Conductivity Studiaa.
Tha conductivity of tha parent polyaor waa aaaaurad aa loaa 

than 10*^ ScB~^ throughout tho teaporaturo range. On addition 
of LiClO^ to tho polyaar, narked anhanconanta in tbo 
conductivity ware noted duo to tbo gonoration of charge 
carriera which had occurred in tha ayatoa on diaaoclatlon of 
tho aalt.

In Figure 5.2. tho log conductlvitlaa of LiClO^-PVEME03 
conplaxoa, containing varloua concentrâtiona of aalt. are 
plotted againat reciprocal taaparaturo. Curved lines wore 
obtained and thorofora tho conductivlty-toaparatura data can 
not be intarprotad using an Arrhenius analysis.

In gonoral. conductivities in excess of 10*'* Sen*^ wore



rigor* 8.2. ftrriMsiu* glot o£ log eoadiaetirity «gaiast 
raalgroeal t**p*r*tur* fer llthiu* 
p*rehlor*t* aeavl«M* o£ PVBIB03 wltb [M^l/CBO] 
r«tle« e£ 0.0128 (O). 0.028 (O)/ 0.08 (□).
0.0C7 (a ), 0.128 ( A ) «wl 0.28 [* ).
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observed for ell coeplexes throughout the teapereture range 
but at high tesperatures, conductivities approaching 1.6m10'
Sen'-1 ■ured for none eoaplexes.

The conductivities of the coaplexes sere exaained 
isotheraally as a function of salt concentraion and in Figure
5 .3  the data are displayed graphically for teaperatures of 323, 
353 and 403K. At 323K the aaxinua conductivity neasurad saa 10"* 
3os*^ itben the cosplex contained hiClO^ at a concentration of 
[M'>]/IB0] - 0.06. As the teaperature sea increased, the 
aexiaua in the conductivity bacaae less pronounced and also 
occurred at higher salt concentrations. At 403K the saxiaua 
conductivity of approxisately 1.5x10'^ Scs*'' sas observed for 
conplexes containing salt at a concentration of [M*]/[EO] - 
0.11. On exaaihing the conplexes under a constant reduced 
tesperature of 100K, a saxisua in conductivity sas noted shen 
salt concentrations in the coaplex corresponded to [N*]/[E0] - 
0.125, as shosn in Figure 5.4. It is therefore suggested that 
in this polyser, shen high concentrations of salt are present, 
even at high tesperatures the conductivities of the saterials 
are losered due tp feser charge carriers existing in the 
systea or the spbility of the charge carriers being 
restricted.

5.2.3 Cosparison of LiClO^ Coaplexes of PVEME03 and 
P0NX03I,

Hhen eonparing the Arrhenius plots of the 
conductivity-tesperature data collected for the LiClO^ 
conplexes of PTCME03 and PDIIE03I, (Figures 3.19. and 5.2.) it 
is apparent that throughout the teaperature and salt



ri««r* 8.3. Vlet e£ log eoadaetivlty agaiut «alt eMMMteatioa fer lithiua par^lerat* 
oai^laM« of PTBIB03 «xselned «t 
▼arioaa iaetharaal teeperaturee.
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aone«mtr*tion rangM, high*r lavala of conductivity aara 
aaaaurad for tha PTCIIB03 ooaplaxaa. Tha dlffaraaoaa In tha 
conduetlvltlaa ara aora apparant froa oonaldaratlon of Figura 
5.5. abara tha aatarlals ara coaparad undar aavaral laotharaal 
condltlana. .

andopad PVEMS03 baa a loaar Tg than pura PDMX03I and on 
addition of lithium parehlorata to PVCME03, tha Tg of tha 
polyaar aaa anhancad to a much laaaar axtant than notad on 
addition of tha aalt to P0NS03X. In tha PVSMX03 coaplaxaa tha 
polyaar chaina ara tharafora aueh aora flaxlbla than In tha 
P0MX03I coaplaxaa, at any taaparatura.

Tha aatarlala aara coaparad undar a conatant raducad 
' taaparatura of 100K, aa ahown In Figura 5.6. and alth tha 
axcaptlon of tha coaplaxaa containing aalt at a concantratlon 
of [M*]/ICO] " 0.25, tha conduetlvltlaa axhlbltad by tha 
aatariala praparad froa PVCMB03 and P0MC03I ara only 
marginally dlffarant, throughout tha aalt concantratlon ranga. 
Thla would auggaat that tha nuabar of charga carrlara la 
coaparabla In aach ayataa. Blghar conductIvltlaa aro tborofora 
noaaurod for tha PVP M 0 3  coaplaxoa aa a roault of tha aolvatod 
catlona .anhanclng tha Tg of tha polyaor to a loaaar oxtant 
than In tha POMB03I coaploxoa. At any taaparatura, tha graatar 
nobility of tha polyaar chaina In tha PVCMX03 ceaploxoa 
raaultad In tho coaplaxaa praparod fron that polyaor 
axhlbltlng hlghor lavala of conductivity than tha P0MXO3I 
coaploxaa, throughout tha aalt concantratlon ranga.

Ondar conatant rodueod tanporaturo condltiona tho nuabor of 
charga carrlara ganaratod In PDPMaO 3501 on addition of LICIO^ 
la conparabla to thoaa gonaratod In tha P0MXO3I and PVXME03



ri«wr« 8.8. »let of log eeoduetlvlty «gelnet M i t  
aaoMOtretloe fer llthiee perefalerete 
eeeplexee e£ »T— B03 ( •  ) «ad »INIBOSX ( □  ) O M e i M d  et Terieve iaetherMl teepereturea.
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coBplaxM, aa «hown In Figura 5.6.
Ondopad POPNaQ 3501 has a loaar Tg than that aaasurad for 

PDMK03I but highar than tha Tg aaasurad for PVEMX03. Tha 
incraasas in Tg, notad on incorporation of LiClO^ into POPNaO 
3501 wara auch aaallar than thoaa notad on addition of tha 
salt to PDIO03X and it has baan astabllshad that, undar 
Isotharaal conditions, tha conductivity lavais dsaonstratad by 
LiClO^ coaplaxas of PVBNE03 and PDPMoO 3501 ara cosparabla, as 
shoMn in Figura 5.7.

PVXMB03 tharafora appaars to rasasbla PDPMaO 3501 to a 
graatar axtant than it raaasblaa PDNB03I, ahan comparing tha 
bahavlour of tha aatarials for usa as tha polymaric host in a 
solid stats alactrolyta.

From axamlnatlon of Figura 5.6., ahara tha raducad 
tamparatura conductlvitlaa of tha lithium parchlorata 
complaxas of P0M103I, POPNaO 3501 and PVENX03 ara shoan as a 
function of salt concentration, it is apparent that tha 
conductivity of each complex falls on a common value at a 
raducad temperatura of 100K, ahan tha coaplaxas contain salt 
at a concentration of [N*1/[C0] “ 0.125.

In Figure 5.8. tha log conductivity, as a function of 
raducad temperatura, has baan plotted for complexas containing 
salt at' a concentration of IM*]/[BOJ - 0.125 preparad from 
each of tha three polymers discussed above. Throughout tha 
raducad tamparatura range, tha conductivity values exhibited 
by each of the thraa materials fall on a common line. At this 
particular salt concentration, ahan tha mobilities of tha 
polymer chains in each of tha complexes ara tha same, and a 
common salt la present, tha conductivity-tamparatura relation



ri«ur« 8.C. Plot of log ooadoetWity ogaiaot salt cooeoatration for llthiua parcAlorata eo^laiMO of PTME03 ( « ) , POtiaoSZ ( □ ) and PDPIlag 380Z ( O ) oMalaad «lador oeoataat radooad taaporatura eoodltioaa of T-Tg • 100K.

(H+1/[E0J



Figur* 8.7. Plot of log eooduetirity •galnat M i t  
oaae*otr«tloa for lithtuo p*rohlor*t* 
oo^l«jMO of rrBO03 (• ) *nd PDP W g 3S0X (O ) 
OMolaod at varioua loothorMl t«op*r*tur*o.



ri*ur« 8.8. Plot of log eeodwtirlty agolaat rodveod 
toaporoturo for lithiiia porohloroto 
oooploMO of PTBIB03 ( • ) , RNOBOai ( Q ) 
u d  PPPW g 380X < O ) .
((N-»]/[BOI -  0.128)

T-Tg / K
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•xhibit«d by PVEME03, PDMB03I and PDFNaa 3501 la idantieal. 
rrea thia atudy of tha aalt ooaplaxaa praparad £roa

PVCNS03, It waa aatabliahad that:
1. PVM M03 ia eapabla of diaaolalng alkali aatal aalta 

and tha anhancaaant of Tg notad In tha polyaar on 
addition of aalt aaa lowar than that obaarrad ahan 
alailar ooncantratlona of tha aaaa aalt aara addad to 
PSMB03I.

2. Proa tha eonduetlalty atudy It aaa aatabllahad that 
undar eonatant raduead taaparatura condìtIona, tha 
oonduetlalty lavala obaarvad for ooaplaxaa containing 
llthlua parcblorata at a concentration of (N*]/[BO] - 
0.125, praparad froa PVKMS03, roNE03I and POPNaO 3501 
Mara ooaparabla. Thla auggaatad that a alailar nuabar 
of charge carriera had bean generated on Introducing 
the aalt Into each of the polyaarIc hoata.

3. Khan ooaparlng tha oonductlvltlaa exhibited by LICIO^ 
coaplaxaa of PVENB03 and PDNK03I, containing tha aaaa 
concentration of aalt, at a particular taaparatura, 
higher conductlvltlaa ara obaarvad for tha PVKMC03 
ooaplaxaa, aa a raault of tha polyaar chaina In tha 
coaplax having a greater aagaantal nobility than the 
chaina In tha P0IOD03Z coaplax.

4. Tha llthlua parchlorata conplaxaa of PVENC03 exhibit 
conductivity taaparatura behaviour which la 
coaparabla to tha behaviour exhibited' by Ll.ClO^ 
coaplaxaa of PDPNad 3501.
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Tb« coiÄ-br«iich«d pelyaar pr«p«r«d fro« « vinyl «tb«r 
bnckbqn« eoataiain« SO sidaehalas 3 unit« long 
app«am to b« « «or« u««£ul poly««rlc host thsn th« 
eosib-brsseh«d polyasr pr«psr«d fros th« itseonic «cid 
bsckbon« «bloh oontsins SO «ld«eb«lns 3 units long. 
Coapsrsbl« eonduetivitlss sr« «sbibitsd by th« 
eo«pl«x«a pr«psr«d fro« polyMrs bss«d on sn itsconie 
•cid bsckbon« if th« sld«eh«ins incorprst«d into th« 
polya«r «r« on sv«rag« 7 SO units long.
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6.1 CxMinatioB of th* Pur* Polymar.
Pely(viayl Bathyl «th*r)(PVNB) Is an inonar of PPO and 

tharofora oontaiha atbar oxygan atona ahich aay ba eapabla of 
intaraotlng aitb catlona of aa addad aalt to fora polynar-aalt 
conplaxaa.

Tba uadopad polynar la totally aamrpboua and ualng d.a.e. 
tba Tg aaa aaaaurad at 2SS.5 K. Hban coaparlng tbia aatarlal 
Mltb tba Itaeoalc aold baaad conb-abapad polyaara, PVMC and 
P0NC02I bava aiailar Tg valuaa and tbarafora tba iabaraat 
flaxibility of tba polynar chaina In aach aatarlal la 
oonparabla.

6.2 O.S.C. Studlaa.
Optically tranaparant producta fornad on addition of aalta 

to PVNX auggaatad tha dlaaolutlon of tha aalt In tba pelyaar. 
In Tabla 6.1, tba "apparant honoganalty" or optical 
tranaparancy of tba aatarlala foraad on addition of varloua 
aalta to PVMB la daacribad. PVMC appaarad to bo capabla of 
aolvatlng only lltblun Iona although It waa difficult to 
aatabliab Mhatbar NaClO(, ana dlaaolvad In tba polyaor or not.

O.a.c. Maa tharafora uaad to axanlno tho Tg of aatariala 
containing aalt at a concantration of [M*]/(0] • 0.05 and tha 
Tg valuoa dotomlnad aro ahoan In Tablo 6. II. It la confirnad 
fron tbo d.a.c. atudy that only llthiua aalta aro aolvatad to 
any groat oxtant In PVMC <23>. Slnca LlCl la roportad to ba 
aolublo In PCO <14>, tbo throahold lattlca onargy for conplax 
fornation ualng aalta alth a lithium cation la loaar for PVMC 
than for PCO.



T*bl« 6.1
"AppcrMt Hoeogenelty* o£ PVMC oontainlag Alkali Nakal Salti

Anion Cationti* Ma* K*

CT3 803* 
BPi-

No Ho No
Yss No No
Yas ? -
Yss No No
Yas - -

Tabla 6.11
Qians Transition Tanpsraturas/K of natsrials forsod on 
addition of various salts to PVMB ([M*]/(0] • 0.05).

Anion
Li*

Cation
Na*

257.5 256.5 259.0
274.5 256.5 258.0
277.5 258.5 —

270.0 260.5 256.5
267.0 ----- —
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Th« enhaneeBent o£ Tg netad in tha oeaplaxas eentaiaing 
llthiua salts sill probably rasult fros erossliaklng 
intaraotlon proosssas occurring on solration of tha aatal 
cations in tha polysar. Thin will raduca tha flaxibility of 
tha polysar and incraasa tha Tg. Tha 4Tg valuas notad for 
aavaral nalt cosplaxaa as a function of incraasing salt 
conoantration ara shown in Figura S.1. It is apparant that 
LiClO^ incraasad tha Tg of tha polysar by 60 dagraas whan tha 
coaplax containad nalt at a eoneantration of ■ 0.2S.
LiCFjSOj anhanoad tha Tg of tha polysar to a lassar axtant 
throughout tha salt concantration ranga whila NaClO^ incraasad 
tha Tg of tha polysar by only 6 dagraas whan high 
concantrations of salt had baan incorporatad.

6.3 Conductivity Studios.
Tha undopad polysar oxhibitad lavals of conductivity lowar 

than 10** Scs-1, throughout tha tasparatura ranga. In ganaral, 
conductivity lovals higher than saasurad for tha undopad 
polysar wara datorsinad for tha polysor-salt cosplaxaa 
containing lithius salts, but only at taaparaturas graatar 
than 360K.

Tha conductivity lovols dasonstratad by cosploxas 
containing various eoncantrations of LlClO^ ara shown in 
Figuro 6.2. Mhan log conductivity was plotted as a function of 
rooiorocal toaparatura, straight linos ware obtained and 
thoraforo tha conductivity-tasparatura behaviour of thoaa 
•ataríais can ba oxasinad using an Arrhenius analysis. 
Arrhenius behaviour was not observed for any of tha other 
polysar~salt eosplaxas oxaslnad in this study.



ri«ur« (.1. Viet of vs sslt eeeesntretlee for ssterlslsprspsrsd os «dditioa of ▼•rleus slksli estai salts 
to WNB. LiClC 

Lie 
MsClC



n««r« «.2. ArrhMiiua plot o£ leg eoaduetlTlty «goiaot 
reoipreeal taoperaturo for Tarlow  lithlw poreblerato oo^ I o m o  ef rVMB oitb 
lM*]/tO] ratleo of 0.0128 (0)> 0.028 fO ). 
0.08 ( □ ). 0.128 { à) aod' 0.28 ( ♦ ).
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As th* concantrstion of salt in th* coaplox Mas Incroasad 
froa [N*]/[0] - 0.0125 to 0.25., tha activation anargy for the 
ion conduction procaaa incraaaad corraapondingly froa 
approxiaataly 34 kjaol*^ to 134 kJaol*^ . This indioatas that 
incraasing tha salt conosntration raducas tha flaxlblllty of 
the polyaar chains, which inhibits the action of ions through 
the systaa.

Aa shown in Figura 6.3., a plataau conductivity laval of 
1.6x10*^ Sca~^ was obsarvad for coaplaxas containing LICIO^ at 
concantrations in axcass of [N*]/[0] • 0.11 whan tha coaplaxas 
wara axaainad at a constant tanparatura of 403K.

Exaalnatlon of the coaplaxas 100K above tha Tg of tha 
aatarials indicated that the nuabar of charge carriers in tha 
systass incraaaad continually as tha concentration of salt in 
the coaplax increased. The dramatic incaasa in conductivity 
noted initially was not continued throughout tha salt 
concentration range aa shown in Figure 6.4. Exaslnation of tha 
complexes under constant reduced taaparatura conditions would 
suggest that whan high concentrations of salt are present in 
tha polymer, tha conductivity is lower than axpactad froa 
conaidaration of tha aquation praaantad by Angall <87,150> and 
tharafora tha number of charge carriers in tha system must be 
reduced or tha ions must exhibit reduced mobilities whan tha 
concantraion of salt in tha complex is high.

When considering tha LiClO^-PVNB complexes, which axhibitad 
tha highest levels of conductivity, throughout tha salt 
concentration and tanparatura ranges, it was possible to 
achiava conductivity lavais of 10'** Sen"^ at 430K, whan tha 
concentration of salt in tha coaplax was (M*]/[0] - 0.25.



ri«ur« C.3. Vlot e< lo« oeadtaetiTity MiteeeeMtratlen far lithiua parohlerata oeaplaxM 
o£ PVMX axMlaad at «a iaotbaraal taaparatura of 
403K.



Figur* C.4. Flot e< log eeaduetirlty agulaat Mit
eese*atr*tloB tor litbiua p«reblor*t* eoaplax*« 
e£ PnOC *M*ia*d «t * aoastaat r*duo*d t**p*r*tur* 
o£ T-Tg-100X.

[«♦1/toi
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In ri9ur* 6.5. log conductivity ia shotm againat 1/T for 
coaplaxaa containing diffaront llthiua aalta at a 
concentration of [M*]/[01 - 0.05. The diaaociation of aaeh of 
thaao aalta occurred to a different extent in the polymer, aa 
deaerlbed in the d.a.c. atudyt._.and .therefore the levela of 
conductivity exhibited by the aateriala reflecta the variation 
in the nuaber of charge earriera in the ayatema predoainantly. 
In the Figure the alopea of each of the plota Mere .coaparable, 
independent of the incorporated aalt and an average value of 
*»64 kJaol*^ Maa calculated for the activation energioa.

It Naa eatabllahed prevloualy that a polymer auitable for 
uae in aolid atate electrolyte applicatlona nuat incorporate a 
high denaity of polar groupa Mith readily available lone 
palra, poaitioned mith an optimum apacing batNoan each, along 
the polymer chain.

Froa conaidaration cf Figure 6.6., it ia poaaibla to 
compare the chemical environment provided by polymera baaed on 
PEO, PPO and PVME. PVME haa a hydrocarbon backbone and the 
ether oxygen atoma are praaant in the aidechain of the 
atructura, unlike PPO mhara the oxygen atoma occur regularly 
in the backbone of the polymer.. Froa the Information gained in 
thia atudy it ia apparent that the praaance of the oxygon 

* atoaa in the aidachaina of PVME do not provide the optimum 
apacing between polar groupa, which ia required for effective 
polyaar-aalt intaractiona, on addition of aalta to the 
polymer.

In PVME, a more open atructuro ia adopted by the polymer 
due to the poaition of the methyl groupa at cloaa proximity to 
the polymer backbone. In thia polymer only axtramoly email



rigor« C.8.. ArrhMQlii« plot of leg eeoduetirlty «g«in«t 
r«elpree«l teeperatur« fer rarieu« 
lithiua aalt eeeplaxaa e£ rVNB.
({«♦l/COl - 0.08)

tic iO i ^iimrij*
LiX
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••otlaas of tb* oh«in can b« orlaatad la such a May that an 
oxygan-rieh aavlrenamat can ba foraad, ualika tha 
eoaforaations Mhiab can ba adoptad by polynara Ineoporatiag KÚ 
or PO unita, abara a^aa saall aaetlona of tha polyaar chains 
proTlda an oxygan-rlch anvlronaant, as a raault of all oxygan 
atoas balng orlantad toMsrds ths l.ntarlor of a hallx.

Both tha solvation of cations and tha transport of the Ions 
through tha polyaar appaars to ba rastrletad In PVMS duo to 
tha poor solvating anvlronaant provldad by tho opan chain 
polyaar atruotura. Thia Is rafloctod In tba I o m  conductivity 
lavals obsarvad for tha coaplaxas proparad fros this polyaar.

Proa tba' inforaatlon gainad In this study It Mould appoar 
unlikaly that conductivity lavals cosparablo to thoso 
doaonstratad in CO- or PO- basad polyaor-salt cosplaxos could 
avor bo achlavad, Nhan using PVME as tho host polyaor In a 
solid stata alactrolyta.
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7.1 Conduetivity-TMparmtur* D«t«.
Currad linas nara obtalnsd shan log conductirity sas 

plotted against raoiproeal tasparatura for conplaxas preparad 
from itaomio acid and vinyl athar basad coab-shapad polysars. 
These cosplaxas therefore do not exhibit oonduotivity- 
tasparatura bahaviour which can be aaalyxad in tarns of the 
Arrhanius Equation. Materials Mhicb do not exhibit Arrhenius 
oonductivity-tasparatura bahaviour can be axaninad using the 
Vogel-Tassann-Fulchar (VTf) aquation in tha fors

-Vj
Cr • A*T ^axp 7.i.

where A* and B ara constants and To is a refarenca 
tasparatura.

7.1.1 Analysis Osing Exparisantally Datarsinad Kafaranca 
Tanparaturas.

Tg has bean identified as tha rafaranoa tasparatura whan 
analysing tha conductivity-taaparatura data of polysar-salt 
ooaplaxaa using tha VTT aquation <119,135>. In this study the 
Tg values, datarsinad for a polyaar-salt conplax, prepared 
fros a particular polynaric host, inoraasad as tha salt 
concentration in tha polysar increased. It was therefore 
possible to identify two rafarenca tanparaturas which could bo 
asployad in Equation 7.i, to analyse tha data in tarns of tha 
vrr aquation, one raprasantativa of tha undopod polynaric 
host, and another ropraaantativa of tha doped polysar sasplas. 
Tha conductivity-tonparatura data obtained for various 
eharaetoristic salt conploxas, prepared fron each of tha 
polynario hosts, wars thoraforo axasinad initially using
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•xp«rÍMnt*lly Maaurad (d.a.o.) r»tmr»nam trap*raturM.
Method 1: LeglaT^'^) •••* plotted egeinet reeiproeel

T-Tg where Tg la pertieuler to each polyaer- 
aelt ooaplex.

Method 2: Log(oV^^) aea plotted egeinet reeiproeel
T-Tg, where Tg, ia the taapareture aéeaured 
for the uadoped polyaer end wea therefore 
uaehenged when eonaidering aelt ooaplaxea 
prepared froa a pertieuler polyaarle hoat.

The alopaa of the atreight linea obtained when plotting the 
eonduetirity-teapereture date in the foraa deaeribad above, 
eorraapoada to the eonatant, B, in Equation 7.i., with unite 
of teaperature in Kelvin. B haa bean aaauaad repraaentative of 
an aetivation energy (Ba') in aany atudiaa <71,119,127,135> 
and Be' valuea in the range 3-10 kJaol*^ have been reported 
pravioualy in the atudy of polyaarie eleetrolytea.

Oaing aathoda 1 and 2, llnaarlaatlon of the 
eonduetivity-teapersture data waa poaaibla for all aalt 
eoaplexea prepared froa the itaeonie aeid or vinyl ether baaed 
eoab-ahaped polyaera. In Table 7.X. the valuaa of the 
conatant B, detarainad froa the alopa 6f the linearixad data 
and alao Ba' valuea calculated directly.froa the B valuaa, are 
dlaplayad for rapreaentativa aalt coaplaxaa prepared froa each 
of the polymeric hoata.

It haa been pointed out that diacrapenclea can arlao in the 
valuea obtained froa the TTT analyala aa a reault of the 
choice of reference tmperatura uaad in Equation 7.1. <129>.
In thla atudy, it waa noted that Ba' valuaa Incraaaed aa the 
refaranca temperature employed ia Equation 7.1. waa lowered



T*bl« 7.1
ValuM of B and Ba* dotoraiaiad frea tba VTT aquation uaiag 

aathod 1 (*) and aathod 2 (**).
Polyaar-Balt Coaplax B/K Ba'/kJaol -1

Polynar Salt IHM/I8] * mm m mm

P0MS01X MaClO^ 0.05 136 155 2 . 6 3 . 0

P0MB02I NaClO^ 0.05 163 238 3 . 1 4 . 6

PDNB03X MaClOi, 0.0125 222 258 4 . 2 4 . 9NaClOi^ 0.05 213 349 4 . 1 6 . 7MaClO^ 0.125 186 609 3 . 6 1 1 . 7NaClO^ 0.25 160 764 3 . 1 14.6
LÌCIO 4 0.0125 196 229 3 . 8 4.4LiClO^ 0.05 189 362 3 . 6 6.9
L ic io . 0.125 188 615 3 . 6 11.8
LiClo]^ 0.25 181 1020 3 . 4 19.5

PONB05X NaClO^ 0.05 212 328 4 . 0 6.3
PDPNaO 350X MaClO^ 0.05 231 332 4 . 4 6.4
POPPOX LiClO^ 0.0125 235 268 4 . 5 5.1

LiCloJ^ 0.05 259 405 5 . 0 7.8
LÍCIO4 0.125 212 710 4 . 1 13.6LiClO^ 0.25 325 974 6 . 2 18.6MaClOî 0.0125 268 287 5 . 1 5.5MaClO^ 0.05 200 381 3 .8 7.3NaClO^ 0.125 208 788 4 . 0 15.1NaC104 0.25 222 813 4 . 2 15.6ZnCU 0.0125 290 322 5 . 6 6.2ZnCU 0.05 269 410 5 . 2 7.9ZnC^ 0.125 335 633 6 . 4 12.1ZnCl] 0.25 541 1040 1 0 . 4 19.9Liei 0.0125 235 224 4 . 5 4.3Liei 0.05 252 286 4 .8 5.5Liei 0.125 . 289 306 5 . 5 5.9Liei 0.25 256 295 4 . 9 5.6

PVCNB03 LÌCIO4 0.0125 199 239 3 .8 4.6LÌCIO4 0.05 209 343 4 . 0 6.6LÌCIO4 0.125 194 505 3 . 7 9.7LÌCIO4 0.25 248 933 4 . 7 17.9

S ia tha aolvatlag unit particular to aach polyaar, aa daacribad in Saction 2.2.6.
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frea Tg to Tg, . Tba Mgaltud« of tho difforoacM in tho
roaulta, netod on ohnnglag tbo polynorie boat, tba ___
ineorporntod salt or tbo coacantratioa of salt In tba ooaplax/ 
wars dapsndant on wbatbar Tg or Tg, was usad as tba rofaranca 
taaparatura and obangas in B and Ba' aara of a aaallar 
aagnituda aban tba data aara obtainad using satbod '1 ratbar 
than aatbod 2. In ganaral, B and Ba' inoraasad as tba salt 
eoncantration in tba oosplax incraasad. B rangad froa 
136-541 K and Ba'Mas calculatad as 2.6-10.4 kJsol*^ using 
satbod 1. Using satbod 2/ valuas in tba ranga 155-1040 K and 
3.0-19.9 kJaol*^ sara datarsinad for B and Ba' raspactivaly.

Although Ba' raluas wora obtainad using both sathods, 
sathod 1> in partieular/ produaad Ba' valuas Nbich Mara of 
conparabla sagnituda to tbosa raportad by otbar Morkars. Tba 
rasults obtainad froa this part of tha study ara not of 
particular intarast sinoa tba rafaranea tasparatura aaployad 
in Bquation 7.i. bad baan approxinatad using an axparisantally 
datarsinad Tg valua, ratbar than a rafaranca tanparatura Mbich 
had baan idantlfiad froa tbo eonduetivity-tosparatura data 
diroetly. Tho usa of such a pradatarsinod rofaronco 
tasparaturo forcoa an additional unwarrontad constraint upon 
tha valuas of tba TTT parasators obtainod via this tochniqua.
A Bora accaptabla sotbod of analysis Mhich doas not prajudga 
tha outcosa Mould ba to parfora a diract nonlinaar laast 
squaros analysis on tba original data.

7.1.2 Nonlinaar Laast Squaros Analysis.
To datarsina tba bast fit of tha conductivity-tasporaturo 

data to tha VTT aquation, a nonlinoar laast squaros analysis
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•taa o«rrl*d out Mb*r« no nasuaptlons woro and*. Tho roaultlng 
iraluas o£ In A, B and To aro diaplayod in Tablo 7.IX for a 
rango o£ aalt eoaploxoa proparod fron tho Itaeohia acid and 
▼inyl othor baaod polyaora.

Osing tho nonlinoar loaat oquaroa analyaia tho valuó o£ B 
rangod fron 581 to 2975 K, dopondlng on tho hoat polynor, tho 
ineorporatod salt and tho concontratlon of salt. Tho valuó of 
B incroaaod as tho conoontration of aalt in tho polynor 
Inoroaaod.

Tho To valuoa dotominod uaing thia nothod Inoroaaod aa tho 
conoontration of aalt in tho polynor incroaaod, hoaovor, in 
all eoaploxoa To aaa found to ha looor than tho Tg valuoa 
Nhich had boon noaaurod oxporiaontally.

In tho BO aubatitutod itaoonio aoid polyaor-aalt conplaxoa 
To haa valuoa ranging fron 5-130 K bolow tho oxporiaontal 
Tg dotominod for aaeh conplox hut in tho oonploxoa 
proparod fron PDPPOI and PTKNB03, To asa ovaluatod 
eonaiatontly at toaporaturoa 40-50 dogrooa bolou tho Tg of tho 
oonplox.

Tho.faet that To valuoa Moro prodoainantly 40-50 
dogrooa boloN Tg in thoaa polyaor-aalt coaploxaa ia of groat 
intoroat ainco thia nould auggoat that tho non-linoar loaat 
aguaroa analyaia of tho conduotivity-tonporatura data haa 
idantifiod tho "idoal glaaa tranaition tanparaturo" of Qibba 
and OiNarsio <158> aa boing aoro or lana tho aaao aa tho 
roforanoo toaporaturo, To, in tho VTF oquation. Thia idoal 
glaaa tranaition toaporaturo, T2 , ahora tho oonfiguratlonal 
ontropy of a ayaton vaniahaa, la dofinod aa boing a 
toaporaturo 50 dogrooa boloM Tg.



T«bl» 7.II
■t fit p«ruMt«ra froa nonlin«*r laaat aquAras aaalyaia of 

eonduetivity data.
Pelyaar Salt (N*1/[S] LaA B/K To/K Tg-To/K

roMBOlZ

PMB02Z

P0MC03Z

POMB05I

poppai

PVBNC03

NaClO^ O.OS -1 .9 2 1092 237.3 70.5
B acio. 0.125 -1 .2 9 935 251.5 58.5
B acio . 0.25 0 .72 1595 221.0 97.5
L i d o , 0.05 2.87 2390 187.6 120.5
LiClO^ 0.25 6 .89 2975 184.8 130.5

B acio . 0.0125 -0 .9 6 1330 186.4 74.5
B a d o ; 0.05 0 .28 1166 209.3 65.5
B ad o? 0.125 2.77 1386 221.4 85.0
BaClO^ 0.25 -0 .8 7 581 261.4 72.5

B ad o , 0.0125 2.38 794 195.7 33.5
B a c ic i 0.05 1.31 1090 201.7 54.0
Bacici 0.125 2 .64 1127 233.3 55.0
B a c ic i 0.25 3 .48 1278 241.0 65.5
L i c i a 0.0125 -2 .9 2 590 212.5 17.5
LiClC\ 0.05 2.10 1423 180.9 72.0
L id o . 0.125 1.98 1061 236.3 51.5
L1C1(\ 0.25 4 .66 1646 239.7 69.5

B ad o , 0.0125 2.17 613 207.1 17.5
BaClO,^ 0.05 -0 .11 735 217.4 25.5
BaClO^ 0.25 3 .39 1115 255.5 48.0

B ad o . 0.0125 -1 .6 9 563 209.0 11.5
B ad o . 0.05 0.61 748 213.7 23.0
BaClO^ 0.125 2.97 1039 233.4 44.5
BaClC^ 0.25 4 .18 1287 239.0 54.5
L id o , 0.0125 -1 .8 9 591 212.6 5 .0
LICIO, 0.05 0 .62 607 217.4 15.0
L iC lc i 0.125 2.50 1140 210.0 51.5
L1C1C\̂ 0.25 3.58 1255 238.4 42.0

L ic io . 0.0125 -2 .4 6 954 187.3 41 .5
L i d o 0.05 1.32 1204 201.5 47.0
LiC lC l 0.125 3.56 1302 234.5 48.5
LiClCk 0.25 5 .84 1801 250.3 44.5
B a d o . 0.05 0 .86 1082 213.4 41.0
B ado , 0.125 5 .29 1728 223.2 67.5
ZnC lj 0.125 1.17 1546 214.7 47.5

LiClO^ 0.0125 -2 .1 3 747 188.0 28.5
L ic io , 0.05 0 .45 884 197.9 40.5
L id o . 0.125 1.96 1012 214.5 46.0
L1C1(\ 0.25 4 .47 1440 232.4 48.0

%S la tba aolvatlng unlt partlaular to aach polyaar, 
aa daaeribad In Saotion 2.2.6.
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Although rmtmrmuam toaporuturoa hava baaa idaatlfiad at Tg 
<119,135> and at Tarloua taaparatura baloa Tg
<39,71,127,129,1S0>, it Mould appaar froa thia atudy <96> that 
tha rafaranoa taaparatura Mhioh la eoaalataatly idantlfiad la 
tha Idaal glaaa tranaltion taaparatura, Tj, Nhara tha 
configurational antropy of a ayataa is raducad to aaro, aa haa 
baan raportad by othar Norkara <21,98>.

7.1.3 Xntarpratatlon of tba TTF Analyaia Oalng a Thaoratlcal 
Nodal.

Although oonduotivity-taaparatura data collaotad for a 
aatarlal can ba llnaariaad uaing tha VTF aquation, tha 
aquation la aapirieal and a thaoratlcal nodal auat ba uaad in 
conjunction nith tba aquation to alloM tha valuaa darivad fron 
tha axpraaalon to bo intorprotad in a naanlngful aannar.

Savora llaitationa hara Inpadad any ainpla undoratanding of 
tho conduotiTity-tanparatura bahariour of nany polyaar-aalt 
coaplaxoa. Soaa polyaar-aalt conplaxaa ara conpoaad of varioua 
cryatallina phaaaa and tharafora thair tharnal bahavlour 
raflocta phaaa aaltlng and ionic floN aaong phaaaa aa Mall aa 
ion tranaport itaalf <83,159-161>. Ion pairing can occur in 
polynar-aalt conplaxaa and thia laada to variationa in tba 
charga carriar concantratlon and alao to affacta raaulting 
fron nultipla ion fornation <69,162,163>. Tha T7T aquation 
intarprota tha oonductivity-tanparaturo bahaviour of nany 
polynar-aalt conplaxaa la torna of tho notiona of polynar 
noloculoa Mhicb particlpata in conploxation. Although tho 
alonantary procoaaaa of ion nigration ara not anphaaiaad in 
thia particular approach, it abould ba racogniaad that auch
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funduMntal Ion nigmiion proe— on oro of groot inportoaoo in 
tho oToroll ion tronnport proeosa <97>.

Nony typoo of notorlols dononntroto troxtsport bohovlour 
Mhloh eon bo anolysod in t o m s  of tho VTF oquotion, hawovor« 
tho thoorotleol sodol that in nuitoblo for uno in tho 
intorprototion of tbo doto in dotominod by tho ohorootor ond 
tho phyaicol proportioo of tho notoriol undor invoatigotion.

Mhon eonaidoring tho intorprototion of tho poronotorn 
dorirod fros tho oppliootion of tho VTF oquotion to tho 
oonductiTity-tonporoturo doto of polysor oloctrolyton, both 
froo voluBO ond oonfigurotionol ontropy oodola hovo boon 
osployod.

Tho froo roluao aodol proponod by Cohon ond Turnbull 
<164 ,169 ,166> won doaignod for hard aphora aononorie liquida 
ond tba diffuaion prooaaa in thia nodal won oaauaod to ooour 
by juapa of aoloeulor diaonaion. Tha iapcrtonoo of tho froo 
voluao thaory in tho atudy of polynor oloetrolytaa Noa 
highlightad in tho aerk pranontod by aovorol workara 
<1 1 ,6 1 ,1 1 2 ,132>, hoMOVor, tho nodal nos originally proposod 
for uaa in tho study of rigid aolooulaa, ond not for tho 
trootaont of coaplax floxlbla units such os polynor ohoins. 
Mora oloborota "froo voluao" aodola hovo boon propoaod <97>, 

but os tho thoory is axtandod, thoso aodola bocoaas losa 
ottroctiva os o rosult of thoir ooaploxity, ond thoy also 
bogin to rosonblo tho oonfIgurotionol antropy nodal propoaod 
by Adoa ond Gibbo <167 >.

In on oorly publication <158>, Gibbs ond OiNorzio 
identified o second order transition at a taaporoturo, Tj, 
Nhora tha configurational ontropy, 8, of o ayatoa is sarò. It
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W M  Mtabliahad that «iae* relaxation tiaaa eharactorlxing 
▼iaooalaatlo and dlalaotrio rospoaaas baeoM vary long aa 1̂  
ia approached froe above, the glaae tranaition teaperature,
Tg, ia the experiaental aanifeatation of the aeeond order 
tranaitisn T̂ .. At teaperaturea nail above Tj polymer eolaoulea 
do not prefer any one partioular oonformation and there are 
aany maya that the polymer molaoulaa can be packed together in 
the bulk phaaa. Aa the polymer la cooled, the molaculea have 
leaa energy and tao proceaaea occur, i.a. low energy molecular 
confomationa begin to predominate and the volume decraaaea.
Aa a reault of tbia, the nxtaber of waya that the aoleculaa can 
be packed into the bulk phaae la reduced. At the ayatea 
remaina in one of ita configuratlona of loweat permiaaible 
energy i.e. the "ground atate" of aaorphoua packing and the 
free energy barrier reaiating flow of a ayatea from one of 
theae atatea (oonfIgurationa) to another ia vary high in the 
nelgbourhood of and at all temperaturea below Tj. The 
configurational entropy playa a central role in the theory of 
aibba and coworkora ainoe it la ainply related to the number 
of oonfigurationa, H, available to the polymer molecule aa the 
temperature ia varied.

In a later publication, Adam and Oibba <167> diacuaaed 
the temperature dependence of cooperative relaxation 
propertiaa in glaaa forming liqulda and it ia the theory given 
in thia reference which ia of particular relevance when 
conaiderlng the interpretation of the VTF equation in t a m a  of 
the configurational entropy model.

In thla atudy, it waa reported that the temperature 
dependent relaxation tinea in dynamic mechanical or dielectric
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•xpariaant« in liquid* mmrm d«t*rnin«d by tha probability of 
oooporatiTo ronrrangwMntn. To study tbss* transition 
probabilitiss, a eooparativaly raarranging rsgion sas dsfinsd 
as a subsystss of th* saspls sbich upon suffieisnt fluctuation 
in anthalpy, was abl* to raarranqa into another configuration, 
indapandantly of its anrironsant.

Tha nunbar of solaculaa (or sonosaric aagsants, in tha casa 
of polysars) in such a oooparatiToly raarranging region was 
denoted by s, and in the traataant, tha probability of a 
oooparatira raarrangasant occurring in a fixed subsyatas aas 
considered to be a function of tha aixa, x.

Tha s u b s y s ta a s  w a re  th an  d i r a c t a d  in t o  on e  o f  t a o  c la s a a s :  

( a )  *n* B u b systan a  a h ic h  r e s id e d  in  s t a t e s  a h ic h  a l l o a e d  a 

e o o p e r a t i r a  r a a r ra n g a a a n t  and (b )  M-n s u b s y s ta s s  t h a t  Mara in  

s t a t e s  n o t a l lo M in g  a  t r a n s i t i o n  u n der i s o b a r i c  and i s o t h a r s a l  

c o n d i t io n s .

Th* eooparatitr* transition probability H(T) is proportional 
to n/N and it can be shoun that <167>

-X ^uf -X 4«W(T) • A axp -----
I kT

7.ii.

Mhar* k is tha Boltxsann constant and Au is tha potential 
anargy barrier hindering tha cooperative raarrangasant par 
aonosaric sagaant.

Thera is a loMsr lisit (x*) to tha sixa of th* cooperative 
region that is taken into account by axprassing th* average 
transition probability in th* forn

Au
W(T) - axp 7.iii.

This expression states that th* ovarNhalaing Majority of
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tranaltions ara uadargen* by ragiona whoaa alsa diffara 
aagliglbly froa tha aaallaat aiaa, a*, that paraita a 
tranaition at all. It ia an axpraaaion of tha faot that tha 
tranaitien of thaaa aaallaat oooparativa ragiona involraa tha 
aaallaat nuabar, a*/ of aonoaar unita, auraounting aaaantially 
aiaultanaoualy, tha individual barriara raatrieting thair 
arrangaaant.

Tha taaparatura dapandanoa of tha critical aiaa aaa than 
dafinad. Tha critical alza, a*, of tha cooparativa ragion, 
containing a critical nuabar of aonoaar aagaanta, could ba 
axpraaaad in taraa of tha aolar configurational antropy (Sc) 
of tha aacroacopic ayatan ualng 

N ac*
Sc 7.iv.

Nhara ac* ia tha critical configurational antropy 
rapraaantativa of tha critical cooparativaly raarranging 
group, Mhich contalna a critical nuabar of aonoaaric aagaanta.

Inaartlng thia axpraaaion into Equation 7.ili it ia 
poaaibla to Nrlta

B(T) axp f -Au ac* 1 
kT Sc J 7.V.

It haa baan ahown that ac* can ba approxiaatad by k ln(2), and 
froa tha.tharaodynaaic dafinition of antropy it ia poaaibla to
Mrlta
Sc (T)-Sc (To ) dT 7.Vi.

ahara ACp la tha aolar haat capacity diffaranca bataaan tha 
liquid and tha glaaa, noting of couraa, that tha 
configurational antropy vaniahaa at Tq .



106

A d u  and Qlbba aaauaad ACp to ba Indapondant of 
tonporaturo, hoMovar, tha tanparatura dapandanca of tha 
configurational antropy la much battar daacribad by 

Y
ACp - -

T
Nhara Y la a conatant <39,97>. It la than poaalbla to axpraaa 
Equation 7.v. In tha fora

ln(2) To ]

7.vii.

B(T) axp 7.vili.
(T - To) )

Mhara tha eonatant Y la dafinad by ACp Tg.
Khan arittan in this fora tha aquation is racognizabla as 

balng coaparabla to tha VTF aquation <39,83> as shoan in 
Equation 7.1. ahara

Au ln(2) To
7.ix.

ACp Tg
Tha configurational entropy nodal, as dascribed above, la a 

aora raaliatic approach than tha original fraa voluna nodal 
for use in polynarle systans since it is aora probable that 
transport in tha polynar systans will occur by cooperative 
raarranganants, rather than by the hola-to-hola juaplng 
notions, Hhlch are Inpliad by the use of the free voluna 
nodal. It is Inportant to stress once again, howavar, that tha 
configurational entropy nodal dancrlbas tha properties of the 
polynar in tha salt coaplsx but does not dascriba fully ths 
ionic conductivity.

In this study, results obtained fron tha VTF analysis of 
tha conduotlvity-tanparatura data of various polynar-salt 
conplaxas Mara intarpratad in tarns of tha configurational 
entropy nodal. To evaluate Au, tha fraa energy barrier par
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■ol* ef aoooaar aagMitts, whioh iapadas raarrangaaaat of tba 
eritioal raarraaging group. Equatloa 7.x. la uaad and valuaa 
Cor M, Tg, To and tha nolar haat oapaalty changa at Tg, 
eharaatariatlc of aach ayatan, aara raquirad.

ACp Tg B
Au ‘7.x.

ln(2) To
Tha ralua of tha aolar haat capacity changa ACp which waa 

uaad in tha caaa of conb>branchad polyaara raquirad aoaa 
cona idar at ion.

In tha configurational entropy nodal, tha probability of a 
tranaltlon occurring in a cooparatlvaly rearranging region waa 
dependant on tha aixa of the region, x*, whara z waa aaauaad 
to be tba nunbar of aonoaaric aagaanta in tha cooperative 
region. Tha cooperative region waa therefore eonaidarad to be 
coapoaad of at laaat one ooaplata aonoaaric unit. Au ia 
rapraaantatlva of the free anargy par nola of aononar unita 
raquirad to allow a raarrangaaant and tharafora tba uaa of tha 
aonoaarlc unit in tha calculation of tha nolar quantltiaa ACp 
and Au ia avidant.

Tha aolar haat capacity changa, ACp, can ha aaaily 
calculated for a linear polynar, however, whan conaidaring 
tha application of the confirrational antropy nodal to tha 
conb-abapad polyaara, 'relevant to thia atudy, tba definition 
of tha baalc unit rapraaantativa of a aonoaaric aagaant 
raquirad for the calculation of the ACp la laaa apparent.

Tha nononaric unita in thaaa conb-ahapad polynara are 
axtraaaly large and it la unraaaonabla to conaidar tha 
poaaibillty of a coaplata nononario unit acting aa tha baalc 
atruetural unit involved in defining tha critical aiza of tha
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oooparAtivaly r*«rr«Bglng ragion. It M*a tharafor* asaantial 
to idantify a aora raaliatie "baalo unit” for uaa in 
avaluating tha aolar dCp, raquirad to oaleulata Au.

An "aquivalant aonoaarie unit” aaa aatabliahad in thia 
atudy ahich aaa oonaidarad rapraaantatira of tha baaia unit in 
thaaa conb-ahapad polyaara. Dapanding on tha eharactar of tba 
aidaobain in tba polyaar an CO or PO unit aaa conaidarad 
rapraaantativa of a aonoaario aagaant of tha aatarial. 
botfavar, to account for tba itaconic acid or vinyl atbar 
baokbonaa and tha aathoxy tarainal groupa in tba aatariala, an 
additional factor aaa inoorporatad. Oataila of tba "aquivalant 
aononario unit” uaad for each polyaaric boat ara daacribad 
fully in Appandix A and ara aunnariaad in Tabla 7.III.

Expariaantally, ACp par graa aaa avaluatad for a ranga of 
polyaar-aalt coaplaxoa. Thaaa valuaa aara corractad to account 
for tba aalt that had baan praaant in tba coaplax aaapla 
axaainad and tha Cp(eorr) valuaa aara than convartad to aolar 
ACp valuaa uaing tha aolaoular aaight of tha ”aquivalant 
aonoaario unit” particular to tba polynar undar conaldaratlon, 
aa daaoribad abova.

In Tabla 7.IV. tba aolar ACp valuaa datarainad for tha 
ranga of polyaar-aalt coaplaxaa axaainad ara diaplayad. It la 
apparant that tha valuaa raportad for tha PDPPaz baaad 
aatariala ara allghtly diffarant to thoaa raportad pravloualy 
<96>. In tba initial raport, ACp valuaa bad baan baaad on the 
PO aonoaarlc unit ratbar than tba ”agulvalant aonoaaric unit", 
an initial approxiaation ahlch aaa appropriata ainca 95% of 
POPPGI ooaprlaaa of PO aidachain unita. Tba valuaa raportad 
pravloualy arc tharafora aligbtly loaar than tboaa praaantad



T«bl» 7.Ill
Molar Maes of the "Bquiralant eonoearlo unit” for Various Polysari 

rolysor Molar Mass/gsol*^
raM>03X
POPPO!
PVBMI03

Tabla 7.IV
Boat capacity saasurasants in polYsar-aalt cosolasas.

Pelyaar-salt Cosplax ^Cp(cosp) 
Polysar Salt [M*]/[8] /Jg-1 K~1

ACp(oorr) ACp 
/Jg-1 K-1 /J sol-̂

PDMB03I

PPO 1025

POPPO!

N a d o , 0.0125 0.59 0.60 42.2
NaClor 0 .05 0.56 0.61 42.8
NaClO. 0.125 0.57 0.69 48.5
N a d o ,

k
0.25 0.55 0.78 54.8

— — 0.51 0.51 29.6

_ _ _ _ _ ̂ 0.50 0.50 30.6
L ic io , 0.0125 0.46 0.47 28.8
L ic io . 0 .05 0.47 0.51 31.2
LiClO^ 0.125 0.50 0.61 37.3
LiClO^ 0.25 0.47 0.67 41.0
N a d o , 0 .05 0.51 0.56 34.3
N ad o , 0.125 0.52 0.65 39.8
ZnClj 0.125 0.44 0.56 34.3

L ic io , 0.0125 0.51 0.52 24.7
LiClO^ 0 .05 0.54 0.59 28.0
LiClQ^ 0.125 0.51 0.62 29.4
L ic io ,

k
0 .25 0.44 0.62 29.4
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bar*. It Is soasptad now that ths valúas prasantad hara ara 
Bora oharaotaristlo o£ tha aystas.

It Is apparant fres Tabla 7.1T. that solar ACp valúas 
incraasa as tha s«Llt conoantration in tha polysar is 
ineraasad. Tha valúas sara also notad to ba dapandant on tha 
polyssrio host and tha incorporatad salt. ,_.

Using tha solar ACp valúas displayad in Tabla 7.IV. and tha 
To and B values displayad in Tabla 7.II. it Mas possible to 
evaluate Au, using equation 7.x. The relevant parasatara 
required to avalúate Au and tha Au values obtained are 
displayad in Table 7.V.

Au. th a  f r e e  e n e r g y  b a r r i e r  t o  r a a r ra n g a s a n t  p a r  s o l a  o f  

"s o n o s a r  s a g a a n ts ” , in c r e a s e d  a s  th a  c o n c e n t r a t io n  o f  s a l t  in  

th a  p o ly s a r  in e r a a s a d .  T h is  s u g g e s te d  t h a t  in t a r s o la e u la r  

in t e r a c t i o n s  in e r a a s a d  in  th a  p e ly s a r s  a s  th a  s a l t  

c o n c e n t r a t io n  Mas in c ra a s a d  s h ic h  r e s u l t e d  in  h ig h e r  e n e r g ie s  

b e in g  r e q u ir e d  t o  a llo M  r a a r ra n g a s a n t  o f  th a  " a o n o s a r ic  u n i t s "  

in  th a  p o ly s a r s .

Nhan c o s p a r in g  th e  Au v a lu e s  c a l c u la t e d  f o r  th e  d i f f a r a n t  

p o ly n a r  s y a t a s s .  i t  Mas s u g g e s te d  t h a t  g ro u p  r a a r ra n g a s a n t  Mas 

e a s i e r  in  th a  v in y l  a th a r  b aaed  p o ly s a r s  th an  in  th a  i t a e o n io  

a c id  based  p o ly m e rs .

In general Au values uara an order of magnitude higher, 
i.a. 30-129 kJsol*^ , than tha apparant activation energy Ba' 
values, i.a. 2-20 kJsol*^ , datarsinad directly fros tha slope, 
B, of the linaarisad condxictivity-tanparatura data, as 
discussed in section 7.1.



Ttblf 7,Y
C o n f ig u r a t io n a l  E n tro p y  N od a l P a r a a a ta r a .

Polynar Salt IN»]/(81 B
/K

ACp
/Jaor K-' /K

To
/K

Au , kJnol'
PDNE031 NaClO. 0.0125 794 42.2 229.0 195.7 56.6

0.05 1090 42.4 255.5 201.7 84.1
0.125 1127 48.5 288.5 233.3 97.5
0.25 1278 54.8 306.5 241.0 128.5

POPPQI L ic io , 0.0125 954 28.8 229.0 187.3 48.0
0.05 1204 31.2 248.5 201.5 66.8
0.125 130'2 37.3 283.0 234.5 84.6
0.25 1801 41.0 295.0 250.3 125.7

NaClO 0.05 1082 34.3 254.5 213.4 63.9k 0.125 1728 39.8 290.5 223.2 129.2
ZnCl2 0.125 1546 34.3 262.0 214.7 93.4

PVENE03 LICIO 0.0125 747 24.7 216.5 188.0 30.7
0.05 884 28.0 238.5 197.9 43.0
0.125 1012 29.4 260.5 214.5 52.10.25 1440 29.4 280.5 232.4 73.7



110

It ia «noouraglag to noto, howovor, that oetivotion anorgloa 
(Bo), Mtiaatod ualag linaor portiona of tha Arrhoniua plota 
of tha ooaduotlvity data, ara of coaparablo aagaltuda to tba 
Au valuaa ealoulatad using tha oonfigurational antropy nodal. 
Nhan Ba waa aatisatad for a high and a low tasparatura ragion 
of tha plot, for a particular oosplox, tha &u valuaa ealoulatad 
tondod to lia Intaraadiata batwoan tha two aatiaatad Ba 
▼aluaa. Tho ralaaant Ba valuaa and tha taaparatura rangoa ovar 
which thay wara oatiaatad ara diaplayad in Tabla 7.TI.

Nhan eonaidaring tha uaa of tha configurational antropy 
Bodal, in conjunction with tha TTF aquation, as appliod in 
this study, aavoral cosaants should ba notad.

1. Tho "oquivalant sonoaaric tinit” ostablishad in this 
study nay not ba an idaal choioo of "nonoaaric sagsant" for 
uaa in tho thaory, howavor, it dooa soon a aoro accoptablo 
basic structural unit than tha coaplato nonoaaric unit which 
is axtrasaly largo. It would aaan Isportant that tha charactar 
of tha "aonosoric sagnant" is idantiflod for coab-shapad 
polynars in ganaral ainca it is apparant that tha solar ACp 
and tharaforo tho Au valúas calculatod can vary draaatically 
dapandlng on tho choleo of tha "aonoaaric sogaant" for tha 
systaa.

2. Although tha Au valúas dotarainad froa tha application 
of tha configurational antropy nodal aro puraly raprosantativa 
of tho polyaor chains in tha coaplox, it la apparont that tho 
inforaation gainod concarning tho aystaa, Au, is naaningful 
and furthar oxpanaion of tha thaory could possibly allow 
inforaation conoorning tha ion transport procasaas in tha 
ayatan to ba collootad.



Tabi« 7.VI
Arrbaniua AetiTatiea Baarglaa M t l M t a d  for various 

PelyMr-Salt Coa^laxas.
PolyMr «alt [N'^]/[S] Taap. Kaag«/X Xa/kJ aol"̂
PDNS03Z MaClO.

POPPO! Lido.

MaClO,

ZnCl.,

pvKiaoa L ic io ,

0.0125 333 • 400 26
O.OS 333 - 400 46
0.125 322 - 357 100
0.125 357 - 400 59
0.25 322 - 370 122
0.25 370 - 400 64
0.0125 322 357 49
0.0125 357 - 400 30
0.05 320 - 360 60
0.05 3S0 - 400 39
0.125 320 - 360 122
0.125 360 - 400 62
0.25 360 - 400 128
0.05 320 • 360 64
0.05 360 - 400 39
0.125 320 - 360 121
0.125 360 - 400 84
0.125 320 360 74
0.125 360 - 400 96
0.0125 320 « 400 25
0.05 320 - 360 43
0.05 360 - 400 28
0.125 320 - 360 62
0.125 360 - 400 27
0.25 320 - 400 86



Ill

3, To «noourAg* further u»« of tho oonfigurAtlonal ontropy 
■odol in th* full cbarnetarlnation of solid stats 
slsotrolytss, it is worth noting that it is considsrsd unwiss 
to associata ths slops of ths linsarissd oonductirity* 
tsspsraturs data/ B/ idsntifisd in ths VTi" sguation# dirsctly# 
with a rsal activation snsrgy <97>.
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8 .1  B f f a o t  o f  e r o s a l in k in g .

In riguras 8.1 and 8.2, log conductivity mm m function of 
raciprocnl taaparatura is a b o m  for polynar-aalt cMplaxas 
praparad froa orosslinkad (XI>) and non-orosalinked PDNB03I. 
Coaplaxaa containing NaClO^ and LiClO^ Maro oxaainad 
containing salt at concantrations of [N*]/(80] • 0.05 and 
0.125. Coaploxas proparad fron crosslinkad PDPMoO 3501, Mora 
also axaainad and tha conductlvity-tanporaturo data obtained 
for tbaaa aatarials ara sboMn in Figuro 8.3. In Table 8.1. a 
suaaary of tba conductivity babavlour axbibltad by tba various 
systans alloMs easy oonparison of tba natMork and coab branch 
structuras.

l a  t b l a  s tu d y  i t  mss fou n d  th a t  c o n p a ro d  M itb  tb a  

c o n d u c t i v i t y  l a v a l a  d o ta r a in a d  f o r  tb a  n o n -c r o s a lin k a d  

a a t a r i a l s ,  rsd u ca d  c o n d u c t i v i t y  l a v a l a  M sra o b a a rva d  f o r  tb a  

n a tM ork  p o ly a w r - a a l t  o o n p la x a s .  Tha a a g n itu d a  o f  th a  

d i f f a r a n c a s  o b s a r v a d  Mhan c o a p a r in g  tb a  n atM ork  and 

n o n - c r o a a l ln k a d  a a t a r i a l a  Mas dapan dan t on tb a  c o n c a n t r a t io n  

o f  s a l t  in th a  c o a p la x  and a l s o  th a  ta a p a ra tu ra  o f  

a x a n in a t lo n .

In PDNE031 coaplaxaa tha natMork natarials axblbltad 
conductivity lavala ranging fron 28% to 68% of tha 
conductivitiaa-obsarvad for tha non-oroaalinkad polyaar, Mhan 

coaplaxas Mara axaainad at tha sana taaparatura and
incorporating siailar concentrations of salt. Sinilarly in 
PDPNoO 3501 coaplaxas, tha crossiinkad sanplas axhibitad 
conductivitias ranging fron 9% to 69% of that dononstratad 
by tha non-crosalInkad natarlala.



rmhlm e.I

Cffaót o£ eroMlinkiag on th* oonduotivity 
o£ • polyMr-Mlt eoaplwc.

• ) T « « p T * t w  ■ 353K.
Polyaar Balt (N*]/[B0] 10V/8ca-’ *(a) AT/X(b)

PDMao3X Licio, 0.05 10.96 -- --
POHao3Z XX. LiClo|^ 0.05 3.09 28 25
P0NC03X Licio, 0.125 4.17 — —

PDMS03X XI. LiClO^ 0.125 2.14 51 8
PDNS03X NaClO. 0.05 15.85 -- —

PDMK>3X XL NaCIO.k 0.05 5.75 36 17
PDPNaO 350X Licio, 0.05 33.68 — —
PDPNaO 3S0X XL LiClO^ 0.05 10.00 29 29
POFHaO 380X LiClO^ 0.125 23.98 — —

PDPNaO 3S0X XL LiClO^ 0.125 2.14 9 30

b) Taaparatura - 403K.
PelyaMr Salt [N*l/[»1 loV /Sea *(a) T/X(b)
PDNB03X Licio. 0.05 5.75 — —
P0NC03X XL Licio,k 0.05 2.57 45 30
PINIB03X Licio. 0.125 6.02 — —

PDNI03X XL Licio,k 0.125 4.07 68 12
PDMB03X MaClO. 0.05 8.51 --
I>DHE03X XL NaClO^ 0.05 3.46 41 30
PDPNaO 350X LiClO^ 0.05 10.00 — —
PDPNaO 350X XL LiClO^ 0.05 6.92 69 22
PDPNaO 350X Licio,, 0.125 15.85 - - —
PDPNaO 350X XL Licio,k 0.125 3.63 23 42

Th* paroaatag* quotad abor« daseribas tha laval e£ tba 
coBduetivity axblbitad by tha eroaaliakad aatariala (aasualng 
tha Don-oresalinkad aatariala axhlbltad 100% conductiylty) and 
MOT tha pareantaga loaa notad in tha oonductivlty.

eroaaliakad ayataa at tha apaei£iad taaparatura 
ia uaad aa tha ra£aranca.



ri««r« 8.1. plot of leg eoaduetlTity «gaiaet' reelpreeel taepereture for elkell — tel perehlerete eeapl—  prepared Cr—  PDHaoSZ el—  free ore— liaked POMB03Z.
((N^1/[B0I - 0.08) NeClOA L1C104

P0MB03I O * O
P0MS03Z (XL) • ■

10 K / T



ri««r« 8.2. ArrfaMilu« plot of leg eenduetlTlty «goiast
roelpreeol tooporotura for lithloo por^lerot« 
eeoploMO proporod freo POMIOSZ ( O ) «ad «lao 
eroaal'laked P0Na03Z ( ■ ).
{tH * l/ t»O l -  0.128)

K T K  / T



ri««r« ».3. krrhMltt« plot of leg ewtertlrlty ••«1— *roeipreeal tooperatoro for lithioa parohlerat« ooaBlwM« nroparod frop POPNoO 380X (□ )
«ad alee from oroaaliakad 'POPIIaO , . .
Mlth (M^l/tCO] ratiea ot 0.08 (Q ) and 0.128 (A).

lO^K / T
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Altbough tb* eonduotlvltle* Mould appaar to b««n
druMtioally r«due«d by orossliakiag tb* polyaar, thas* 
p*re«at*gM quetad «boy« «r« «islsadlag «ino« it 1« poaaibl« 
for • drop of 2-3 ord«r« o£ Mgnitud« to ocour Mh«a r«duaiog 
th« tmp«r*tur« by «pproxÌMt«ly 80 d«gr««s. Tb« r«duc«d 
eonductiyity ob««ry«d on oroMlinking tb« Mt«rl«l i« 
th«r«for« r«l*tiy«ly «««Il oo«p«r«d «ith th« «£f«et aot«d oa 
taaparatur« y«ri«tioa.

By coaparlag th« t«ap«r«tur«« «t whioh ooapl«x«« pr«p«r«d 
fro« eroMliak«d «ad aoa-cros«llak«d poly««r« «xhlbit « 
p«rtieul«r !«▼«! of ooaduetiTity (wh«a th« a«lt sxlt 
coao«atr«tioa «r« tb« ««a«) tb« «ff«ot of eroaaliaklag oa th« 
coaductirity of « ayatoa c«a b« «a««aa«d ia « «or« a««oiagful 
a«aa«r. A aoa-eroaaliak«d aatorial «xhibita « p«rtieul«r 
eoaduotirity «t « low«r taaporatur« th«a « eroaallakod ayat««. 
Th« aot«d 'dlff«r«ae« ia taaparatur« (A.T) r«fl«cta hoM 
dr«aatlc«lly th« oroaaliaklag h«a «ff«ct«d th« ooaduetivlty of 
th« eoapl«x. Such d«t« «r« di«pl«y«d ia Tabi« 8.1. la th« 
PDNB03Z coapl«x coataiaiag biClO^ «t « coac«atr«tioa of 
[N'*]/[IO] - 0.125, th« coaduetivity «xhibitad by th« 
croaaliak«d ayat«a «t 353K w«a a«««ur«d for th« 
ooa-croaaliak«d polya«r-a«lt coapl«x «t « t«ap«r«tur« 8 
d«gr««a lotrar. la g«a«r«l 8T N«a fouad to b« of th« ord«r of 
30 d«gr««a for aoat a«t«ri«la but ia th« PDPN«0 3501 oo«pl«x«a 
Mith « «alt eoacaatratipa of (N*]/(CO] - 0.125 AT «aa fouad to 
b« graatar tbaa 30 dagraaa.

Thia Mould auggaat that th« d«gr«« of croaaliakiag «aployad 
ia thia atudy do«a aot graatly affact th« coaductivitiaa of 
th« polyaar-aalt coaplaxaa ia aoat ayataaa. Th« «ffaot of
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eroMlinkin« on tho eonduetivlty of • nntnrinl in dnpondmt en 
th* pelynor ia^ltrod, tho oeneontrntioa of nolt la tho aotMork 
strueturo and tho taaporaturo of eporatioa. Tho offact of 
oreoallakiag on tho eoaduotivity of a aatarlal la obvloualy 
dopandoat on tho eroaallak doaalty, howoyar, this varlablo 
paraaot'or Mas not Invostlpatod la this study.

As ahoMn la Tabla 8.XX., tho Tg valuas dotarslaad for tho 
undopod polynars and also tho polyaor-salt cooploxos Maro 
hlghor la tho orossllakad aatorlals. Slaeo It la knoMa that 
tho ooaduotlvlty of tho polyoor-aalt conplox Is groatly 
Influaaood by tho lahoraat floxlblllty of tho systoa, Nhlch Is 
rofloetod la tho Tg valuo, tho roducod conductivity lovols 
obsorvod la tho crossiInkod aystoaa, Which bava hlghor Tg . 
valúas, aro not uaaxpoctad.

8.2 Effoct of Molatura.
To s tu d y  th o  o f f s e t  o f  n o ls t u r o  oa  th o  p h y s ic a l  p r o p a r t lo s  

o f  a  s a t o r l a l  and I t s  c o n d u c t i v i t y  a p o l y a o r - s a l t  c o a p lo x  Mas 

p ro p a ro d  f r o a  P0MB03X and s o d lu a  p o r e h lo r a t o  a t  a 

e e n e o n t r a t lo n  o f  (M*]/[KO] • 0.125. A i t a r  th o ro u g h ly  d r y in g  

th o  n o t a r i a l ,  s a a p lo s  M aro p ro p a ro d  la  M hlch th o  n o is tu r o  

c o a t o n t  Mas v a r ia d .  B o fo r o  a o a a u r la g ' th o  c o n d u c t iv i t y  l a v a la  

o x h ib l t o d  by  aaeh  o f  th o  t o s t  s a a p lo a ,  th o  Tg v a lú a s  Moro 

d o ta r a ln o d  u s in g  d . a ; e .  and th o  a e l s t u r o  c o a to n t  Mas 

d o to r a la o d  u s in g  t . g . a .  A l l  r o a u l t s  M ors c o s p a ro d  M ith  a 

c o n t r o l  e o o p lo x  M hleb  had boon  a to r a d  u ad o r aah ydrotis  

c o n d i t io n s  p r i o r  t o  o x a s ln a t lo a .



Tabl« 8.II
DSC d*t«raln*d Tg valuas for polyaar-aalt coaplaxaa praparad 
froa both (a) non-croaallakad and (b) croaallnkad polyaara.

Polyaar Salt m»l/tEOl Tg/K Tg/K ATg/K
PDNC03X 
PDNE03X PDMC03X 
POI003X 
POPMaO 350X 
PDPMaQ 3S0X POPMaO 350X

--- — 210.5 229.5 11.0
MaClO. 0.05 255.5 261.5 6.0
LICIO^ 0.05 253.0 266.5 13.5
LiClO^ 0.125 288.0 297.0 9.0.... --- 212.5 229.0 16.5
LICIO. 0.05 232.5 256.5 24.0
LiClO^ 0.125 2&1.5 281 .0 19.5
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Zn Figur* 8.4., tb* Tg ot th* saapl* 1* shorn •* * function 
of th* wt% BOiatur*. d*t*r*in*d. Th* *nt*nt of plaatioisntion, 
ATg, rssultlng fro* th* pr***nc* of th* aoiatur* ia «lao 
ahoan. Aa th* aoiatur* contsnt in th* coaplsx iner**a*d, th*
Tg valusa dsorsaa* in * aigaoidnl annnsr nlaoat to th* valu* 
asnaursd for th* undopsd polyasr. In Figur* 8.5. th* log 
conduetirity la plottad ngninat raciprocnl taaparntur* for 
coaplsxsa containing Tarioua aaounta of aoiatur*. It is 
apparant that th* conductirity-taaparatur* bahariour 
daaonstratad by th* polyaar-salt coaplax doaa not changa, 
throughout th* taaparatur* rang*, aa tb* aoiatur* contant is 
incraasad, bowarar, graatly anhancad conductiritas ar* obsarvad 
in th* praaanca of aran saall aaounts of aoiatur*. At roo* 
tM^iaratura th* conductirity of th* coaplax was anbancad by 
tao ordars of aagnitud* ahan 7.5 at% aoisturs aaa prasant in 
tha aatarial.

Slailar affscts aara obsarvad by othar aorkars <168> ahsn 
pradriad filas of PBO-aalt coaplaxaa aara axpossd to 
controllad huaid ataospharaa. Tb* anbancad conductivity 
ohsarvad for "aat* polyaar-salt coaplaxas can b* axplainad by 
considering th* charactaristics of th* aatarial ahieh aould b* 
altarad on introducing aoisturs into tb* systaa. Aa Mas 
obsarvad in Figura 8.4 th* Tg of tha polysar-salt coaplax is 
raducad du* to th* aoiatur* plasticising tha aatarial Mhieh 
'results in tha systM being aor* flexible at a particular 
taaparatur* than a fully dried coaplax. Tha viscosity of tha 
aatarial la raducad ahicb alloua aasiar passag* of an ion 
through th* aystaa. Whan prasant in high concentrâtions, uatar 
Mill incraaaa th* dialactric constant of tha solvating aadiua



r i « « r «  a .4 . ef Heiatvr« ob t lM  « g  ef «
OCMplM Mith m Mit eMOMtMtieB
ef (ir»]/(BO] - 0.128e. Met o£ Tg egaiast wt« UjO.
b. Plot ef ̂ Tg «gelMt wt* I2O.

33X/HeC10^

wt* “2”



ri«ur* t.S. itrrb— i w  plot of leg oeaduetiTlty egeiaet 
reeipcveel teeperetere for • «edioe 
perehlerete eeeplex of PUMBOSZ ((•H'l/tPOl - 0.12S) 
iaaerperatlag Tariene aeevBte ef aeieture.

lO^K /
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«ml allow InerMtaod dlMoeiotion of tho aolt whilo ot low 
ooneontratioao tho B^O woloeulow tboiMolToa way diasooiata to 
onbaaea tba obarga oarriar eoaoantratioa <169>.

bltbougb Arastroag and Clarka <170> i^arvad aabaacad 
eooduatlTlty lavala in a pradriad aaapla wbieb bad baan 
axpoaad to a buaid ataoapbara undar aon-ooatrollad oonditloaa, 
tba conduotlaity of tba saapla waa raduead wban tba 
polyaar-aalt ooaplax waa axpoaad to traea aaouata of aolatura 
abaorbad froa a controllad buaid ataoapbara. Wiaaaullar and 
Mleolaon <171> alao notad tbat on introducing aaall aaounta of 
aoiatura into a polyaar-aalt coaplax. tba conductivity waa not 
anbancad tbay auggaatad tbat tba initial portion of 
aoiatura abaorbad waa utilixad in bydrating tba aalt praaant 
in tba ooaplax. On hydration of tba aalt tba coordination of 
tba cation by tba atbar oxygan ateaa would ba bindarad and 
tbarafera tba aotien of tba ion tbrougb tba ayataa would ba 
raatrictad. Sinca tba affaet of ralativaly blgb 
concantrationa of aoiatura (2.3 wtt - 7.5 wt%) on tba 
conductivity of tba polyaar-aalt ooaplax waa axaainad in tbia 
atudy, tba affacta notad by workara <170,171> on addition of 
traea aaounta of aoiatura to PBO aalt coaplaxaa, wbara 
nagligibla changaa or lowering of tba conductivity of the 
aatarial waa obaarvad, ware not dataetad.

8.3 Conductivity Studiaa in an lonoaar Baaad on P0NE03I.
It ia poaaibla to prepara ion containing polyaara wbicb ara 

daacribad aa polyalactrolytaa, ionoaara or ionanaa depending 
on tba ebaraotar and concantration of tba ionic aoiatiaa 
involved. In tbaaa aatariala tba ionic groupa arc part of tba
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pelyMr <172>. Zoa oaotaiaiag polyMrs mrm ««Mrally rafarrad 
to aa polyalaetrolytaa abao tbay carry auCfleiaat oharga to ba 
aolubla la aatar, and ionoaara aban tba eoaeantratioo of 
ebarga is too loa to induea aatar aolubility. Zoaanas ara 
polyquataraary aaaoaius coapounda altb tba aaaoniua ion 
intagral in tba baekbona of tba polyaar. Siailar to tba affaet 
nbaarrad in tba polyaar-aalt eoaplaxas, tba Tg of aa ion 
containing polyaar iacraaaas as tba nuabar of ionic groups in 
tba ayataa incraasaa <173,174>.

Conductirity studias bars baan carrisd out on 
polyalactrolytos <175> and also on iononars <106>. In tbaaa 
aatorials tba currant is earriad by a knoan cbarga carriar 
aiaea ooa of tha ionic aoiatias is bound to tba polyaar

and is tbarafora iaaobils. It aas found in tba study 
of tba polyalactrolytas that tba anhydrous satarials bad a 
cooduotirity as Ion as 10~^^ Scn'^ . Xxtansira ion pairing and 
ion clustaring, abicb in affsot croaslinkad tba aatarials, 
rasultad in tbaaa axtraaaly Io m  conductiritias. It aas found, 
hniiaxar. tbat conduct irity larals could ba acbiavad
by introducing polyatbylana glycol into tba aystaas. In tba 
ionoaar praparad by Kobayaabi, conductivity lavala of 
2x10*^ Scn*^ aara raportad.

In tbis study an ionoaar aas praparsd froa 0MC03I and NMZ. 
Sodius ions aara prasant at a concantration corrasponding to 
(N*l/(aol - 0.083 and no Tg aas datarninad for tba ionoaar 
baloa 390K. Dagradation of tbs aatarials occurrad at blgbar 
taaparaturas.

In tbis aatarial tba cation is tba only potantially aobila 
ion ainca tbs anionic aoiatias ara fixad to tba polyaar
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baokbon*. Throughout tho toaporatura rang# conductivitlas of 
X « M  than 10*^ Se«*^ wora nauurad for tha ioaoaar. This Mould 
suggast that ion transport, if occurring in tha systas is of 
such louar sagnituda than that obsarvad on addition of salts 
to PDNC03I, systass in which both tha cation and tha anion ara 
fraa to nova.

Pros a study of aatsrials such as dascribad hare, isportant 
inforaation concarning tha natura of tha charga carriar in 
polysar-salt coaplaxas can ba gainad. Sinca in this systas tha 
anion is issobila, and axtrasaly low conductivity lavala ara 
obsarvad throughout tha tasparatura ranga, it could ba 
suggastad that tha anion is tha main charga carriar in tha 
polysar-salt coaplaxas praparsd fros PDNE03I. This would 
support tha thaorias of savaral groups of workers 
<43,110,111>, who censidar tha anion to ba tha sain charga 
carriar in polysar alactrolytas, an approach which is bacoaing 
increasingly sore attractive to investigators trying to 
explain tha conductivity behaviour obsarvad in polyaar-salt 
coaplaxas.

Froa this liaitad study of a polyaaric systea containing 
only one aoblle spacias, soma intarasting factors should ba 
brought to attantion.

1. It is wall known that the introduction of ionic aoiatias 
into a polyaaric backbone, to form an ionomar results in an 
increase in tha Tg of the polymer <173,174>. Knowing that a 
low Tg matarial la prafarabla for ion transport in 
polymar-aalt complaxoa it is possible that tha Tg of the 
matarial is too high to allow appraciabla ion transport to 
occur through tha polymer at reasonable tamparaturas.
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2. It Is slse possibls tbst dlssooistlea of tbs sslt ssy bs 
llsitsd dus to tbs sslt bsTisg s bi«b dissoeistioo snsrgy.
This MSS suggsstsd ss s possibls sxplsnstioa for tbs I on  

Isrsls of ceaduatiTlty obssrrsd ia tbs litbius 
Bstbserylsts-eo-oligo(oxystbylsas) oopolyasr studisd by 
Kobsyssbi <106>. Tbs ausbsr of possibls ebsrgs csrrisrs 
gsasrstsd ia tbs ioaossr could tbsrsfors bs I o n .

3. Tbs iatsrsotioa of tbs ioaie groups Nitb BO units prsssat 
is tbs sidsobsias of tbs 0NC03X ssgasats of tbs eopolyasr 
could bs biadsrsd dus to tbs ioaic soistisa sxistiag ia doss 
proxiaity to tbs polyasr backboas. Tbis Mould aot sacoursga 
dissocistioa of tbs sslt, s fssturs Mbicb rsquirss tbs 
solvstioa of tbs ostioaa by tbs oxygsa rich sariroaasat of tbs 
polyasric boat. Cbsrgs csrriar gsasrstioa Mould oacs sgsia bs 
rsstrictsd ia tbs syatsa.

Bscb of tbsas fosturss aust bo sxsaiasd ia dstsil bsfors it 
is possibls to dsolsrs tbst ioa trsasport ia tbs ioaossr is 
asgligibls ss s rssult of tbs isaobilixstioa of tbs saioa.

As sboMa ia Figurs 8.6., oa addition of so unknown 
coacsatrstioa of NsClO, to tbs ionoMr it m s s  found tbst s 
conductivity of 3.6x10*^ Sea*^ could bs obtsinsd at ~400K, 
wbicb sltbougb aot bigb coapsrsd Mitb tbs polyasr-sslt 
coaplaxss sxsaiasd in otbsr srsss of tbis study, doss 
dsaonstrsts tbst snbsaesd conductivity Isvsls, coapsrsd to 
tboss asssursd for tbs ioaoaor can bs obtsinsd at rsasonsbls 
taapsrsturss Nbsn frss ions srs prassnt in tbs systan. Sisilsr 
offsets Moro obssrvsd on addition of MaClO^ ((N*]/[B0] “
0.083) t o  tb s  p a r s n t  e o p o ly a o r ,  a l s o  shown ia F ig u r s  8.6., 
Mbsra c o n d u c t iv i t y  l o v a l s  c o a ip s ra b ls  t o  tb o a s  d a a o n a tr a ts d  by



ri«nr« t.C. ÄrrWiee plot oC log eeedwotlvlty «««last 
raaiprooal t— paratura for rarieita '
■odlva ioa ooatalaiag aatarials.

W W 0 3I ♦  ItaelOi (N'*’I/(aO ]-O .OC7 O 
OopoirMT * ItaClOL (H *]/(aO l-0.0 83 •  loaoaT ♦ HaClO^ (ir*]/CSO]- T O
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pura PDNX03X eontaiaing NaClO^, at a alallar concantratlon 
Mara obsarrad. Thla again danonatratas that nhan salt la addad 
to tha copolyaar, providad ions ara producad, tha polyaarie 
anvironaant la conduciva to Ion transport, apprselating of 
couraa that tha Tg of tha eopolyaar is loNar than that of tha 
lonoaar.

Taking this additional inforaation into account, both the 
use of a stronger acidic function in tha copolyaar, to allow 
anhancad salt dissociation a.g. SQ^B, CF^SO^B and/or tha 
displacaaant of tha ionic aoiaty away froa tha polyaaric 
backbona by tha usa of a spacer unit (prafarably EO basad), to 
allow a aora efficient interaction of tha ionic groups with 
tha CO sidachains of tha DMC03I units aust be investigated in 
this systaa bafora consent is possible on whathar the 
pradoainant charge carrier is anionic or cationic in EO based 
polynar-salt coaplaxas.

8.4 Bystarasis Effects.
As danonstratad in Figures 8.7. and 8.8., hystarssis was 

not obsarvad, whan axaaining tha conductivity bahaviour of 
these aaorphous polyaar-Mlt coaplaxas as a function of 
increasing and dacraasing taaparatura. Bystarasis is an affect 
which is coaaon in tha conductivity bahaviour of coaplaxaa 
prepared fron PEO <70,83>.



rigor« 9.1. ArrtMaio« plot e£ log aoodoetirltr «g«iaotroolpreool taoporotor« for « llthiuo porAlorata 
ooi^los of P W 0 3 I  ((M ^l/taO I -  0 . 128).
Dato oolloetod dorlag laaraaoiog (O ) «ad 
door««oiag (• ) t«op*r«tor« ▼•riatioo la th« 
t«opor*tur« eyelo.



rigur« 8.i. ArrhMltui plot ot leg oeaduetlTity «goiaot roeiproeol tooporoturo Cor « oodluo lodido 
oeoplox o£ PDIII03Z ( (N'*’]/tBO) “ 0 .128).Dota eolloetod duria« iaeroMiag ( O ) and doeroaaiag ( • ) taoporaturo Tariatlea ia tba 
taoparaturo eyola.
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9.1 Stability Studiaa.
T.g.a. NAS usad to axaaina tha tharaal stability of a 

raprasantatlva polysar-salt coaplax, basad on PDMS03I and 
containing MaClO^ at a concantration of tN*]/tEO] - 0.125. A 
significant saight loss occurrad at 470K, Nhich raprasantad 
tha onsat of tbarsal dagradatlon, alth cosplata dagradation of 
tha aatarial occurring at 570K. Taaparaturas in axcass of 41 OK 
Mara thus not usad during tha subsaquant conductivity studias 
of all polynar-salt cosplaxas. This is Hall Nithin tha tharsal 
stability ranga of tha aatarials.

Oslng t.g.a., it was also possibla to astabllah that both 
tha undopad polyaars and polysar-salt conplaxas praparad fros 
thasa satarlala had a graat ability to absorb moistura. Tha 
undopad polysara sara capabla of absorbing ea. 2 wt4 solsturs 
on axposura to a huaid ataosphara. If tha salts incorporatad. 
into tha coaplaxas aara also hygroscopic, ag parchlorata 
salts, than tha ability of tha dopad polyaar to absorb 
Boistura Has graatly anhancad. A coaplax praparad froa 
PDMB03I, containing NaClO^ at a concantration corrasponding to 

- 0.25, absorbad ~10 Mt% noistura on axposura of tha 
saapla to a non-controllad huaid ataosphara for 12 hours.

Tha absorption and dasorptlon of noistura by tha polyaars 
and polynar-salt cosplaxas appaarad to ba a ravarsibla procass, 
navarthalass, all sanplas aara carafully praparad and storad 
undar anhydrous conditions.
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9.2 Neeh*nlesl llalaxationa In Polyaars and Pelya«r-8«lt
Con p l M M .

Th* ■■nhanionl prepartins of CO subatltutad itaeenio «old 
polymr« mmrm pr«Tiously atudiad <142>. Thr«« ral«x«tlon 
proeaaaaa aara dataralnad. Tha V ral«x«tioa oocurriagat 130K 
M«s found to ba tha rasult of aynohroaous rotation about C-C 
and C-O bonda in tha aidaohain of tha polyaara. Thara aaa 
avidanca of a aaall ralaxation locatad at 21 OK Nhlcb aaa 
baliavad to inrolva notion« of tha aatar group in tha polynar 
aidaehain. Thla naa danotad tba p ralaxation procaaa. Tha ec 
loaa paak aaaignad to tha ralaxation occurring at tha bighaat 
taaparatura, at a glvan fraquancy, ia daaoribad aa tba glaaa 
to rubbar tranaition.

Zn riguraa 9.1., 9.2. and 9.3. tha logarithalc dacraaant 
(U)) aa a function of taaparatura la ahown for undopad 
polyaara and NaClO^ ooaplaxaa praparad fron P0NC01Z, PDMC02I 
and PDNK03Z raapactivaly. In aaeb flgura tha aachanioal loaa 
apactra aara all plottad on tha a a M  aeala, but tha apactra 
aara rartioally diaplacad aa the aalt ooncantration in tha 
eonplax aaa ineraaaad. In thaaa apactra tha oc loaa paak and 
tha V loaa paak aara aaaily idantifiad, hoaavar, tka ^ 
ralaxation aaa not obaarvad.

On addition of NaCIO^ to POMC011 tha oc. Iona paak occurred at 
virtually tba aaaa tanparatura in tha undopad polynar and 
throughout tha «alt concentration rang« in the conplaxaa. In 
undopad PDNE02I and PDME03I, on axtanaion of tha flexible 
aldachain, the backbone la plaaticlzad and the ralaxation 
ocoura at lower taaparaturaa in than« polynara, aa explained 
in Saotion 3.1. On addition of aalt to tha polynara, an



ri'«ur« í.1. Plot of lovarltlMiie d w r w e n t  (LO) ▼•raus
tMparatur* for wndopad PDMB01Z (1) «ad rarlouo 
■edlua porrtilorato eeoplewo of m m i  Z with 
(M-»]/(BO] ratio« of 0.03 ( 2). 0.138 ( 3),
0.28 (4) and 0.8 (8).



rigur« 9.2. Piet of legerlthale deereeeet (U>) rereue
teeperetere for iindopeJ P0MB02X (1) and varieue 
•odliMi pereblerate eee»le*ee of P0MC02X with 
(N«l/Ca01 ratloe of 0.012B (2), 0.05 (3),
0.125 (4) and 0.25 (5).



rigur* 9.3. Vlet ef legarithaie deereeent (U) Tarma
taaparatw* for wiidopod POmOSX (1) «ad Toria 
■odlua porehlerato oeaploMO ef RMSOSl wlth 
(N-»l/Cao] ratieo ef 0.0128 (2). 0.028 (3), 
0.28 (4) «ad 0.8 (8).
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•l«T«tion of tb* tMpar*tur* o£ th* oc. proemmm im net*d «a tha 
M l t  ooneantratien im iaerMMd. Thia 1« tha raault of 
oroaallnking and sldaohaln atiffaaiag affaota, diaeuaaad 
pravleualy, hiadaring tha aotioas e£ tha polyMr baakbona. Tha 
laoraaaa la aaargy raquirad to allow oooparativa aotloaa to 
oeour Mithia tha polyaar aa tha aalt ooaoaatratloa la 
laaraaaad la raflaotad la tha aovaaaat o£ tha oc ralaxatloa to 
hlghar taaparaturas.

Sub-glaaa traasltloa ralaxatloaa ara obsarvad 1a all of tha 
polyaar-aalt ooaplaxaa. la PDNBOIX-NaClO^ ooaplaxaa a 
prograaalva laoraaaa la tha V ralaxatloa taaparatura froa 100 
to 170K oecurrad aa tha aalt ooaoaatratloa aaa laoraaaad. Thla 
ralaxatloa la tha raault of oooparatlra aotloa of thraa to 
four atoaa la tha polyaar aldaohala. Aa tha aalt ooaoaatratloa 
la laoraaaad, tha axtaat of tha lataraotloa batwaaa tha aalt 
aad tha polyaar la laoraaaad aad hlghar aaargy la raquirad to 
allow tha aotloa of tha ooordlaatad ualta wlthla tha polyaar. 
Tha traaaltloaa tharafora aova to hlghar taaparaturaa.

la ooaplaxaa huav^ oa PDNB02X aad P0NS03X broad 
ralaxatloaa wara obaarvad at ~130K whaa low ooaoaatratloaa of 
aalt wara praaaat. At hlgh ooaoaatratloaa of aalt, howavar, 
two ralaxatloaa wara dlatlngulahabla, oorraapoadlag to tha 
ralaxatloa of aoa-ooordlaatad (130K) aad ooordlaatad (<180K) 
aaotloaa of tha aldaohalaa. Tha ralaxatloa oorraapoadlag to 
tha aotloa of tha ooordlaatad aaotloaa of tha aldaohala 
laoraaaaa wlth laoraaalag loa aolvatloa. Aa thla ralaxatloa 
aovaa to hlghar taaparatura tha ralaxatloa atatloaary at 130K 
oaa ba Idaatlflad aora aaally.
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Trom this liaitad study of th* ssohsnleal ralaxatlona 
eoeurriag in thM* pelynnr nnlt conplwcM it Mould appoar that 
a loan of flaxibility in tha aidaohain of tha polynar oan ba 
dataetad using t.b.a. toohniquaa. It aaaaa possibla to 
distinguish botMsan tha ooordinatad and non-coordinatad 
aaetiona of tha ohains. A auoh aora dotailad study of tha 
aatarials is raquirad, hoMOTar, bafora tha aachanical 
ralaxations Mill bs fully charaotarixad.

9.3 Xnfrarad Btudlas.
Froa axanination of Tabla 9.1. Mharo tha i.r. absorption 

froquaneias of anorpboua PIO <27> and P0MIO3I ara shoMn, it is 
apparant that faaturaa oharaotariatio of aoltan PIO occur in 
tha spaetrua of P0NI03I. In Figura 9.4. tha i.r. apaotra 
obtainad for undopad PDNI03X and also tha LiClO^ and MaX 
coaplaxaa ([N*1/[C01 - 0.125) of this polyaar ara shoMn.

Studying orystallina PIO, Davidson <25> eoncludad that tha 
-0-CB2-CHj-O- unit in tha polynar occurrad pradoainantly in a 
gauoha confomation dua to tha prananca of tMo strong bands in 
tba i.r. spactrua, ona occurring at approxinataly 880 and tha 
othar at 944 cn~^ . Xn tha aoltan stata, broadaning of tba i.r. 
absorption bands occurs and nolaoulas ara abla to adopt a 
trans confomation. For a trans ayanatry of tha BO unit ona 
strong rocking absorption is axpaotad at approxiaataly 773 ca*^ 
and a naak faatura is axpactad at 992 cn~^ . Pradoalnant 
signals charactaristic of a trans conforaatlon ara praaant at 
1322 and 1012 ca'^ in PBO-aalt coaplaxas <16>.

Slnca tha CB^- rocking aodas in tha 700-1000 ca*̂  ragion 
ara particularly sanaitiva to conforaatlon <16>, this ragion



T«bl« 9.1
Infrared «bnorptien •eelgnneats for (a) noitan PEO 

and (b) POMEOSZ.
PEO

Waranunbar aaalgnnant
/on*1

PDNE03I
Naranunbar aaaignnant

/am-^

2930 ■h ca. atr. anti 1 atr.2868 ■ «tr. ■r» 1 2860 a “ 22730 sh 11 1740 a c>o atr.
1485 ■h CB. ■e* (t) 1
1460 • ae. («) 1 1480 a “ 2 ao.
1352 • ca\ a. (g) 1 1380 a
1326 M c h J N. (t) 1
1296 n -1 1
1249 . \ C8, ta. 1 1250 a “ 2 ao.2 1 1170 ah
1140 sh'l CBa r a 1 1130 ah C-O--C atr. anti
1107 a V C-& c -c atr. 1 1105 a c-o -C atr. ayn
1038 . J 1 1030 a r.(t)992 M c-o C-C atr. 1 985 ah “ 2and CB, r.(t) 1 963 ■ \ r. (g)948 m C-C at^. CB r.(«t) 1 940 ■ I “ 2915 sh C-O C-C atr. 1

and CB A r. (g) 1 r. (g)855 m C-O atl. CB, r. 1 853 a “ 2810 mh c -o atr. CB, r.(g) I r.(t)1 750 a “ 2

a. taf 27atr. - atrateh, ao. - aaiaaor/band, a. - aag, 
ta. - talat, r. - rock, g - gauaha, t ■ trana.



r i « u r *  t .4 .  Xafrarad apKirwi e£ POMBOSl (1 )  and th* spMtra 
ebt«la*d for llthlua parehlerat* (2) aad aediiM 
iedid* (3) eeaplMM* pr*p«r*d tram th* polyaar 
Kith tM*l/|BO] ratio« of 0.125.

§ 1
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N M  «xMluNd in détail and tha apaetra of undopad P0IŒ03I and 
a LiClO^ coaplax {tll»]/t*01 - 0.25) nara eonparad. Dataila o£ 
tha apaetra ahoan in Figura 9.5. ara daacribad in tha inaat in 
Tabla 9.IX.

[In Figuraa 9.4. to 9.9. tha apaetra hava baan diaplaead 
vartieally (*T) to alloa oMy eoapariaon of apaetra.)

In pura PDNB03I, abaorptiona oeeurring at 853 and 940 
Nould auggaat that pradoainantly gaueha eonfornationa of tha 
-O-CHj“CHj-O- unit ara praaant, hoaavar, axtranaly Naak banda 
at 750 and 985 ea*'' auggaat that aoaa trana eonfornationa nay 
alao ba praaant in tha polymar. On addition of LiClO^ to tha 
polynar, anall ehangaa in tha fraquaney ranga 700-1000 en*’ 
ara notad. Thia' Nould auggaat that only minor ehangaa in tha 
eonforaation of tha polymar oeeurrad on addition of aalt. In 
addition, no abaorptiona nara dataetad at 1322 or 1012 em*̂  in 
tha apaetrua of tha eoaplax.

On eoordination of alkali natal eationa to tha polar groupa 
in tha polymar aidaehaina, tha largaat ehangaa in tha i.r. 
spNctrum Neuld ba axpaetad to oceur in tha vibrational modaa 
dua to oxygan eontaining funetional unita. Tha i.r. 
abaorptiona of earbonyl and athar groupa in tha polymar aara 
tharafora axMinad in datail. Rapraaantativa i.r. apaetra for 
both of thaaa abaorptiona ara ahoNn in Figura 9.6. for tha 
LlClO^ eonplaxaa eontaining varioua ooneantratlona of aalt. In 
Figura 9.7. tha athar abaorptiona in oonplaxoa containing Hal 
firN slxoNn aa tha aalt eoncantration la incraaaad and in Tabla 
9.III. tha ehangaa in abaorption fraquanelaa oeeurring in 
PDME03I on addition of LiClO^ ara daaerlbad for both tha 
earbonyl and athar funetional groupa.



Titoli t Ji
Infrared nbeerptloa frequnnoiM in PDMB03X and in th* 

lithium pmrchlorata and sodium iodide eomplexes.
Polymer Complex [Wl/lWl-0.125 jO-M)*
P0MB03X Lithiu« p*rehlor«t« ñoáium iodio«

Narenumber/om-^ mayenumber/om-1 marenumber/om-i
2860
1740
1450
1350
1250
1170
1130
1105
1030
985
963
940
853
750

29181737
1467
1366
1250
1195
1100

2900
1735
1450
1350
1250
1190
I l i o
1080
1020

■t oorreepondinp to Fipure 9.5.

Table 9.111
Chaagem in the oarbonyl and ether abmerption frequencies of 

PDMB03X on addition of lithium perchlorate.
Polymer-Salt Complex Carbonyl Ether

itarenumber/ cm-1
1740.2
1738.0 
1736.9
1736.7
1731.0
1736.2 
1730.5

1108.4
1108.2
1103.0 
1099.7
1102.1 
1086_.5 
1100.9' 
1091.1



n«ur« 1.5. Znfrarad mpmatrm (700-1000 oa*̂  ) ef K>NB05I 
•ad tiM lithiiaa p*rehler«t« (2) eoaplax 
praparad fraa tha polyaar.
(N*]/(n] ratio ef 0.125. -

(1 )

waTaauabar /  ear1

1000 900 800 700

tr



rigur* 9.C. Carbonyl and athar abaorptions in tba Infrarad 
apaetra of FONBOSI (1) and rarlous lithlun 
parohlorata eonplaaaa praparad from t|ta polynar 
Mith (N*]/tl01 ratios of 0.012S (2), 0.05 (3), 
0.125 (4). 0.25 (5) and 0.25 (0).

aaranuabar / ea~1



r i f lu r *  *.7. Bthar «bMrptieaa i* tbm intrmxmá « p M i r «  
of P0MB03Z (1) and varlewi oediuo iedido 
eeoploMO proporod freo the pelyoer 
Mith tM*l/taoi retieo of 0.0128 (2), 0.067 (3). 
0.128 (4) end 0.28 (8).

*T
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Xs fchs cono*iitr*1iion o£ bolih XtlClÔ  end RaX in ^hn oonplnx 
In inernnnnd, thn i.r. nbnerptiea b«nd ehnrnotnrlstie of thn 
•tbar oxygna group noroa eoatinualiy to lotrar froquaneios.
Thin in iadientirn of tha daeraanad bead erdar ia tha group 
oeeurriag an a raault of tha Mlyatioa of tha nalt by tha 
pelynar aidaehaiaa. Tha nhifta ia tha athar fraquaaeiaa ara 
largar thaa thona aanoeiatad with tha carbonyl fraquaacy ahieh 
Mould indicata that coordiaatioa of tha cation eccura 
pradoniaaatly through tha athar group. Tbara iî  honayar, a 
anali noranaat to loMnr fraquaaey apparant ia tha carbonyl 
aigaal Mhieh auggaata that tba carbonyl bond anargy ia alao 
raduoad dua to tha iataraction of thia group nith tha cation 
of tha addad aalt.

On addition of NaCl and KI to P0NB03I non-henoganaoua 
polynar-aalt aixturaa Mora feraad. Nhan tha apactra of thaaa 
aixturaa Mara axaaiaad no changa ia tha athar abaorptien band 
Man apparaat Nhan coaparing tha uadopad polynar and tha 
nixturan in nhioh tha aalt coaoantratiea corraapoadad to 
IN*]/[BO] - O.OS, an ahoNn in Figura 9.8.

Intaraetiòaa batNaan tha polyaar and aalt can ba datactad 
uaiag i.r. tachniguaa. hoMavar, auch iataractiona Mara not 
obaaryad in aon-honoganaoua polynar-aalt nixturaa. Tha 
nagaituda of tha ahift in tba apaotrun of tha polyaar la 
tharafora dapandaat upon tha aalt. tha coacaatratiea of tha 
aalt ia tha oMplax aad tha axtant of dlaaeoiation of tha aalt 
ia tha polyaar. Sinilar affacta Mara ebaarvad in tha i.r. 
apactra of coaplaxaa prepared tram PDPPOl. aa ahoNn in Figura 
9.9 aad Table 9.IV.



riour« 9.S. BtbM- «bMrptioM la th« iafrarad apMtra o£ VOMBOSX (1) «ad aodiiia chlerlda (2) «ad pet«aaiua lodlda (3) eeaplwMa prap«r«d 2i 
tha pelyaar Mith (M^I/(aO] ratio« of O.OS.

waroauabor / ea-1

«T



T>bl» 9.IV
Ch«n««a in th« carbonyl and nthar absorption fraquancisn 

of PDPPOI on addition of lithiun parchlorats.
Polynar-Salt Coaplax 
(N*]/(BO]

Carbonyl
▼ dv

Bthor
V

Mavanunbar/ Mavanuabar/
0 1735.6 --- 1107.8 —
0.025 1734.6 1.0 1105.8 2.0
0.125 1730.6 5.0 1094.7 13.1
0.25 1729.7 6.5 1083.4 24.4

rigura 9.9. Carbonyl and athar absorptions in tha infrarad 
spaetra of POPPOX (1) and yarious lithiun 
pareblorata eoaplaxas praparad froa tha polynar 
with [M*]/(PO] ratios of 0.02S (2),
0.12B (3) and 0.2S (4).

wavanusbar / ea-1

*T
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mweareb throu«hout tha »wrld ara aoa aetlvaly
inveìvad in ntudylng diffarant aapaeta ot PBO-aalt eonplaxaa. 
It baa baaa ahown that tba lavala o£ conductivity axbibitad by 
a aalt coaplax praparad Crea polyatbylana oxida baaad 
Mtariala dapanda on tba cbaractar o£ tba polyaaric boat, tba 
ebaraetar and eenoantratien ot nalt in tba ceaplax and tba 
taaparatura of aaaauraaant.

10.1 Influanca at tba Polyaaric Boat.
It baa baan aboan in tbia atudy, tbat coab-branchad 

pelyaars can ba ayntbaaixad abicb bava propartiaa aiailar to 
tboaa charactarintio of P*0, and aaorpboua coaplaxoa can ba 
praparad on addition of inorpanic aalta to tbaaa natarials. 
Furtbaraora, tba loa taaparatura conductivitiaa naaaurad for 
certain eeab-abapad polyaar-aalt ceaplaxaa aara hipbar than 
tboaa reported for PBO-aalt coaplaxaa.

Onfortunataly. aban PVME aalt eoaplaxaa aara invaatipatad. 
it aaa found tbat only at tanparaturaa praatar than 360K aara 
levels of conductivity hipbar than aaasurad for undopad PVMB 
achieved in PTMB-lithius aalt ceaplaxas. Conductivity layals 
above 10*® Scs*^ aara not attained in tbasa matarials 
tbarafora the usa of PVHE as tba boat aatarial in a polyaaric 
•lactrolyta aould appear to ba unlikely. .

In aalt oeaplaxas praparad froa the itaconata coab-branebad 
polynars, it aaa found tbat syatans praparad froa the polyaar 
aitb EO sidachains daaonatratad hiphar lavala of conductivity 
than aiailar natariala praparad froa tba polyaar aitb PO 
aidachaina aban tba inherent flexibility of each polyaaric 
boat aas tba aaaa.
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In .«It eo.pl.xM pr.p«r«l fro. *0 .ub.titut*l it«»onic 
«eld polyMr., thm oonductlTity d.t.r.in«i for .y.tM> 
eont«ialng thm mmmm mmlt «nd cono.ntr.tion of M l t  incr.«.«i 
•• th. length of th. .idMh«in in th. poly..rlc ho«t ... 
Mctandml fro. on. to (on .▼.r.g.) ..r.n *0 unit..

Throughout th. t«*p.r«tur. rung., «lk.ll .«t«l parchlor.t. 
o o a p l M M  pr.p«r«i fro. PDIIM1I. PDMKJ2I. PDME031, «nd 
POMEOSI, .xhihitml l.v.1. of conductivity no higher th«n tho.a 
reportwl for lithlu. .«It eo.pl.x.a of PEO. 8i.il«r co.pl.xe. 
prepared fro. POPMaO 3501, «re aignificently M r .  intereeting. 
\t high te.per.ture« the conductivity level, .eeaured for M l t  
eoeplexea prepared fro. PDPM.0 3501 (and al*w thoae prepared 
fro. P0NE03X and P0NE05I) Mere co.parabla to thoae reported 
for PBO-.alt eoeplexea, however, at low teaparatura. the 
level, of conductivity aeamred when low concentration, of 
■alt (particularly Mdiu. perchlorate) were incorporated into 
POPMeO 3501 were dra*atically higher than tho.a reported for 
PEO ayatoM. Since one de.irable feature which i. «jught after 
when atte.pting to prepare .alt coeplexe. fro. novel polyeeric 
arterial, i. high level, of conductivity at low te.perature., 
the .alt co.pl.xe. prepared fro. PDPMaO 3501 would appear to 
be worthy of morm detailed exa.ination.

Nathacrylata itaconate coeh-ahaped polyaer. have
■i.ilar Tg value, when BO «idechaln. of a particular length 
are incorporated into each ayate.. Thi. i. true even though 
twice a. .«ay .idechain groups are preaent per »snoeeric unit 
in the Itaoonate eyste. than in the .ethacrylate .yetan.
Since the itaconata and «ethacrylate polyner. containing on 
average 7 EO unit, per aidechain exhibit comparable level, of
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conductivity *t nodornto tonpornturo« uhon ninilnr 
eoncontrationn oí lithium salt hava boon added to the polymar, 
it can ba auggaatad that tha conductivity axhibitad by tha 
doped ayataa ia influenced pradoainantly by tha inherent 
flaxibility of tha backbone of tha polymer, i.a. tha Tg of tha 
aaorphoua aatarial. rlaxibla aidachaina in a coab-aKapad 
polymer plaaticiza tha backbone but changing tha danaity of 
flexible aidachaina in a coab-ahapad polymer doaa not appear 
to altar tha Tg of tha polyaar or tha electrical propartiaa of 
coaplaxaa prepared from tha material.

Tha importance of uaing coab-ahapad polyaara aith loa glaaa 
tranaition taaparaturaa ahan trying to identify a polyaar aith 
Buparior electrical propartiaa to thoaa exhibited by PEO aaa 
highlighted in tha atudy of tha lithium perchlorate ooaplaxaa 
prepared from P7EME03. Although only atudiad to a Halted 
•xtant hare, thaaa aatarlala hava ahoan tha potential to ba 
oxtraaaly uaaful loa temperatura aolld atata alactrolytaa.

PTSNE03 ia inherently aora flexible than tha coab-ahapad 
polyaara prepared from itaconic acid. Particularly at loa 
taaparaturaa, lévala of conductivity tao ordara of magnitude 
higher than aaaaurad for aoat itaconic acid baaed polyaar-aalt 
coaplexaa could ba achieved in aona lithiua malt complaxaa 
prepared from PyENS03. Thia ia obvioualy the raault of the 
polymeric boat having an axtreaaly loa glaaa tranaition 
temperature. The conductivity lévala exhibited by coaplexea 
prepared from PVEME03 are higher than thoae deaonatrated by 
aiailar coaplexea prepared from PDMK031, a polymer ahich haa a 
higher denaity of aidachaina per monomeric unit (3 EO unlta 
long). Thaae conductivitiea are alao batter than thoaa
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Mblbltad by th« coüvl«*«* pr«p*r«d fro« th« ■•th«oryl*t« 
pelya*rs «tith 7 10 unit* p*r «Idnehnin. Mor*ov*r, th* 
conduotlTlty l*r*l* o£ PVliae03-I.iC10fc eo*pl**** *p « 
ce.pnr.bl* -ith tho** for *nlt co*pl*x*. pr.pnrod fro. POPM-O 
3S0t; • poly^r nhlch bn* n high.r d.n*lty of *id«:h*in* p.r 
M n c r l c  unit «id nino .ueh long.r 10 *id.chnin* th«i tho*. 
pr.*.nt in PV1M103.

Th. lithiu. p.rchlornt. eonpl.x.* pr.pnr.d fro. PV1M103 
(«nd PDPM.O 3501) .xhiblt *l.ctricnl proporti*. *up*rior to 
th. *nlt CO.P1.X.* propnrod fro. ..thncrylnt. cotó-*h.p.d 
poly.*r* but inf.rior to tho*. d.«>n*trnt.d by *nlt eo.pl.x.* 
pr*pnr.d fro. th. «iloxnn. or pho.phnx.n. bn*.d co.b-*hnp.d 
poly..r*. Boxring in .ind th. f.et th.t l.v.l* of conductivity 
nchi.vwl in eo.pl.x** pr.pnr«! fro* itneonnt* polyn.r«. w*r* 
.nhnneod n* th. l.ngth of th. *id«:h.in ... .xt.nd«! fro. 3 to 
en nvorng* 7 10 unit* long, it cnn b* *nvi*ng«l thnt on 
oxtonding th* l.ngth of th. *id»:h*in in P7im03 fro. 3 to on 
nv*rng* 7 10 unit* (or po**ibly to *v*n gr.nt.r l.ngth*) th* 
lovol* of conductivity d*.on*tr*t«l by **lt eo.pl.x** proporvi 
fro. thi* n.M .otorini night fa* co.porobl. or high.r thon 
tho*. roportvl for .iloxon. or IŒEP co.b-.hop.d poly..r-*olt 

eonpl.xo*.
It i* ....ntiol thot th.** .otorini* nr. otudivl in .or. 

dotoil, *ine. it i* highly lik.ly thnt th. d.v.lop..nt of n 
rnng. of polyn.r* ««dolivi on PV1M103 would nllow n polynoric 
.otorini to b* proporvi which, wh.n dopvl, would hnv. low 
t..p*rntur* conductiviti*, thnt would b* for .uporior to tho*. 
nttninnbl* for PIO ho*t-b**vi **lt-co.pl.x**.
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10.2 Th* Influ*ne* of th* Itatur* ef tb* Soit Dop«at.
Th* conduotivity *xhiblt*d by * poly**r-**lt oo*pl*x 1* ___

d*p*nd*nt on th* nuab*r of ob*rg* oarrior* «*n*r*t*d in th* 
«yat*n on introducing «*lt into th* polyn*r. Tb* Tg of * 
polynor i* incr****d ** th* nunb*r of oh*rg* o*rri*r* in th* 
■y*t*a i* iner*«**d. By eon*id*ring th* incr**a* in Tg which 
occur* •* * function of *«lt oonc*ntr*tion, salt* which *r* 
highly dia*ooi*t*d within * polymer can b* aaaily id*ntlfi*d.

Th* incr*as* in Tg which occur* in different polymer* when 
a particular *alt i* added i* dependent on both tb* inherent 
flexibility of the polymer and aleo on th* lo** in flexibility 
in tb* eyete* a* charge carrier* are generated and aidechain 
atiffening or croaalinking effect* occur. It i* therefor* 
iapoaaibl* to coapar* the extent of polymer-aalt interaction* 
occurring in different polymer*, when a common wait ha* been 
added at a particular concentration, fro* conaideration of th* 
Tg behaviour of th* material* only. More information 
concerning th* relative diaaociation of a aalt in variou* 
polymer* can be gained if th* conductivitie* of th* material* 
are alao taken into account.

Alkali natal aalt* which incorjporated large anion* with 
relatively low lattice energie* ware found to diaaoclat* to a 
much greater extent in variou* polymer* than aalt* with high 
lattice anergie*. Alkali metal perchlorate aalt coeplexa* 
exhibited higher level* of conductivity than complex** which 
contained *o*t other aalt*. Alkaline earth, non-alkali aatal 
and tranaition aetal aalt* could be diaaolved in th* itaconlc 
acid baaed comb-branched polymer*, wharea* PTMX wa* only 
capable of diaaolving lithiua aalt*.
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10.3 Tb * Z a f lu a M *  o f  S a l t  Dopant C o a a a a tra t la n .

Zt haa boon aotad la tha litaratura that, la gaaaral. 
laotbaraal eoaduetlTlty aaaauraaaata earrlad out ovar a raaga 
of dopant eoneaatratloaa aboM tbat tba conductivity paaaaa 
through a aaxlaua aa tba dopant ooaoantratlon la tha boat 
polyaar la lacraaaad. Thla pbaaonanon waa pravloualy 
attrlbutad to a balancing of affacta l.a. an lacraaaa In tha 
charga carrlar concantratloa ccacraatad Mlth a loan of 
flaxlblllty la tba ayataa.

Tha conductivity behaviour axhlbltad by polyaar-aalt 
eonplaxaa axaalnad In thla atudy appaarad to ba allgbtly aora 
coaplax alaca tha conductivity althar paaaad through a aaxlaua 
or raaehad a plataau laval aa tha aalt coacaatratlon waa 
Incraaaad (uadar coaataat raduead taaparatura conditional.
It Naa aatabllahad tbat tha dlaaoclatlon of varloua 
aalta In POPTCZ aaa Incoaplata la all polyaar-aalt coaplaxaa, 
and alao tbat tha dagraa of dlaaoclatlon dacraaaad aa tha aalt 
concaatratlon la tha coaplax lacraaaad. Zt can ba auggaatad 
that tha behaviour exhibited In thaaa aatarlala undar conatant 
reduced taaparatura condltloaa occura aa a raault of the ion 
aigration la tba ayataa being auppraaaad ahan high 
oonoaatratlona of aalt are praaant In tba coaplax. Thia could 
occur aa a raault of largo quaatiaa of aolacularly dlaparaad 
aalt blocking tha Ion conduction pathMaya or altaraatlvoly 
Ionic aggragatoa could fora la tha ayatoa ahon tha 
concentration of charge carrlara la high enough. Tha Ionic 
nobility of auch aggrogataa aould obvloualy bo loaar than tha 
Ionic nobility of the Individual anioaa and cationa. Either
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en* of thoM condition* Mould roault in oonduotlvity l*v*l* 
falling Nb*n high eoncantrntlons of *«lt *r* pr*s*nt in thm 
poly**r-**lt eo«pl*x*s.

10.4 Th* Znflu*ne* of Traporntur*.
In *11 poly**r-a*lt coaplaxaa preparad froa Itacenat* and 

vinyl athar coab-abapad polyatara, it Naa noted that th* 
conductivity incraaaad nonllnaarly aa th* taaparatur* naa 
raiaad. In thia atudy, th* configurational antropy aodal Naa 
uaad in conjunction Nith th* Vogel-Taaaann-rulchar (VTT) 
aquation to intarprat th* conductivity-taaparatur* data for 
aon* polyaar-aalt coaplaxaa. rurtharaora, th* inforaation 
gained froa thia approach naa fait to b* of a o M  thaoratical 
laportanc*.

Th* vrr rafarano* taaparatur* naa conaiatantly found to b* 
aoaa fifty dagraaa below th* glaaa tranaition taaparatur* of 
th* polyaar-aalt coaplax. Thia rafarenca taaparatura Mould 
tharafor* appear to coincida with th* ’ideal glaaa tranaition 
taaparatur*" of Glbba and DlNarxio, nhar* th* configurational 
antropy of a ayataa vaniahaa to xaro. It naa poaaibl* to 
calculate Au froa thia configurational antropy aodal for 
varioua polyaar-aalt coaplaxaa, and it Naa aatabllahad that 
th* fra* energy harrier par aol* of "aonoaario aagaanta" Nhieh 
raatrict rotation about Halted aaquancaa of a polyaar ohaln 
Inoraaaad Nith th* aalt concentration in th* coaplax.

Th* application of th* configurational antropy aodal to th* 
conductlvity-taaparatur* data obtained for a polyaar-aalt 
coaplax ia by no aaana a n*M idea. Howavar, it ahould b* notad 
that th* Au valuaa praaantad in thia atudy for varioua
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pelyMr-Mlt eeaplaxM mr* possibly ths first to bs rsportsd. 
At prsssat, ths ssohsniss of loa sigrstioa la PCO-sslt 
oesplsxss is still Tory sueh uadsr iaTostlpstioa.

Rbtwithstsadiag tho foot that egsb-shapod polysors sro 
difficult to ebsroetorlso fully la tsras of tho 
coafiguratioaal oatropy sodol, it could bo ooTlsogod that 
usoful iaforsation could still bo obtalaod by tho application 
of this Bothodology to sisplor aserphous polyssr-salt 
oosploxos. Sueh iaforsatioa should than alloM tho sleroscopie 
ion transport sochaaiss in polysor-salt eosploxos to bo soro 

. eloarly dafinod.

10.5 Naturo of tho Chargo Carrier.
In gonoral, tbo naturo of'thà prodoslnant ehargo earrior in 

polysar-salt cesploxos la still tho subject of such 
speculation. Tho naturo of the predominant charge carrier In a 
polynarie oloctrolyto is of prime Importanea and completo 
uadorstaadiag of tho procossos occurring in polynor-salt 
cesploxos is impossible Mhon no details are available 
concerning this. In tho current Mork, thara Mas soma ovldonca 
Mblcb auggastod that both tho cation and tho anion aro mobllo 
in polymer-salt complexas.

Moro laforaatioa could bo gained coacoraing tho character 
of the saia charga carrier in polymer-salt complexes by 
oxtaading tho study of ionomars; this topic mas considerad 
only briefly in this study.
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Th* a*«d for tronaport miabora to bo oooourod for ooaploxoa 
proporod froo tbo coob-ohopod polyaor« moo opporoat throu«bout 
this study. Tbo posoiblo loportonco of this typo of 
sossarosoat mss porticilorly higbligbtod Mhon oooploxos 
proporod froo aslolus porobloroto sad siao ohlorido Noro 
studiod.

10.6 Othor Footuros of Xsportoaco.
Coob-sbopod polysors oro obriously iatorostiag sotorlols 

sad it bos booa shoMa ia this study that aou sotoriols ooa bo 
proporod, Mhieb Nhoa dopod Mith iaorgoaio salts, ora oopoblo 
of oshibitiog eoaductirity IotoIs suporior to thoso roportod 
for salt eosplaxos proparod from PEO, particularly at I o m  

tospsraturos.
Za a d d i t i o a  t o  b o ia g  a b lo  t o  a x h ib i t  h ig h  e o a d u c t i v i t i o s ,  a 

p o l y a o r - s a l t  o o s p lo x  u h ich  M ould bo a  s u i t a b l o  a l t a r a a t i v o  t o  

a  P B O -s a lt  e o s p lo x  f o r  uso i a  a  s o l i d  s t a t s  c o l l  M ould r o q u ir o  

o x c o l l o a t  s a e b a a le a l  s t a b i l i t y .  l a  t h i s  s tu d y  i t  Mas fo u a d  

t h a t  ia t r o d u e ia g  a  I o m  d o a s i t y  o f  c r o s s l i a k s  i a t o  a p o ly a o r i c  

h o s t  a llo M S  a  p o l y s o r - s a l t  c o a p la x  t o  bo p ra p a ro d  M hich 

a x h ib i t s  l a r o l a  o f  c o a d u c t i v i t y  M lie h  Moro a o t  s i g a i f i c a a t l y  

loM o r th a a  th o s o  ao asu ro d  f o r  th o  n o a - c r o s l in k o d  a a t a r i a l .  

F u r th o ra o ro ,  th s  a a t o r i a l  mss o b v io u s ly  s o r o  a a c b a a ic a l l y  

s t a b l o .

A aoro dotailod study of aotMork aatorials could bo 
uadartakoa aad idaally, crossliakod systoss could bo praparod 
Mhicb Mould bo aoro robust thaa tho coaplsxos proparod froa 
tho aoa-crossliakod I o m  Tg coab-braachod polyaar oxaaiaod ia 
this study. If tho orossliak doasity Mas tightly ooatrollod
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than tha ooaduatlvitiaa could also bo optislsod so that 
aaoaptabla laaals could ha attainad.

10.7 Variation of Conductivity sith Fraquancy.
Tha conductivitios azhibitad by tha polysar-salt coaiplaxos 

studiad in this sork, sarò all datominod as a function of 
incraasing tanparaturo at a constant froguancy of 1.49 kHs.

Bosovor, oondtictivity soasuronants can also bo oarriad out 
as a function of fraquanoy. This additional aspact of tha sork 
sould ba of groat It'torost and oould aithar ba carrlad out 
on:- (1) a sida rango of conb-shapad polynar-salt oonplasos to 
oollaot datailad inforsatlon doscribing hos tho conductivity 
of a polynar-salt conplax is affactod by fraquoncy variation, 
or (2) a slngla oonb-branchad polynar-aalt oosplax. This sould 
parsit tho affacts of both tosparaturo variation and froquancy 
variation on tho conductivity of a polynar-aalt cosplax to ba 
oosparod dirootly.

10.8 Final Conclusion(s).
Although tha study of tha olactrical propartias- of eonb-ahapod 

polysar-salt ooaplaxas sas inltiatod only fairly rocantly, it has 
alraady boon aatablishad that thaao satarlala dasonstrato aany 
intaranting foaturos shlch oould ba davolopad furtbor to alios 
tho proparation of ■•‘\^arlala oxhiblting oxcoptionally high 
lavala of conductivity at los tanparaturos.

Tho ultlsata goals in this aroa of rosoarch aro tho 
davalopsant of a singla satarial shich is both highly 
conductiva at los tosparaturos, and shich also possasaas 
sultabla aloctrochaslcal, aachanioal and tharnal stability
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owmr long porlodn of tins. Motwithstnndlng tho nbovo nontionod 
gonla, It la vital, froa an puraly aoadaalo point of viaw, 
that a aida ranga of aatariala (aueh aa thoaa invaatigatad in 
thia atudy) ara oontinually praparad and oharactariaad aa 
fully aa poaaibla.

Polyathylana oxida-aalt eoaplaxaa hava baan undar 
oontiuoua invaatigation for naarly 20 yaara, and, at .praaant 
eartain aapaota of thaaa aatariala ara atill not fully 
appraoiatad. Xt would ba hopad that by atudying tha alaotrioal 
propartiaa of aany diffarant pelyaar-aalt eoaplaxaa uaing a 
aida ranga of taohniquaa, auch of tha apaeulation ahich haa 
baan notad throughout tha duration of thia aork aill finally 
ba raaolvad. Hhan tha aachaniaa of ion tranaportation, tha 
natura of tha charga oarriar(a) and tha prooaaaaa involvad in 
oharga carriar ganaration in polyaar-aalt ooaplaxaa ara fully 
undaratood, it aill ba poaaibla to pradiet tha alaotrioal 
propartiaa of a givan polyaar-aalt ayatan, and furtbaraora, it 
abould alao ba poaaibla to prapara polyaar-aalt ooaplaxaa 
ahioh Nould auitabla for uaa aa tha alaotrolyta aatarial in 
aolid atata oalla aith ralativaly graatar aaaa than ia 
ourrantly poaaibla.
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APPCTDIX A

C*laulatloB to OotorailM tho Molar Mo m  of tha 
"CquiTalont MonoMrio Unit" for Various Polyaars.

Osin« tha configurational antropy nodal of Adan and Oibbs, 
▼alúas obtainad on linaarisation of eonductivity-tasparatura 
data using tha Vogal-Tassann-Pulchar aquation could ba 
latarpratad in a naaningful sannar, as dascribad in Cbaptar

To usa tha configurational antropy aodal in this study, 
honavar, tha solar haat capacity for a "nononario sagnant” of 
a conb-shapad polynar had to bo calculatad. As oxplainad in 
Saotion 7.1.3., it is unraalistio to assuaa that tha oosplata
ir-rn----unit in a ooab-shapad polynar would buhara in a
aiaiXar nannar to tha nononaric aognont in a linaar polynar. A 
BiM’h anallar "aquiralant nononarie unit" was tharafora 
astablishad.

An athylona oxida (*0) or propylana oxida (PO) unit 
(dapanding on tha oharactar of tha solvating unit in tha 
sidaohain of tha polynaric host) was assusad to ba a suitabla 
fragnant of tha axtranaly larga aonoaar unit which could ba 
considarad conparablo to tha nonoaario sagnant in a linaar 
polysar. Tha "aquivalant nononaric unit" which was finally 
usad to dafina nolar quantitias whan applying tho 
configurational antropy nodal to eoab-shapod polynars includad 
a contribution raprasantativa of tha non-atharaal auctions of 
tha aonoaar unit (such as tha itaconato backbono and sldachain 
torninal gro«va) ia addition to tha aain contribution 
introdxioad fron tha praviously discussad othar unit.



Th* aolAr a a M  (M «aql of th* "aquivalMt aoiuMarlc unit" or 
dononurio auynunt for oaoh polynorle boat m a s onloulntod m  

■bowB boloM.

Molar Haas of a Nonoaario Oait
Nfaq) Muabar of felVatlng Onita par Nonoaorla Onlt

Tha ralavant data raqulrad to oaloulata NCaqifor aaoh 
polyaar of lataraat ara diaplayad in Tabla h.

Tabla A
Datalla raouirad for Calculation of M <aâ  for Tarioua Polvaari

Polyaario Boat P0NBO3I PDPMI PVBNB03
Molar Naaa of Nonoaaric Unit/gaol*^ 422 2080 190
Solvating Onita in tha Nonoaar BO PO CO
Solvating Onita par Nonoaaric Onit 6 34 4(a)
N (aql /gaol'^ 70-3 61.2 47.5

a)
Tba aidachain in VCNE03 containa 3 CO unita, boaavar, tha 
baokbona -CHj-CH^-O- group aaa eonaidarad coaparabla to an 
additional unit. TCNC03 aaa tharafora aaauaad to contain 4 
aolvating unita.


