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Values art deduccd for the iolcraction parameter X for pdymethyl mcthAcryUic.
polyfCyrene, and polyvinyl chloride syrtemt by ao application of the Fox-Flory theory
to the viacositiet oi a polymer fraction in a suitable range of solvemi. Analysis of theac
values as in part 1 leads to the assignment of cohesive energy densities for the polymers.
For natural and butyl rubbers it is shown that the analysis of viscosity and swelling measure-
ments lead to identical values of cohesive energy density.

Assignment of c.e.d to natiual and synthetic rubber networks has been des-
cribed in the preceding paper.i The c.e.d. of rubbers were deduced from the
Flory-Hufghu hiteraction parameters X, obtained for the various rubber liquid
systems from the equilibrium degree of swelling and the application of rubber
elaatidty theory.2-6 The method is therefore limited to polymer networks which
show rubber-like elasticity and is applicable only with difficulty to polymers
which are not rubbers at ordiiury temperatures.

An alternative approach oi wider applicability is to evaluate X from viscosity
measurements on polymer solutions. In particular, values of X may be deduccd
from limiting viscosity mmibcrs [17] by means of the Fox-Flory theoretical treat-
ment * Thereafter the noethod of assigning solubility parameters to the poly-
mers follows that described.!

Solubility parameters for natural and butyl rubbers are derived in this paper
using the published viscosity data in di/ferent solvents ™ a comparison of these
with solubility parameters deduced from swelling measurements indicates the
consistency of the two approaches. Viscosity measurements on polystyrene,
polymethylmethacrylate, and polyvinyl chloride fractioru are then reported and
solubility parameters derived.

EXPERIMENTAL AND RESULTS
MATSaIALS

PoLYSTvaENE—Redistilled styrene with an equal volume of beaxeoc was polymerizcil
to 10% by heating to 60°C in vacmo with 0-25% benzoyl peroxide for 12 h. The poly-
styrene was then fraaionated by adding the requisite volume of methanol to a 2% solution
in methyl ethyl ketone, warming to complete dissolution, and cooling overnight to 25*C.
A middle 28% fraction thus obtained was similarly refractiooatcd to give an 8*5% fraction
on which the viscosity measuremenu were made- This secood-stage middle fraction had
an osmotic molecular weight in benaeoe unng Zimm-Mycnon oaometers fitted with
Aikrfeimst membranes of 247,r00.s

PoLYMmnrutthucmYLATa.~Redistilkd mooomcr with an equal voti-w of benzene
was polymerized imvacmo by (H>5% benzoyl pcnnbde to 15% convenioa in 200 min at
50*C. Fractionation was carried out as for polystyrene to give a 6% second-stage middle
fraction having an omotic molecular weight in tolueae of 1,3”,000.

PotYvwvL CHioaiOf.—Commercial powdered polymer, Corvic D/65 of I.CI. Ltd..
was extracted with a boiling 3 : 2 benaene + acetone mixture to leach otit about one fhtrd
of the polymer of a relatively low viscosity. Fractioctmtioa of the extracted material
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methacrylate, and poly\inyl chloride, respectively. TiMe vlacoeitiea m n lalHa « Hm
/Arra viscosities.  This is a good approximatioa for the higher mnliicidtr wigiwpdy m .
but the degree of approximation for the polyviayl cMorMe Is ie* certain.

DISCUSSION

The Xvalues for the various potymer + soheot tystetm can be derived accordsag
to the Fox-Flory treatment” with introduction of the Florr-Huggina ( lattke
approximation, from the expresaion;

0-3 + JT*- X- 8_4
2C;tX M

where [i;] and [i)]i are the limttinc viaoodties in th( soNeot and fhrtt aolviot rea-
pcctiveiy of a homogenous fiaction 0f molecular weight M and cfaaia kngth x
in a solvent of molar vohuDc K|. CmJ(is aconstant dependent only oa tfaaepedfic
volume of the polymer. There is alto a ftirther relation. hl» << JTMi The cal-
culated X are recorded in tables 1, 2,4, 3, and 6.

Tabu l.—Vbcostties and calculatid x »0anatiaai. auaaca in oiPFiatNT IOLVima.*
«olvtaC M 1
2 : 2: 4-trimcthylpenlane 2-052 0*431
/r-hexane 2'4U 0-426
/r-hcpune 24 k¢ 0416
it-ocune 2723 0-422
if-decane 2*14t 0-413
metiiyl cyclohexane >172 0-356
/jpbutyd /t-butyntte 1-97» 0443
cydoheune 3-27, 0*371
/i-biityl aoeutc 156« 0-4S6
1:1: I-trichJoroethanc 319« 0-359
carbon tctr«chloride 3 A 0-326
tolueae 322# 0-378
ethyl profMooate 125, 0-504
1: I-dichloroethane 2-692 o442
bcfuene 3-00, on17
dUoro/onn 3540 0-390
tctrahydrofuran 2-74, 0-442
methyl iMnityl kttone (Vo0, 0-315
methylene chlortde 266s 0-462

methyl iv-propyl kefonc 066 0-518
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2:2; }*thmelhylbutanc 353 a45H
~-heptane 3 1S
#r-hexadccanc 2-52 0-4'™M4
eyclohcxunc 515 07421
toluene 269 r>4xH
hcn/cnc 137

Taw> 3. Valum Hm iHt soiufiruTY PARAMmMR Of NATUKAL ASI> »Ur~I
OBTAINfo BY SWF.U iINno AND VISCOSIIY MtAMUfMINIV

rubber method S2from ke from imrrcrr
natural swelling XOH 12-8
natural viscosity 801 8 05-7-9M
butyl swelling 7 HI 7x43-7-'
butyl viscosity 7-K3 - -N
lahif 4.- Vf«<)siriM ANr> x poi.v.srvRESf
M 247.000, 0-"96 (cxpl.»
jt 2370, 2C mA 48 10 \
jr * 0021, A S m10 N
[Wf, 0398 (calc.).
solvent =] *!
/vebutyl rt-butyrate )-7(M 0 6.? 14N
w-butyl acciatc 0-678 044 (»4S™
carbon tetracliU”riiic 1-324 0-3: O-.Wfi
toluene 1061 0.M ivai:
nnethyl ethyl ketone 0607 051
benzene 1113 0 39 (=4S
chloroform 1-215 0-31 i»4:N
methyl isobu\y\ ketone 04n7 0 53 0 <1’
r/j-1 : 2-<lichlorix'th>lene 1112 I' . 4N
methyiene chlondc 140" 0 M 0 Mv
1:2-dichloroethanc 1 133 0 3> N 4--;

Table 5.—Viscoaums and x h > ptnvMHuvi MUMACKM MI VANtS1  Mi

A f- 1,360,000 10 ~
X - 13.600, k ~N5 \o \
A** - 0009. I~ 0 'M) K.lic »
io«v«m hi K
f}-butyl acetate 1-150 0 65
1:1: 1-trichloriKthane 2-998 034 t*
/f-propv lacetate 1613 04" 0
toluene 2 555 044>
ethyl acetate 2056 0 04~
benzene 3-541 0 N
chlori‘fonn 4W 0
methyl /xc*butyl ketone 130) oM
r/j-1: 2ilichloriKth)IciH* 5 8" Otv. "N

nicth>| «-prop)l ketone 11SS 0 .
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Fm. 1.— Determination of the solubfliiy pvametcr.
A, natural rubber; B, butyl rubber (ordinate ditptaord by + OKL2).

There was very good agreement for polystyrene between the value of hk
calculatcd from the published value of K and that derived experimentally.
The agreement was less satisfactory for the polymetfiylmetfMcrylate sample;
since the published value of is dierivtd fix>m more extensive dau than is our

a value of (ijb calculated from the published K has been used. No value of
K for polyvinyl chloride is available and so the experimental [>i]i has had to be used
without fuxrhcr check.
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SolubiUty ptrameter of soiveot (cal/om’)*

Fn. Z—DetBrminatioa of the aohibility p«nuneter.
A .poly«tyi«m; B, polymitlityl methaicrylate (ordinaie displaoed by + (H)I); Cpotyvinvl
chlonde (oidiaMi diiplaced by + 003).

Tau 7.—Vauw or

«<*56 1-5*4 52
polyndtyl medMcryUte 905S 9-12-905
potyvkyldriocide >53 M(5-9-3«

AttUsalatifttopoliaaatto cngaii* faMo UQf WHtatkMH inlrodiwed into the
vaira dll— iaad ftotn vtocodey mwaMtmecna 1f cnaioaB«iHinii-<kpcD(fcno» of
Fkxy aad DaouatM |««« ghm aapBtto eaial auppott for a oonoentntioo &-

paDdBaoa of X of
X - X| +XIW ¥ Xjajd . . .
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Th» vah» of t] - t>M for polyHyiww te dktkaeth kmm tea itw appraii-
iMtety»l MrhHwlbyacottMdM”~**—dbyIB»irM<ipwo»r.»* Sow
iaadeqiMGkt of tfa* focnNr't frivtnwnt hm  bB 4kamm4 For
polyvinyl chloride, the value of 8- M is ia food atmmmt wuUfa Doty lad
Zabk'f  wrimtioo ftom rNvliint nwwrcmmti  Bo(k Doljr aad Zabk nd
Boyv md Spencer™ vahM wm dbtelned fhxn ci>xMag mmmmmaiK a wlw
of X foe one solvent obtained from owwtic pwssuw dMa W if M«l to calteaie
the Bttod. Soaall's> m A tcoaa for rtifiinil pova pniki tx f«IMs lor
polynMthptantbwiyiato and polyvinyl cyorids«llUB«>l «fi» valM «MMd
hm andal| vahMfor potrstynm 0-5 ttaa ital atalHd.

Tha coodiisioaa naolMd as to ttm vakM of th» cAd.
siariMy to tIM5* poiynsn. CAd. eam ba asttgBid to
wMIiBiXhiii to these properttes from aon<e. d. ftKton cf «Udh iw's is
* jrierl btowiedfe for any spedfic case. Hence c«.d. scfys oiriy aa a vary UN-

faide to possible polymer + sohant imeraction.
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