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Summary

Static anddynamic light scattering dafaom polystyrene in cyclohexane and toluene mixed solvent
are reported. It is found from th&mm plot analysis of the static data that if the subtraction of
solvent signal is made properly then, the results are consistent with those in tolueagnmad
preferential adsrption of the good solvent. Contin analysis of theadgyit data yields two modes
unlike the dynamics of polystyrene in single solvent solutions which exhibit a single mode at all
polymer concentrations covered here. A possible interpretation of the fast and slow modes is given.
Keywords: Mixed Solvent; Dilute Polymer Solution; Preferential Agsion; Static and Dynamic
Light Scattering; Relaxation Modes.

Introduction

Unlike thermodyamic and structurapropeties (1-5), dyramic propeties of polymers in mixed
solvents were not given a sufficient attention and only few studies waoeted using quasi-elastic
light scattering (QELS). Very recently To aihoi (6) investigted the chain shrinking near the
critical temperature of poly-acrylic acid in water ad@-Lutidine. They observed two modes and
analysed their relaxation rates to see the effect of the solvent criticafitition. Combining QELS
and thermal field flow fractionation Van Asten et &) investigated the thermal ftfusion
coefficient of PS in THF/dioxane and in THF/cyclohexane and observed that THF noaglyst
adsorbed on the polymer. Solomon andlIbtu(8) investigated mixtures of PS, its oligomers and
dioctyl-phtalate DOP) with variousnethods including QELS with thaim of having access to the
solvent-polymer intexction. dearly a needor more efforts to elucamte thedynamicpropeties of
polymers in mixed solvents is stillrehg and the present work is a contribution along these lines.
Since the mainpurpose here is to focus on the dgrcs, we give the relevenhformation
describing the static behawir without further dtails for shortness. It is beyond the scope of this
note to review the extended workaghable in the literature on the static and quasielastic light
scatteringrom binary PS/toluene and PS/cyclohexangesys(9-13).

Experimental

Materials and sample preparation

Polystyrene sample PS572 was prepared by anionic polatiens under inertatmosphere
according to a process described elsewhere (14). The weight-average molar [pF&&OQ00) and
the polydispersity index (1.12) of the sample westetmined in tettaydrofuran (THF) by Gel
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PermeationChramatography (GPC). Reagent-grade solvents were used throughout. The solutions
were allowed to mixHhoroughly over the course of 24 hours assisted bylegegitation at 38°C.

They were clarified by cenftigation at 18000rpm during 2 hours and thenefigd into the
scattering cells.

Equipment and data analysis

The density and viscometric measurements were made at 36°MBABO densitometerRAAR,
Austria) and a Viscologic TI-1 visooeter (Sematech, France) respectively. The refractive index and
refractive index increment measurements were made at 36°638min on a Abbe redctometer

and on a Brice-Phoenix differential refractometé84) resgctively.

Static light scattering (SLS) measurements were made at 36°C using a FICA 50 (FICA, France)
apparatus. The light source was a 3 mW He-Ne lase833nm). TheZimm plot mehod was used

to determine the weight-average molar mass tde radius of gyration Rand the osmotic second

virial coefficient A using the classical equation :

KC 1 q°R%
AR~ Vi {1+ 3 ([ +2A2C ¢Y)

where ARy is the excess Rayleigh ratio and g the magnitude of the scattering wave\emt
vertically polarised incident light the optical constant K is given by :

B 41(',2n2(dn/dC)2
AN,
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where n is the refractive index of the solveytthe vacuum wavelength of incident light andthe
Avogadro's constant.

QELS experiments were germed in the homodyne mode at 36°C using a honik-pnoton
correlation spectromete(l5) assoiated with a digital orrelator (ALV3000; Germany). The
experimental autamrelation functions of the scattered light(qx) were analysed using the
CONTIN software (16) following thelassical &pression :

C(q.7) = €(q.0) [ exp(- POIG(T)ar ©)

wheret is the time and the characteristic frequehag given by :
I'(a)=Dq? @

D is the translational tfusion coeffcient of the particles. The concentration range covered in the
present experiment is between 1Xlénd 7X10 g.cn’. The highest concentration is roughly 6
times lower than de Genndg47) overlap concerdtion C. In this dilute range, the diffusion
coefficient depends linearly on the concentration as :

D= Do(l + de) (5)
In this expression kis the dynamical virial coefficient or the ukgins coeftient. The

hydrodyramical radius R of the scattering particles is related tg tbhrough the Stokes-Eitesn

relationfor a sphere (9) :
kgT

Ry = 66Dy (6)

where k is the Boltzmann constant angthe viscosity of the solvent at the absolute temperature T.
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Solvent |  dwdC M, A, X 10° R, K, R,
(cm’.g") (g.mole”) | (cm’.mole.g?) (A) (cm’.g") A)

T 0.1096 672000 2.68 384 75.63 241

C 0.1611 732000 0.85 319 -93.39 181
T/C 0.1353 922000 2.16 475 85.03 240

Table 1 Experimental values of the refractive index increment (dn/dC), the weight average molar
mass M,,, the second virial coefficient A,, the radius of gyration R, the dynamical virial coefficient
k, and the hydrodynamical radius R, of PS572 in toluene (T), cyclohexane (C) and
toluene/cyclohexane(50/50) (T/C) at 36°C.

Results and discussion

The measurementsperted here are made at 36°C(+0.05) on a 50/50 (volatn@) iIsolvent mixture

of toluene/cyclohexane. A more detailed investigation in terms of temperature and solvent
composition will be the subject of a futur@sk. Table 1 cbbects the result$or the refactive index
increments dmC, the molar masses Mthe second vial coefficients A, the radii of gyration R

the hydrodyamic radii R, the Huggins (9) coeffients k.

Static light scattering@nd Zimm plot analysis

Static light scattering and Zimm plot analysis werefgrened sysematically on PS solutions in
toluene, cyclohexane separately and their mixture. The Ryayfaiio usedfor benzene as reference
was R,=12.55X10 cm”. The Zimm plot analysis yields the results given in Table 1. It shows that
the molar mass of PS in the solvent mixture is overestimat@d%y This high value iattributed to

the procedure of excting the bakground signal due to the solvent mixture. Indeed extsdijon to
zero polymer concentration yields a much higher signal than in the caspuo¢ @olvent mixture
(ratio 1.37 and 1.26 with respt to toluene and cyclohexane). If the extrapolation to zero
concentration is adopted to estimate thekbemund signal due to the solvent, ondats the same
molar mass and second iair coefficient as in the toluene soloi. Note that the molar mass and
second viral coefficient are sensitive to th@ocedure of subdicting the solvent signal while the
radius of gyration is not since it is obtainedm the slope of I(q) versug.dSince the Zimm plots do
not give further infomations, they are not displayed héoe shortness. The above obsaiwns are
also supported by the dgmic data discussed below.

Quasi-elastic light scattering

Figure 1 gives the noralised orrelationfunction of PS572 in toluene and in the solvent mixture
toluene/cyclohexane obtainethder gmilar conditions. The insert shows the CONTIN analysis of
the same experimental results. A single mode is observed in toluene while in the binary solvent
mixture a fast mode appears. The correlafiorction of PS/cyclohexane also shows a single mode
under the ame onditions which is consistent with the results of Ritzl et @R). Solvent
fluctuations become stronger and the &tge of the fast mode increases with the solvent
concentration while that of the slow mode decreases. The extrapolation to zero polymer
concentration yields a high signal of the solvent mixture. This result is consistent with the
observation made earlieuggesting to subdct the zero concentration limit in the Zimm plot
analysis.



264

3.5x10f 26X10% 20
Time (s)

Figure 1 Correlation function of PS572 in
toluene (O; C=5.34X10" g.cm”®) and in
toluene/cyclohexane (OJ; C=5.25X10" g.cm™)
at T=36°C; Scattering angle 0=20°. Inset
shows the CONTIN analysis of the
experimental curves in toluene (-----) and in
toluene/cyclohexane (—) where G(D) is the
distribution  function of the diffusion
coefficients.
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Figure 2 Variation of the diffusion coefficient
of PS572 as a function of the polymer
concentration at 36°C. The straight lines are
the linear fits to the experimental points. The
diffusion coefficient in the
toluene/cyclohexane(50/50) solvent is the one
which is associated with the slower mode.

Figure 3 Variation of the relative amplitude
of the fast (®) and slow (M) mode as a
function of the PS572 concentration in
toluene/cyclohexane(50/50) at T=36°C and
6=20°. The lines are just guide for the eyes.
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a) QELS data of PS/toluene and PS/cyclohexane solutions
These QELS data show a singlgpenertial decayunder all conditions of the experiments. The
relaxation frequency iproportional to §in the whole g range covered here indicating fiusive
process. Figure 2 shows the iagion of the difusion coeffcient as afunction of the polymer
concentration. In cyclohexane one observes a linear decaeaseding to ecation(5). Kok and
Rudin (18) suggested the following emgal lawfor PS/cyclohexane solution at 35°C :

D, = 1.3X10" M-**" (cn'.sY) (7

Introducing M = 7.32X10yields D = 1.58X10 cnf.s" which is only slightly lower than the result
obtained here (i.e. D= 1.68X10 cnt.s’). According to egation (6) one otains R, = 181 A and a
ratio R/R,=0.567 roughly 15% lower than the thetical predictior(19) 3/(87t") = 0.664.

The Huggins coeitient describes both static ahgdrodyramic interactions aceding to the known
result :

K,=2AM-=-k 8)

where k is the hydrodyamic contributon. In cyclohexane since,As almost zero one expects a
negative coefficient k-k and D decreases when the polymer concentration increases as observed
experimentally. For the toluene solution thegdins coefitient is positive and relatively high.

Likewise the hydrodyamic radius reflectgood solvent coritions. Unlike the cyclohexane case

one finds a ratio RR, = 0.628 higher than the thedical prediction(19) R/R, = 0.537.

b) QELS data of PS/(toluene-cyclohexgb6/50) solutions

The QELS data of this mixture reveal twdfdsive modes withelaxation frequencieproportional
to . The diffusion coeftients are represented ingkire 2 as a fution of the polymer
concentration and the results satisfy the linear relationships :

D slow: DOP (1 + kdp C) D fast: Dof (1 + kdf C) (9)

The slow mode is reminiscent of the polymeffudion. The infinte dilute limit reflects the single
chain diffusion coeftient :
D .= 1.79X10 (cnt.s") (10)

The variation with the polymer concentration gives a large positivggids coeftient k, =85.03
and indicategood solvent contlons where excluded volume interaction is overwhelmingly large as
compared to hydrodymic backflow effects. Thdwydrodyramic radius deducedfom D,, and
equation (6) gives a result consistent with the toluene solvantely R = 240 A. The fast mode is
characteristic of solvent fluctuations and yields #Hudion coeffcient two orders of magnitude
higher than the slow mode :

D, = 2.42X10 (cnt.s") (12)

If one wants to attach lydrodyramic size to this mode, one would obtain the size of a statistical
segment consistent with the diffusion of solventleoales. This mode is hardly sensitive to the
polymer concentration with an extremely lowdgins coefitient k, = 208X10. The variations of

the diffusion coeitients and the relative amplitudes of the fast and slow modes are givegures-i

2 and 3 respectively. At a relatively high polymer concentration the solvent mode decays very fast
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and the scattering is almost entirely due to concentration fluctuations. If the polymer concentration
decreases from 5XI@.cni’ to 1X10' g.cni’ the amplitude of the fast mode increases by a factor 8.
Both diffusion coeficient and relative amplitude of the slow mode increase with the polymer
concentration.

Conclusion

This paper deals with theropeties of PS in cyclohexane and toluene mixed solvent obtained by
elastic and quasielastic light scatteyi For comfeteness, data takemder gmilar conditions on PS

in each of the two solvents are also presented. Zimm plots reveal that by subtracting thieosignal

the bulk solvent mixture, the molar mass of PS in mixed solvent is overestimatdd%yA
correction is made by subtracting the sigitam the ternary mixture extrajaded to zero polymer
concentration. The solvent fluettions are enhanced by the presence of the polymer. This behaviour
is confirmed by the dyamic data and th€ontin analysis of the autocorrelatidmnction of the
scattered light. This treatment reveals two modes whose amplitudes and relaxation frequencies are
investigated in terms of the scattering angle and the polymer concemtrabie fast solvent mode
speeds up with decreasing polymer concentration while the amplitude increases. Solvent fluctuations
are enhanced by the presence of the polymer. Both the amplitude and the frequency of the slow
polymer mode increase with the concentration. The slow matke ate similar to those obtained

with toluene alone confirming the prefetiah ad®rption. Therefore both the fast and slow modes

are sensitive to the preferential agstion of the good solvent on the polymer.
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