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Static and quasielastic light scattering from
solutions of poly(ethylene oxide) in methanol
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Static and quasielastic light scattering measurements on dilute and semi-dilute solutions of monodisperse
poly(ethylene oxide) in methanol have been carried out &€25our PEO fractions having weight average
molecular weights equal to 31 500, 90 000, 230 000 and 904 000 and degrees of polydispersity lower than 1.1 were
used. The angular dependence of Zimm plots shows no downturn at low angles. In addition, monomodal
distribution curves were computed from the quasielastic measurements, confirming that PEO are molecularly
dispersed in methanol at 25. Experimental scaling laws for the radius of gyratiBg, the second virial
coefficientA, and the hydrodynamic radil, have been determined. The exponents characterizing these scaling
laws confirm that methanol is a good solvent for this polymer. Finally, the overlap concentrations corresponding to
the transition between the dilute and semi-dilute regimes were determined for the different PEO sartpis.
Elsevier Science Ltd. All rights reserved.
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INTRODUCTION the PEO solutions®® Indeed, the formation of the
aggregates is assumed to be an intrinsic property of PEO
in solution, i.e. a decrease ojlgw at small angles is
observed for intensity measurements carried out after a

The aggregative behaviour of poly(ethylene oxide) (PEO) in
various solvents has been studied by many auth@rBirst

of all, Strazielle has evidenced, using static light scattering, ~. o .
the aggregation of PEO in methaholThese aggregates simple filtration of the solutions. These downturns,
were assumed to be constituted of PEO single crystals Which'HUStrat'nQ. the presence of aggregates, dls_appe_ar_, however,
completely disappeared when the solutions were heated a@](‘jtgrt_heatlnﬁ at ﬁm tog PEOtso%lophs ng% St'rr'?r?' Inl
40°C. After the thermal treatment, the excess Rayleigh ratio addition, wnhen heated up to 3, the - —Mmetnano

did not exhibit the downturn at low angles, typical of the solutions present a go_od stability over time: no ewdence_ of
aggregates. On the basis of the previous work by Strazielle, 2899régate formation is observed in static light scattering
Kinugasaet'al determined the scaling laws &% and A, 'intensity measurements even after several months of aging.

: ; For optical clarification, the solutions were slowly filtered
YDVEI(%QG demonstrate that methanol is a good solvent of directly into light scattering cells through Ouzn PTFE

As concerns the dynamic light scattering, Zhou and filters.

4 . .

Brown o_bserved two relaxation moc_ies in the autocorrela- ~haracterization

tion functions of untreated PEO solutions. The slow and fast The static light scattering (SLS) measurements were

modes correspond to the aggregates and the molecularly . Ic g Ing u w

dispersed macromolecules, respectively. carried out with a Brookhaven BI200SM goniometer. Light
This paper reports static and dynamic light scattering fgténae?]tl_ebxee; n%WTﬁreIaﬁ?é%s?eigipn;lgrtaesreléjselq r?ts theere

study of dilute and semi-dilute solutions of PEO in methanol Imelasured at séatterinl an l;elsan ina from 35 to|9130’W

at 25C. The molecular weight dependences of the radius of Al experiments were gerfogr]med zgz% :

gyration Rg, the second virial coefficienA, and the P p

, - ; - : The Rayleigh ratid?g = 4 X 107° cm™* of toluene ah =
hydrodynamic radiuRRy are discussed. Finally, the transi- g i
tion between the dilute and semi-dilute regimes is 488 nm was used to calculate the Rayleigh ratio of the

; : - . scattered light. Scattered intensity data were analyzed with
investigated by dynamic light scattering. the Zimm metho& XS was plotted against sifg) + kC
according to the following relation:

EXPERIMENTAL SECTION

KC 1
Sample preparation AR, |\7I<1+ o Ff) +2AC
W
Four PEO fractions with a very low degree of )
polydispersity were used. Their characteristics are listed in Whefr’ q1s 0the_ modulus of the wave vector equal to
Table 1 Spectral grade methanol purchased from Aldrich 4= 3N sin(3), Mw, Rs and A, are the weight average
was distilled before preparing the solutions. As pointed out Molecular weight, the radius of gyration and the second

by several authors, special care must be taken in preparing/irial coefficient, respectivelyK is an optical constant
y P Prepaing efined asK:47r2n0(dn/dC)¥/Na>\4 where N, is the

*To whom correspondence should be addressed Avogadro number.
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Figure 1 Zimm-plot for PEO {1,y = 230000) in methanol at 26

Table 1 Molecular characteristics of PEO fractions

(Mw) (MM ) Supplier

31500 11 Hoechst

90000 1.02 Polymer laboratories
230000 1.06 Polymer laboratories
904 000 11 Polymer laboratories

The dynamic light scattering (DLS) measurements were
also performed at 2&. The analysis of the scattered light
intensity fluctuations was carried out using a Bl 9000 AT
correlator. Dynamic properties of the studied system, such
as the hydrodynamic radiuRy, were deduced from the
correlation function. The autocorrelation function of the
scattered intensitg,(7) was measured on the PEO solutions
at different scattering angles and different concentrations.
The autocorrelation functiog,(7) is given by:

(1) = 1+ Blgy (7)?

whereg,(7) is the first-order correlation function depending
only on time and wave vector. So, we can make it equal to
S(q,t) and for a monodisperse systegi(r) is expressed as:

01(7) =S(q,t) = (q,0)-e” "l

if the conditiongR <« 1 is respectedR being the radius of
the diffusive particles, the first cumulahtis defined a§' =
q°D, whereD is the diffusion coefficient.

The hydrodynamic radiuRy is thus obtained from the
diffusion coefficient according to the Stokes—Einstein
relation:

Ry = ks T
6mnoD
wherekg, T, 5o and D, are the Boltzmann’s constant, the
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Figure 2 (a) Radius of gyratiorRs of PEO versusthe weight average
molecular weightMyy. (b) Second virial coefficiend, versusthe weight
average molecular weigi,y

correlation functions: the cumulant method for polydisperse
systems and CONTIN that computed”) from experimen-
tal measurements.

RESULTS AND DISCUSSION

Static light scattering measurements

The angular dependence of the excess scattered light from
the different PEO solutions in methanol was experimentally
determined. The radius of gyrati®y and the second virial
coefficient A, were obtained from the average slopes of

absolute temperature, the solvent viscosity and the diffusion KC/AR, versus|sirn?(6/2) + kC]. As shown inFigure 1 for

coefficient extrapolated at infinite dilution, respectively.
As the distribution of the studied system can be
polymodal or monomodag () is defined as:

o(r) = JW(I‘)e*“dI‘

Two numerical methods were used to analyze the
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the PEO fraction witiM,y, = 230 000, the experimental data
are distributed onto straight lines in the Zimm plot without
downturn of KC/AR, at small scattering angles. The
solutions are thus aggregate free and the PEO chains are
molecularly dispersed. As described in the experimental
section, the solutions were heated up to°GObefore
filtration to dissolve the PEO crystals and aggregates
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_ Figure 4 Distribution function recorded at 96or PEO (M, = 230000
Figure 3 Correlation function measured at= 90° for PEO My, = g Mw )
230000)

present at room temperature. The radius of gyraRgns
plotted as a function of the molecular weigtil,
(Figure 29. The linear variation observed in the log—log
curve corresponds to the following expression:

R = 0.063My; %

The 0.5 power law is in good agreement with thé8ry
Indeed, the positiveA, values derived from the Zimm
plots show that methanol is very likely a good solvent for =
PEO: an exponent equal to 0.6 is then predicted from the
theory of Flory. However, we note that the exponent
experimentally determined for different polymer—good sol-
vent systems actually vary between two limiting values of
0.5 for a# solvent and 0.6 for a good solvent, depending
upon the swelling of the polymer cotfs

In a similar way, a linear relationship between lagy
and logi,,) is observed irFigure 2band corresponds to
the power law:

(10* rad/s)

o —0.31+0.1
Ao =0.043My Figure 5 First cumulantl’ versusthe square of the wave vectqf for

Obviously, the negative exponent illustrates the decrease ofvarious weight average molecular weighg,: (a) My = 904 000 ©); (b)

the polymer solubility with increasing molecular weights. My = 230000 (J); (c) My = 90000 ); (d) My = 31500 © )

The experimental value of the exponent0.31 is in agree-

ment with the value previously reported by Kinugasal®

(—0.28+0.06). As previously reported by Zhou and Brofyrbimodal

correlation functions are observed for untreated PEO
Dynamic light scattering (DLS) measurements solutions. Based on the concentration dependences of the

Dilute solutions. The correlation functiong,(r) for the ~ two modes, these authors concluded that the slow mode
different PEO samples were recorded at different angles andProbably arises from the presence of molecular clusters and
different concentrations. Thg, function of the PEO frac-  the fast mode represents the collective motions of individual
tion with My, = 230000 measured &t= 90 is shown in chains. These two diffusive modes were observable in the
Figure 3 the related distribution function computed accord- dynamic light scattering experiments as a consequence of
ing to the CONTIN method being given Figure 4 the size polydispersity in the system. o

For all studied PEO samples and scattering angles, only ~The linear dependence &f with q° shown inFigure 5
monomodal distribution curves have been observed for confirms that the conditiogR < 1 s fulfilled. Accordingly,
thermally treated methanol solutions. These observationsthe diffusion coefficientD can be calculated using the
confirm that aggregate-free methanol solutions of PEO canrelation

be obtained with adequate thermal treatment. The occur- T
rence of a single distribution allows us to use the cumulant D=
method which makes it possible to estimate the mean value q
of I. whereq is the scattering vector.
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Figure 6 Diffusion coefficientD versusthe concentratiol®€ for various
weight average molecular weight,,: (a) My, = 904000 Q); (b) My, =
230000 [0); (c) My, = 90000 (); (d) My, = 31500 © )
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Figure 7 Hydrodynamic radiu®y of PEO in methanol solutioversusts
weight average molecular weighty

In Figure 6, the D values are plottedversus the
concentration for the different PEO molecular weights.
Afterwards, the D, values are extrapolated at infinite
dilution and the hydrodynamic radiu®y values are
computed from the Stokes—Einstein equation. The log—
log plot illustrating the scaling law betwed?y and M,y is
shown inFigure 7. The data are fitted according to the
following expression:

Ry = 0.021My*%%

As shown above for the SLS study, the exponeniVigj
(0.54) is in good agreement with the thedrAgain, the
experimental exponents reported by Scha@ffar various

systems range between 0.49 and 0.57 depending on the&?2)

polymer and the solvent. As deduced from the SLS study,

a value of the exponent close to 0.5 indicates the existence

of weak excluded volume interactions. We note that the
precision of the dynamic light scattering technique is
slightly better than that of its static counterpart.
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Figure 8 Diffusion coefficientD versushe concentration for a PEO with
My, = 90000
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Figure 9 Overlap concentratiof* against the weight average molecular
weight My,

Semi-dilute solutions. The transition between dilute and
semi-dilute regimes is studied by DLS. In fact, the overlap
concentrationC*, at the transition between the two regimes
can be determined experimentally from the concentration
dependence db.

(1) For dilute solutions, i.e. having a concentratidr< C*,
the molecules are dispersed and the diffusion coefficient
D strongly varies with molecular weighb is defined
by the Stokes—Einstein equation:

__keT
~ 6moRy

Note that in the angular range of our experiments, only
the diffusion of the whole chain is observed.

In the semi-dilute regime, the solution can be consid-
ered as a network, since all chains overlap, the average
cell dimension of the network corresponds to ¢heara-
meter™. The diffusion coefficienD becomes roughly
independant of the average molecular weight but
strongly varies with the polymer concentration. The
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semi-dilute solutions can thus be assimilated to a pack- solutions. Finally, the overlap concentratio@?, at the
ing of spheres with a radiusy, the diffusion coefficient  transition between the dilute and semi-dilute regimes and its

being expressed by the equation: molecular weight dependence were studied by DLS.
_ keT
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As expected, the variation &f with the polymer concen-
tration exhibits a sharp transitioRigure 8 which can be
assimilated to the transition between dilute and semi-
dilute regimes,C* corresponding to the concentration
of the break. AR andRy, a scaling law describes the
dependence a&* with My,. The log—log plot is shown in

Figure 9and corresponds to the equation: REFERENCES
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