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ABSTRACT: We have analyzed the fine structure of the distribution of relaxation times obtained from dynamic
light scattering on solutions of homopolymers and diblock copolymers. We have shown that in a carefully designed
experiment two additional fast modes can be identified in the distribution of relaxation times, besides the usual
cooperative mode, heterogeneity mode, and cluster mode. We have shown that the faster of these two modes,
well observable only at small angles, is due to the thermal diffusion coefficient of the solvent. For the slower of
these two modes, several experimental findings lead to the conclusion that this mode is representative of the
motion of the solvent molecules in the solution.

1. Introduction concentrated solutions: viscoelastic relaxatiersandf-chain

. . . i 16,21,22
Dynamic light scattering has now been used for more than "elaxations. _ _ . .
30 years in experimental studies of dilute, semidilute, and _ WWhile from a physical point of view these dynamic processes

concentrated polymer solutions, and many aspects of this €Xist in any polymer solution, some of them are not observable

powerful technique have been investigated in various systems.°" dgtectable under given cqndlthn§ due to the properties of
the light scattering process (insufficient contrast or scattering

In the pioneering days linear correlators have been used with a ; > e
relatively low number of channels (¥®4) that still made it ~ amPlitude) or due to the dynamical range of the dynamic light
scattering technique (the process is too fast to be detected).

possible to determine the translational diffusion coefficient in ic liah i h : Vi
particle dispersions or dilute polymer solutions with good _ DPynamic light scattering has been used independently in a

accuracy: Soon it became apparent that when more complicated different field of dynamic properties of pure liquids or binary
systems than dilute solutions are examined, the correlation Mxtures of liquids. Thus, it has been shown that the thermal

function cannot be described by a single relaxation time but diffusion coefficienF Of pure quuids can be determiqed when a
several components are needed. When the ratio of relaxation’€terodyne dynamic light scattering measurement is performed
times was larger than-35, splicing of correlation curves was &t Very small angles}? The thermal diffusion coefficient has
applied to generate a combined correlation function covering a &/SC been geetermlned in glass-forming I|qU|_dszt;y dynamic light
larger interval of delay time33 Continuing advances in this sgattgrln§5~ a,”c?' by forcgd Raylglgh scatterifig’ The r."“t“a'
field lead to construction of logarithmic multi-tau correlators ~ diffusion coefficient of binary mixtures has been studied on the
covering a dynamic range of a few or many decades of delay SYStems methanol/benzene and ethylacetate/cyclor&xXéaed

time. It has been shown that the detailed information contained " sevgral other mixtures of simple organic |I(Z]Uﬁ98.. .
in correlation functions with channels linearly spaced over the !N this paper we report on dynamic light scattering experi-
whole delay time range was not needed.Progress in  ments performed on a number of polymeolvent systems that
electronics over the years has made correlators still faster ang'@V€ been initiated by our ongoing investigation of dynamic
photon detection more efficient. The fastest correlators today properties of self-organized diblock copolymer systems in

offer a shortest delay time of a few nanoseconds while the Mixtures of two partially miscible solvents.In these studies
longest delay time depends on the measurement time and isVe observe, besides the dominant polymer diffusion process

almost unlimited. Practical accumulation times rarely exceed 1 2nd the slower modes described previously, also two additional

or 2 days above which difficulties may appear with sample or diffusive mpdes with relax.ation times smgller.tha.n those
instrument stability or operator's patience. corresponding to the translational or cooperative diffusion. Here

A large number of different dynamic processes have been we show that one of these processes corresponds to the solvent

described in various polymesolvent systems which have been thermal diffusion, and we present speculations on the origin of
reviewed in recent yeafsl® Important examples are the the other fast mode.

following: (1) In dilute solutions: translational diffusion of 2. Theory

polymer coils, internal mode of homopolym€ror diblock We follow the derivation of some aspects of the dynamic
copolymer chaing?4547(2) In semidilute solutions: cooperative  |ight scattering theory as presented in refs 11 and 32 with several
diffusion of the transient polymer network, heterogeneity mode details that will be useful in the discussion below. The intensity
related to polymer self-diffusion (in diblock copolymel8}3174647  of |ignt of frequencyw scattered with a scattering vectqy

entanglement mod¥, chain reptatiort}!> viscoelastic relax-  |(q,w), is given by the fluctuations of dielectric constantVe
ation/'® diffusion of clusters:1"183°Rouse modes have been consider a binary mixture of two components such as a mixture
predicted theoretically and observed experimentafy(3) In of two liquids or a mixture of a polymer and a solvent. The
dielectric constant of such a medium fluctuates because of
* Corresponding author. E-mail: stepan@imc.cas.cz. fluctuations in temperatur€, pressureg, and concentration:
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_ [0e(q.m) Oe(q,w)
de(qw) = (T)T,P dc + (T)C,P daT +
oe(q,w)

(T) > (D)

Fluctuations in temperature lead to the thermal diffusion
coefficient D, observed in pure solveft, 27 fluctuations in
pressure to frequency-shifted peaks in the frequency spectrum
of scattered light that are related to the speed of sound, and
fluctuations in concentration to the mutual diffusion coefficient
D of the polymer/solvent system.

T A(7)

3. Experimental Section

3.1. Materials. The polymers used were (1) a diblock copolymer
polystyreneb-poly(ethylene-propylene), a commercial product of ) o ) )
Shell Co. labeled as SV-50 with molecular weidhy, = 96 000, ~ Figure 1. Distribution of decay times foa 5 wt %solution of SV-50
polydispersityM./M, < 1.2, and styrene weight fractidr= 0.43, in THF at 25°C and for the indicated scattering angles.
and (2) a polystyrene standard PS-97 (Polymer Source Inc.) with
molecular weighivl,, = 97 000, withM,,/M, = 1.05. The solvents
toluene and tetrahydrofuran (THF) of p.a. grade were purchased
from Aldrich and used as received.

The solutions of polymers and copolymers were prepared in two . ) )
steps. A solution in cyclopentane with< c* was prepared and whereT is absolute temperatureg, the viscosity of the solvent,
filtered through a 0.2zm Millipore filter into a dedusted optically andkg the Boltzmann constant. )
clean sample cell. After evaporation of cyclopentane and drying in For V|sual_|zat|on an_d analysis of some <_:orre|at|on curves we use
vacuo, the final solvent (toluene, THF) was filtered into the cell, the subtraction tec_hnlque qevel_oped earlier and fully des_c_rlbe_d in
which was then flame-sealed. The solution concentrations are "€fS 35 and 36. This technique is very useful for the identification
indicated in weight percent (wt %). and analysis of very weak contributions to the correlation function

3.2. Dynamic Light Scattering The dynamic light scattering and for removing some artifacts that may appear in the Laplace
(DLS) instrument consists of an ALV CGE photogoniometer transformation process (see eq 4), in particular the so-called
equipped with a Uniphase 22 mW HeNe laser and an ALV6010 o-effect37381t consists of subtracting from the experimergél(t)
correlator. For measurements at angles belowalfome-built DLS a calculated correlation functicf”(t) = 3|_ A exp(~t/z;) corre-
instrument was used equipped with single-mode fiber optics and sponding to the relaxation timeswith amplitudeA that have to
an ALV5000/E correlator. In this instrument a 100 mm path length be eliminated, so that
optical cell is used so that measurements down to an angle bf 0.8
are possible. For very long measurement times (several hours) an 0 = g™t — ot) (6)
occasional passage of a dust particle (which can never be removed
completely) through the scattering volume is unavoidable. To 3 3 pylsed-Field Gradient NMR. Self-diffusion PFG NMR
improve the quality of the measurements, a large number of short experiments were measured at 25 with an upgraded Bruker
time accumulations were performed (between 500 and 1000 pyance DPX300 spectrometer using-gradient inverse-detection
measurements of 1 min), measurements affected by dust particlegjiffysion probe connected to a BGU2 gradient unit. A Tanner
were excluded, and the remaining correlation functions were pjsed-gradient stimulated echo sequence was used with the field-
summed and averaged to produce data unaffected by dust. Allgradient incremented in the range 60 G/cm for the solvent self-

5 4 3 2 1 0 12
log z[ms]

Stokes-Einstein equation

D = ks T/677R, (5)

measurements have been performed at@5 _ diffusion and 6-650 G/cm for the polymer self-diffusion. The
Th_e measure(_j intensity correlation fun_ctlg@(t) is r_elated to lengths of the gradient pulsésas well as the diffusion delag
the field correlation functiom®(t) by the Siegert relatid were held constant, 1 and 60 ms, respectively. The 8K points of
@ Wyrer 2 the FIDs for each of the 16 experimental points were detected in a
g(t) = 1+ Blg™(V)] 2 quadrature mode and converted to 4K points of the spectra after

Fourier transform. The signal intensity decay was fitted to the

wheret is the delay time of the correlation function afids an exponential dependence on the square of gradient magrgtude

instrumental parameter. The field correlation functig®(t) is

related to the distributioA(r) of relaxation timeg by the Laplace
transformation ) Y P 1(9)/1(0) = exp[~y°Dg awird (A — 6/3)g] )

1 wherey is the gyromagnetic ratio of protons abdnwr is the fitted
g( )(t) - f A7) exp(-t'r) dr ®) self-di#usion c%yefficiegt. All decays %r the solvent in the measured
systems were strictly monoexponential, offering thus a single value
of Dsnmr- IN the case of the polymer, they were slightly polyex-
ponential due to molecular weight distribution, but the fitting offered
one strongly prevailing component (over 90%), which was taken
as the value oDsnmr-

In order to extract from the measured intensity correlation
function g@(t) the distribution of decay timeA(r), we use the
nonlinear program REPE%3*37that performs the inverse Laplace
transformation of@(t) according to

g?)=1+4 f A7) exp(—t/r) dr]? (4) 4. Results

Since a logarithmic-axis is used for allA(z) graphs shown In this cont.rib.ution we present results obtained. in simple
below, the distributions of relaxation times are shown in the equal SYSIEMS consisting of (a) one diblock copolymer in a single
area representatidfzA(z) vs logz. The relaxation time is related solvent, (b) one homopolymer in a single solvent, and (c) one
to the diffusion coefficienD by the relatiorD = (zg?)~%, whereq neat solvent only.
is the scattering vector. The hydrodynamic radysf the diffusing 4.1. Diblock Copolymer in a Good SolventFigure 1 shows
objects is calculated from the diffusion coefficient using the a typical example of distribution of relaxation times obtained
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Figure 2. (a) Correlation functiorg®(t) for a 5 wt %solution of SV-
50 in THF at 25°C and scattering angle 30(b) Enlarged part of
g(t) in (a) at small delay times. The full line corresponds to a
correlation function that represents modess3in Figure 1.

Figure 3. (a) Correlation functionggl)(t) from Figure 2a, after
subtraction of modes-35, using the subtraction techniqéf® (b)
Distribution of decay times corresponding to (a).

under good solvent conditions on a solution of diblock rather slow diffusive mode has been observed a number of times
copolymer SV-50 in THF, a good solvent for both blocks, at in various polymer systems and is usually referred to as cluster
25°C, the polymer concentration being 5 wt %, at several angles of which typical sizes appear to be about HED0 nm?3.17.18.36
in the range 268:60°. A typical correlation curve is shown in  For solutions of diblock copolymers its existence has been
Figure 2a. plausibly explained by Lodg¥, who argues that even in a

In a single good solvent, the diblock copolymer solution is selvent that is good for both blocks the interaction between the
not structured if the concentration is lower than the concentration pjocks leads to a tendency of the system to create clusters.
Copt corresponding to the order-to-disorder transition (ODT).
By analogy with results reported in ref 48, we expect that for
the polymer SV-5&opt is about 38 wt %. For the data shown
in Figure 1 we have < copr, and therefore this solution has

The purpose of this contribution is to discuss in particular
the origin and properties of the fast modes 1 and 2 in Figure 1.
These modes are not an artifact of the inverse Laplace
the properties of a regular semidilute solutf§riThe overlap transror.matflon as o(lle)monstrated %?IOW' Flguri ﬁa glhoy\[;s the
concentratiore* (for a homopolymer in a good solvent) can be  correlation functiorgt)(t) corresponding to one of the distribu-

estimated @8 ¢* = M/((4/3ytNaRy?), whereM is the molecular ~ tions (at angle 39 shown in Fig;”e 1. Figure 2b shows an
weight of the polymerR, the radius of gyration, andls the enlarged view of the initial part af™(t) where clearly the faster
Avogardo number. For such a polymer we obtefn= 2 wt decays are observed. Indeed, the full line represents a correlation
%, and for the solution shown in Figure 1 we have* = 2.5. function corresponding to modes-8 in Figure 1, and a clear
Several modes are visible, numbered from the fastest to the@nd relatively important increase of the experimental data points
slowest. The decay rate of all modes has been found to beabove this line is observed for delay timesmaller than 0.01
proportional tog? thus, they can be considered as diffusive. ms. For a better visualization of this initial decay, Figure 3a
The dominant mode 3 corresponds to classical process ofshows a correlation functionggl)(t) obtained by subtracting
cooperative diffusion of the semidilute solution and has been from g®)(t) the contributions due to modes—3, i.e., a

studied in countless contributions in the past decades (efg correlation function that would be observed if processe$ 3
40 and 41). Using the Stokeginstein relation for semidilute  did not exist (or for some reason not visible in a light scattering
solutions experiment). Figure 3a shows that even if the amplitudes of
kT peaks 1 and 2 in Figure 1 are very small (e.g., 1.2% and 0.7%,

- (8) respectively, at angle 3]) they are still described by a well-
6néy, developed correlation function consisting of at least 50 data

] points. The feasibility of identifying and analyzing components
wherekg is the Boltzmann constant,the absolute temperature,  \yith very small amplitude (0.3%) was demonstrated previously
?nd” thehso!ve)ngt wsczs:l%ty, we ol:;]t_alrr: for th(ta CC_’”‘Tlat"lm Iefngth by Pusey et af® Figure 3b shows the distribution of decay times

or mesh size)é, = 4.3 nm, which is a typical value for . Dypy o

semidilute solution4! Mode 4 is the hetgr%geneity mode corresponding t@"() in Figure 3a.
(closely related to self-diffusion of the diblock copolymer chain) ~ The amplitude of the dominant mode 3 (cooperative mode)
which was observed by Balsara etahnd Anastasiadis et 4. in Figure 1 can be substantially decreased by usage of the “zero-
and theoretically described by Semed&¢’ The relative  average contrast” (ZAC) solvent, meaning that the relative
amplitude of mode 5 increases substantially at small scatteringamplitude of the other relaxation processes in the distribution
angles; thus, it corresponds to diffusion of objects with size increases and their quantitative assessment is made easier. It
comparable to or larger thap®. Applying the StokesEinstein has been shown theoreticafy” that for diblock copolymer
relation to the relaxation rate of mode 5, we obtain an estimate solutions in good solvent the field correlation function can be
for the hydrodynamic size of this obje&, = 120 nm. This written as
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gP(t) = A expT't) + Ac exp(-Tct) + A, exp(—rHt)( )

whereT' = 771 is the relaxation rate and C stands for the —
cooperative mode, | for the internal mode, and H for the N
heterogeneity mode. The amplitude of the cooperative mode is <
given by

Ac = (BF — n2)%N (10)

A “zero-average contrast” solvent has a refractive indgaqual
to the averagéhlof the refractive indexes of the two blocks so
thatns = mC] and therAc in eq 9 vanishes. The internal mode . ! ! \ ) ) , ! .

predicted in eq 9 is not visible under the conditions of our 5 4 3 2 4 0 1 2 3 4
experiment. Indeed, its amplitude is predicted’ to be small log z [ms]
and is given by Figure 4. Distribution of decay times of the polymer SV-50 in toluene,
c =5 wt %, at the indicated scattering angles.
—(n 2 22 2
AI - (nA - nB ) CN(ng) (11) 1,2
1,00 ]

It is thus proportional togRy)?, which is very small at the small
scattering angles used in this work and a relatively small 038
molecular weight of the polymer SV-50. Indeed, it has been 06
observed earlier on a similar polymesolvent systeri¥ that the
ratio of amplitudes of the internal and heterogeneity modes is
approximatelyA /Ay = 0.1 at angle 99 at angle 20 this ratio
would be 16 times smaller, thus of the order of 0.005. The decay 0,0
rate of the internal mode is predicted to be independent of the

scattering vectog. No g-independent modes have been observed _ i )
Figure 5. Dependence of the ratio of amplitudes/A1] of modes 2

. S
in the data presented. be.low. The thé_‘éf‘yleadmg FO eq 9 refers and 1 on the concentratian(in wt %) of polymer in solution of SV-
only to polymer chains; therefore, it does not include the fast cq i toluene.

modes 1 and 2 and the cluster mode 5 in Figure 1.

It appears that neat toluene is an almost “zero average T T T
contrast” solvent for the PSPEP diblock copolymer of
comparable block lengths. Figure 4 shows that a similar
distribution of relaxation times is obtained for the same sample
dissolved in toluene, as is shown in Figure 1 for THF. Mode 3
now has much smaller amplitude although it does not vanish.
Indeed, in this casAn ~ ([ ng) ~ dn/dc is not zero as we { 20°
have measured by differential refractometry. We foundid f
= 0.023 mL/g, while for the previously discussed case of SV- \

AJA,

04
0.2

¢ [wt.%l

T A(?)

50 in THF we have d/dc = 0.110 mL/g.

Accordingly, the heterogeneity mode 4 for the toluene
solution has a higher relative amplitude than in the case of THF I
(as has been previously sho¥#f9, and the same holds for ) 3 ) 1 0 1
modes 1 and 2. The relaxation time of the heterogeneity mode log z [msl]

74 is related to the self-diffusion coefficierds of an A—B Figure 6. Distribution of decay times for a solution of polystyrene
diblock copolymer b§f47 PS-97 in tolueneg = 5 wt %.

7y = gDyl — 2cNc-) (12) can be well represented by a linear dependence on concentration.
Since in a neat solvent without any polymer mode 1 is also

wherey is the interaction parameter between the two polymer present while mode 2 does not exist (see below), we conclude
blocks A and B and = 206f2(1 — f)4/(f2 + (1 — )3, with f that the amplitude of mode 2 decreases with decresing concen-
being the fraction of A blocks andl= (M,/Mp) — 1. From the tration until it vanishes in neat solvent.
data in Figure 4 and eq 12 we obtain a value of the polymer  4.2. Homopolymer in a Good SolventNext, we demonstrate
self-diffusion coefficientDs = 6.72 x 10712 m%s where we that the presence of modes 1 and 2 is not due to the block
have used,/M,, = 1.2,f = 0.43,y = 0.1, andN = 800. PFG copolymer character of the polymer. Returning to the simplest
NMR measurements on the same solution provide a value for possible system of a linear polymer in a good solvent, we show

the self-diffusion coefficient of SV-50 in the solutioBs nmr in Figure 6 and Figure 7 the results for a solution of the
= 6.35x 1072 m¥s, in very good agreement with the value polystyrene standard PS-97 in toluene at a concentration of 5
obtained from DLS. and 1 wt % and temperature 26. Modes 1 and 2 are always

The presence of modes 1 and 2 does not depend onvisible and will be discussed below; mode 3 is the cooperative
concentration of the polymer, but the relative amplitude of mode (translational) diffusion coefficient of the polymer.
2 increases with increasing polymer concentration. Figure 5 In the dilute polystyrene solution (Figure 7) mode 2 is very
shows that the ratio of amplitudes of mode 2 and 1 (at the sameweak and therefore well observed only at angles beloW@0
angle), in the absence of any theoretical prediction for mode 2, two reasons: (a) The amplitude of mode 2, according to Figure



Macromolecules, Vol. 40, No. 6, 2007 DLS of Fast Relaxations in Polymer Solution2169

0,8 e ———— 500
06} 2 400}
1 2 3 a e
= 04 1 ~ 300}
< D. D,
02f T s /D 1 200}
[ °°
0,0t 1 100f o
5 4 -3 2 44 0 1 2 o
log 7 [ms] 0 1x10"  2x10™ 3x10™
Figure 7. Distribution of decay times for a solution of polystyrene q° [m”]

PS-97 in toluene; = 1 wt % at a scattering angle 1Dy is the solvent Figure 9. Dependence of the decay rdtgof the solvent self-diffusion
thermal diffusion coefficienDssis the solvent self-diffusion coefficient,  mode 2 of toluene or?, in a solution of polystyrene PS-97 in toluene

andD is the polymer translational diffusion coefficient. at concentration 5 wt %.
10" £ ' ' ' ' ] Table 1. Self-Diffusion CoefficientsDss (m%s) of Toluene at 25°C in
F E the Indicated Mixtures
— 10° E E Dss,NMR Dssfrom DLS
- ot ] PS-97/toluenes = 5% 1.97x 107 1.93x 10°°
~10°F 3 SV-50/toluenec = 5% 1.92% 1079 2.11x 10°°
E 3 tolueneels/5% toluenehg 2.21x 107° a
10* £ = tolueneds/20% toluenehs a 2.10x 107°
R R R aNot available.

1010I - 1;)11I 1012 2‘,1“01:;Z 1014. 1015
g ] this mode is representative of the self-diffusion of solvent
::ilgure 8. Decay rlaten og TOde 1|vss‘9;;osr°an%es 38—557" ar;dt_neat molecules in the polymer solution, and we present several pieces
© ‘;ev'\}f(%pi?]ntg;aceﬁz) (?LT” Cﬁgf;g?.e anda solutiore( ot evidence to support this assertion. . .
1. The decay rat& of this mode is proportional tg? as is
demonstrated in Figure 9; thus, it is a diffusive process.

2. The diffusion coefficient of this process calculated from
the decay rate i®ss = 1.7 x 102 m?s, in good agreement
with the literature valué$-52ranging fromDss= 1.81 x 107°
to 2.29 x 1079 m?¥s obtained by NMR.

3. We have performed PFG NMR measurements on several
samples studied also by dynamic light scattering in such a way
- o ) . that the PFG NMR response represents the dynamics of the
The diffusion coefficient corresponding to the decay time of solvent molecules. Table 1 summarizes the results obtained for

5, decreases substantially with decreasing concentration, as
suming that the finding in Figure 5 can be applied also for a
homopolymer solution. (b) At smaller angles the scattered
intensity is higher, and thus the statistics of the correlation
function at very small delay times is much better.

5. Discussion

mode 1, for8 allzcases shown in Figures 4, 6, and MDis solutions of polystyrene PS-97 in toluene, SV-50 in toluene,
(6—9) x 10-®m?/s, which corresponds very closely to the value and neat toluene. Very good agreement between the self-
of the thermal diffusion coefficient of neat toluetfé°Referring diffusion coefficients of toluene obtained by PFG NMR and
to the experiments performed by Leipé#Z* and by Lalle-  p| s js observed both in the solutions and in the neat solvent.

mand?® who used a heterodyne technique at very small 4 A final DLS measurement was performed on a sample of
scattering angles, we have investigated the light scattered byneat toluene. Noticirf§ that toluene has a refractive index of
neat toluene at very small angles using a homodyne single- 1 4960 while deuterated toluenig-has a refractive index of
mode fiber-optics detection system. Correlation functions 1.4930, a mixture of 80 vol % protonated and 20 vol %
obtained at several angles in the range+15° show always  deuterated toluene was prepared and carefully filtered into a
a single decay. All decay rates obtained on neat toluene togethefjedusted scattering cell. Although the contrast between proto-
with decay rates of mode 1 in Figure 4 are plotted as a function nated and deuterated toluene is extreme|y Srm":é 0003),

of g? in Figure 8. it is sufficient to yield a weak but still well-identifiable signal

A very good linear dependence of the decay faten ¢ is in the correlation function. The latter is shown in Figure 10
observed in log-log coordinates over 3.5 decadesgmvith a together with the corresponding distribution of decay times.
slope of 1, confirming the diffusive character of this modig ( Mode 1 again corresponds to the thermal diffusion of toluene,
= Dg). A linear fit to this dependence gives the value of the while the clearly visible mode 2 is the mutual diffusion of
thermal diffusion coefficient of toluenBr = 8 x 108 m?/s, deuterated and protonated toluene molecules which is practically

in good agreement with literature valu€€2This demonstrates  equal to the self-diffusion of toluerfé The diffusion coefficient
that the fastest mode 1 observed in Figures 1, 3, 4, 6, and 7corresponding to mode 2 in Figure 10bDgs = 2.1 x 1079
corresponds to the thermal diffusion of the solvent. Since the m?/s, in very good agreement with the other values of the self-
amplitude of this component does not depend on scattering diffusion coefficient of toluene reported above.
angle!! the contribution of thermal diffusion cannot be neglected  Our finding is somewhat unusual in the sense that it is not
in the spectrum of scattered light from polymer solutions when predicted that solvent self-diffusion should be observed in a
fine details are considered at smaller scattering angles. dynamic light scattering experiment. We propose the following
The last unidentified dynamic process is mode 2 (defined in tentative explanation for our observations. In a neat solvent
Figure 1). It appears in the distributions of decay times in both (toluene) we observed only the thermal diffusion process; we
dilute and semidilute solutions, in block copolymers, and in did not observe the self-diffusion process. In order to observe
homopolymers so its origin has to be independent of these the solvent self-diffusion, contrast has to be created in the system
characteristics of the polymer/solvent systems. We claim that by introducing polymer chains. This is supported by the finding
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Figure 10. Correlation function (a) and distribution of decay times
(b) for a mixture of protonated toluene (80 vol %) and deuterated
tolueneds, at scattering angle 2&nd temperature 25C. The dashed
line in (a) represents the partial correlation function corresponding to
mode 2.

1E-3

that the amplitude of the solvent self-diffusion mode linearly

increases with increasing polymer concentration, as shown in

Figure 5. When a polymer chain diffuses in the solution, the
backflow of solvent molecules compensates for this motion,
thereby contributing to fluctuations in dielectric constant. This

process appears on a time scale of motion of the solvent

molecules.
In the usual treatment of light scattering from macromolecular
solutions scattering by solvent molecules is negleééted

Macromolecules, Vol. 40, No. 6, 2007

the origin of the lack of theoretical description of this process.
We hope that further theoretical developments could clarify this
issue in a similar way as when the theoretically unpredicted
but experimentally observed self-diffusion of diblock copolymer
molecules in solution was explained by inclusion of polymer
chain composition heterogeneits.
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