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Introduction

» Static correlations in polymer solutions may be conveniently cherac- :
, terized using small angle x-ray scattering (SAXS). In this work, we report
SAXS measurements of the concentration dependence of the correlation range,

£, in semidilute solutions of polystyrene in butanone, a marginal solvent.
The pur xpose of the work is to verify that £ scales with concentration
C(&~C™) and to compare the static scaling exponent x with the dynamlc

scaling exponent measured by light scattering methods.
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/ ) Static correlations in polymer solutions are represented schematically
in Figure 1, which shows the concentration dependence of a "characteristic
length" associated with monomer-monomer correlations. In dilute solution,
the polymer chains are widely separated so monomer spatial correlations
extend for distances comparable to the radius of gyration Rg of the indi-
vidual chains. At a critical concentration C¥*, however, the chains begin
to entangle and the correlation range becomes concentratlon dependent. In
thls semidilute regime(l) correlations within a polymer chain are "screened
out” due to the presence of other chains. A considerable body of evidence
(1,2,3) indicates that £ scales with concentration (§~C™*). In very con-
centrated or bulk systems the screening length becomes comparable to the
monomer dimension I and the scaling concept breaks down.
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More detailed analysis shows that an exponential spatial correlation
function is expected in the semidilute regime(l). That is, if 8C(z) the
fluctuation in monomer concentration at point r, then

(sC(x)sC(0)) ~ exp[-r/¢] . (1)

The static structure factor S(K) measured 5y SAXS is the Fourier trans-

form of Eq.(l):
©FE WSTR

where K is related to the séattering angle ¢ and incident wavelength

(K = 210/3)-

The experiments were performed in long slit geometry on a Kratky camera
‘with & one-dimensional position sensitive detector(4). Using weighting
function tbeory(s) the slit-smeared intensity J(K) for this system becomes:

3(K) = (—K—z—:‘??)% v
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where A is an apparatus constant Therefore, £ can be obtained from'the
slope and 1ntercept of J' vs. K2, ’

Results

Figure 2 shows 32 vs. ¥ for a typical sample. Although the signal
to noise is poor, it is clear that Eq.(3) is obeyed within error. The data
in Figure 2 have been corrected for sensitivity of the position sensitive
detector and a background due to solvent scattering has been subtracted.

. Points near K = O have been dropped because of large exrors due to detec-~-

tion of the 1ncident beam, A weighting function of J = was used in the
least-squares straight line fit shown. Data similar to Figure 2 were

"obtained at five concentrations and two molecular weights. The measured

screening length obtained from the data is shown in Figure 3. Within error
the data are consistent with the scaling assumption &~C~* and £ is independ-

ent of molecular weight M., The scaling exponent is obtained from the slope
v_of the data in Figure 3 with the result x = .5%*.1,

Discussmon

The SAXS results are consistent with dynamical scaling behavior
observed by.light scattering on the same system.(2) In both cases, M inde-
pendence and scaling behavior are consistent with the model developed by

., Daoud, et al.(l). In addition, the static and dynamic exponents are equal

within error. The magnitude x, however, is not consistent with measure-
ments(1l) in good solvents (x = .75) or with the predictions of scaling
theory (.75(¢(x{1). _ S

* The model of ‘entangled polymers developed by Daoud, et al.(l) follows
directly from the observed properties of the data (scaling, M independence)
and the crossover concept embodied in Figure 1. If £ is to scale with
concentration (&~C x) and become equal to Rg at the entanglement concentra-
tion C*, £ must be of the form é~Rg(C/C*)™*, The scaling exponent

x v/(3val) fo}l s 1mmed1ately from the known M dependence of Ry, C¥ and-
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g(RG.de C¥*~ M , £~MO) where V is the excluded volume exponent

‘v o= alnRG/élnM. Taklng the Flory velue for V = .6, the predicted scallng

exponent is x = .75. This result assumes that the chain displays excluded
volume behavior (V = .6) for distances small compared to §. While this
assumption is valid to very low M in good solvents, excluded volume behav-
ior is observed only at very high M in marginal solvents such as butanone.
In fact, & temperature dependent crossover molecular weight M; can be
defined(6) such that excluded volume behavior is observed for M) )My whlle
ideal chain statistics (V = .5) are observed for M{{Mr. :

The crossover molecular weight can be estimated by application of the
dilute solution theory of Benmouna a&d Akcasu(7) to the diffusion data of
Gabler, et al.(8) to yield M- = 6x A single chain then can be visual-
ized as consisting of M/M renormallzed monomers. The renormalized
chain would be expected to show excluded volume statistics for M/M. S 10
(limiting statistical behavior is expected for a self-avoiding random walk
of more than ten steps). It is reasoneble to expect, therefore, that in '
semidilute solution limiting scaling behavior will be observed only for
Ms10M_ or M5 6x10°. A

Although the concept of monomer renormalization provides a satis-
factory explanation for the observation of different scaling exponents in
merginal and good solvents, the magnitude of scaling exponents is still in
question since direct application of single chain renormealization along
with scaling essumptions leads to the prediction x).75 in marginal _
solvents. In view of the fact that the observed exponent disegrees with '
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Ph thik line this prediction, it is clear tha.t contemporary understa.ndlng of polymer
: entanglement in marginal solvents lags that in good solvents.
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Fig. 1 - Chérapteristic lengths measured by SAXS of polymer
_— solutions. . ' :
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Fig. 2 - Slit-smeared scattered intensity for a polystyrené
in butanone at 23°C. M = 390,000, C = 4.9 gm/100 ml.
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Fig. 3 - Concentration depencdence of the static screening
Do not type - . ' length. M = 390,000x; M = 230,000V; T = 23°C.
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