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ABSTRACT: The structure of weakly charged temperature sensitive gels has been investigated in
deformed state by means of small-angle neutron scattering (SANS). At low temperatures where the gel
is in a good solvent, the scattered intensity pattern was isotropic even for deformed gels. When the
temperature was raised to 42 °C, the so-called butterfly pattern, i.e., a prolate-shaped scattered intensity
pattern with respect to the stretching direction, appeared in the deformed gels. With a further increase
in temperature to 46 °C, a scattering maximumwas observed. In the case of undeformed gel, the scattering
pattern had a circular maximum with q ) qm, where q is the magnitude of the scattering vector and qm
is the q value at the scattering maximum. On the other hand, the scattering pattern became oblate for
the deformed gel, i.e., qm,y < qm,x, where the subscripts y and x indicate the stretching and perpendicular
directions, respectively. These changes of the SANS intensity patterns are discussed by decomposing it
into the thermal fluctuations and the static inhomogeneities.

Introduction

It has recently been recognized that the concentration
fluctuations in polymer gels consist of thermal fluctua-
tions and static (spatial) inhomogeneities.1-8 The former
are the dynamic fluctuations similar to those present
in semidilute polymer solutions. However, the latter
are characteristic of gels and are originated from cross-
linking. The contribution of the static inhomogeneities
is enhanced by swelling or stretching the gel. This is
due to the fact that by deformation (e.g., swelling or
stretching) a coarsely cross-linked region deforms more
than a densely cross-linked region, resulting in enhance-
ment of the concentration difference between the two
regions. This kind of concept was introduced by Bastide
and Leibler1 and then experimentally verified by Rouf
et al.5 and Mendes et al.9 The presence of static
inhomogeneities in gels is demonstrated as so-called
butterfly pattern. When a gel is uniaxially stretched,
an increase in the scattered intensity appears in the
stretching direction. Since this elliptic contour pattern
is opposite to that theoretically predicted on the basis
of thermal fluctuations, this pattern is sometimes called
“abnormal butterfly pattern”.10 The abnormal butterfly
pattern has been interpreted with a concept of frozen
(or quenched) inhomogeneities, which becomes signifi-
cant as the gel is deformed.11

When charges are introduced to a neutral polymer gel,
the swelling ratio becomes larger. If the volume of the
gel is fixed during ionization or, in other words, if the
gel is isolated from the reservoir during ionization, the
static inhomogeneities are suppressed due to strong
Donnan potential generated in the gel.12,13 However,
the situation changes completely when the solvent
becomes poor to the network polymer. Because of
antagonistic move of the chains, i.e., homogeneization

by electroneutrality and segregation by solvent-poly-
mer immiscibility, the polymer gel undergoes a mi-
crophase separation.14,15 This phenomenon was first
predicted by Borue and Erukhimovich for polyelectrolyte
solutions in a poor solvent.16 Experimentally, Schos-
seler et al.17 observed the presence of scattering maxi-
mum in the structure factor of partially neutralized
poly(acrylic acid) gels by small-angle neutron scattering
(SANS). Shibayama et al. reported presence of a strong
scattering maximum in SANS appeared for weakly
charged polymer gels of poly(N-isopropylacrylamide-co-
acrylic acid) (NIPA/AAc) gels14 and solutions.18 The
scattering maximum appeared around q ) 0.02 Å-1 and
increased with increasing temperature, where q is the
magnitude of the scattering vector. The change of the
scattered intensity was more than 100-fold by changing
temperature from 25 to 50 °C. This peak is due to the
competition of the electroneutrality and immiscibility
in the gel and indicates an occurrence of microphase
separation. Recently, a more elaborate scattering theory
for weakly charged gels was proposed by Rabin and
Panyukov19 of which the relevancy has been discussed
by Shibayama et al.20

A study of the structure factor of weakly charged
polyelectrolyte gels under uniaxial stretching was car-
ried out by Mendes et al.21 They observed disappear-
ance of a butterfly pattern and an intensity increase in
the perpendicular direction than in the parallel direction
by introducing ions to the gel network. However, it has
not been elucidated whether the origin of the scattering
maximum is thermal fluctuations or static (quenched)
inhomogeneities. In order to answer this question, we
carried out a SANS experiment on weakly charged
polymer gels in deformed state, of which the results are
reported in this paper. Temperature-sensitive gels were
chosen due to easy control of the miscibility between
polymer and solvent just by temperature. However, the
following problem had to be solved to conduct the SANS* To whom correspondence should be addressed.

2586 Macromolecules 1998, 31, 2586-2592

S0024-9297(97)01411-3 CCC: $15.00 © 1998 American Chemical Society
Published on Web 04/03/1998



experiment on deformed gels. Since gels are very
fragile, deformation of gels is very difficult. Particularly
in the case of charged gels, this is a formidable problem
due to a high swelling ratio of charged gels compared
to uncharged gels. A unique idea was proposed by
Geissler et al., who employed a mold having an elliptical
hole and let a shrunken gel swell anisotropically.22 This
method was successful for uncharged gels. In this
study, however, since we aimed to change the deforma-
tion ratio many times, employment of elliptical holes
was not relevant. Instead, we designed a deformation
chamber for gels. The concept of the deformation lies
in an idea that a gel embedded in a rubber deforms as
the rubber deforms. This allows us to deform a gel with
a desired amount of deformation without breaking the
gel. Here, we first report the structure factor of weakly
charged gels as a function of temperature and of the
degree of stretching. Then, we analyze the structure
of these gels by decomposing the structure factor into
two contributions from thermal fluctuations and static
inhomogeneities.

Theoretical Background
The structure factor for a deformed gel is predicted

by Onuki, who introduced frozen inhomogeneities in
addition to thermal fluctuations.4 This theory was
successfully employed by Mendes et al.9 in order to
interpret their anisotropic scattered intensity patterns
of poly(dimethylsiloxane). In the case of weakly charged
gels in deformed state, a theory proposed by Rabin and
Panyukov,19 hereafter we call the RP theory, is available
at this stage. This theory is an extension of their theory
on neutral gels (referred as the Panyukov-Rabin theory)6
to weakly charged gels. The Panyukov-Rabin theory
is based on the assumption of instantaneously cross-
linked polymer network in which each polymer chain
behaves as a Gaussian chain with an excluded volume.
The theory allows one to take account of two parameter
sets, i.e., one at preparation and the other at observa-
tion. The structure factor consists of a contribution from
thermal fluctuations, G(q), and that from static density
inhomogeneities, C(q)

where N denotes the average degree of polymerization
between cross-linking points. φ and φ0 are the polymer
volume fractions at observation and at preparation,
respectively. Note that we defined G(q) and C(q) to be
dimensionless functions in order to take an advantage
of independence of the choice of the segment volume a3,
which appears in the original RP theory. Q is defined
as the dimensionless wave vector by

where a is the segment length, and Qy and Qx are the
projections of the wave vector, along and normal to the

stretching direction, respectively. It should be noted
that C(q) and G(q) are coupled with the function g(q),
which is given by

Therefore, eq 1 can be written in the following form:

The characteristic feature of the RP theory is the fact
that the dimensionless quantities w(q) and w0(q) rep-
resent the effective second virial coefficients in the final
state and in the state of preparation, respectively, and
are q-dependent since the electrostatic interaction is a
long-range interaction. Those are given by19

where ø is the Flory interaction parameter at the state
of measurement and l̂B (≡lB/a) is the dimensionless
Bjerrum length lB (≈ 7 Å in water at 25 °C). It is
assumed that the gel was prepared under good solvent
conditions. Thus, S(q) is expressed as a function of two
sets of parameters in the preparation state (w0, φ0) and
under conditions of observation (w, φ). The applicability
of the RP theory has been discussed elsewhere.20

Experimental Section
1. Sample Preparation. A slab gel of poly(N-isopropyl-

acrylamide-co-acrylic acid) (NIPA/AAc) was prepared in deu-
terated water by redox polymerization. NIPA monomers,
kindly supplied by Kohjin Chem. Co., Tokyo, Japan, were
recrystallized before use. The monomer concentrations were
668 mM (NIPA) and 32 mM (AAc). Cross-linking was attained
by copolymerizing 8.6 mM of N,N′-methylenebis(acrylamide)
(BIS). A pregel solution containing NIPA, AAc, BIS, and
ammonium persulfate was degassed before polymerization.
The reaction was initiated by adding 24 mM of N,N,N′,N′-
teteramethylethylenediamine (accelerator) to the pregel solu-
tion in the reactor batch, made of a Petri dish with a 3 mm-
glass spacer. The polymerization temperature was 20 °C. Thus
a prepared gel, 3 mm thick, was used without further purifica-
tion. The degree of ionization at preparation, f0, was estimated
to be 0.0457.
2. Sample Deformation. A disk-shape of gel was punched

out from the slab and was transferred to a silicon rubber mold.
The mold, of 3 mm thick and of square shape, has a 30 mm
diameter hole in the center as shown in Figure 1A. The
mounted gel in the mold (b) was sealed in a thermostated
chamber made of brass (c) with a pair of quartz windows (d).
The gel was deformed by compressing the rubber from both
sides (along the x direction) by screws (e). Figure 1B shows
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the shape of the gel compressed by ∆x ) 2 mm (left) and by
∆x ) 10 mm (right). The deformation coordinate is also shown
in the figure. In the case of ∆x ) 10 mm, the gel is stretched
in the y direction by λy ) 1.25 and compressed in the x direction
by λx ) 0.77, where λy and λx are the deformation ratios along
the stretching and perpendicular directions, respectively.
Figure 2 shows the deformation ratios, λy and λx as a

function of the deformation of the rubber, ∆x. The solid lines
are the calculated deformation ratios, which are estimated by

Note that the sample was deformed two dimensionally by
keeping the thickness. Therefore, the calculated λy is given
by 1/λx and not by 1/xλx (uniaxial stretching of a three
dimensional object), where no volume change is assumed by
deformation. Due to the indirect deformation via the silicon
rubber mold, a noticeable deviation from the calculated
deformation is clearly seen even in the x direction. This is

due to compression of the rubber. Therefore, in the following,
the analysis will be conducted as a function of the observed
deformation ratios.
3. SANS Experiment. A uniformly deformed gel in the

deformation chamber was investigated by SANS. The tem-
perature of the chamber was controlled by circulating water
with the precision of (0.5 °C (See Figure 1A). The SANS
experiment was carried out at the SANS-U, The Solid State
Institute, The University of Tokyo, Tokai, Ibaragi, Japan. A
cold neutron flux with the wavelength of 7 Å was used as an

Figure 1. (A) Deformation chamber and (B) shape of de-
formed gels and the deformation coordinate.

Figure 2. Deformation ratios, λx and λy as a function of the
deformation of the silicon rubber, ∆x.

λx ≡ 30 - ∆x
30

) 1 - ∆x
30

(9)

λy ≡ 1
λx

) 1
1 - (∆x/30)

(10)

c

b

a

Figure 3. Two-dimensional SANS intensity profiles of NIPA/
AAc gels at (a) 26, (b) 42, and (c) 46 °C. The figures on the left
show the SANS patterns for gels with low stretching ratio,
i.e., λ ) 1.07, along the y (stretching) direction, and the right
corresponds to those for highly deformed gels with λ ) 1.25.
The scattered intensity functions along the equator (col;
column) and along the meridian (row) are also shown below
or on the right of the SANS intensity profiles with the intensity
scales (in counts of neutrons per 1 h).
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incident beam. The diameter of the incident neutron beam
was 5 mm, which is much smaller than the size of the gel.
The sample to detector distance was 4 m. The beam stop was
40 mm o.d. The gel sample was exposed by the neutron beam
for 1-2 h depending on the scattered intensity. SANS
experiments on the gels were carried out as a function of both
temperature (26, 35, 42, 44, and 46 °C) and deformation (λ ≡
λy ) 1.0, 1.10, 1.13, 1.17, 1.20, and 1.25). Circular averaging
was done for undeformed gels, while a sector average was
taken with the sector angle of 20° for deformed gels with
respect to the equator (the x direction) and to the meridian
(the y axis) in the reciprocal space, respectively, whereas a
circular average was applied to undeformed gels. The aver-
aged data were corrected for cell scattering, transmission,
sample thickness, and incoherent scattering and then were
scaled to the absolute intensity with a scale factor determined
with the incoherent scattering of a Lupolen standard.

Results and Discussion
1. SANS Isointensity Patterns. Parts a-c of

Figure 3 show the SANS intensity profiles of NIPA/AAc
gels at (a) 26, (b) 42, and (c) 46 °C. The figures on the
left show the two dimensional (2D) SANS patterns
(upper) for gels with low stretching ratio, i.e., λ ) 1.07,
along the y (stretching) direction, and the right corre-
sponds to those for highly deformed gels with λ ) 1.25.
Instead of a contour or a gray scale representation, the
intensity profiles were obtained with a pseudo-color
scale (rainbow) and then were printed with a gray scale
in order to enhance the intensity contrast. For quan-
titative comparison, the scattered intensity functions
along the equator (col; column) and along the meridian
(row) are also shown below and on the right of the SANS
intensity profiles with the intensity scales (in counts of
neutrons per 1 h). At low temperatures including 26
°C, the SANS patterns are rather isotropic irrespective
of the state of deformation. However, anisotropy starts
to appear in the deformed gel at 42 °C. The scattered
intensity patterns at 42 °C are similar to the so-called
butterfly pattern (or more exactly the abnormal but-
terfly pattern). The scattered intensity contour has a
lobe in the stretching direction. At 46 °C, a distinct
peak appears in both undeformed and deformed gels.
By deforming the gel, the scattering maximum became
elliptic and qm moves to the low q direction in the
stretching direction, while the scattered intensity on the
equator (i.e., along the x direction) seems to be sup-
pressed. Though they would be very interesting, SANS
measurements above 46 °C were impossible due to the
limit of the detector capacity.
Figure 4 shows the variation of qm along (qm,y; large

squares) and perpendicular directions (qm,x; large circles)
as a function of deformation, ∆x. By further deforma-
tion the gel, the scattering ellipse becomes more aniso-
tropic, giving smaller qm,y and larger qm,x for larger ∆x.
The solid lines with small circles and squares indicate
the expected values of qm,y and qm,x on the basis of affine
deformation. Since the gel undergoes two-dimensional
deformation, the following relation holds for affine
deformation:

As shown in the figure, the observed qm,x is well
predicted by the affine deformation, while a noticeable
deviation is found in qm,y, i.e., in the stretching direction.
However, it is clear that the macroscopic deformation

is more or less effectively transmitted to the microscopic
deformation. This finding, i.e., the presence of elliptic
scattering maximum, is very important. If the scatter-
ing is purely ascribed to thermal fluctuations, the
maximum should be isotropic and be independent of
deformation. In such a case, charged regions in the
network may rearrange themselves to keep equidistance
with each other to minimize the electrostatic energy
irrespective of deformation. The experimental finding
indicates that it does not happen in a real gel. The
appearance of anisotropic scattering maximum indicates
that the spatial distribution of the charged groups
changes by deformation. Therefore, it can be deduced
that the anisotropic scattering maximum is strongly
coupled with the solidlike inhomogeneities. We will
discuss this problem more quantitatively in a later
section.
It should be noted here that anisotropic scattering is

characteristic of gels in poor solvent. No distinct ani-
sotropy in the scattering profile is seen for the gel at 26
°C. This observation is in good agreement with that by
Mendes et al. for weakly charged poly(acrylic acid)
gels.21 This fact may be explained as follows: In a
weakly charged gel, there are at least three contribu-
tions to the osmotic pressure, those from mixing free
energy, Πmix, entropy elasticity, Πel, and Donnan po-
tential (or electrostatic interactions), ΠD, i.e.15,23,24

If a gel is in swelling equilibrium, Π ) 0. However, for
a gel of which the volume is fixed, Π is usually positive.
This is easily attained, for example, by filling the gel in
a container with a fixed volume, which is the case
studied here. Since the square of concentration fluctua-
tions, |δφ|2, are proportional to the inverse of the
derivative of Π with respect to φ, i.e.

a large value of (∂Π/∂φ) results in a suppression of
concentration fluctuations. This corresponds to a gel
at low temperatures where the solvent is good to the
polymer consisting of the network. However, as the
temperature is increased, Πmix becomes negative and
the total osmotic pressure becomes smaller or even
negative. In such a case, the concentration fluctuations
inherently present in the gel become apparent. This

qm,x ) qm,0/λx (11)

qm,y ) qm,0/λy (12)

Figure 4. Changes of the scattering maximum, qm, as a
function of the deformation of the rubber, ∆x. The solid lines
indicate the calculated qm,y and qm,x by assuming affine
deformation.

Π ) Πmix + Πel + ΠD (13)

|δφ|2 ∼ kTφ/(∂Π∂φ ) (14)
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leads to an appearance of a butterfly pattern for a
stretched gel as shown in Figure 3b. Now, we analyze
the elliptic scattering patterns on the basis of the
Rabin-Panyukov theory for weakly charged gels.
2. Prediction of Elliptic Scattering Pattern. A

curve fitting of the SANS intensity functions was carried
out on the basis of the RP theory by floating two
parameters, i.e., the contrast factor, K, and ø, where

Figure 5 shows scattered intensity functions, I(q), of
undeformed NIPA/AAc gel at 26, 42, and 46 °C. These
I(q)’s were obtained by circularly averaging two dimen-
sional data of scattered intensity. The incoherent
scattered intensity was obtained to be Iinc ) 0.0871 cm-1

for NIPA/AAc monomer solutions at the same concen-
tration, which is comparable to the calculated value of
0.0316 cm-1. Note that Iinc is negligibly smaller than
I(q)’s. The solid lines indicate the fitted intensity
functions with the fitting parameter sets of (ø, K) )
(-0.221, 1.359), (0.322, 1.412), and (0.748, 1.021),
respectively, for the gels at 26, 42, and 46 °C. It should
be noted that K can be estimated by the following
equation25,26

where NA is Avogadro’s number, and vi and bi are the
molar segment volume and the scattering length of
component i, respectively. The value of K is estimated
to be 0.51 cm-1 for NIPA/AAc gels with φ) 0.078, where
the value for component B was chosen to be the
arithmetic average of those of the NIPA and AAc
monomers. Therefore, the agreement of the fitted and
calculated values of K is satisfactory, if one takes into
account the experimental error of the absolute intensity
calibration and the presence of preparation residue in
the gel. The value awas fixed to be 8.12 Å14,27 and other
parameters were chosen to be those at preparation, i.e.,
φ ) φ0 ) 0.078, f ) f0 ) 0.0457, and N ) 40. It should
be noted that each of the observed I(q)’s was reproduced

by floating only two parameters, i.e., ø and K. Although
some deviations are seen at low q’s, the theory well
reproduces the peak position and the global profile. The
estimated value of ø ()-0.221) for the data at 26 °C
seems to be inappropriate since ø should be positive
even at this temperature. This contradiction results
from the fact that the theory breaks down for the good
solvent regime. Thus, by restricting the analysis being
only in the poor solvent regime, we reproduced a two-
dimensional scattering intensity profile by using the ø
parameter estimated here.
Figure 6 shows a series of 2D scattering intensity

profiles for weakly charged polymer gels. Patterns in
the upper column show those for undeformed gels (i.e.,
λ ) 1.0) and the bottom patterns correspond to those at
λ ≡ λy ) 1.25. It can be said, by comparing Figure 6
with Figure 3, that the scattering intensity patterns are
well reproduced by the theory at least qualitatively. A
more careful comparison leads to the following facts: (1)
Regarding Figure 3a and the case where ø ) 0.5, it can
be understood that either the predicted anisotropy is
too small to be detected by experiment or the value of ø
in the theoretical calculation is overestimated. (2) In
Figure 3b and in the case where ø ) 0.6, both show the
so-called abnormal butterfly patterns in the deformed
gels. (3) The elliptic pattern at 46 °C is well reproduced
by the theory.
Figure 7 shows the observed scattered intensities of

NIPA/AAc gel observed at 46 °C with (a) λ ) 1.07 and
with (b) λ ) 1.25, in the x (open squares) and y (open
circles) directions, respectively, which are obtained by
taking a sector average with 20°. In the case of λ )
1.07, the anisotropy in I(q)’s is not so large because of a
low deformation ratio. The solid curves indicate fitted
intensity functions with the RP theory, where three
parameters, i.e., the scaling factor, K, the interaction
parameter, ø, and the deformation ratio, λ, were floated.
As shown in the figure, the fitting was satisfactory. On
the other hand, the highly anisotropic scattered patterns
for the case of λ ) 1.25, shown in Figure 7b, were also
nicely fitted with the theory.
Figure 8 shows the result of fitted values of λ (filled

symbols) as a function of the macroscopic deformation,
∆x. Open symbols denote the values of λ determined
by the peak position in I(q). Though there are some
deviations in the y direction, a good agreement between

Figure 5. Circularly averaged I(q)’s of NIPA/AAc gels at 26,
42, and 46 °C. Results of curve fitting with eqs 1-8 are shown
with solid lines. The fitted parameter sets of (ø, K) are (-0.221,
1.359), (0.322, 1.412), and (0.748, 1.021), respectively, for the
gels observed at 26, 42, and 46 °C.

Figure 6. Calculated two dimensional SANS intensity profiles
of weakly charged gels at ø ) 0.5, 0.6, and 0.75 for undeformed
(λ ) 1.0) (upper) and deformed gels (λ ) 1.25) (lower). The
scattering direction is parallel to the y axis.

I(q) ) KS(q) (15)

K )
NA

vB [bA(vBvA) - bB]2 (16)
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the observed and fitted values of λ is obtained in the x
direction. Because ø is a thermodynamic quantity, it
should not depend on the degree of deformation λ.
Similarly, K should be constant irrespective of temper-
ature and λ. The values of fitted ø and K were in the
ranges 0.73-0.76 and 1.0-1.4 irrespective of the direc-
tion and the degree of deformation. Although the fitted
values are scattered, these values seem to be within the
allowance.
3. Static Inhomogeneities vs Thermal Fluctua-

tions. Parts a-c of Figure 9 show the calculated SANS
structure factors, S(q), C(q), and G(q), for weakly
charged gels with φ ) φ0 ) 0.078 and f ) f0 ) 0.0457,
along the equator (left) and the meridian (right). At ø
) 0.5, C(q) is stronger in the y direction than in the x
direction, indicating the abnormal butterfly pattern
although the intensity is much lower than in the cases
of ø ) 0.6 and ø ) 0.75. For ø ) 0.6, a scattering
maximum appears in both directions and the trend of
the butterfly pattern is still preserved (i.e., an upturn
of C(q) in the low q region in the y direction). This
tendency becomes more prominent for ø ) 0.75. Note
that the difference inG(q) in the two directions is always
much smaller than that in C(q) as far as the value of ø
is the same. Therefore, the theory predicts that the
effect of deformation results in strong anisotropy in C(q)

but not in G(q). This conclusion may be reasonable if
one considers the origins of C(q) and G(q) being the
static inhomogeneity and the thermal fluctuations,
respectively.
Another interesting feature of anisotropic scattering

is expected by further increasing ø. Figure 10 shows
calculated SANS structure factors, S(q), C(q), and G(q)
for a weakly charged gel calculated with the same
parameter as discussed in Figure 9, while ø is set to be
0.8. This figure clearly shows a crossover of S(q); S(qm,x)
> S(qm,y). This indicates that a more organized struc-
ture is preferentially formed along the x direction.
Experimental verification of such a scattering pattern
predicted by the theory could not be conducted because
the scattered intensity at T g 46 °C exceeded the
limitation of the detector.
As disclosed in this study, the structure factor of

weakly charged polymer gels are successfully recovered
by the Rabin-Panyukov theory. However, it should be

Figure 7. Observed scattered intensity functions at (a) λ )
1.07 and (b) λ ) 1.25, along the x (the normal; squares) and
the y (the stretching; circles) directions, respectively.

Figure 8. Variation of the fitted λ’s as a function of deforma-
tion of the gel, ∆x. See Figure 4 for comparison.

Figure 9. Calculated structure factor, S(q), and the contribu-
tions of the static inhomogeneities, C(q), and the dynamic
fluctuations, G(q), for (a) ø ) 0.5, (b) ø ) 0.6, and (c) ø ) 0.75.
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noted that the gels studied here were prepared by redox
polymerization from a monomer solution of NIPA/AAc
in the presence of cross-links. On the other hand, the
theory assumes a spontaneously cross-linked polymer
network. Such gels can be prepared by γ-ray irradiation
of polymer solutions. In the case of the former, a more
inhomogeneous structure is expected because the dif-
ferences in (1) the monomer reaction ratios among
NIPA, AAc, and the cross-linker and (2) diffusion of
monomers to participate in polymerization and/or cross-
linking affect the monomer sequence of the product
polymer network. In spite of such ambiguities, the
experimental results were well reproduced by the
theory. This may suggest a universality of the gel
structure, namely a gel being matter with frozen inho-
mogeneities and thermal concentration fluctuations. A
decomposition of the observed scattered intensity into
the static inhomogeneity and the thermal fluctuations
by dynamic light scattering, which was successfully
employed elsewhere,13 may provide a clear evidence of
the origin of the scattering maximum observed for
weakly charged gel. A preliminary experiment on a
series of γ-ray cross-linked polymer gels, however,
suggests that the γ-ray cross-linked gels seem to be
more inhomogeneous than those prepared by redox
polymerization. Analysis along this line is on progress.

Conclusion
Small-angle neutron scattering experiments have

been conducted on weakly charged gels of poly(N-
isopropylacrylamide-co-acrylic acid) (NIPA/AAc) as a
function of temperature, T, and degree of uniaxial
deformation λ. At 26 °C, where the solvent (i.e., water)
is not a poor solvent, no noticeable effect by deformation
was observed. This is explained by a relatively large
contribution of the thermal fluctuations with respect to
the static inhomogeneity. At 42 °C, where ø ≈ 0.6, the
so-called abnormal butterfly pattern appeared for λ )

1.25. This results from an lowering of osmotic pressure
which allows the gel to fluctuate more easily than the
case at 26 °C. By a further increase in the temperature
to 46 °C, a distinct scattering maximum appeared, i.e.,
a circular-shell pattern for undeformed gel and an
elliptic-shell pattern for deformed gels. The elliptic-
shell pattern of SANS intensity was well reproduced by
the Rabin-Panyukov theory for weakly charged gels.
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Figure 10. Calculated structure factor, S(q), and the contri-
butions of the static inhomogeneities, C(q), and the dynamic
fluctuations, G(q), for ø ) 0.8.
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