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Small-Angle X-Ray Scattering Study of Ionomer
Deformation |

E.J. ROCHE,* R. S. STEIN,! T. P. RUSSELL,! and
W.J. MACKNIGHT, Polymer Research Institute, Polymer Science and
Engineering Department and Materials Research Laboratory, University of
Massachusetts, Amherst, Massachusetts 01003

Synopsis

The small-angle x-ray scattering (SAXS) pattern from a cesium salt of a 6.1 mole % ethylene-
methacrylic acid (E-MAA) copolymer is shown to become azimuthally dependent on sample elon-
gation. SAXS was measured using the Oak Ridge National Laboratory (ORNL) spectrometer with
pinhole collimation and a two-dimensional position-sensitive detector. The sample was quenched
prior to deformation to avoid crystallization of the ethylene unit which would complicate the in-
terpretation of scattering. The observed SAXS patterns are interpreted in terms of several proposed
models for the structure of ionomers. A model in which ionic aggregates are arranged on a para-
crystalline lattice is found to be largely in disagreement with the results for undeformed and deformed
samples. Spherical and lamellar models incorporating local structure around a central ionic core
are capable of predicting the observed SAXS for the undeformed sample. A model of ellipsoidal
deformation of the spherical shell-core model fails to predict the correct azimuthal dependence of
scattering. However, a deformation scheme involving rotation of the lamellar model is more satis-

factory.

INTRODUCTION

The physical structure and properties of ionomers have been studied exten-
sively in recent years. These studies have largely supported the idea that ionic
groups in these copolymers aggregate to form microphase separated domains.
The most direct evidence for ionic aggregation has come from SAXS studies
which shows a scattering maximum corresponding to a Bragg spacing of 20-40
A for the salt forms but not for the un-ionized copolymers.!4 In ionomers
formed by the neutralization of ethylene-methacrylic acid (E-MAA) copolymers
the small-angle x-ray scattering (SAXS) maximum has been observed to persist
to temperatures above the melting point of the ethylene units and to disappear
on saturation with water.

Several different interpretations have been advanced for the cause of the SAXS
maximum. Longworth and Vaughan! proposed that the peak represents a
structural repeat distance within ionic domains. On the basis of an empirical
rule for light scattering these authors suggested that at least five repeat periods
must be present indicating a domain size of 150-200 A. Subsequently, Cooper
et al.* proposed a model in which aggregates contain only up to seven or eight
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ion pairs and would thus have a radius of about 5 A. The aggregates are arranged
on a paracrystalline lattice with a spacing of 30-40 A. The SAXS maximum for
Cooper’s model results from interaggregate interference rather than in-
traaggregate interference as in the model of Longworth and Vaughan. The
paracrystalline lattice is considered to extend over the whole sample in Cooper’s
presentation. However, the possibility of a paracrystalline lattice extending
over only portions of the sample might also be considered. MacKnight et al.3
proposed a shell-core model for ionomer aggregate structure in which a 3-13 A
ionic core is separated from a surrounding ionic shell by a distance corresponding
approximately to the Bragg spacing. The shell-core structures are thought to
be widely separated and randomly arranged within the sample. The SAXS
maximum thus arises only from the intraaggregate shell-core interference and
not from any interaggregate interference.

, It should be noted that the shell-core model of MacKnight et al.3 is a dilute
scattering model. This is in contrast to concentrated systems where the particle
volume fraction is large enough so that a scattering maximum may arise from
order imposed on the system by the éffect of the excluded volume of the particles
themselves. Riley and Oster® showed, using a formulation by Fournet,$ that
a particle volume fraction of about 33% is necessary for a maximum to arise from
excluded volume effects. This is much larger than the particle volume fraction
for ionomers which has been shown to be of the order of a few percent.3.7

The observation of SAXS scattering during sample elongation is a possible
means of testing these various models. Such measurements were made by
Longworth and Vaughan! and also by MacKnight et al.3 on ionomers made from
ethylene-methacrylic acid copolymers. Longworth and Vaughan reported no
azimuthal variation in the ionomer SAXS peak even though orientation effects
were observed in the SAXS maximum at lower angles assigned to the polyeth-
ylene lamellar spacing. Taggart?® et al. observed essentially no change in the
ionomer SAXS peak with sample elongation in a study of the Na* salt of a 3.8
mole % copolymer at elongation up to 70%. In both of these studies, substantial
crystallinity of the ethylene units was present. This crystallinity could have
greatly affected the deformation behavior of the samples. To characterize the
deformation behavior of ionomers it is desirable to have noncrystalline samples
in which the only morphological structures are the ionic aggregates. This has
been accomplished in the current study by using samples with larger ionic con-
centrations, which may be quenched to avoid polyethylene crystallization. In
addition, the deformation behavior has been studied up to elongation of 300%
which may enhance the deformation effect. Finally, the SAXS pattern has been
studied on the 10-m Oak Ridge National Laboratory (ORNL) SAXS camera with
rotating anode generator using pinhole collimation and a position sensitive de-
tector. This camera combines high source intensity and excellent detector
sensitivity, which greatly increases the ease of detection over photographic

methods. The use of

; pinhole collimatio it-
deamenring procedure whi n makes unnecessary the use of a slit

ich is diffi : . . . .
systems. icult or Impossible for anisotropic scattering
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EXPERIMENTAL

An ethylene-methacrylic acid copolymer containing 6.1 mole % methacrylic
acid units was obtained from the duPont Company. The number average and
weight average molecular weights were characterized as 5400 and 25,500, re-
spectively, using gel permeation chromatography with trichlorobenzene as sol-
vent at 137°C. The melting point was measured as 93°C by differential scanning
calorimetry. The copolymer was neutralized by dropwise addition of cesium
methoxide to a 1% solution in filtered p-xylene at 137°C under nitrogen gas.
Films were compression-molded at 110°C and then quenched in a dry ice-iso-
propanol mixture and then dried in vacuo at room temperature. The percent
neutralization was measured to be 94% for a thin film using the infrared spec-
troscopic procedure of MacKnight et al.? The x-ray linear absorption coefficient
was measured to be 65.2 cm™! on the 0.036-cm-thick film used in subseguent
scattering measurements. The mass density of the thin film was determined
tobe 1.12 g/cm®. The mass absorption coefficient of the film is then 58.2 cm?%/g
which corresponds to 85% ionization.

WAXS measurements showed the undeformed film to be amorphous. Mea-
surements later made on the sample after elongation to 300% also showed only
an amorphous peak but with an indication of amorphous orientation in the
stretching direction.

SAXS measurements were made on the ORNL spectrometer using pinhole
collimation and a two-dimensional position-sensitive detector recently described
by Hendricks.!® The spectrometer uses a 6 kW Rigaku-Denki rotating anode
generator, graphite crystal monochromator, and a monitor detector to measure
incident beam intensity changes. The collimation system consists of two 1 mm
pinholes separated by 5 m. The detector is a two-dimensional position-sensitive
proportional with an active area of 20 X 20 cm developed by Borkowski and
Kopp.!! A 1.2-m sample-to-detector distance was used in this study which is

w@ly available. Scattering data can be obtained up to 26 ~
using this distance\ipith Cu K« radiation (A = 1.54 A).

Sample scattering curves and attenuation factors were measured at a series
of elongations. Typical total scattering count values of several hundred to 1000
were obtained at each angular position giving a precision of 3-7%. A time of 3
to 4 hr was allowed to elapse between successive measurements at different
elongations to allow for possible sample relaxation. Background scattering was
measured in the absence of any sample, normalized according to the sample at-
tenuation factor, and then subtracted from the scattering at each elongation.

RESULTS AND DISCUSSION

Scattering Curves

Figure 1 shows isointensity SAXS contours for a series of elongations from
0% to 300% with the stretching direction vertical. At elongations above ca. 60%
the scatt'ering becomes strongly azimuthally dependent. A distinct two-point
28:;2:)!8 (l; ()bservgd at 300% elongation. Figure 2 shows scattering curves at 0%
br't 300% elongatlon.. The curve for the underformed sample has been obtained
bya mrc}”“_’ averaging about the incident beam position. The resulting curve
18 very similar to those previously observed for these icnomers.! The peak

fl
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Fig. 1. Isointensity SAXS contours of cesium salt of E-MMA at various deformations: (a) 0%;
(b) 9%; (c) 30%; (d) 35%; (e) 45%; (f) 60%; (g) 100%; (h) 300%.

corresponds to a Bragg spacing of 34 A. A significant zero-order scattering
component is observed in the range of 20 <1°. At 300% elongation curves have
been obtained at 0° and 90° azimuthal angles (¢) to the stretching directions by
averaging points on opposite sides of the incident beam for detector wires lying
in the appropriate directions. The scattering peak at ¢ = 90° is greatly inten-
sified over that of the undeformed sample while no peak is observed at ¢ = 0°.

o 30l E-MMA ce

Ceamen defurmeq 300 sium salt for the undeformed sample circularly av-.

% at ¢ = 0° (---) and ¢ = 90° ().
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Figure 3 shows the data at ¢ = 0° and 90° for a series of elongations after nor-
malizing for changes in sample thickness and attenuation factor. The scattering
peak at ¢ = 0° is seen to shift to lower angles and decrease in intensity up to about
45% elongation and then to disappear at higher elongations. The maximum
increases in intensity but changes little in position at ¢ = 90°. The observed
Bragg spacings are compared in Figure 4 to the prediction for an affine defor-
mation. For the affine case, the following relations hold:

dy=Xdo (1)

where )\ is the ratio of the length of the sample between clamps after deformation
to the length before deformation, dj is the spacing at 0° azimuthal angle, and
d, is the spacing at ¢= 90°. No points are shown for deformation above A =
1.6 at ¢ = 0° since no SAXS maximum is observed. Error bars indicate the
maximum and minimum peak position that might have been obtained allowing
for the possible statistical errors in counting. The observed peak shifts are seen
to disagree with the affine model, particularly since no peak shift is observed at
¢ = 90°.

Fig. 3. (a) SAXS intensity profiles at ¢ = 0° for E-MMA cesium salt at A = 1.0 (0);1.3(Aa);1.45

(0); 20 (v); 4.0 (@). {(b) SAXS intensity profiles at ¢ = 90° for E-MMA cesium salt at A = 1.0 (0);
L3 (a), 1L.45(D); 2.0 (v); 4.0 (@).
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Fig. 3. (Continued from previous page).
Comparison with Predictions of Scattering Models
. Paracrystalline Lattice Model
is model proposed for ionomers by Marx et al.4 the ionic aggregates are
assumed to be arranged on a disordered lattice with the lattice spacing nearly
equal to the observed Bragg spacing of the ionic maximum. The intensity of
scattering as formulated by Hosemann and Bagehi!? is given by
Is) = ((FZj— F?) + (FQ/U)Z@T?] (3)
Clnefo IF>
";'///;
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where s = 2(sinf)/)\, F is the structure factor for the points in the lattice, and v

is the volume of a lattice cell. Z(s) is the interference factor which, for the case
of disorder of the second kind for an n-dimensional lattice is given by

7 1 — |bk|?
Z(s) =TI | lfl -
r=1(1 — |bk|)% + 4|bk| sin? (wrak]|s| siny)
where ag is the lattice spacing in the Kth direction, and ¥ is thé angle between
this direction and the scattering vector s. The function bg characterizes the
extent of disorder in the Kth direction and is given by

4)

bk = exp(—272s2D%) (5)

where D is a disorder parameter with unity of a in eq. (3). Here S is the shape
factor of the lattice as a whole, the so called “brick factor.” V is the volume of
a lattice cell.

In the treatment of Marx et al.4 the lattice is assumed to extend over the entire—""

sample. In this case of an essentially infinite lattice, the shape factor[s corre-
sponds to a delta function at zero scattering angle and thus in practice no zero-
order scattering is predicted. These authors have indicated an ionic aggregate
glze of two to seven ion pairs is fairly consistent with such a model, a size which

corresponds to a ;ntiicl_e_ radius of about 5 A. This value is assumed here. The
fluctuation term\ 2 F2 gives an angularly independent scattering. The in-

o

~,

RS

————

tensity observed at large anglest ed to be equal to this term. Thepoint—— ¢ L‘O""}(/]LO F 2-

structure-factor F is assumed to be represented by the sphere shape-factor given
by

F = 3V,[(sin hR — hR cos hR)/(hR)3] (6)

where h = 27s, R is the sphere radius, and V; is the sphere volume.

To compare the predicted angular dependence of scattering to that observed
experimentally, only the angularly dependent terms in eq. (3) need be considered.
A normalization factor is then adjusted so that the sum of intensity points for
the model and experimental curves are equal. A relative error of the model fit
4 can then be defined as

b= |Uw); ~ Up| [T U); )
J J

where Iy and Iz are the individual model and experimental intensities at a given
scattering angle.

Figure 5 shows a comparison at the calculated curve for an infinite paracrys-
talline model and the experimental curve for the undeformed sample. For the
model curve a lattice spacing of 34 A has been used along with a disorder pa-
rameter D of 6 A which corresponds to the best obtainable fit. The large de-
viation of 0.7 for 0 results because the model gives no source of zero-order scat-
tering while a strong zero-order component is experimentally observed. An
important point in this regard is that the zero-order scattering observed in
ionomers at 20 < 1° is much greater than that seen for the corresponding acid
samples. Thus, this scattering results from structures present only in the salt
form and not from foreign heterogeneities that would be present in both acid
and salt samples.

A finite paracrystalline lattice can exhibit zero-order scattering and might be
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Fig. 5. Infinite paracrystalline lattice model (—) fit to experimental data (0) (A =34nm; R,
= (0.5nm, D = 1.2 and 2.0 nm).

expected to better fit the experimental data. Hosemann et al.!3 have recently

shown that at low angles the zero-order scattering component can be analyzed
by using the relation

2by \( 2bo [ 2b3
2 = 2
ZIs| (1 + bl)(l + bz)(l + b3) IS| ®

Here a cubic lattice is assumed with (N + 1) lattice points in each of the three
perpendicular directions. The shape factor S is in this case given by

S = sinr Nh 1) sinT Nhg)(simr Nh4
"Il'hl 1fh2 1rh3

©

where hi = ags.

The best fit of the zero-order scattering in terms of eq. (9) is given in Figure

6 for which Yalues of 34 A for ag, 10 A for Dg, and a value of 1 for N have been
:l:::d tulc:btam anerror 6 of 0.05. For larger values of N alarge discrepancy be-
hy 1;31: :“:,er):ipenmental and calculated curves is found irrespective of the value
~orfder parameter. The analysis indicates that only a finite paracrys-

talli . . . .
. :: maodel of very limited extent can possibly explain the vobserved scat-

The use af 4 paracrystalline mog,

: !J-,:-rw.(] de

4 ‘.
ek, g

! del with a large lattice size is also questionable
l;);mau(m behavior found in this study. An infinite
e expected to show peak shifts similar to the affine
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Fig. 6. Finite paracrystalline lattice model (—) fit to experimental data (0) (A = 2.5 nm; RLaTT
=75 nm; Ry = 0.5nm; D = 1.8 nm; Ap = 1.0; 6 = 7.6%).
deformation model. Thus both the existence of the observed zero-order scat-
tering and the highly nonaffine nature of the deformation argue that if a para-
crystalline model is to be used it must have an overall lattice of a very limited
size.

Local Structural Models

The requirement of zero-order scattering and the observed deformation be-
havior suggest that models involving short-range order or local structure are more
appropriate for ionomers. Such structures can be expected to exhibit strains
in the region of the ionic structure which are quite different from the overall strain
patterns of the sample as a whole. The finite size of these structures will give
rise to the necessary zero-order scattering component.

Spherical core-shell model. Figure 7 shows a schematic version of the model

‘originally proposed by MacKnight et al.3 consisting of a spherical ion-rich core

with a shell of associated ions. A general representation of this model might
assign different electron density values to the region outside of the shell, the shell,
the inter-shell-core region, and the ion core. In this treatment it is assumed that
the electron density of the region outside of the shell and the inter shell-core
region are the same. The shape function for such a model can be represented

by
P1, OSTSRl
0, Ry <r<R
S(r) = per= (10)
- |psy, Ra<r=Rj3
0, R3<I'
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Fig. 7. Shell-core model of MacKnight et al. (ref. 3).

where R, is the core radius and Rs and R3 are the inner and outer shell radii. The
electron densities p1 and p; are given by

p1L= P1 p3
P3 = pa— P3
where p}, p2, and pj are the electron densities of the core, shell, and the inter-
shell-core region, respectively. The scattering from this model is represented
by
F _ 3[sin(hR}) — hR, cos(hRy)]
p1 h3[R3 - A(R2 + Rg)l
3A [sin(hR3) ~ hR3 cos(hR3) — sin(hRs) + hRs cos(hR5)]
' h3[R3 — A(R} + RY)]
where A = p3/ p1. A fitof the experimental curve with an error of 7% was achieved
withR; =54, Ry =41 A, R, =46 A, and a value for A of 0.007.

Various mechanisms might be considered for the deformation of this model.
One example mechanism is considered here in which the shell and core structures
are elliptically deformed in the direction of stretching. Since no change in the
Bragg spacing at ¢ = 90° is observed experimentally the shell and core dimen-
sions along that direction will be assumed to be constant. The relative changes
in intensity and peak shift at ¢ = 0° are then compared to the experimental
curves to test the validity of the mechanism.

The dimensions of the ellipsoid parallel to the stretching direction change
according to

(11)

- (12)

(Ry) = vi(R1)o

(R2) = va(R2)o

(R3) = (Ra)o + (v2 — 1)(R3)e
while A is assumed to vary as

(13)

= A(V,V /V,V,) (14)

where V; and V. are the shell and core volumes and primed variables denote
values after deformation. The structure factor Fg for ellipsoids has been dis-

cussed by Barber.!* For the case of ellipsoids arranged accordmg to the scat-
tering direction,

Fp= [(3/U3)(sinU - U cosU)}? (15)
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where
U = (47/)) a sin(0/2){cos?(A/2) cos?¢p + (b2/a?)[1 — cos2(0/2) cos?]}}/2 d%ﬁ)______é e
where a and b are the long and short axes of the ellipsoid, respectively, and ¢ is

the azimuthal angle. Figures 8 and 9 show illustrative curves calculated for a
relatively small deformation of the core compared to the shell. The scattered F?(q
intensity at ¢ = 0° decreases with increasing ellipsoid eccentricity as in the ex-
perimental plot but a decreased intensity is also observed for ¢ = 90°, contrary
to the experiment. Deformation schemes in which the core is deformed more
than the shell give a less rapid decrease in intensity at $ = 90° compared to ¢ =
0° but are still much different than the experimental results.

Lamellar models. It is known that salts of lipids (fatty acids) can form la-
mellar micelles in either polar or nonpolar media. This suggests!® that lamellar
structures might also be present in ionomers. The scattering from layered
structures has been treated by several authors.13:16.17 [n most cases the layers
have lateral dimensions large compared to the innerlayer spacing, allowing the
use of the Hosemann!2 s2 factor to reduce the scattering from the three-dimen-
sional model. For ionomers the lateral dimension of the layers is likely to be
comparable to the interlayer spacing as evidenced by the relatively small overall
particle radius of gyration. Thus it is really necessary to calculate the entire
scattering considering the three-dimensional nature of the layers. In this work
only a two-dimensional model is used for reasons largely of mathematical sim-
plicity. Itis felt that this two-dimensional calculation is sufficient to assess the
potential of a lamellar model for ionomers.

A model with two parallel ion-rich layers was initially examined but failed to

Fig. 8. Pr.edicted SAXS profiles for the deformed shell core modelat ¢ = 0. (@) p; =1, vz = 1;
(a) v = 1.02, vy =12,(0)v; = 1.04, v2 = 1.4; (V) » = 1.086, vy =1.6.
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Fig. 9. Predicted SAXS profiles for the deformed shell-core model at ¢ = 90°. Symbols defined
in Figure 8.
yield a sufficient scattering maximum. The three-layer model shown in Figure
10, where the thicknesses of the inner and outer layers are assumed to both equal
L, was adopted for simplicity. It is also assumed that the matrix and interlayer
regions (L3) have the same electron densities. The shape function for this model

.o b
is given by ) [lel <Ly
el < wr2
Li/2+ Ls < de <3L/2+ L,
le < W/2
0, all otherx

where W is the lamellar width and |x;} and | x2| denote the absolute value of the
magnitude of the vector x in the direction perpendicular and parallel to the layer
direction, respectively. The structure factor F for this model is different for
different values of u as shown in Figure 10. It is given by (a) u > us,

S(x) = 17)

Fe [sintrsiLy) 4 (sin[‘n’sl(BLl +Ly)] sin(nsl(Lfszz))
l m8) sy sy
% sin(wso W) (18)
: TS .
Equation (18) applies only for 4 > s, as shown in Figure 10. For u < i3, we have
(b) 143 < Ha, ’ )
F= sin(wlel) sin(ms, W) (19)

s TSa
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Fig. 10. Schematic representation of the lamellar model.

(e) u2 £ % us,
n(1rle1)

+A sin(7s;x”) _sin(ws (L, + 2L2)) sin(ws, W)
sy sy TSy TS
where x/ = (W/2) tanu — L{/2 — Ly, s1 and s; denote the magnitudes of the
components of s in the 1 and 2 directions, and A = ps/p;. .

The structure factor for an individual lamellar structure depends on the Bragg
scattering angle # and the azimuthal angle u for that structure. The angle u is
related to the macroscopic azimuthal angle relative to the stretching direction

¢ and the tilt angle w between the stretching direction and the direction per-
pendicular to the layers by :

(20)

w=¢—w (21)
The magnitude of s in the 1 and 2 directions is given by
|81} = s1sinu
Is2] =52 cosp
A Gaussian distribution of tilt angles is assumed

glw) =C exp‘.: (w%’ﬂ (23)
where 8 is the distribution width, and C is the normalization constant. The
convention is used that w = 0 for a layer lying parallel to the stretching direction.
In the undeformed state the distribution of w is random corresponding to large

B.. The distribution of layer orientation can be characterized by a two-dimen-
slonal orientation function

(22)

f(w) = 2{cosw)ey — 1 . (24)
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for random layer orientation, f(w) is 0. For the case with all layers parallel to

the stretching direction, f(w) is unity.

A fit of the experimental data for the undeformed sample was made assuming
random layer orientation. For valuesof L; = 6 A, L, =284, w =204, and A
= 0.2 an error of 6% was obtained.

Figure 11 shows scattering curves at ¢ = 0° for values of f(w) corresponding
to increasing orientation of the layers along the stretching direction. Figure 12
shows the corresponding curves at ¢ = 90°. The model is observed to correctly
predict decreased intensities at ¢ = 90°. A discrepancy between the model and
experiment exists in that the model predicts the peak shift at ¢ = 0° to occur at
a slow rate with respect to the intensity decrease.

This discrepancy might be avoided by a three-dimensional lamellar model or
by considering the possibility of stretching, i.e., changes in L or Ly with defor-
mation. The calculations do indicate that a lamellar model has a good potential
for explaining the undeformed and deformed scattering curves.

Other local-structure models incorporating a combination of rotation and
stretching of ellipsoids or incomplete ellipsoids might also be considered. The
deformation schemes considered in this work can only be regarded as examples
involving a single mechanism and structure. The real case is undoubtedly more
complex. ‘

Fig. 11. Predicted SAXS profiles at ¢ = 0° for lamellar model with L; = 0.8 nm, L2 = 2.6 nm, W

(- 6).0 nm, and A = 0.2. The different profiles correspond to f = 0 (a); 0.5 (4); 0.67 (®) and 0.89
0).

s
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Fig. 12. Predicted SAXS profiles at ¢ = 90° for lamellar model with L, = 0.8 nm, Lg = 2.6 nm,
W =6.0nm, and A = 0.2. Symbols are defined in Figure 11.

CONCLUSIONS

The scattering curves from the cesium salt of an ethylene-methacrylic acid
copolymer have been obtained in the undeformed state and also at various
elongations. The absence of any significant crystallinity of the ethylene units
has allowed an interpretation of scattering solely in terms of ionic aggregate
structures. A marked azimuthal dependence of scattering is observed for sample
elongation of 60% or more. The Bragg spacings at azimuthal angles parallel and
perpendicular to the stretching direction vary in a manner which is very dissimilar
to predictions from affine deformation. This indicates that dimensions between
ionic structures giving rise to the interference maximum are changing very dif-
ferently than the dimensions of the sample as a whole.

An infinite paracrystalline lattice model fails to explain the data for the un-
deformed sample since it contains no origin of zero-order scattering. A finite
paracrystalline lattice model gives a better fit {0 experiment for a lattice having
on the order of eight points. However, this model must be questioned since this
small lattice can no longer be correctly described by the paracrystalline lattice
§tatistics. Paracrystalline lattice models would be expected to exhibit changes
In peak spacings similar to the affine case, which is contrary to experiment, al-

:h_OUgh a finite model could possibly deform to a lesser degree than the ma-
140 &

The obsery

' ed zero-order scattering component and the deviation from affine
behavior sug

' gest that models involving local structure are more appropriate. A
spherical shell-core model and a two-dimensional lamellar model involving
short-range structure are capable of explaining the data for the undeformed
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sample. An ellipsoidal deformation scheme of the shell-core model failed to give
an intensity increase at ¢ = 90°, which was observed experimentally. A layer
rotation-deformation scheme for the lamella model correctly predicts the in-
tensity observed at ¢ = 90° and the decrease 4t ¢ = 0° but does not correctly
explain the peak shift at ¢ = 0°. An extension of the model to three dimensions
or a consideration of stretching or an additional deformation mechanism might
give more complete correspondence with experiment.
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