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The deformation behaviour of the poly (tetramethylene oxide ) subchains of two sodium sulphonated model
polyurethane ionomers is examined by small-angle neutron scattering (SANS ). Surprisingly, the scattering
patterns from both ionomers remained isotropic at low elongations. At higher elongations, visible anisotropy
appeared in the SANS patterns, but the change in the radii of gyration in the directions parallel and
perpendicular to the stretching direction was small. Three models of network deformation—the junction
affine, the phantom network and the affine deformation model—failed to reproduce the experimental
results. A two-stage deformation model comprising an initial stage of aggregate rearrangement and subchain
relaxation at low elongations, followed by subchain stretching at higher elongations, is postulated to explain

the observed results.
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INTRODUCTION

In a previous paper!, the response of the ionic aggregates
of model polyurethane ionomers to deformation was
investigated. The deformation was shown to be affine for
low elongations when a 2000 molecular weight poly (tetra-
methylene oxide) (PTMO) soft segment was used and
non-affine for all elongations of a model polyurethane
ionomer based on 1000 molecular weight PTMO and
for high elongations of an ionomer based on 2000
molecular weight PTMO. The non-affine response of
the ionomers made evaluation of models of ionomer
morphology difficult and emphasized the need to further
probe the deformation response of ionomers by examining
the behaviour of the polymer chains.

Small-angle neutron scattering (SANS) is one of the
most powerful tools for examining the conformation of
polymer chains in the solid state. Selective labelling of
polymer chains with deuterium allows determination of
the single-chain dimensions of the deuterated polymer
in a hydrogenous polymer matrix. This technique has
been used successfully to characterize the chain dimen-
sions of ionomer backbones in carboxy-telechelic poly-
styrene ionomers?, styrene/methacrylic acid ionomers?
and model polyurethane ionomers*. SANS has also
been used to derive information on chain dimensions
in deformed systems, including polybutadiene®, poly-
(dimethylsiloxane )8, and polyisoprene” networks, and
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poly (methyl methacrylate)® and polystyrene® !® homo-
polymers, and styrene/isoprene triblock!! and bisphenol
A carbonate/dimethylsiloxane'? copolymers. However,
the deformation response of ionomer chains has not been
studied, despite the interesting behaviour which would
be expected because of the pseudo-network character of
the ionomer solid state.

In this paper, the deformation responses of two
sulphonated model polyurethane ionomers based on
1000 and 2000 molecular weight PTMO soft segments
are studied. These polymers are well-suited for this study
in several respects. They contain a regular placement of
ionic groups along the polymer backbone, giving rise to
a more regular morphology than is found in random
copolymer ionomers!3'4, Therefore, interpretation of
the SANS data should be less complicated by artifacts
of an irregular morphology. SANS data on the backbone
chain dimensions of the undeformed ionomers has
appeared previously*. Finally, the response of these
ionomers to deformation has been studied by i.r.
dichroism!® and small-angle X-ray scattering (SAXS)!,
providing information which is complementary to that
available by SANS.

EXPERIMENTAL

Sample preparation

Synthesis of the deuterous PTMO from fully deuterous
monomer (99.5 + atom% D, Aldrich ) has been described
previously’®. The hydrogenous PTMO samples were
DuPont Terathanes. The molecular weight distributions



Table 1 Average molecular weights of PTMO polyols

Polyol M, M, M,

H-PTMO(1200) 1180 1769 2512
D-PTMO(1200) 1265 1725 2328
H-PTMO(2000) 1926 3344 4956
D-PTMO(2000) 1955 3168 4622
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Figure 1 Structure of the model polyurethane ionomer, using a 1000
molecular weight PTMO polyol as an example (n is the overall degree
of polymerization)

of the hydrogenous and deuterous PTMO samples were
determined by h.p.l.c.'®. The molecular weight moments
are listed in Table 1.

The synthesis of the polyurethane ionomers based on
1:1 copolymers of PTMO and tolylene diisocyanate
(TDI) has been described previously!’. The chemical
structure of the model polyurethane ionomers is shown
in Figure 1. The volume fraction of deuterous PTMO
used in each ionomer was 25%. This labelling level has
been shown* to satisfy the ‘contrast-matched’ condition*®
so that only single-chain scattering is evident in the
scattering data. Polymers synthesized by this method
have been shown!’ to have polystyrene-equivalent
molecular weights in excess of 50000. Sodium-neutralized
sulphonate groups were introduced by replacing the
urethane nitrogens with sodium propyl sulphonate
groups. Elemental analysis (Galbraith Laboratories ) for
sulphur indicated >90% substitution at the urethane
linkages for all the ionomers. The ionomers were
compression moulded at 180°C for 5 min at 69 MPa and
allowed to cool in the mould to room temperature
overnight. Sample thicknesses were in the range 1-1.5 mm.

A five digit code was used to identify the ionomer
samples. The first three letters indicate the soft segment
type (M = PTMO), the soft segment molecular weight
in thousands and the sulphonate pendant anion. The
final two letters are the chemical symbol for the
neutralizing cation. Thus, M1SNa indicates a 1:1
copolymer of PTMO, molecular weight 1000, and TDI
which is derivatized at the urethane linkages with propyl
sulphonate groups and stoichiometrically neutralized
with sodium.

SANS measurements

The SANS data were acquired on the small-angle
diffractometer at the Intense Pulsed Neutron Source at
Argonne National Laboratory. Data were acquired in
67 time slices of approximately constant relative time
increment (At/t). Samples were uniaxially extended to
elongation ratios A >1 (A= L/L,, where L, is the
distance between two marks on the unstretched sample
and L is the distance for the stretched sample) using a
stretching jig placed in the neutron beam path. Samples
were stretched to the desired elongation ratio and allowed
to relax in the new stretched configuration for at least
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30 min prior to data collection. All data were collected
at room temperature.

The data were corrected for empty beam scattering,
spectral intensity, sample thickness and transmittance,
and detector sensitivity in each time slice. The isotropic
data were radially averaged and combined to yield
scattering data over the g range 0.01-0.4 A~!. The
anisotropic data were sector-averaged using software
available at IPNS to yield scattering data over the same
g range in directions parallel and perpendicular to the
stretch direction. The data were placed on an absolute
scale by comparison with a partially labelled poly-
styrene standard!®. Incoherent background scattering
was removed as described previously®.

THEORETICAL BACKGROUND

The single chain scattering from a two-phase partially
labelled polymer can be described by the equation*®

RL(q) - Rinc,L(q)
. {[ﬁA — XPgp — (1 = x)ﬁBH:lz
(Ba — Pen)?

x [Ry(q) — Rinc,U(q)]}

= 41[ (bgp — bay)*NgrZgx (1 —
Vs
where ¢ = (4n/A) sin 8 is the magnitude of the scattering
vector (4 is the wavelength and 26 is the scattering angle ).
In equation (1), R denotes the absolute scattering
cross-section or Rayleigh factor. R, (q) and Ry{(q) are
the absolute scattering contributions from a partially
labelled sample and a completely unlabelled sample.

R, and R,y are the incoherent background scattering
terms for the labelled and unlabelled samples. f, is the
coherent scattering length density of pure A segments;
Pen and fyp are the coherent scattering length densities
for pure protonated and pure deuterated B segments,
respectively; and x is the fraction of B chains that
are deuterated. bgy and by, are the monomeric coherent
scattering lengths for protonated and deuterated
monomers, Nyr is the total number of B chains present
in the scattering volume, and Zj is the average degree
of polymerization of the B segments. Pz(q) is the single
chain scattering function, also known as the structure or
form factor for the B segments or as the intramolecular
interference function.

The technique of contrast matching?® allows consider-
able simplification of equation (1). In this case, a labelling
level is selected such that the prefactor of the second term
on the left-hand side of equation (1) is equal to zero.
The coherent scattering can then be described by?!

I(Q)N(bBD‘bBH)ZNBTZfst(l — x)Py(q) (2)

This equation has been shown to be valid for both
uncrosslinked polymers!®22-24 and polymer networks?3
containing a high fraction of deuterated chains.

It should be noted that equation (2) is not strictly
valid when a molecular weight mismatch between
hydrogenous and deuterous species exists. In that
case?>2%, a Zimm representation in the low g range
allows evaluation of a mean square radius of gyration

x)Pg(q) (1)
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R2

8.app *
2p2

P iq)~ 1+ f’—’% for ¢*R2,, <1 (3)
In the case of anisotropic samples, a similar equation can
be applied?”. By analysing the intensities in the directions
parallel (g,) and perpendicular (g, ) to the stretching
direction, the component of the radius of gyration in
these two main directions is obtained by :

Pil~1+¢R2 k=|orl (4)

These two components, R, and R, ;, can also be
calculated as a function of the extension ratio 4,
considering the theoretical network deformation models :
junction affine deformation, phantom network deform-
ation and affine deformation.

Models of network deformation

The junction affine deformation model assumes that
deformation of the elastic chains is induced by displace-
ment of the crosslinks, which is affine in the macroscopic
deformation. This model is commonly invoked in the
statistical mechanical description of elastic free energy of
an isolated chain in a network?®-3°, The deformation is

characterized by the relations3!:32:
R A2\ 12
Zell o = () (5)
R, o 2
R 1\v2
bl g = (—’1 ! ) (6)
R, 21

where R, , is the component of the radius of gyration of
the network chains in the undeformed systems.

The deformation equations for the phantom networks,
networks composed of volumeless chains that interact
only at the crosslinks, have non-affine components.
Pearson®? has calculated «; and «, for a uniaxially
stretched phantom network. The equations depend on
the functionality of the crosslinks f:

58_,”20(" _[f+2+(f—2)/12]”2

(7)

Ry,O Y
Rg,l=%=|:f+2+(f—2)/l'1]“2 (8)
Rg,O f

For affine deformation, in which deformation of each
chain segment is affine in the macroscopic deformation,
the following relations hold:

R
Ri” =a =) (9)
2.0
R
Bl =g, =471 (10)
R0

The classic theories of elasticity do not consider this
model, but the morphological models derived for
analysing the SAXS data of deformed ionomers! assumed
affine deformation so that this model must be considered.

Polydisperse worm-like chain model for analysis of
isotropic data

In order to allow comparison of the results for the
isotropic samples with previously published SANS results
for model polyurethane ionomers*, the isotropic samples
were also analysed using a polydisperse worm-like chain
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model. In this model, the scattering from the blend of
hydrogenated and deuterated chains is described as2°:

S(q)™' =Sp(g) ™" + Sulq) ™! — 2 (11)

where y is the Flory interaction parameter and S;(q),
i=H or D, are the scattering contributions from the
hydrogenous and deuterous subchains, respectively:

Ni=w
Siq) = vlf g (ux) N, dN, (12)
Ni=0

where N, is the degree of polymerization of oligomer of
isotope type i, w; is the weight fraction of oligomer i
(relative to all material of isotope type i) and v; is the
volume fraction of material of isotope type i. [ To simplify
notation, the subscripts i will be dropped for all quantities
except S;(¢q), recognizing that both isotope types must
be evaluated in equation (12).] g(uy) is the structure
factor of the polymer chain, given by **:

L 2
5q%1?
x[—1lue ™ +4u+7(1 —e™¥)] (13)

where L is the contour length of the chain (L = nl, where
n is the number of monomers in the chain and [ is the
contour length of a monomer unit). Here, uy is given by :

2
gluy)=— (™ +u—1)
u

Uy = quﬁ,N
= q’nya®/6
= ¢%Nla/6 (14)

where R, y is the radius of gyration of chain length N, a
is the statistical segment length and ny is the number of
statistical segments. Using tabulated bond lengths and
angles, the monomer contour length for PTMO can be
calculated®® to be 6.11 A.

To analyse the SANS data with this model, equations
(11)-(14) were used directly with the h.p.l.c. data*,
which describes the molecular weight distribution of the
PTMO subchains. The statistical segment or Kuhn
length3® a was a fitting parameter. The contrast factor
relating S(q) to the absolute intensity I(q) is:

A 2
1g) =DM gy = ks(q) (15
PN4

where AB is the scattering length density dif-
ference between hydrogenous and deuterous PTMO
(AB = 6.82 x 10'° cm™?), m, is the monomer molecular
weight (m, = 72.11 gmol ™ !), p is the amorphous PTMO
mass density (0.98 gem™3)37 and N, is Avogadro’s
number. v, is the volume fraction of the chain that can
be labelled; v, is around 0.8 for the ionomers examined
here, giving K = 0.454cm™!. K is treated as a fitting
parameter to account for any errors in absolute intensity
calibration. The Flory interaction parameter y is taken
as zero; variation of y from zero would have little effect
on the results, as noted by Register et al.>®.

RESULTS AND DISCUSSION

The two-dimensional contour plots of the neutron
scattering from the undeformed (A = 1) and deformed
(A>1) MISNa and M2SNa ionomers appear in
Figures 2 and 3. The scattering patterns of the
undeformed ionomers are clearly isotropic, but surpris-
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Figure 2 Two-dimensional contour plots of SANS data for M1SNa

at various elongation ratios: 4 = (a) 1.0; (b) 1.25; (c) 1.5; (d) 1.75;
(€) 2.0; (f) 2.5; (g) 3.0. The stretching direction is vertical

ingly, the scattering patterns of the M1SNa ionomers up
to elongation ratios 2 = 1.75 and of the M2SNa ionomers
up to elongation ratios A =2.0 are also isotropic.
Beginning at A= 1.75 for M1SNa and A=20 for
M2SNa, the contour patterns display increasing ellipsoidal
eccentricity as 4 is increased, indicating an increase in the
orientation of the PTMO chains. The onset of anisotropy
in the scattering patterns, as well as its extent at a given
value of 1, is greater for the M1SNa ionomer than for
M2SNa, indicating a higher degree of orientability for
the M1SNa subchains. Even at the highest elongations
examined, however, the degree of anisotropy of the
scattering patterns remains relatively slight, suggesting
that the response of the PTMO subchains to the external
deformation is attenuated by rearrangements in the
ionomer microstructure. The M2SNa ionomer, having
half the ionic group concentration of the M1SNa
ionomer, has more freedom to undergo rearrangements,
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explaining the apparent delay in its response to the
external deformation compared to M1SNa.

The data from the ionomers giving isotropic scattering
patterns were initially analysed using the worm-like chain
model described by equations (11)—(15). The modelling
results appear in Table 2 and Figure 4. Within
experimental error, the results for the undeformed
samples precisely match results obtained previously on
M1SNa and M2SNa ionomers*. For M1SNa, increasing
the elongation ratio up to a value of A = 1.5 had no effect
on the measured R,, within experimental error. For
M2SNa, although the isotropic nature of the scattering
pattern was maintained up to 4 = 2.0, the measured R,
increased slightly as 4 increased from 1.00 to 1.50. The
slight increase in R,, may be a reflection of the
redistribution of the ionic aggregates which could cause
local swelling of the polymer chains without inducing
visible anisotropy in the single-chain scattering. (No
evidence of two-phase scattering appeared in any of the
scattering patterns, indicating that the ‘contrast-matched’
condition was maintained for all samples and that
scattering from voids did not contribute to the observed
scattering. )

In order to permit comparison to the results for
ionomers giving anisotropic scattering patterns, data for
ionomers with isotropic scattering patterns were also
analysed using the Zimm-type analysis described by
equation (3). Figure 5 shows Zimm plots for M1SNa;
similar plots were derived for M2SNa (data not shown).
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Figure 3 Two-dimensional contour plots of SANS data for M2SNa
at various elongation ratios: A = (a) 1.0; (b) 1.5; (¢) 2.0; (d) 2.5; (e)
3.0. The stretching direction is vertical
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Table 2 Worm-like chain modelling results for isotropic samples

K R

a W Z
Sample A (A) (cm™1) (/i)
MI1SNa 1.00 152 £ 1.3° 0.438 + 0.009° 22.6
MI1SNa 1.25 170+ 1.3 0.412 4 0.008 23.8
MI1SNa 1.50 171t 1.6 0.417 £+ 0.009 239
M2SNa 1.00 127+ 0.7 0.506 + 0.008 29.0
M2SNa 1.50 143 +038 0.496 + 0.008 308
M2SNa 2.00 144+ 09 0.488 + 0.009 309
¢ +SD
20 [T YT T
- a -
o
N
| J
ol 0
0.8 1.0 1.2 1.4 1.6
A
— ——r—T— ————
L b ]
16 = ~
14} -
o 5 |
o
12 -1
olb—me—
1.0 1.5 2.0
A

Figure 4 Variation of statistical segment length a with elongation ratio
A for (a) M1SNA and (b) M2SNa ionomers whose scattering patterns
remain isotropic

The linearity of the Zimm plots reaffirms the validity of
this type of analysis. Results are given in Table 3 and
indicate that R, remains constant in these samples.
(Slight but significant changes were noted in the
worm-like chain analysis for M2SNa because that model
uses a wider range of data. This allows a greater statistical
sampling to be modelled and a smaller standard deviation
to be estimated.)

Equations (3) and (4) are valid for mixtures of
deuterated and hydrogenated polymer of identical
molecular weights. In the systems investigated here,
the molecular weight distributions of the deuterous and
hydrogenous species are not strictly the same (see Table 1).
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It follows that the radius of gyration calculated with
equations (3) and (4) is an apparent value. An analysis
of the error introduced by using these equations on
polydisperse systems, following the method of Boue er
al.?®, indicates that the relative errors for M1SNa and
M2SNa are <1% and are therefore negligible.

Results of the analysis for the M1SNa samples giving
anisotropic scattering patterns appear in Figures 6 and
7 and Table 4. Examination of Figure 6 shows that the
slope of the Zimm plots for scattering parallel to the
stretching direction (g;) for 4 = 1.75, 2.0, 2.5 and 3.0
varies little, indicating that R, | varies little with A, even
at these higher elongations. In contrast, scattering of the
MI1SNa ionomers in the perpendicular direction (g, ),
shown for the higher elongations in Figure 7, shows a
definite change in the slope of the Zimm plot as A
increases. Referring to Table 4, the trend appears to be
that R, | increases as A increases, matching the quali-
tative conclusions that can be drawn from examination
of Figure 2. However, the error limits prevent attaching
any significance to this trend in the Zimm analysis.

0.0 10.0 20.0 30.0 40.0
g2x10% (82

Figure 5 Zimm plots of isotropic scattering data which resulted in

isotropic scattering patterns at various elongation ratios A for M1SNa.

A=(A)15;(B) 1.25; (C) 10. Curves at elongation ratios of A > 1
have been incrementally offset by 0.2 cm in 1/7 for clarity

Table 3 Zimm analysis results for samples giving isotropic scattering
patterns

R

Sample A (X)

M1SNa 1.00 177+ 1.3
MI1SNa 1.25 180+ 1.0
M1SNa 1.50 18.1t1.2
M2SNa 1.00 253+ 1.1
M2SNa 1.50 259+ 1.0
M2SNa 2.00 265+ 1.0
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Figure 6 Zimm plot of anisotropic scattering data for M1SNa in the
direction parallel to the stretching direction. 2 = (A) 3.0; (B) 2.5;
(C) 2.0; (D) 1.75. Curves at elongation ratios of A > 2.0 have been
incrementally offset by 0.3 cm in 1/1 for clarity

Table 4 Zimm analysis results for samples giving anisotropic
scattering patterns

R R, R,
Sample A &) (A) &)
MISNa 1.75 174 + 2.1 15.2
MISNa 1.75 140+ 1.7
MI1SNa 2.00 173+ 19 159
MISNa 2.00 152+ 1.8
MISNa 2.50 17.1 + 2.0 15.0
MI1SNa 2.50 1394 1.5
M1SNa 3.00 179 + 1.5 14.5
M1SNa 3.00 125422
M2SNa 2.00 186+ 1.4 18.1
M2SNa 2.00 178 + 1.2
M2SNa 3.00 194 + 1.4 19.1
M2SNa 3.00 189 + 1.4

“ For samples which displayed anisotropy, R, values were calculated
from:
R = 2R% + R}
£ 3

Significant differences between R, | and R, at A = 3.0
are noted in the Zimm analysis.

The variation of molecular deformation with 2 is
plotted in Figure 8, as are the predictions from the three
network deformation models. Clearly, the deformation of
the PTMO subchains of M1SNa is highly non-affine.
The junction affine model also fails to predict the slight
changes in R, ; which were observed. In order to obtain
the best possible fit of the experimental data to the
phantom network model, it was necessary to postulate
a crosslink functionality of three. Previous SAXS studies
of the ionic aggregates of similar ionomers indicate that
a minimum of 20 ionic groups reside in each aggregate'*

SANS study of deformation behaviour: S. A. Visser et al.

so that this postulation violates known facts of ionomer
morphology. Further, even if the postulation of a
crosslink functionality of three could be justified based
on the number of ionic groups dispersed in the matrix
(estimated at up to 50% in some ionomers®®), the
crosslink functionality must still be greater than three.
Use of crosslink functionality values greater than three

LB BN BN BLEE 0 AR % HLEL BN LAY B

P PR R
20.0 30.0 40.0

glz x10* (8-3)

0.0 10.0

Figure 7 Zimm plot of anisotropic scattering data for M1SNa in the
direction perpendicular to the stretching direction. A= (A) 3.0;
(B)2.5;(C)2.0; (D) 1.75. Curves at elongation ratios of A > 2.0 have
been incrementally offset by 0.3 cm in 1// for clarity

0.5 " . n " 1 i " " A 1 " " " " 1 2 "
1

Figure 8 Variation of molecular deformation « in the direction parallel
(O) and perpendicular ([) to the stretching direction for M1SNa and
comparison to the three models of network deformation: (——) affine;
(-~ =) junction affine; (- - - ) phantom network (f = 3)
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gives even greater discrepancies between experimental
results and model predictions.

The anisotropic scattering results for the M2SNa
ionomers are shown in Table 4. The Zimm plots (not
shown) display little variation in slope as A is increased,
indicating no significant changes in R, | and R, as A
increases from 2.0 to 3.0.

Comparing the scattering results for M1SNa and
M2SNa, the largest variation of R, was observed for
ionomers with the shortest subchains. In neither the
M1SNa nor the M2SNa case was the deformation affine.
These results match the conclusions reached for deform-
ation of chemically crosslinked poly(dimethylsiloxane)
networks®, confirming the validity of the analogy between
physically crosslinked networks of ionomers and chemic-
ally crosslinked networks of non-ionic polymers.

A more detailed understanding of the response of
ionomers to deformation is obtained by comparison of
the SANS results with previously published SAXS
analyses of deformed M1SNa and M2SNa ionomers!.
The SAXS results showed a significant variation in the
position of the scattering peak in g-space up to a value
of 1 = 1.75 for M1SNa. At elongations of 1 > 1.75, the
peak position in the directions parallel and perpendicular
to the stretching direction remained approximately
constant. This change in response is exactly paralleled
by the response seen in the SANS data, where the onset
of anisotropy in the SANS patterns occurred at 4 = 1.75
for M1SNa. From consideration of these data, it can be
postulated that two processes affect the subchain
deformation behaviour. At elongations below 4 = 1.75,
the deformation is characterized by rearrangement of the
ionic aggregates in the polymer matrix, resulting in a
shift in the SAXS peak position. (The peak must,
therefore, arise from interparticle interference. See
reference 1 for an explanation of the implications of this
statement.) The rearrangement of the crosslink points
allows the deformation of the PTMO subchains to lag
behind the macroscopic deformation, explaining the
isotropic nature of the neutron scattering for the slightly
elongated samples. At higher elongations (4 = 1.75), the
aggregate rearrangement is unable to permit complete
subchain relaxation, and stretching of the PTMO
subchains begins to be observed. This deformation
mechanism is also supported by the M2SNa data. The
SAXS peak position for M2SNa changes its position in
g-space up to 4 = 2.0, precisely the elongation at which
anisotropy becomes apparent in the SANS patterns. An
initial period of aggregate rearrangement, followed by
subchain stretching at higher elongations, also explains
the M2SNa scattering results.

The later (higher A1) onset of anisotropy in the
scattering patterns of M2SNa than of MISNa is
explained by the lower number of crosslink points on
each M2SNa chain. A greater number of crosslink points
per chain would limit the mobility of the chains and
therefore of the ionic aggregates. Relaxation of the
PTMO subchains through aggregate redistribution
would be less in the M1SNa ionomers, resulting in the
onset of anisotropy in the scattering patterns at lower
elongations.

CONCLUSIONS

The response to uniaxial deformation of the PTMO
subchains of sodium sulphonated model polyurethane
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ionomers was examined. Despite the pseudo-network
character of the ionomers, the M1SNa and M2SNa
ionomers both exhibited continued isotropic scattering
at low elongations. Scattering at higher elongations
revealed the onset of a small degree of anisotropy in the
scattering patterns, but the deformations were clearly
non-affine. The largest variation of R, was observed for
the ionomers with the shortest PTMO subchains and,
therefore, the highest ionic group concentrations. This
resulted from the increased anchoring effect of the larger
number of ionic groups; the M1SNa ionomer subchains
were more closely tied to the macroscopic deformation
of the system.

Reference to previously published SAXS results allowed
the deformation mechanism of these ionomers to be
divided into two stages. In the first stage, at low
elongations, the ionic aggregates underwent redistri-
bution in the polymer matrix, allowing the PTMO
subchains to relax so that continued isotropic neutron
scattering was observed. At higher elongations, the
aggregate redistribution was insufficient to allow com-
plete relaxation of the PTMO subchains so that the
subchains began to show response to the macroscopic
deformation. Subchain stretching, as evidenced by the
appearance of anisotropy in the SANS patterns, was
observed.

Because of the unusual two-stage deformation mechan-
ism of the ionomers, the three models of network
deformation (affine, junction affine and phantom net-
work ) were unable to model the scattering results. In all
cases, the increase in R, predicted by the models greatly
exceeded that observed experimentally. Internal relax-
ations and rearrangements of the ionic aggregates explain
the discrepancies.
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