Vol. 6, No. 5, September-October 1973

Previously we have found that the polyethylene seg-
ments of ethylene-vinyl ester copolymers undergo intra-
molecular conformational transitions in solution.!-? More
specifically, we have identified the doubled alkanelike
methylene proton peaks in the aromatic solution spectra
of E-VF and E-VA copolymers as the two types of intra-
molecular structures, ‘“monomeric” and ‘“polymeric”
species of the ethylene sequences. The polymeric species
probably arises from intramolecular chain folding of the
polyethylene segments containing 8 or more ethylene
units. In addition, the existence of the polymeric structure

in these copolymers appears to depend on their composi-

tions and, to a lesser extent, on the monomer sequence
distributions. It is seen that in Figure 2 the resonance
peak due to the alkane-like methylene proton groups (at
1.2 ppm) is further split into two lines in the 1-chlorona-
phthalene solution spectrum. The spectral feature of the
doubled alkanelike methylene proton resonances, which
consists of a sharp line at lower field and a broad peak at
higher field, is remarkably similar to those observed for
E-VA and E-VF copolymers. The sharp methylene peak
was then assigned to the equivalent internal methylene
groups in the polymeric polyethylene sequences and the
broad upfield resonances to the disordered monomeric
methylene groups in accordance with our previous work.

In order to examine the effects of copolymer composition
on the intramolecular structure formation we have ob-
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tained the 1-chloronaphthalene solution spectra of several
E-VCI polymers. (see Figure 4). As in the cases of ethyl-
ene-vinyl ester copolymers,t-? the spectra of the doubled
alkane-like methylene protons are indeed dependent on
the comonomer (VCl) contents in the polymers. Particu-
larly noteworthy is the fact that in the spectrum of an
E-VCI polymer containing 43.3 mol % of VCI the feature
of the alkane-like methylene proton resonances is signifi-
cantly altered. This is consistent with the previous obser-
vation that the fraction of ethylene in blocks of 8 or more
ethylene units of a statistically random copolymer con-
taining more than 37.5 mol % of comonomer becomes neg-
ligibly small and the formation of polymeric structure by
intramolecular chain folding is precluded.” As implied by
our earlier work the results of the present study lead to an
important conclusion that the intramolecular conforma-
tional transitions observed in the nmr spectra of ethylene
copolymers arise from the polyethylene segments and are
not affected by the nature of the comonomer units.
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ABSTRACT: Potentiometric and viscometric studies of copoly(ethyl acrylate-acrylic acid) were made in a mixed
isopropyl alcohol-water (4:1) medium as a function of ionic strength. Potentiometric titrations resulted in distinet
conformational transition curves similar to those observed for poly(methacrylic acid) and poly(glutamic acid). The
transition is most pronounced in the absence of salt. It is believed that our copolymer goes through a transition from
a compact globular coil at a low degree of ionization to a more extended coil at a high degree of ionization. The free-
energy change for the conformational transition of the un-ionized molecule estimated from the empirical Henderson-
Hasselbalch extrapolations is approximately in the range of 60-90 cal/mol. In addition, the titration behavior of
three copolymers of the same chain length but different acid contents was compared. The data suggest that the start
of the transition region occurs at a lower degree of ionization for chains with higher acid content. However, the frac-
tion of charge per residue at the onset of the transition is about 0.10 for the three copolymers studied.

Light-scattering and intrinsic-viscosity studies of sever-
al fractions of copoly(ethyl acrylate-acrylic acid) (mole
ratio 3:1) in organic solvents and in aqueous NaCl solu-
tions as a function of ionic strength, Cs, have been re-
ported previously.® Data on radius of gyration, second vir-
ial coefficient, and intrinsic viscosity as a function of ionic
strength (see Figure la-c for data on one fraction, F4)
suggest that the polymer goes through a conformational
transition from an extended coil at low Cs to a compact
globular coil at high Cs. In the low C, region below 0.1 N
NaCl, the coil becomes more compact possibly attributed
charged groups. In the presence of a moderate concentra-
tion of NaCl, the screening effect of the counterions tends
to diminish the repulsive forces and the size of the coil
becomes smaller. At high ionic strength above 0.5 N

(1) J. 8. Tan and S. P. Gasper, Bull. Amer. Phys. Soc., 17, 373 (1972);
also to be submitted to<J. Polym. Sci. (1973).

NaCl, the coil becomes more compact possibly attributed
to both the further reduction in repulsive forces and the
increasing intramolecular hydrophobic attraction of the
ester groups along the chain.

The possibility of creating and stabilizing a compact
form of the molecule by interaction of polymer side-chain
groups has prompted further study of the conformational
transition of this copolymer. Potentiometric titration of
the polyacid was selected as the tool to investigate this
molecular behavior. This type of study has proved to be
very helpful in identifying helix—coil transitions in poly-
peptides such as poly(glutamic acid) (PGA)2-5 and poly-

(2) T. N. Nekrasova, Ye. V. Anufriyeva, A. Yel'yashevich, and O. B. Ptit-
syn, Vysokomol. Soedin, Ser. A, 7, 913 (1965).

(3) M. Nagasawa and A. Holtzer,J. Amer. Chem. Soc., 86, 538 (1964).

(4) A. Wada, J. Mol. Phys., 3, 409 (1960).

(5) D.S. Olander and A. Holtzer, J. Amer. Chem. Soc., 90, 4549 (1968).
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Figure 1. (a) Radius of gyration vs. ionic strength for sodium-
copoly(ethyl acrylate-acrylic acid) F4; (b) double logarithmic plots
of second virial coefficient vs. ionic strength for F4; (c) intrinsic vis-
cosity vs. ionic strength for F4.

(lysine).8 In addition, the method has been successfully
applied to the study of synthetic polyelectrolytes such as
poly(methacrylic acid) (PMAA),2:7-° copolymers of maleic
acid and alkyl vinyl ethers,19-11 and copolymer of maleic
acid and styrene,1? for which conformational changes of
the polyions in solution have been reported. Such studies
provide not only qualitative evidence of a transformation,
but also can provide quantitative estimates of the free
energy required for the transition.

1. Experimental Section

A. Titration. Preparation and fractionation of copoly(ethyl ac-
rylate-acrylic acid) and characterization of the fractions have
been described in detail previously.l A fraction of Mw = 560,000
(un-ionized) was selected for the potentiometric studies. Since
other investigations of polyelectrolytes had shown that titration
behavior was independent of molecular weight over a wide molec-

(6) D. Pederson, D. Gabriel, and J. Hermans, Jr., Biopolymers, 10, 2133
(1971).
(7) J. C. Leyte and M. Mandel, J. Polym. Sci., Part A-1, 2, 1879 (1964).
(8) M. Mandel and S. G. Stadhouder, Makromol. Chem., 80, 141 (1964).
(9) M. Nagasawa, T. Murase, and K. Kondo, J. Phys. Chem., 69, 4005
(1965).
(10) P. L. Dubin and U. P. Strauss, J. Phys. Chem., 71, 2757 (1967).
(11) P.L.Dubin and U. P. Strauss, J. Phys. Chem., 74, 2842, (1970).
(12) N. Ohno, K. Nitta, S. Makino, and 8. Sugai, J. Polym. Sci., Part A-2,
11, 413 (1973).
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Figure 2. Potentiometric titration curves for F4 in isopropyl alco-
hol-water (4:1) at the indicated NaCl concentrations.

ular weight range2-2-11 and also was independent of polymer con-
centration,®-? only one fraction of the copolymer was studied at
one selected polymer concentration.

Although the behavior of the copolymer in an aqueous medium
was of interest in this study, it was impossible to perform poten-
tiometric titrations in water, since the un-ionized copolymer was
insoluble. Therefore, it was necessary to find a titration solvent in
which the polymer would be soluble in both the un-ionized and
ionized forms. An isopropy! alcohol-water (4:1) mixture was se-
lected. Solutions for titration were prepared by dissolving the co-
polymer in isopropyl alcohol and adding water and NaCl to give the
desired composition and ionic strength. An initial polymer con-
centration of 0.01 equiv/l. in the acid moiety (i.e., 0.4 g/dl of the
copolymer) was used in each titration.

A Corning Model 12 research pH meter sensitive to 0.002 pH
unit was used in conjunction with a Sargent combination pH
electrode. Although standard buffers can be prepared for metha-
nol and ethanol-water mixtures,13 no standard buffer is available
for isopropyl alcohol-water (4:1). Therefore, the electrodes were
standardized against aqueous Fisher Scientific Certified buffers of
pH 4.0, 7.0, and 10.0 prior to each titration. The pH values as
measured refer to a 1 m standard state in pure water. Corrections
of these values to a standard state in an isopropyl alcohol-water
(4:1) mixture would only shift the titration curves vertically,
rather than alter the shape of the curves. Therefore, no correction
has been applied; all values reported are apparent pH. A similar
situation was also encountered by Olander and Holtzer5 in the
case of a dioxane-water mixture.

Titrations were performed at 25 £+ 0.1° by the addition of car-
bonate-free 0.01 N NaOH in isopropyl alcohol-water (4:1) at an
ionic strength identical with that of the polymer solution, in order
to maintain a constant chemical composition of the solvent. The
ionic strengths of the solutions were from 0, 0.001, 0.005, and 0.01
N NaCl. The degree of ionization a, defined as the fraction of car-
boxylic acid dissociated, was determined for each addition of ti-
trant in the following manner. The pH was measured after each

(13) R. G. Bates, M. Paabo, and R. A. Robinson, J. Phys. Chem., 67, 1833
(1963). ’
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Figure 3. Inherent viscosity vs. degree of ionization for F4 in iso-
propyl alcohol-water (4:1) at the indicated NaCl concentrations.

addition of titrant. If the pH value was in the range of 5-8, no
correction for the free acid or free hydroxyl was needed, and o
was calculated as [Ca+]/[Cua®], where [Cs+] is the molarity of
the dissociated carboxylic acid (equal to the amount of NaOH
added, [Cna+]), and [Cua®] is the total amount of carboxylic
acid. If the pH was below 5 or above 9, correction for free H+ or
OH- was needed because some of the titrant added was con-
sumed to create free H* or OH- in the solution. The correction
for free acid or base was determined directly by a blank titration,
which recorded the amount of NaOH required to bring the sol-
vent alone to the same pH value. The corrected titration curve
was obtained by subtracting the blank curve from the solution
curve. Titration data thus obtained are presented in Figure 2 as
pKa = pH + log [(1 — a)/a] vs. a. In most measurements in the
present work, the correction was negligible. Titrations in media
with ionic strengths greater than 0.01 N did not show characteris-
tic transition curves and hence are not reported here. Even
though the final concentration of NaOH in the titration sample
was about 0.003-0.005 N, the contribution to the ionic strength by
the unbound, mobile Na+* ions was assumed to be much smaller
than 0.001 N. As the actual values of ionic strength of the media
were not used in any of the quantitative analysis in this report,
only the concentration of the added NaCl was used to describe
each titration run.

B. Viscosity. Measurements of intrinsic viscosity as a function
of the degree of ionization under conditions identical with those of
the titrations presented in Figure 2 were originally planned in
order to observe changes in hydrodynamic volume with changes
in a. However, it was found to be very difficult experimentally to
maintain constant pH and therefore constant o during the dilu-
tions required for the Huggins extrapolation to zero polymer con-
centration. As an alternative, inherent viscosities {7/ = In nre1/c,
where nre) is the relative viscosity and c is the polymer concentra-
tion) at a polymer concentration of 0.2 g/dl were obtained. Since
the slopes of 15} vs. ¢ for all the experimental conditions are not
expected to vary greatly, the values of in! represent a valid ap-
media using Cannon-Fenske viscometers at 25 = 0.002°. These
given degree of ionization. The inherent viscosities for copolymer
F4 were measured in the mixed isopropyl alcohol-water (4:1)
mixture at various values of « and in different ionic strength
media using Cannon-Fenske viscometers at 25 + 0.002°. These
results are presented in Figure 3.

C. Hydrolysis. In addition, a portion of the same copolymer
sample was subjected to basic hydrolysis in order to convert some
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of the ester groups into carboxylic acid units. An excess of NaOH"
was added to a polymer solution and the reaction was allowed to
continue for several days. After the addition of a known amount
of HC! sufficient to neutralize both the excess base and the poly-
mer, the samples were titrated with NaOH in a manner similar
to that described previously. No attempt was made to isolate the-
products. The ionic strength of each solution was calculated
knowing the amount of acid added to each sample; additional
NaCl was added when necessary to obtain the desired ionic
strength. The acid contents of the new copolymers were deter-
mined from the resulting titration curves, and the curves were
analyzed in a manner similar to that of the original polymer. The
mole ratios of ester to acid for the copolymers studied were 3:1
(F4), 2:1 (F4A), and 1:1 (F4B).

I1. Results and Discussion

A. Potentiometric Titration and Inherent Viscosity.
The dissociation of a carboxylic acid may be described by
a single dissociation constant, Ko, as expressed in the fol-
lowing two equations

pH = pKo — log <l—a>

[21

(1)
0434AG°/RT

where « is the degree of ionization and AG® is the free-
energy change for the ionization process. In the dissocia-
tion of polyelectrolytes, additional work is required to ion-
ize the charge groups against the existing charges on the
chain and hencel4.15

pH = pK, — log (1 — a) + Oﬁi‘*(ag;“) (2)

In the case of polyions which do not undergo conforma-
tional transition during ionization, e.g., poly(acrylic acid)
(PAA), (3Gion/dc) is simply the additional free-energy
change required to remove H+ against the strong electro-
static repulsive forces of the chain. In the case of polyions
which undergo conformational transition during ioniza-
tion, e.g., poly(methacrylic acid) (PMAA) and poly(glu-
tamic acid) (PGA), another additional contribution to
free-energy change due to conformational change should
also be included in the quantity (3Gion/d). The appar-
ent pK can then be defined as

pH + log (1 = 0‘) (3)

pK, =

pKa = o
Plots of the observed pK, against « have been found very use-
ful in recognizing a pH-dependent conformational transi-
tion. For a polyelectrolyte such as PAA which does not
undergo a conformational transition during ionization,
pK, is a monotonic increasing function of «.2-% In the
cases of PMAA and PGA, and other distinctive polyelec-
trolytes, the curve of such a plot has a sharp rise at low «,
followed by a maximum, or plateau region, and rises again
at high a. The abnormal shape of the curve reflects addi-
tional work required for a conformational change in the
chain brought about by ionization, e.g., the globular coil-
extended coil transition in PMAA2.7-9 or the helix-coil
transition in PGA.2-5
Figure 2 shows the plots of pK, vs. a for the copolymer
of this study (F4) in isopropyl alcohol-water (4:1) with
ionic strengths of 0.0, 0.001, 0.005, and 0.01 N NaCl. A
conformational transition is clearly indicated from the
shape of these curves. In Figure 4 similar plots are pre-
sented for copolymers F4, F4A, and F4B of different acid

(14) A. Katchalsky and J. Gillis, Recl. Trav. Chim. Pays-Bas, 68, 879
(1949).

(15) A. Arnocld and J. Overbeek, Recl. Trav. Chim. Pays-Bas, 69, 192
(1950).
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Figure 4. Potentiometric titration curves for fractions F4, F4A,
and F4B in isopropyl alcohol-water (4:1) at 0.01 N NaCl.
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Figure 5. Henderson-Hasselbalch plots for F4. Circles and left-
hand scale for isopropyl alcohol-water (4:1); triangles and right-
hand scale for isopropyl alcohol-water (4:1) and 0.005 N NaCl.

contents but the same chain length in isopropyl alcohol-
water (4:1) with 0.01 N NaCl, in which a transition is also
evident. The regions labeled a and b in Figures 2 and 4

Macromolecules

can be associated with the form a at a low degree of ion-
ization and the form b at high degree of ionization exist-
ing after the conformational transition, respectively. The
conformation at a low degree of ionization may be de-
scribed as a compact globular coil with the possibility of
hydrogen bonding between -COOH groups. The coil be-
gins to open and extend on further ionization and goes
through a transition region between 0.2 ~ a =~ 0.6. Ion-
ization beyond this region does not alter the structure but
merely requires more work for ionization, and the poten-
tiometric titration curves continue to rise.

The above interpretation has been confirmed indepen-
dently by viscosity measurements for F4 samples at the
corresponding degree of ionization and ionic strength. Re-
sults of the inherent viscosity work are shown in Figure 3.
Viscosity increases as « increases in the region a which
corresponds to (a) region in Figure 2. The viscosity con-
tinues to increase through the transition region up to ap-
proximately o = 0.6, where region b begins. Beyond a =
0.6, the curves either show plateau regions or a downward
trend. The downward trend of the curves can be explained
by the fact that the titration medium becomes a poor sol-
vent for the ionized polymer at high «, and also because
the effective ionic strength of the solution resulting from
counterion mobility increases as the titration proceeds.

B. Free-Energy Change. As was stated earlier, extra
free energy is required to ionize a polyion which undergoes
a conformational transition during ionization. The change
in free energy for the process (un-ionized state a) — (un-
ionized state b) is given by 18

AG. = 23RT fo 0K — pKyda )

2.3RT fo '(pH — pHy)da )

The pK and pH in the equations above represent the ob-
served values at «, and pK, and pHy represent the hypo-
thetical values for pure state b at the same «. It is evident
that if curves of pK (or pH) against @ and pK, (or pHy)
against o are constructed, AG. can be estimated from the
area between the two curves. In the case of the helix-coil
transition of PGA in certain ionic strength solutions, the
plot of pKy, against o can be obtained by a linear extrapo-
lation of the pK against « plot from the high-« region to «
= 0, as was done by Zimm and Rice.1® Other workers
studying PGA, including Olander and Holtzer,> and
Nagasawa and Holtzer,® found it necessary to use a
curved extrapolation to o = 0, since the high-a region was
not linear in their cases. For a polyelectrolyte such as
PMAA, linear extrapolation is not possible. Nekrasova et
al.?2 and Nagasawa et al.? were able to use a curved ex-
trapolation to evaluate their data on PMAA. However,
Leyte and Mandel,” whose data extend to higher « values,
found even this technique unusable. Instead, they used
the empirical Henderson-Hasselbalch plots to extrapolate
their data through the transition region. Mandel and
Stadhouder® in their studies of PMAA and partially
methylated PMAA, and Nekrasova et al.17 in their study
of PMAA, also used this approach to extrapolate their ti-
tration data from high « to @ = 0. Being unable to use the
linear extrapolation suggested by Zimm and Ricel8 for the
present data, an alternative treatment using Henderson-
Hasselbalch plots has been applied here to estimate the
values for AG,.

(16) B. H. Zimm and S. A. Rice, J. Mol. Phys., 3, 391 (1960).
(17) T. N. Nekrasova, A. G. Gabrielyan, and O. B. Ptitsyn, Vysokomol.
Soedin, Ser. A. 10, 297 (1968).
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Figure 7. Fraction of state b vs. degree of ionization for fractions
F4, F4A, and F4B at 0.01 N NaCl.

Experimental observations (for examples, see Katchal-
sky and Spitnik,18 Strobel and Gable,® and Fischer and
Kunin?°) reveal that many polyelectrolytes conform to the
empirical Henderson-Hasselbalch equation
pK’ — n log (1 p a) 8)
where pK’ and n are empirical constants depending on
the polymer-solvent system. Since two conformational
forms of the polymer are indicated by the titration data,
it is expected that two distinct regions should be observed
when the Henderson-Hasselbalch equation is applied.
Representative plots of pH against log [(1 — a)/a] for F4
are presented in Figure 5. These plots show two linear re-
gions at low and high « separated by a transition region.
By extrapolating the linear portions marked a and b into
the transition region, it is possible to determine pH values
for form a and form b in the transition region. The ob-
served pH and extrapolated pHy, obtained in this manner
are plotted against « for F4 at an ionic strength of 0.01 N
in Figure 6 as an example of the procedure. AG. has been
estimated from the area of the shaded portion between
the curves. Values of AG. determined using the titration
data presented in Figures 2 and 4 applying the graphical
procedure are listed in Table I.

It is realized that the procedure for estimating AG.
using the Henderson-Hasselbalch plot is only empirical
and the values derived are not very reliable. While there

pH =

(18) A.Katchalsky and P. Spitnik, J. Polym. Sci., 2, 432 (1947).
(19) H. A. Strabel and R. W. Gable, J. Amer. Chem. Soc., 76, 5911 (1954),
(20) S.Fischer and R. Kunin, J. Phys. Chem., 60, 1030 (1956).
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Tablel
Calculated Values of AG,, cal/mole
Ester:Acid, AG,, AG,, AG,, AG,,
Polymer Mole Ratio 0.0N 0.00lN 0.003N 001N
F4 3:1 90 50 40 60
F4A 2:1 90
F4B 1:1 60 100
Table IT
Transition Parameters for F4, F4A, and F4B
Ester: Acid,

Copolymer Mole Ratio o fa=1.0 fa=u0
F4 3:1 0.38 0.25 0.10
F4A 2:1 0.35 0.33 0.11
F4B 1:1 0.22 0.50 0.11

is no other precise method available for the present data,
this procedure appears to be useful in estimating the
values for AG.. Although the average value of 70 cal/mol
obtained here is only a rough estimate, its magnitude is
comparable to values of 110 cal/mol for PMAA in 0.01 N
NaCl2:17 and 180 cal/mol for PMAA in H,0.2!

C. Transition Parameters. The fraction of state b
present in the transition region can be estimated as fol-
lows1?

[CIC] = (o — a )/l — an) (M)
where
alC] = alCal + ap[Cr] (8)

Here [C,], [Cb], and [C;] are the concentrations of the
states a and b and the total polymer, respectively, and a,
and ay, are the hypothetical values for a for the two states
a and b during the transition at «. By extrapolating the
linear portion of the curve described in Figure 5 into the
transition region, values of o, and oy, can be obtained at a
given pH. The fractions of state b ([Cp]/[C:]) are plotted
against a in Figure 7 for the three copolymers studied.
These curves show that the transition begins at the lowest
o for F4B and begins at higher a values with decreasing
acid content of the copolymers. Using the a values repre-
senting the start of the transition for the three polymers
(o), it is possible to calculate the fraction of charge per
residue existing at the beginning of the transition, f, - w0
from the following relationship

fa=ao aO(fa=1.0) (9)

where f,-1.0 is the fraction of charge per residue at full
ionization. The observed values of «g, and the calculated
values of fy=1.0 and f,-.0 are listed in Table II. Again, ap-
plication of the Henderson-Hasselbalch extrapolation
technique was found necessary and the values derived
here should be considered tentative. Nevertheless, the
tabulation seems to indicate that although the transitions
begin at different degrees of ionization (column under ag),
the fraction of charge per residue at the start of the tran-
sition (column under f,-,0) is nearly the same for the
three copolymers.

I11. Conclusion

Potentiometric and viscometric studies of copoly(ethyl
acrylate-acrylic acid) suggest that this polyelectrolyte

(21) V. Crescenzi, F. Quadrifoglio, and F. Delben, J. Polym. Sci., Part A-2,
10, 368 (1972).
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undergoes a conformational transition during ionization in
an isopropyl alcohol-water (4:1) mixture. Although the
transition region is relatively broad compared with the
range found for poly(methacrylic acid) in aqueous solu-
tion, the titration curve shows distinct characteristics of a
polymer undergoing conformational change during ioniza-
tion. This molecule probably assumes a compact globular
coil structure at a low degree of ionization, possibly with
some ~-COOH groups clustering together due to hydrogen
bonding in the relatively nonpolar solvent. As the mole-
cule dissociates, it transforms to a more extended state
due to the breakdown of the hydrogen bonding and to the
increasing repulsive forces of the charges along the chain.

Macromolecules

The free-energy change for this conformational transition
has been estimated to range from 60 to 90 cal per mol; in
view of the use of the Henderson-Hasselbalch equation to
obtain the estimates they are regarded as tentative.

Three copolymers of the same chain length but different
acid contents have been studied. A semiempirical treat-
ment of the titration data indicated that although the
start of titration region during ionization occurs at a lower
degree of ionization for chains with higher acid content,
the fraction of charge per residue at the onset of the titra-
tion seems to be the same for the three copolymers. This
suggests that the distribution of charge may play little or
norole in governing the onset of the transition.

Stress-Strain Isotherms and Stress-Temperature Coefficients of
Poly(dimethylsiloxane) Networks in Compression

R.Y.S. Chen, C. U. Yu, and J. E. Mark*

Department of Chemistry and the Macromolecular Research Center, The University of Michigan,
Ann Arbor, Michigan 48104. Received April 3, 1973

ABSTRACT: Stress-strain isotherms at 30, 45, 60, 75, and 90° have been determined for compressed, unswollen
poly(dimethylsiloxane) networks which had been prepared either in the undiluted state or in solution. For these
networks in compression, deviations of the dependence of stress on strain from that predicted by the statistical
theory of rubberlike elasticity are much less than is the case for polymer networks in elongation. The present
data nonetheless give a value for the temperature coefficient of the unperturbed dimensions of the network chains
which is in good agreement with published results on networks of poly(dimethylsiloxane) in elongation. This
agreement thus seems to validate the intentional disregard of such deviations in analyses of stress-temperature

measurements.

Most experimental studies of the elastic properties of
rubberlike networks employ uniaxial elongation as defor-
mation because of the relative ease with which such ex-
periments may be carried out.-8 Comparatively little re-
search has been done on networks in uniaxial compression
because of difficulties due to the friction occurring be-
tween the compression plates and the sample surfaces in
contact with them.?:10 Since this friction interferes with
the uniform expansion of the sample at these contact sur-
faces, a sample will frequently exhibit significantly
nonuniform expansion (‘‘barreling”) in the direction per-
pendicular to that in which it is compressed. The corre-
sponding uncertainty in the magnitude of the deformation
of the sample obviously makes reliable interpretation of
stress-strain data extremely difficult.

On the other hand, studies of networks in uniaxial com-
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