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ABSTRACT: The microstructure of vinylidene chloride—methyl acrylate copolymers prepared by a
photopolymerization process using uranyl ion as photosensitizer is analyzed by one- and two-dimensional
NMR spectroscopy. Sequence distribution was calculated from 3C{*H} NMR spectra of the copolymers.
A 13C distortionless enhancement by polarization transfer spectrum was used to differentiate between
the resonance signals of methoxy and methylene units in the copolymer. Comonomer reactivity ratios
were determined using Kelen—Tudos and the nonlinear error in variables methods. The sequence
distribution of vinylidene chloride- and methyl acrylate-centered triads determined from 3C{*H} NMR
spectra of copolymers is in good agreement with triad concentrations calculated from statistical model
and Monte Carlo simulation methods. 2D heteronuclear single quantum correlation and correlated
spectroscopy spectrum was used to analyze the complex *H NMR spectrum.

Introduction

Vinylidene chloride—vinyl chloride, vinylidene chlo-
ride—acrylonitrile, and vinylidene chloride—alkyl acry-
late copolymers are commercially important copoly-
mers.>2 These can be molded into filaments or films;
fabricated into fibers which are used as staple yarn, and
used in coating the many films required in the packag-
ing industry; in coating the interiors of ship tanks, fuel
storage tanks, etc., and used as a binder in magnetic
tapes.

13C NMR spectroscopy is the most powerful experi-
mental technique to characterize the compositional and
configurational distribution of vinyl copolymers.® For
configurational analysis, resolved lines in the NMR
spectrum have to be assigned to various stereochemical
sequences in the copolymer. Kamide et al.* made the
assignments of the 13C NMR spectrum of acrylonitrile—
vinylidene chloride copolymer and reported its sequence
distribution. Cais et al.5 investigated the microstruc-
ture of vinylidene halide and vinyl halide copolymers,
whereas the microdynamical study of vinylidene chlo-
ride—vinyl chloride copolymer was undertaken by Menge
et al.® The physical aspects like shear degradation,’
crystallization kinetics,® structure, morphology,® and
thermal behavior of vinylidene chloride—methyl acrylate
have been studied.®

Two-dimensional (2D) NMR experiments!12 have
been used as the most reliable method for determining
the conformational®® and configurational'® microstruc-
ture of the copolymers. The characterizations of the
stereochemical structure of poly(cyclohexyl acrylate)!?
and poly(tert-butyl acrylate)!* using two-dimensional
13C-1H spectroscopy have been reported. In our earlier
publications, we have reported the microstructure of
acrylonitrile,1” alkyl methacrylate,® and alkyl acrylatel®
copolymers. To the best of our knowledge, detailed
microstructure studies of vinylidene chloride—methyl
acrylate have not been reported. In this work, an
attempt has been made to investigate the stereochem-
ical structure and sequence distribution of vinylidene
chloride—methyl acrylate (V—M) copolymers, by one-
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and two-dimensional NMR spectroscopy. The 1H NMR
spectrum of the copolymers is a complex one and has
been interpreted with the use of 2D heteronuclear single
quantum correlation (HSQC) NMR spectrum. The
assignments in the 'H NMR spectrum are then used to
confirm the interactions within the copolymer using
homonuclear 2D correlated spectroscopy (COSY) NMR
spectrum. The reactivity ratios of the comonomers have
been calculated using Kelen—Tudos (KT) and the non-
linear error in variable (EVM) methods.?° The V- and
M-centred triad sequence distribution obtained from
13C{1H} NMR are compared with those calculated from
the first-order Markov model using reactivity ratios
determined from the EVM program and the values
obtained from the Monte Carlo (MC) simulation
method.?!

Experimental Section

Reagents. Methyl acrylate (CDH) and vinylidene chloride
(Fluka) were distilled under reduced pressure to purify them
and to remove the inhibitor. These were then stored below 5
°C.

Synthesis and Composition Determination. The V—M
copolymers were prepared by photopolymerization at room
temperature.?? Uranyl nitrate (0.5%) dissolved in acetone was
mixed with the comonomers at different molar feed ratios, and
the polymerization was carried out by irradiation at a wave-
length of ~435 nm. The percent conversion was kept below
10% by precipitating the copolymers in methanol. The co-
polymers were further dissolved in chloroform and reprecipi-
tated in methanol.

The copolymer composition was determined by estimation
of chlorine content in the copolymers using the Schoneger
technique.®24

NMR Measurements. 'H and ¥C{'H} NMR and 3C-
DEPT (distortionless enhancement by polarization transfer-
135) NMR spectra of V—M copolymers were recorded under
standard conditions at 25 °C in deuterated chloroform on a
JEOL 300 MHz spectrometer, operating at 300 and 75.5 MHz,
respectively. The two-dimensional proton-detected *H-13C
HSQC spectrum was recorded under using the standard HSQC
pulse sequence, whereas the homonuclear *H-'H COSY experi-
ment was carried out on a Bruker 300 MHz spectrometer,
using the standard pulse sequence. The details of the lorent-
zian shape curve fitting have been described in our earlier
publication.?> All regressions converged to y? < 1.
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Figure 1. 75 MHz 8C{*H} NMR spectrum of the V—M copolymer (F, = 0.5).
Table 1. Copolymer Composition for Vinylidene Cl cl
Chloride—Methyl Acrylate Copolymers —AcHZ—B?H— —Ccaz—cl—icuz_%_
copolymer composition b ¢=0 cll ct

sample feed mole fraction % (mole fraction) rJ:‘ 0 (:, . W)

no. f, f chlorine Fv Fum z P CHs

b3

1 0.2 0.8 16.73 0.21 0.79 %

2 0.3 0.7 25.48 0.32 0.68 7

3 0.4 0.6 31.51 0.40 0.60 %‘ § gi

4 0.5 0.5 39.74 0.50 0.50 c 2 §§

5 0.6 0.4 48.41 0.60 0.40 ‘\ —— Voss

6 0.7 0.3 53.91 0.71 0.29 i3 H

7 0.8 0.2 59.94 0.80 0.20 %%% n

Results and Discussion

Reactivity Ratio Determination. The composition
of the V—M copolymer was estimated by the percent
chlorine content of the copolymers using the oxygen
flask combustion method. Table 1 shows the comono-
mer mole fractions in the feed and copolymer and the
percentage of chlorine in the copolymer. The copolymer
composition data were used to estimate the reactivity
ratio by the KT method, and the values obtained are r
= 0.98 + 0.08 for vinylidene chloride and ryy = 0.92 +
0.08 for methyl acrylate. A better estimate of the
reactivity ratios was made by the EVM program using
the reactivity ratios obtained from the KT method and
the copolymer composition data. The values of the
reactivity ratios obtained from the EVM program are
ry = 0.95 £ 0.13 and ry = 0.90 4+ 0.08, which are in
agreement with the values reported in the literature.?
The percentage error values in determining the mono-
mer composition in the feed and copolymer were esti-
mated to be 1% and 5%, respectively.

Carbon-13 NMR Studies. The 13C{1H} NMR spec-
trum of the V—M copolymer [F, (mole fraction of
vinylidene chloride in the copolymer) = 0.5] recorded
in CDCI3 at room temperature, with all assignments,
is shown in Figure 1. The methine carbon of the
monomeric M unit appears in the region from ¢ 39.5 to
41.5 ppm as a multiplet and is configurationally as well
as compositionally sensitive. As the concentration of
methyl acrylate increases, the resonance signals around
0 40.6—41.5 ppm increase, the upfield signal around ¢
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Figure 2. Methine and methoxy carbon resonances of M
monomeric units and methylene carbon resonance signals for

both V and M monomeric units of the $3C{*H} NMR spectrum
of the V—M copolymer.

39.5—40.0 ppm decreases, and the signal around 6 40—
40.6 ppm increases, goes through a maximum, and then
decreases as the M unit in the copolymer is increased.
These signals are thus assigned as MMM, MMV, VMV
triad sequences from low to high field on the basis of
variation in the composition of the copolymers. These
triad fractions show further splitting, which was as-
signed to pentad sequences (Figure 2). Similar assign-
ments have been reported for acrylonitrile—vinylidene
chloride copolymers.* A multiplet is also obtained for
the carbonyl carbon of M monomeric units that is not
completely resolved and hence cannot be used for the
triad sequence determination.

A multiplet resonance signal appears in the region
from o0 49.0 to 53.0 ppm due to the methoxy carbon of
the M monomeric units and the methylene carbon of
the V monomeric units. These resonance signals were
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Figure 3. 75 MHz *C-DEPT NMR spectrum of V—M copoly-
mer (F, = 0.5).
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Figure 4. Predicted structures for the observed chemical
shifts of the methylene carbons.
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Figure 5. Quaternary carbon resonance region of the °C-
{*H} NMR spectrum of V—M copolymer.

distinguished using the 13C-DEPT NMR spectrum (Fig-
ure 3). It is clear from 13C-DEPT that the signals in
the region 6 49.0—51.7 ppm are due to the methylene
carbon of the V monomeric units and the signals in the
region 6 51.7—53.0 ppm are due to the methoxy carbon
of the M monomeric units. The methoxy carbon region
further shows a triplet which is assigned to MMM,
MMV, and VMV from high to low field on the basis of
the change in intensity of the resonance signals with
the change in copolymer composition. This region can
thus be used for calculation of the M-centered compo-
sitional triad sequences.

Macromolecules, Vol. 29, No. 23, 1996

Table 2. Triad Fractions Calculated from NMR Spectra,
Harwood’s Terminal Model, and Monte Carlo
Simulations in Vinylidene Chloride—Methyl Acrylate
Copolymers

triad fractions®

theoriticald
sample expt (NMR) s rwood's
no. fy  triads a b terminal  Monte Carlo
1 0.2 VVwV 0.06 - 0.04 0.02
VVM 033 - 0.31 0.20
MVM 0.61 -— 0.65 0.78
MMM  0.58 0.77 0.61 0.73
MMV  0.35 0.21 0.34 0.25
VMV 0.07 0.02 0.05 0.02
2 0.3 VwVv 0.11 - 0.08 0.04
VVM 041 - 0.41 0.33
MVM 048 - 0.51 0.63
MMM  0.45 0.44 0.46 0.57
MMV  0.44 0.49 0.44 0.37
VMV 0.11 0.07 0.10 0.06
3 0.4 VVV 0.15 - 0.15 0.10
VVM 0.44 — 0.47 0.44
MVM 041 -— 0.38 0.46
MMM 0.32 0.38 0.33 0.40
MMV  0.51 0.44 0.49 0.46
VMV 0.17 0.18 0.18 0.14
4 0.5 VwVv 0.23 - 0.24 0.22
VVM 0.48 - 0.50 0.50
MVM 029 - 0.26 0.28
MMM  0.23 0.27 0.22 0.20
MMV  0.49 0.45 0.50 0.50
VMV 0.28 0.28 0.28 0.30
5 0.6 VVV 0.37 - 0.35 0.42
VVM 049 - 0.48 0.45
MVM 014 - 0.17 0.13
MMM  0.13 0.15 0.14 0.09
MMV  0.47 0.44 0.47 0.42
VMV 0.40 041 0.39 0.49
6 0.7 VVV 049 - 0.47 0.60
VVM 0.40 -— 0.43 0.35
MVM  0.11 - 0.10 0.05
MMM 0.10 0.08 0.08 0.04
MMV  0.32 0.34 0.40 0.31
VMV 0.58 0.58 0.52 0.65
7 0.8 VVwVV 059 - 0.63 0.76
VVM 036 - 0.33 0.22
MVM  0.05 -— 0.04 0.02
MMM  0.04 0.07 0.03 0.02
MMV  0.29 0.28 0.30 0.21
VMV 0.67 0.65 0.67 0.77

a Triad fractions were obtained using the quaternary carbon and
methine carbon resonance signals for V- and M-centered triads,
respectively, of the 3C NMR. P Triad fractions were obtained using
the methoxy carbon resonance signals of the 3C NMR. ¢ V- and
M-centered triad fractions add up to unity. 9 Triad fractions were
calculated using ry = 0.95 and ry = 0.90.

The methylene carbon resonance signal due to both
M and V monomeric units envelope over a large range
of the spectrum (6 34.0—64.0 ppm). This is observed in
three well-separated groups, which are assigned as MM,
MV, and VV diads at ¢ 34.0—38.0, 49.0—51.7 and 61.5—
64.0 ppm, respectively. The large variation in their
chemical shifts is due to the fact that the functional
group, viz., the chlorine atom or the ester group at-
tached to the carbon chain, has a strong inductive effect
on the chemical shift (6) of nearby carbons.26 The
chlorine atom deshields the carbon at the o- or 5-posi-
tion and has a shielding affect for the carbon at the
y-position. The inductive effect of the ester group is less
than that of the chlorine atoms in the vinylidene
chloride copolymers. The methylene carbon which is
surrounded by two CCI, groups is deshielded (6 61.5—
64.0 ppm), as is the carbon atom at the position  to
the four chlorine atoms (Figure 4, no. 1). The methylene
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Figure 6. Variation of V- and M-centered triad fractions obtained from theoretical calculation (solid lines) and NMR spectroscopy
(symbols) for the V—M copolymer plotted against feed mole fraction (f,) of vinylidene chloride.
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Figure 7. 300 MHz *H NMR spectrum of the V—M copolymer
(Fy = 0.5).

carbon surrounded by CClI, on one side and CHCOOCH;
on the other, appearing in the region 6 49.0—51.7 ppm,
experiences a 3-shift due to two chlorine atoms and one
ester group (Figure 4, no. 2). The region from ¢ 34.0 to
38.0 ppm assigned to the methylene carbon placed in
between two CHCOOCH; groups is thus least deshield-
ed because of the influence of the -shift due to two ester
groups (Figure 4, no. 5). The further splitting in these
signals observed in the 23C{H} NMR spectrum (Figure
2) is assigned to the structures in which two methylene
groups are enveloped in different environments (Figure
4, nos. 3, 4, 6, and 7). These are also arranged by
studying the effective influence on methylene carbons
under study due to its environments.

The dichloro-substituted carbons of vinylidene chlo-
ride in the copolymer can be easily analyzed in the
spectrum (Figure 5), appearing from ¢ 83.5 t0 92.5 ppm
and separating very well. The signals around 6 83.5—
84.0, 87.5—89.0, and 90.0—92.0 ppm are assigned to
VVV, VVM (MVV), and MV M, respectively, on the basis
of trends observed in the series of spectra with different
copolymer compositions. The spectra indicate that a M
monomer unit adjacent to the V-centered triad gives
considerably higher chemical shift (about 3.4—3.8 ppm)
for the CCI, carbon. This means that the electron
density on the CCIl, carbon becomes low, due to the
donation of the lone pair electron from the chlorine atom

to the M monomer. The lowering in electron density
on CCl; is obviously greater for the MVM triad than
that for the MVV triad. Similar observation is also
reported by Bailey and Henrichs.?” Further splitting
of these signals results from different pentad structures;
for example, the VVV region is made up of three
pentads, VVVVV, VVVVM, and MVVVM. For the MVV
region, two signals are observed, each of which is an
overlap of two pentads, viz. XMVVV (X = M and V) and
XMVVM (X =M and V). The MVV triad region shows
three clear distinct regions which can be assigned to
VMVMV, MMVMV, and MMVMM. Moreover, tacticity
effects are observed here, giving further splitting when-
ever two methyl acrylate units appear together in a
sequence.

As the quaternary carbon resonance signals of V
monomeric units, the methoxy and the methine carbon
signals of M monomeric units appear as multiplets and
are compositionally sensitive; hence, these are used for
the estimation of V- and M-centered triad concentra-
tions. The triad fractions estimated from NMR by
measuring the normalized areas under various reso-
nance signals were compared with the triad values
obtained using reactivity ratios r, = 0.95 + 0.13 and ry
= 0.90 + 0.08 in Harwood's statistical model. This
assumes that the Alfrey Mayo model (first-order Markov
terminal model) is valid at any moment of the polym-
erization at low conversions. These values are in
excellent agreement with each other, as is evident from
Table 2 and shown graphically in Figure 6. Figure 6
shows the variation of V- and M-centered triad fractions
against the mole fraction of vinylidene chloride, where
symbols represent the experimentally determined (NMR)
triad fractions and the solid lines represent the theo-
retically calculated (AlfreyMayo) triad fractions. The
correlation coefficient for NMR—Alfrey Mayo data is R
=0.99. Figure 6 shows a constant increase in the VVV
triad sequence and a constant decrease in the MVM
triad, whereas VVM triad fraction first increases,
reaches a maximum at 0.51 feed mole fraction of V, and
then decreases with the increase in mole fraction of
vinylidene chloride. A similar trend is observed for the
M-centered triads, with a maximum observed for MMV
triad at 0.48 feed mole fraction of V.

Another potential tool for the microstructure deter-
mination is the Monte Carlo (MC) simulation method.
The MC simulation method is used to monitor the
changes in copolymer sequence behavior during the
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Figure 8. (a) 75 MHz 2D HSQC NMR spectrum of the V—M copolymer (F, = 0.5). (b) Expanded region of the 2D HSQC NMR

spectrum.

course of the polymerization. Triad concentrations
obtained from the MC method were compared with the
ones obtained from NMR and theoretical models. The
good agreement between these values is evident from
Table 2. The correlation coefficient between the simu-
lated data (MC) and the experimental data (NMR) is
0.96.

IH NMR and 2D NMR Studies. The IH NMR
spectrum of the V—M copolymer (F, = 0.5) recorded in
CDCl3 at room temperature is shown in Figure 7. The
broad signals observed in the *H spectrum shows the
overlap of several resonance signals so as such it cannot
be used to obtain good information. Interpretation of
IH NMR was done with the help of 2D heteronuclear
spectroscopy by means of single bond proton—carbon
correlations. This technique makes it possible to cor-
relate the directly bonded proton and carbon atoms. The
2D 13C-1H HSQC NMR spectrum of V—M copolymer (F,
= 0.5) is shown in Figure 8a. It can be observed that

the methoxy carbons from ¢ 51.7 to 53.0 ppm are
correlated to protons at 6 3.6—3.8 ppm and that the
methine carbon extending in the region 6 39.5—41.5
ppm is correlated to protons at ¢ 2.3—2.4, 2.9—3.0, and
3.4—3.6 ppm. Thus 6 3.6—3.8 ppm corresponds to
methoxy protons (labeled as D) and the regions 6 2.3—
2.4,2.9—-3.0, and 3.4—3.6 ppm correspond to the protons
of the methine carbon of MMM, MMV, and VMV triads
(labeled as B), respectively, in the 'TH NMR spectrum
(Figure 7) of V—M copolymer. Thus, methine protons
which are distinguished up to the triad level in the 1H
NMR were assigned up to the pentad level in the 13C-
{*H} NMR spectrum.

The methylene carbons in three different environ-
ments which appear at different chemical shifts in 13C-
{*H} NMR spectrum are correlated to three different
regions of the 1H NMR spectrum, viz., 6 1.6—2.1 ppm,
corresponding to protons of the methylene carbon
incorporated between CHCOOCHS3; on both sides (la-
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Figure 9. 2D COSY NMR spectrum of the V—M copolymer (F, = 0.4).

beled A); 6 2.1-3.18 ppm, corresponding to protons of
the methylene carbon in between CHCOOCH; on one
side and CClI; on the other (labeled C), and the region ¢
3.35—3.85 ppm, corresponding to the protons of the
methylene carbon resting between CCIl, on both sides
(labeled E) in the 'H NMR spectrum (Figure 7).

It is very well evident from the 2D-HSQC spectrum
(Figure 8a,b) that IH NMR is more sensitive for meth-
ylene region as compared to 13C{'H} NMR. The meth-
ylene carbon extending in the region 6 61.5—64.0 ppm
(Figure 4, no. 1) corresponds to three bands in the 'H
NMR spectrum attributed to different configurational
affects on the triads. Similarly, the other methylene
regions extending in the range 6 49.0—51.7 ppm (Figure
4, nos. 2—4) and 6 34.0—38.0 ppm (Figure 4, nos. 5—7)
of the 13C{*H} NMR spectrum correspond to multiplets
in the 'TH NMR spectrum. These again may be at-
tributed to different compositionally and configuration-
ally sensitive triads.

The 300 MHz COSY NMR spectrum for V—M copoly-
mer is shown in Figure 9. The cross peaks observed in
this spectrum show all the 1,3 interactions possible
between the protons. These are labeled from 1 to 10,
corresponding to six different possible interactions, viz.,
interactions between methylene groups of the M unit,
methine groups of the M unit, methylene groups of the
V unit, the methylene group of the M unit with the
methylene group of the V unit, the methylene and
methine group of the M unit, and the methylene group
of the V unit with the methine group of the M unit. Thus
the spectrum predicts the feasibility of various struc-
tures in a polymer sequence.

Conclusions

The stereochemical structure of vinylidene chloride—
methyl acrylate copolymer was analyzed by 1D and 2D
NMR techniques. It has helped us to characterize
methoxy resonances up to the triad level and methine
and quaternary resonances up to the pentad level in 13C-

{*H} NMR spectra. Triad fractions obtained from NMR
spectra were compared to those calculated from theo-
retical models and MC simulation and found to be in
excellent agreement. The heteronuclear 'H—13C 2D
NMR spectra gave the correct assignments of the H
NMR spectrum of V—M copolymer and the homonuclear
2D(1H—1H) COSY NMR spectrum suggested various
structural arrangements of the polymer chain. 'H NMR
spectroscopy was observed to be more sensitive for the
methylene region as compared to 13C{*H} NMR spec-
troscopy, compositionally and configurationally different
methylene protons appear at different chemical shifts
in the 'H NMR spectrum.

Acknowledgment. We wish to thank Dr. T. Hino-
moto of JEOL Ltd. NMR Application Laboratory, Tokyo,
Japan, for recording of NMR spectra for our copolymer
samples. We are also thankful to the Council of
Scientific and Industrial Research (CSIR) for funding
the work.

References and Notes

(1) Wessling, R. A.; Gibbs, D. S.; Delassus, P. T., Vinylidene
Chloride Polymers. In Encyclopedia of Polymer Science and
Engineering, 2nd ed.; The Dow Chemical Company: Midland,
MI 1989; Vol. 17, p 492.

(2) Gibbs, D. S.; Wessling, R. A. Encyclopedia of Chemical
Technology, 3rd ed.; Wiley: New York, 1983; Vol. 23, p 764.

(3) Randall, J. C. Polymer Sequence Determination, C-13 Method;
Academic Press: New York, 1977.

(4) Yamazaki, H.; Okajima, K.; Kamide, K. Polym. J. 1988, 20,
1143.

(5) Cais;R. E.; Kometani, J. M.; Salzman, N. H., Macromolecules
1986, 19, 1006.

(6) Menge, H.; Scheider, H. Polymer 1993, 34, 4208.

(7) Betso, S. R.; Bedasco, J. A.; Debney, M. F.; Murphy, G. L.;
Rome, N. P.; Richards, S. G.; Howell, B. A. J. App. Polym.
Sci. 1994, 51, 781.

(8) Obi, B. E.; Delassus, P. T.; Howell, B. A.; Dangel, B. J. Polym.
Sci: Part B: Polym. Phys. 1995, 33, 2019.

(9) Landes, B. G.; Delassus, P. T.; Harrison, I. R. J. Macromol.
Sci.: Phys. 1983, B22 (526), 735.



7476 Brar and Malhotra

(10)

(11)
(12

(13)
(14
(15)
(16)
A7)

(18)

Landes, B. G.; Raich, W. J.; Dekassys, P. T.; Harrison, I. R.
J. Macromol. Sci. Phys. 1983, B22 (526), 747.

Mirau, P. A.; Bovey, F. A. Macromolecules 1986, 19, 210.
Kotyk, J. J.; Berger, P. A.; Remson, E. E. Macromolecules
1990, 23, 5167.

Bulai, A.; Jimeno, M.; Roman, J. S. Macromolecules 1995,
28, 7363.

Suchoparck, M.; Spevacek, J. Macromolecules 1993, 26, 102.
Hijangos, C.; Lopez, D. Macromolecules 1995, 28, 1364.
Dong, L.; Hill, D. J. T.; O'Donnell, J. H.; Whittaker, A. K.
Macromolecules 1994, 27, 1830.

Brar, A. S.; Dutta, K.; Kapur, G. S. Macromolecules 1995,
28, 8735.

Kapur, G. S.; Brar, A. S. Polymer 1991, 32, 1112.

(19)
(20)
(21)
(22)
(23)
(24)
(25)
(26)

27

Macromolecules, Vol. 29, No. 23, 1996

Brar, A. S.; Sunita J. Polym. Sci: Part A: Polym. Chem. 1992,
30, 2549.

Dube, M.; Sanyer, R. A,; Penlidis, A.; O'Driscoll, K. F.; Reilley,
P. M. J. Polym. Sci.: Part A: Polym. Chem. 1991, 29, 703.
Brar, A. S.; Jayaram, B.; Dutta, K. J. Polym. Mater. 1993,
10, 269.

Kapur, G. S.; Brar, A. S. J. Polym. Mater. 1993, 10, 37.
Analytical Methods Committee, Analyst 1963, 88, 415.
Macdonald, A. M. G. Analyst 1961, 86, 3.

Brar, A. S.; Sunita. Polymer 1993, 34, 3391.

Kemp, W. Organic Spectroscopy, 3rd ed.; ELBS: Hong Kong,
1991, p 197.

Bailey, D. B.; Henrichs, P. M. J. Polym. Sci. 1978, 16, 3185.

MA960363C



