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Abstract

The copolymers of N-vinyl-2-pyrrolidone and methacrylonitrile (V=N) were prepared by free radical bulk polymerisation.
The copolymer composition was determined from the quantitative 13C{ 1H} NMR spectrum. The reactivity ratios for N-vinyl-2-
pyrrolidone (V) and methacrylonitrile (N) were found to be rV = 0:04; rN = 1:56: The complete spectral assignment of the
overlapped and complex carbon and proton NMR spectra were done with the help of two dimensional 13C-1H Heteronuclear
Single Quantum Correlation Spectroscopy (HSQC) and Total Correlation Spectroscopy (TOCSY). Distortionless Enhancement
by Polarization Transfer (DEPT) was used to differentiate between the methylene, the methine and the methyl carbon resonance
signals of the copolymers.
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1. Introduction

The investigation of microstructure of the
copolymer is very effective in establishing the
structure-property relationships [1]. High Resolution
NMR spectroscopy has been a powerful tool for the
determination of the microstructure [2]. Homo and
copolymers of N-vinyl-2-pyrrolidone have been
attracting much attention and have been widely
investigated for their applications in the medicine
and biotechnology [3]. N-vinyl-2-pyrrolidone, being
amphiphilic, is widely used as a comonomer in
various copolymers of commercial interest [4,5].

The V=N copolymers have important applications in
the photography, lithography, adhesive and phar-
maceutical industries [6].

Due to the overlapping of higher order compo-
sitional or configurational sequences, usually
overlapped resonance signals are observed in the
high-resolution 1D NMR (1H and 13C{1H}) spectra.
Two-dimensional (2D) NMR experiments [7,8],
especially the HSQC and TOCSY have been used
as the most reliable techniques for assigning the
microstructure of polymers in terms of compo-
sitional [9,10] and configurational [11,12]
sequences. Methacrylonitrile copolymers have
also been the subject of intensive investigation
mainly because of their great interest in many
industrial applications [13], especially in the thermal
degradation processes [14]. Roman etal.
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[15] reported the reactivity ratios and detailed
investigation of 13C spectra of methacrylonitrile
with methyl methacrylate copolymers. Recently,
Brar et al. [16] revisited this copolymer system by
the application of 2D NMR spectroscopy. The
microstructure analysis of methacrylonitrile with
glycidyl methacrylate has also been reported [17].
In our earlier publications, the sequence distribution
of N-vinyl-2-pyrrolidone with acrylonitrile [18],
glycidyl methacrylate [19] and methyl methacrylate
[20] have been reported. In continuation of the
above investigation, in this paper, we report the
reactivity ratios of the comonomers using Kelen-
Tudos (KT) [21] and nonlinear least-square error in
variable (EVM) methods [22] using RREVM
computer program [23]. The complete assignment
of complex and overlapped 1H and 13C{1H} NMR
spectra of V=N copolymers in terms of compo-
sitional sequences are done with the help of DEPT
and 2D HSQC NMR experiments. The various
proton-proton couplings are confirmed by the 2D
TOCSY NMR spectrum.

2. Experimental

N-vinyl-2-pyrrolidone (Fluka) and methacryloni-
trile (Merck) were distilled under reduced pressure
and stored below 5 8C. A series of N-vinyl-2-
pyrrolidone/methacrylonitrile (V=N) copolymers
with different mole fraction of N-vinyl-2-pyrroli-
done in feed were prepared by free radical bulk
polymerisation at 70 8C. Benzoyl peroxide (BPO)
was used as an initiator. The conversion of the
copolymerization was kept below 10% by precipi-
tating the copolymer in cyclohexane (Qualigens).
The copolymers were further purified using chlor-
oform/cyclohexane system. The copolymer compo-
sition was calculated from the quantitative 13C{1H}
NMR spectra. The various 1D (1H, 13C{1H},
DEPT) and 2D (HSQC, TOCSY) NMR exper-
iments were performed in CDCl3 at 25 8C on
Bruker DPX-300 NMR spectrometer using different
standard pulse sequences as described in our
previous paper [24].

3. Results and discussion

3.1. Reactivity ratios determination

The copolymer composition of V=N copolymers
was determined from the quantitative 13C{1H} NMR
spectra. The feed mole fraction and the copolymer
composition are given in Table 1. Copolymer
composition data (Table 1) were used to estimate
the terminal model reactivity ratios by Kelen-Tudos
(KT) [21] and EVM [22] method using RREVM [23]
computer program. The values of the reactivity ratios
calculated from the KT and EVM methods are rV =
0:03 ± 0:01; rN = 1:51 ± 0:21 and rV = 0:04; rN =
1:56:

3.2. 13C{1H} NMR studies

The complete assignment of the 75.5 MHz
13C{1H} NMR spectrum of the V=N copolymer
(FV = 0:44) in CDCI3 is shown in Fig. 1. The
carbonyl ( . C y O ) carbon signals for N-vinyl-2-
pyrrolidone resonate around d177:90 2 174:85 ppm
and the nitrile (-CN) carbon signals of methacryloni-
trile resonate around d124:50 2 122:20 ppm. The
spectral region around d54:00- 15:00 ppm is quite
complex, which can be assigned to aliphatic carbon
resonances in the main backbone as well as the side
chain of V=N copolymer. The quaternary carbon
resonances of N unit and 2CH2 of the pyrrolidone ring
overlap in the region d33:50-29:00 ppm. The
b-methylene carbon resonances of both V and N

Table 1
The copolymer composition data of N-vinyl-2-pyrrolidone/metha-
crylonitrile (V=N) copolymers

Sample no. Copolymer composition

VN0
VN1
VN2
VN3
VN4
VN5
VN6

fV

0.95
0.90
0.80
0.70
0.60
0.50
0.40

FV

0.60
0.53
0.44
0.41
0.36
0.28
0.23

fV is the mole fractions of V comonomer, in feed. FV is the mole
fractions of V comonomer, in the copolymer.
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Fig. 1. 75.5 MHz 13C{1H} NMR spectrum of V=N copolymer (FV — 0:44).
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Fig. 2. DEPT-135 spectrum of V=N copolymer (FV = 0 :44).
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units, the methine carbon resonances of V unit and
4CH2 of the pyrrolidone ring overlap in the region
d50:00 2 36:00 ppm. The overlapped regions can be
separated and assigned with the help of DEPT and 2D
HSQC NMR experiments.

Fig. 2 shows the DEPT-135 NMR spectrum
(FV = 0:44) in CDCl3 of V=N copolymer. The side
chain ring methylene carbon signals of V unit are
assigned around d41.46(4CH2), d31.10(2CH2) and
d16.64(3CH2) ppm by comparing with the poly (N-
vinyl-2-pyrrolidone){PNVP} [24]. All the methylene
carbon resonances of the ring appear as singlets
showing that they are insensitive towards the
compositional sequences. The a-CH3 carbon signals
of N unit appear around d27.00-21.50 ppm by
comparing with the spectrum of poly(methacryloni-
trile) P(MAN) [25]. The b methylene carbon of both
V and N units resonate around d50.00-36.00 ppm.
The various compositional and configurational
sequences in the methylene carbon signals could not
be assigned due to considerable overlap of methylene

groups of both the monomers. The methine carbon
resonances (-CH) of the V unit assigned around
d44.10-42.00 ppm.

3.3. 2D HSQC NMR studies

Fig. 3 shows the 2D HSQC NMR spectrum of
V=N copolymer (FV = 0:44) in CDCl3. The
expanded a-methyl region of the N unit is shown
in Fig. 4(a) and (b). The a-methyl region in the 1D
(13C{1H} and 1H NMR) spectra cannot be
assigned. But with the help of 2D HSQC NMR
spectrum, this region can be assigned in terms of
compositional sequences. The a-methyl carbon
region of N unit can be divided into triad
compositional sequences VNV; NNV and NNN on
the basis of variation in intensity of signals with
the change in copolymer composition. The cross-
peaks centered at d26.00/1.43, d25.70/1.56 and
d26.5/1.80 ppm can be assigned to VNV; NNV and
NNN triad compositional sequences, respectively.

-CH (V)

3CH2 (V)

2CH2 (V)

a-CH3 (N)

P-CH2 (V+ N)

Fig. 3. The 2D HSQC NMR spectrum of the V=N copolymer (FV = 0:44).



A.S. Brar et al. /Journal of Molecular Structure 650 (2003) 85-92

D>P«

i . a 1 .7
i r
ppm

—I 1 1 1 1 1 I—
1 . 7 1 . 6 1 . 5 1 . 4 1 . 3 1 . 2 1 . 1

(a) (b)

Fig. 4. Expanded 2D HSQC NMR spectra showing the a-methyl carbon resonances of N unit of V=N copolymer with the compositions (FV — )
(a) 0.60 (b) 0.23.

The b-methylene carbon signals of both the V and
N unit appear around d51:00-35:00 ppm. The
methylene carbon region, due to its symmetry is
sensitive to dyad compositional sequences. The
methylene spectrum, which is quite complex and
overlapped in both 1H and 13C{1H} NMR spectra, can
be resolved and assigned with the help of 2D HSQC
NMR spectrum. Fig. 5(a, b) show the expanded
methylene region of HSQC spectrum of V=N copoly-
mer {with composition FV = (a) 0.60 (b) 0.23}. The
methylene resonance signals can be broadly divided
into three different dyads on the basis of the variation
in intensity with the change in copolymer composition
as well as by comparing with the 2D HSQC NMR
spectra of poly(N-vinyl-2-pyrrolidone) [24] and
poly(methacrylonitrile) [25]. The crosspeaks in the
region d38:00-35:00=2:08-1:45; d44:50-39:00=
2 :40-1 :30 and d51:50-47:00=2:50-1:30 ppm
can be assigned to W, VN and NN dyads,
respectively.

The crosspeaks around d43:50=4:21; d43:65=4:60
and d43:80=4:78 ppm are assigned to VW, NW and
NVN triad compositional sequences of -CH (V)
respectively, on the basis of variation in intensity with
the change in copolymer composition and by

comparing with the 2D HSQC spectrum of poly(N-
vinyl-2-pyrrolidone) [24].

3.4. 1H NMR studies

The 1H NMR spectrum of V=N copolymer
(FV = 0:44) in CDCl3 with all the assignments is
shown in Fig. 6. The 1H NMR spectrum is very broad
and overlapped. With the help of HSQC NMR
spectrum by one to one correlation between carbon
and proton, the broad and complex resonance signals
in 1H NMR spectrum are assigned completely.

3.5. 2D TOCSYNMR studies

Fig. 7 shows the 2D TOCSY NMR spectrum of the
V=N copolymer (FV = 0:44) in CDCl3 at 4 ms. The
various CH/CH2 proton couplings can be seen in the
TOCSY NMR spectrum. At low mixing time, one can
easily observe the direct coupling (AM spin type)
between the bonded protons. The cross peak around
d2:10=2:40ð1Þ ppm is assigned due to the coupling of
3CH2 with 2CH2 of the pyrrolidone ring by comparing
with the TOCSY NMR spectrum of the poly(N-vinyl-
2-pyrrolidone) [24]. Similarly, the cross peak at
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Fig. 5. Expanded 2D HSQC NMR spectra showing the methylene carbon resonances of V=N copolymer with the compositions (FV = ) (a) 0.60
(b) 0.23.
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Fig. 6. 300 MHz 1H N M R spectrum of the V=N copolymer (FV = 0 :44).
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Fig. 7. 2D TOCSY NMR spectrum of V=N copolymer (FV = 0:44) at 4 ms.

d2:10=3:45ð2Þ ppm is assigned due the coupling of
3CH2 with the 4CH2 of the pyrrolidone ring. The cross
peaks around d2:12=4:68ð3Þ and d2:69=4:68ð4Þ ppm
are assigned due to the coupling of b-CH2 (V) and
b-CH2 (N) with the CH (V) respectively.

resonances of V unit and the a-methyl carbon
resonances of N unit were assigned to triad
compositional sequences and the methylene carbon
resonances of both V and N units were assigned to
dyad compositional sequences.

4. Conclusions

The monomer reactivity ratios of V=N copoly-
mer are found to be rV = 0:04 and rN = 1:56: The
overlapped and broad signals in carbon and proton
spectra were assigned completely to various
compositional sequences using 2D HSQC
and TOCSY experiments. The methine carbon
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