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ABSTRACT: Poly(vinyl alcohol) (PVAL) and vinyl ace-
tate-vinyl alcohol copolymers (VAVAL) were esterified
with 3,5-dinitrobenzoyl chloride using the cycled urea
N,N’-dimethylpropyleneurea (1,3-dimethyl-3,4,5,6-tetrahy-
dro-2(1H)-pyrimidinone) (DMPU) as the solvent. Vinyl
alcohol-vinyl-3,5-dinitrobenzoate copolymers (VALVDNB)
and vinyl acetate-vinyl-3,5-dinitrobenzoate copolymers
(VAVDNB) were obtained. High degrees of esterification
were obtained when PVAL was esterified (86%). The
degree of transformation was determined by 'H-NMR as
well as by chemical analysis, and the structure of the
resulting polymers by means of IR spectroscopy and 'H-
and ""C-NMR. The microstructure of PVA, PVAL, VAVAL
copolymers and VALVDNB copolymers were determined

from 'H- and ®C-NMR techniques. The sequence distribu-
tions for VAVAL copolymers prepared by base-catalyzed
transesterification of PVA were blocky, while the distribu-
tions were close to random for VALVDNB copolymers
obtained by esterification of PVAL. Thermal properties
were studied by DSC. The T, values of VAVAL,
VALVDNB, and VAVDNB copolymers as a function of
copolymer compositions were determined. © 2007 Wiley
Periodicals, Inc. ] Appl Polym Sci 107: 2509-2519, 2008

Key words: vinyl alcohol-vinyl-3,5-dinitrobenzoate copoly-
mers; vinyl acetate-vinyl-3,5-dinitrobenzoate copolymers;
1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone; thermal
properties

INTRODUCTION

The synthesis of polymers performed by modifi-
cation of some commercially available polymers
has always received much attention for industry and
science. Poly(vinyl alcohol) (PVAL) and copolymers
of vinyl alcohol, poly(vinyl acetate-co-vinyl alcohol)
(VAVAL), and poly(ethylene-co-vinyl alcohol) (EVAL),
are especially suitable for that purpose because
they can be easily modified through its hydroxylic
groups.

The esterification of PVAL to prepare poly(vinyl
esters) has been carried out by reacting the polymer
with an acyl chloride. It has been found that the
method of preparing poly(vinyl alcohol esters) by
reacting PVAL with an acyl chloride often results in
complications.

In esterification of PVAL it is important to obtain
full substitution of hydroxyl groups to prepare the
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required poly(vinyl esters). Esterification reactions
under homogeneous conditions demand complete
dissolution of PVAL and its esters in an appropriate
solvent. Because of the stronger intermolecular and
intramolecular hydrogen bonding PVAL can be dis-
solved only in water or in very polar solvents such
as N-methyl-2-pyrrolidone (NMP) or dimethylsulfox-
ide (DMSOQ). Theoretically, 100% degree of esterifica-
tion is possible only if PVAL can be dissolved in a
nonaqueous solvent.

Esters of PVAL have been prepared using the
interfacial Schotten-Baumann process."? This interfa-
cial esterification of PVAL with acyl chlorides does
not give a complete substitution of hydroxyl groups
and has not turned out to be a good method to pre-
pare partially modified polymers. On the other
hand, the esterification reaction of PVAL in homoge-
neous phase with acyl chlorides and NMP as a sol-
vent also has been carried out.>* Using this method
only partly substituted products with different
degrees of esterification have been obtained.

In a previous paper’ we have esterified EVAL
copolymers with acyl chlorides using the dipolar
aprotic solvent N,N'-dimethylpropylene urea (DMPU)
and the results obtained using DMPU and NMP are
compared. We found that while with DMPU the ester-
ification shows full conversion, with NMP using pyri-
dine as catalyst the esterification is not complete.
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Figure 1 300-MHz 'H-NMR spectra of PVA in CDCl;, PVAL, and VAVALS50 (50 mol %VAL) copolymer in Me,SO-d,,
VAL, and VA denote the vinyl alcohol and vinyl acetate units, respectively.

In the present work, poly(vinyl esters) were syn-
thesized through the homogeneous esterification of
PVAL and VAVAL copolymers with 3,5-dinitroben-
zoyl chloride in this dipolar aprotic solvent, the
cyclic urea 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyr-
imidinone (N,N’-dymethylpropylene urea, DMPU).
DMPU is an excellent polymer solvent and PVAL
and VAVAL copolymers having low and high alco-
hol content, and their esters display excellent solubil-
ity in it. In this article we will describe some of our
results regarding the use of DMPU to exemplify the
utility of this solvent for poly(vinyl esters) synthesis
from PVAL and vinyl alcohol copolymers with acyl
chlorides.

EXPERIMENTAL
Materials

Commercially available poly(vinyl acetate) (PVA)
(M, = 90,000 g/mol) and poly(vinyl alcohol)
(PVAL) (M,, = 108,000 g/mol; degree of hydrolyza-
tion = 99.7 mol %) (Polysciences), 3,5-dinitrobenzoyl
chloride (DNBC) (Fluka), 1,3-dimethyl-3,4,5,6-tetra-
hydro-2(1H) pyrimidinone (DMPU) (Fluka), pyridine
(Fluka), 1-methyl-2-pyrrolidone (NMP) (Fluka) were
used without further purification.

Journal of Applied Polymer Science DOI 10.1002/app

Synthesis of VAVAL copolymers

Copolymers of vinyl acetate and vinyl alcohol
(VAVAL) were prepared by methoxide-catalyzed
transesterification of PVA.%”

To a thermostated at 25°C and stirred solution of
PVA in methanol (0.054M), a sodium-methylated so-
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Figure 2 300-MHz 3C-NMR spectrum of PVA in CDCl;,
showing the amplified region of methylene and methine
carbons.
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TABLE I TABLE III
Estimation of Tacticities of PVA Pentad Tacticity of PVA
Triads Diads® Relative intensities
Method mm mr T m r Pentads Calculated® Observed®
Proton® 0.271 0.466 0.262 0.503 0.498 mmmm 0.213 0.229
Carbon-13¢ 0.23 0.77 mmmr ]
rmmr
? Calculated from triads. rmrr ] 0.267 0.249
P Calculated from acetoxy methyl protons. mmrr
¢ Calculated from methine carbon resonances. mrrm 0.062 0.081
mmrm 0.106 0.105
. . mrmr 0.124 0.120
lution was added (0.037M). The exten't of hydrolysis mrrr 0191 0147
was controlled by quenching the reaction after a spe- Frrr 0.084 0.067

cific time by neutralization with 1M aqueous acetic
acid. The reaction mixture was concentrated by
evaporation of methanol and the polymer precipi-
tated by the appropriate precipitant (distilled water
or acetone), washed and then reprecipitated (from
methanol or aqueous solution), rewashed and finally
dried under vacuum at 50°C.

Characterization of VAVAL copolymers

The IR spectra were recorded on a Perkin-Elmer
2000 FTIR spectrophotometer using polymer films
on NaCl discs. The 'H spectra were registered in
Me,SO-dg and spectra BC-NMR in CD;COCD;, D,O
and mixtures of them, using a 300 MHz Briiker
Avance DPX-300 spectrometer. DSC measurements
were performed on a Polymer Laboratories DSC,
connected to a cooling system and calibrated with
different standards (indium, tin, lead, and zinc). The
scanning rate used was 20°C min ' and the glass
transition temperature (T;) was taken as the initial
onset of the change of the slope in the DSC curve.
Melting temperature (T,,) values were determined as
the peak temperature of the whole melting endo-
therm from the scans made at a heating rate of 20°C
min~".

The degree of alcoholysis was determined by the
saponification analysis of the samples as follows: the
dried polymer was dissolved in an appropriate sol-
vent (methanol, methanol/water, or water) (8.3 g/L),
and then stirred at 60°C under reflux. Then a 0.1M
sodium hydroxide solution was added slowly and

TABLE II
Tetrad Tacticity of PVA

Relative intensities

Tetrads Calculated® Observed®
rrr 0.156 0.124
rmr 0.134 0.145
mmr + rrm 0.497 0.482
mrm + mmm 0.213 0.248

® The tetrads were calculated by using the Bernoullian
parameter, P,, = 0.462.
b Observed relative peak intensities.

? Calculated using Bernoullian model with P,, = 0.462.
P Observed relative peak intensities.

stirred for 2 h. The solution was then cooled at 22°C
and titrated with 0.1M hydrochloric acid using phe-
nolphtalein as indicator. The analysis was carried
out in duplicate for each polymer. The modification
extent was also determined by 'H-NMR using either
egs. (1a) or (1b) or (1c)®:

VA = ZACH3 /3ACH2 (1a)
VA = Acn, /3Aci(VA) + Ac(VAL) (Lo

where VA is the mol fraction of vinyl acetate, Acyy,,
Ach,, and Acp represent the total peak area of the
methyl, methylene and methine proton resonances,
respectively. The results by both methods were in
agreement.

Synthesis of vinyl alcohol-vinyl-3,5-dinitrobenzoate
copolymers (VALVDNB) and vinyl acetate-vinyl-
3,5-dinitrobenzoate copolymers (VAVDNB)

PVAL or VAVAL copolymers were dissolved in
DMPU at 90°C, then a definite amount of DNBC,
dissolved in DMPU, was added slowly while stirring
at 25°C. All the reactions were performed at constant
temperature, and the polymer remained soluble
throughout the process. The modification extent was
controlled by the amount of DNBC used. After a
definite period of time the modified polymer was
isolated by precipitation using water as precipitant,
then it was purified by reprecipitation using THF as
solvent and methanol as precipitant, and finally
dried in vacuum.

Characterization of VALVDNB and VAVDNB
copolymers

The IR spectra were recorded on a Perkin-Elmer
2000 FTIR spectrophotometer using polymer films

Journal of Applied Polymer Science DOI 10.1002/app
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Figure 3 300-MHz 13C-NMR spectrum of PVAL in Me;SO-d, showing the amplified region of methine and methylene

carbons.

on NaCl discs. The 'H- and '>C-NMR spectra were
registered in Me,SO-ds, using a 300 MHz Briiker
Avance DPX-300 spectrometer. DSC measurements
were performed on a Polymer Laboratories DSC.
Samples were scanned at 20°C min~' and the glass
transition temperature (Tg) was taken as the initial
onset of the change of the slope in the DSC curve.
The degree of esterification was determined by 'H-
NMR.

RESULTS AND DISCUSSION

Base-catalyzed transesterification of poly(vinyl
acetate) with methanol

Analysis by FTIR and NMR

PVA was converted to VAVAL copolymers by trans-
esterification with methanol catalyzed by methoxide,
the copolymers obtained were characterized by FTIR
and NMR.

The IR spectra of the partly alcoholized PVA
showed a carbonyl absorption at 1735 cm ™', which
corresponds to that of PVA, and the characteristic
hydroxyl bands in the region 3700-3100 cm ™' con-
firm that transesterification had taken place.

Figure 1 shows the 'H-NMR spectra of PVA,
PVAL, and VAVAL copolymer 50 mol % VAL and
the assignments of the peaks.®

Figure 2 shows the "C-NMR spectrum of PVA
and the expansion of methylene and methine carbon

Journal of Applied Polymer Science DOI 10.1002/app

peaks where tetrad sequences and 8 of the 10 pentad
sequences have been assigned.'” ™"

From acetoxy methyl protons and methine carbon
resonances of PVA the triad tacticity can be deter-
mined.”""!*171% The results are given in Table I.
The results indicate that our sample is atactic with
P,, = 0.462 (the Bernoullian probability of forming a
meso sequence in a growing polymer chain).

From methylene carbon resonances of PVA the tet-
rad distributions can be determined.'” The results
are given in Table II. Table III gives the pentad dis-
tributions of PVA sample.

Figure 3 shows the '’C-NMR spectrum of PVAL,
the expansion of the methine carbon atom resonan-
ces where triad and pentad sequences have been
assigned,”*?! and the amplified region of the methyl-
ene carbon atom resonances where tetrad sequences
have been assigned.””*' The fractions of triad tactic-
ity of PVAL, which were calculated from the inte-
grated methine carbon spectra, are summarized in
Table IV. From triad data in Table IV, the parameter
P,, is calculated, P,, = 0.47. In Table IV the observed
tetrad tacticities from methylene carbon peaks are
compared with theoretical values calculated from
P,,. The tetrad distributions in PVAL can also be
completely determined by using the following rela-
tionships of tetrads and triads: mmr = 2(mm-mmm),
rmr = j(mr-mmr), mrm = j(mr-mrr), and mrr =
2(rr-rrr). The calculated results are also presented in
Table IV.
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TABLE IV
Triad and Tetrad Tacticity of PVAL

2513

Relative intensity

Observed? Calculated® Calculated®
Triad 13C Methine resonances
mm 0.22
mr 0.50
r 0.28
Tetrad 13C Methylene resonances
rrr 0.17 0.149
rmr ] 0.36 0.396 0.148
mrr 0.222
mmr ] 0.35 0.351 0.202
mrm 0.138
mmm 0.12 0.104

? Observed relative peak intensities.

" The tetrads were calculated by using the Bernoullian parameter, P,, = 0.47.
¢ The tetrads were calculated by using the relationships of tetrads and triads.

Figure 4 shows the "C-NMR spectra of two
VAVAL samples with different VAL content, and
the assignments of the lines are indicated on
them.®'3?0?72* The spectra consist of four general
carbon resonance lines. Two of these resonance lines
are singlets at approximately 20 and 172 ppm and
represent methyl and carbonyl (not shown) carbons,
respectively, of acetyl groups. The remaining two
broad, complex resonances are due to the methylene
carbons (38-46 ppm) and methine carbons (63-72
ppm). The spectra shown differ in (a) relative inten-

sities of the three peaks in the methylene region, and
(b) number and intensities of the lines in the methine
carbon region. These differences can be explained in
terms of variations in comonomer sequence distribu-
tions, chemical compositions, and branching.

The three methylene carbon lines can be used to
quantitatively determine sequence distributions.'****
The mole fractions of the dyad sequences can be cal-
culated from integrated intensities of the three methyl-
ene lines. A quantitative description of sequence
distribution and chemical composition is possible

CH-
mr CH, - -CHy-
| — |
mm
VALVA
lig
VALVA | VAVA
VAVAL 69
“CH- -CH, -
-CHj-
VAVAL 27
T ‘ T ‘ T T ‘ T T ‘ T ‘ T T ‘ T
70 60 50 n 30 20
PPM

Figure 4 300-MHz ">C-NMR spectra of VAVAL copolymers (27 mol % VAL and 69 mol % VAL) in D,O-CD;COCDj3,
VAL and VA denote the vinyl alcohol and vinyl acetate units, respectively.

Journal of Applied Polymer Science DOI 10.1002/app
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TABLE V
Chemical Composition, Mole Fractions of Dyads, the Block Character, n, and the Mean Run Lengths, Lyay, Lva,
of VAVAL Copolymers

Composition
(% mol) Dyad (%)

Polymer VAL VA (VA, VA) (VAL, VA) (VAL, VAL) VAL?® (% mol) | LyaL Lya
VAVAL 6 6 94 90 5 5 7 0.38 2.8 37.2
VAVAL 13 13 87 76 16 8 16 0.59 2.0 10.5
VAVAL 16 16 84 76 12 12 18 0.41 3.0 13.7
VAVAL 18 18 82 78 12 10 16 0.45 2.7 14.0
VAVAL 22 22 78 72 14 14 21 0.42 3.0 11.2
VAVAL 25 25 75 69 15 16 23 0.42 3.1 10.3
VAVAL 31 31 69 54 18 27 36 0.39 4.0 7.0
VAVAL 35 35 65 56 23 21 32 0.53 2.8 6.0
VAVAL 44 44 56 44 17 39 47 0.34 5.5 6.2
VAVAL 50 50 50 39 18 43 52 0.36 5.8 5.3
VAVAL 52 52 48 38 19 42 51 0.38 5.4 5.1
VAVAL 67 67 33 24 21 55 65 0.36 6.2 33
VAVAL 73 73 27 17 16 67 75 0.43 9.4 3.1
VAVAL 83 83 17 8 9 83 87 0.40 19.0 2.9
VAVAL 92 92 8 5 8 86 90 0.44 22.5 25

? The values derived from the dyad data, for comparison.

by application of the following equations'*****?° to the

integrated areas of the three methylene carbon dyads:

VAL = (VAL, VAL) + (VAL,VA)/2 ©)
VA = (VA,VA) + (VAL,VA)/2 3)

n = (VAL,VA)/2(VAL)(VA) (4)
LyaL = 2(VAL)/(VAL, VA) 6
Lya = 2(VA)/(VAL, VA) 6)

where VAL, mol fraction of vinyl alcohol units; VA,
mol fraction of vinyl acetate units; Lyay, number av-
erage run length of vinyl alcohol units; Ly, number
average run length of vinyl acetate units; m, block
character of the copolymer.

1
L —— VAVA
—8— VAL,VAL
0.8 N —5— VAL,VA
w =
8
5 0.6
= | ¢ .
3
'8 0.4} a
)
T ()
0.2
0
0 1 I 1 I 1 I 1 I 1
0.2 0.4 0.6 0.8 1
VAL

Figure 5 Plot of dyad fractions as function of the VAL
content in the VAVAL copolymer.
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The m value is a convenient guide to characterize
a sequence distribution in binary copolymers; is a
measure of departure from random character. It
takes 0 < m < 1 for blockier distribution; m = 1 for
completely random cases; and 1 < n < 2 for alter-
nate-like cases.

The results of this analysis are shown in Table V.
Figure 5 shows the mol fraction of dyads as a func-
tion of VAL content. From this Figure and from
Table V it can be derived that the sequence distribu-
tions, for the VAVAL copolymers prepared by base-
catalyzed transesterification, are highly blocky with
0.36 < m < 0.6. The values of Lya; and Ly are simi-
lar to those reported in the literature.'>?*

Thermal properties

The thermal properties of the VAVAL copolymers
were evaluated by DSC and the glass transition

0,
Tg (CO)| .12
70k 2 {Tm (°C)
- e 220
60 e 4
- F)
- 4
s SR P Rt
50 - 1 4
IR 4 :
X e F"J1so
40F _g-b® M 'f 4
- ¢ ! =160
3011 1 1 1 1 1 1 1 1 1 1
0 20 40 60 80 100

VAL (mol%)

Figure 6 Glass transition temperatures and melting tem-
peratures for VAVAL copolymers.
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TABLE VI
Esterification of PVAL with 3,5-Dinitrobenzoyl Chloride

Degree of esterification

Run Solvent T (°C) Time (h) (%) 'H NMR
1 DMPU 55 5 80
2 DMPU 55 7 82
3 DMPU 55 17 82
4 DMPU 55 120 81
5 DMPU 25 16 86
6 DMPU 25 160 86
7 NMP? 55 16 78
8 DMPU? 55 17 80

[PVAL] = 0.45M, [DNBC]= 0.56M.
? Using pyridine as catalyst; 0.56M.

temperatures, as well as the melting temperatures
are shown in Figure 6. The copolymer Tgs exhibit a
negative deviation from linearity, that is attributed
to lower barriers to main chain mobility than
expected from simple additivity of the components.
In VAVAL copolymers considerations of structural
effects and hydrogen bonding must be taking into
account to explain the behavior observed in Fig-
ure 6. The replacement of the bulky acetate side
groups by hydroxyls leads to a higher chain mobil-
ity. On the other hand, in VAVAL copolymers T,
values are affected by hydrogen bonding. The
increase of the content of hydroxyl groups results
in an increase in hydrogen bonding, consequently,
if increased hydrogen bonding alone is taken into
account, an increase of the copolymer T, above the
predicted by additivity would be expected. Taking
into account both effects, structural and intermolec-
ular and intramolecular interactions, it is evident
that changes in the rigidity of the polymer chains
are unable to be counterbalanced by the increase
of hydrogen bonding. The copolymer samples
with a content of VAL units above 80 mol % are
partially crystalline. The melting temperature is
higher as the mol fraction of hydroxyl groups in-
creases.

0 (08 08

H3C\N \ _CH, H3C\]+\I/\N ACH; 3 HGN /\ﬁ ACH;

N ) :

Scheme 1 Major resonance forms of DMPU and NMP.

Esterification of PVAL and VAVAL copolymers
with 3,5-dinitrobenzoyl chloride

Chemical modification

PVAL and VAVAL copolymers were esterified with
3,5-dinitrobenzoyl chloride in a homogeneous me-
dium by solution in DMPU.

The reaction conditions and the extent of esterifi-
cation of VALVDNBs obtained are given in Table VI.

The results show that increasing the temperature
higher than room temperature did not improve the
degree of esterification. The influence of reaction
time on degree of modification is negligible and a
plateau (80-85%) is reached at 55°C in 5 h. The max-
imum extent of modification reached is 86%, the rea-
son for this limit may be the steric hindrance due to
B-keto ester groups incorporated in the chain. The
great volume of these groups may make difficult or
even prevent the reaction of alcoholic groups neigh-
boring modified units. The use of pyridine as cata-
lyst did not improve the degree of esterification.
When comparing the result obtained using DMPU
and NMP with pyridine as catalyst (according to the
literature method?), the maximum extent of modifi-
cation is obtained with DMPU alone.

DMPU and NMP are dipolar aprotic solvents with
high dipole moments,”*® attributed to the partial
double bond character of its carbonyl carbon-nitro-
gen bond (Scheme 1). Comparison of the dipole
moments and dielectric constants of both shows

TABLE VII
Physical Parameters of Solvents
Solvent u (D) €
DMPU? 4.23 36.1
NMP® 4.09 320

u is the dipole moment and ¢ is the dielectric constant.
@ Ref. 26.
® Ref. 27.

Journal of Applied Polymer Science DOI 10.1002/app
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Figure 7 300-MHz 'H-NMR spectra of VALVDNB (37 mol %VAL) and VAVDNB (48 mol %VDNB) copolymers in
Me,SO-d¢, VAL, VA, and VDNB denote the vinyl alcohol, vinyl acetate and vinyl dinitrobenzoate units, respectively.

DMPU has the highest dipole moment and dielectric
constant (Table VII). This is the reason for the higher
extent of modification obtained with DMPU. Both
are strong electron donors or, in other words, good
hydrogen acceptors, but DMPU has a higher elec-
tron-pair donating ability.

Different PVAL : DNBC ratios were used to obtain
several degrees of modification.

FTIR, 'H-, and ®*C-NMR characterization

The structure of the resulting polymers was con-
firmed by IR, 'H-, and "C-NMR espectroscopies.

The IR spectra of esterified PVAL and VAVAL
copolymers with 3,5-dinitrobenzoyl chloride show a
characteristic band of the pendant groups at 1730
cm~ ! (C=0), 1546 cm ™' (NO, assym), and 1345
cm” ' (NO, sym).

The 'H-NMR spectra of the same modified poly-
mers are shown in Figure 7. The signals observed in
the "H-NMR spectra of the modified PVAL at 8.5-8.9
ppm are due to the aromatic protons (3H) of the
vinyl dinitrobenzoate (VDNB) units, the bands at 5.3
and 3.6 ppm are due to the methine (—CH) protons
of the VDNB units and the VAL units, respectively,
the signals at 4.3-4.6 ppm are due to the hydroxyl
proton of the VAL units. The signals at 2.3, 1.8, and

TABLE VIII

Chemical Composition, Mole Fractions of Dyads, the Block Character, 1, of
VALVDNB Copolymers

Composition
(% mol) Dyad (%)

Polymer VAL VDNB (VDNB,VDNB) (VALVDNB) (VALVAL)
VALVDNB 14 14 86 73 24 3 0.94
VALVDNB 16 16 84 65 33 2 1.11
VALVDNB 20 20 80 64 32 5 1.00
VALVDNB 22 22 78 58 36 6 0.99
VALVDNB 25 25 75 57 38 5 1.01
VALVDNB 30 30 70 49 43 8 1.02
VALVDNB 35 35 65 42 47 11 1.03
VALVDNB 37 37 63 38 50 12 1.07
VALVDNB 55 55 45 18 53 29 1.07
VALVDNB 78 78 22 4 38 58 1.10
VALVDNB 82 82 18 3 31 66 1.05

Journal of Applied Polymer Science DOI 10.1002/app
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1 area of the aromatic and hydroxyl proton reso-
—s— VDNB,VDNB d nances, respectively. From the methylene proton

08k —#— VAL.VDNB // spectrum the sequence distribution in VALVDNB co-
1 —4— VAL,VAL / polymers can be estimated, although it can merely
S 0.6k . A be done in a qualitative manner because of the over-
2 —a A lapping of the lines. The copolymer compositions
5] u \ T and the mol fractions of dyads determined from the
50'4' o A methine proton resonance and from the methylene
© ‘}‘ 27 ’\ proton resonance, respectively, for the various sam-
021« - \ ples of VALVDNB copolymers prepared by esterifi-

i / _‘,0" \ cation, are shown in Table VIII. Table VIII also

04 ’,.dgff“. M B B ! shows the block character, n. The m values are

0 02 04 VAL 06 0.8 between 0.94 and 1.11, which reflects a random dis-

Figure 8 Plot of dyad fractions as function of the VAL
content in the VDNB-VAL copolymer.

1.3 ppm are due to the methylene (—CH;) protons
of VDNB and VAL units, respectively, these lines
can readily be assigned to the methylene protons in
VDNB-VDNB, VDNB-VAL, and VAL-VAL dyads,
as has previously been indicated for VAVAL copoly-
mers. The composition of the VALVDNB copolymers
was determined by comparing the peak at 4.3-4.6
ppm and the band at 5.3 ppm using the Eq. (7):

VDNB :Aaromatics / 3AOH (VAL) +Aaromatics (7)

where VDNB is the mol fraction of vinyl dinitroben-
zoate, Aaromaticss and App represent the total peak

tribution of monomeric units in the copolymers. Fig-
ure 8 shows the mol fraction of dyads as a function
of VAL content. These results agree with data ob-
tained from other studies.”

Figure 9 shows the ">C-NMR spectra of VALVDNB
and VAVDNB copolymers. In the spectrum of modi-
fied PVAL, the carbonyl ester group signal can be
seen at 162.2 ppm. The peaks around 122.3, 128.7,
132.8, and 148.3 ppm are assigned to the aromatic
ring. The methine carbons, linked either to ester or
hydroxyl groups give rise to broad signals between
63 and 75 ppm. In the region between 36 and 46
ppm the peaks corresponding to methylene carbons
appear, although partially overshadowed by the
multiplet of the solvent Me,SO-ds.

The signals observed in the 'H-NMR spectra of
the VAVDNB (Fig. 9) at 8.6-8.9 ppm are due to the
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Figure 9 300-MHz "*C-NMR spectra of VALVDNB (86 mol % VDNB) copolymer and VAVDNB (23 mol %VDNB) co-

polymer in Me,SO-ds.
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aromatic protons (3H) of the VDNB units, the bands
at 5.3 and 4.7 ppm are due to the methine (—CH)
protons of the VDNB units and the VA units respec-
tively, the signal at 1.9 ppm is due to the methyl
(—CHs;) protons of VA, and the band at 1.7 ppm is
due to the methylene (—CH,) protons of VDNB and
VA units. The copolymer composition was deter-
mined by comparing the peaks at 4.7 ppm and the
band at 8.6-8.9 ppm using the Eq. (8):

VDNB =Aaromatics/3[Aci(VA) + Acu(VDNB)]  (8)

where VDNB is the mol fraction of vinyl dinitroben-
zoate, Aaromatics and Acp represent the total peak
area of the aromatic and methine proton resonances,
respectively.

The composition was also determined by elemen-
tal analysis. The results by both methods were in
agreement.

In the *C-NMR spectra of VAVDNB copolymer
(Fig. 11), the acetate carbonyl ester group can be
seen at 170.3 ppm, while the dinitrobenzoate car-
bonyl ester group appears at 162.4 ppm. The peaks
around 148.8, 133.3, 129, and 122.8 ppm are assigned
to the aromatic ring. The methine carbons, linked ei-
ther to ester or hydroxyl groups give rise to broad
signals between 63 and 74 ppm. In the region
between 37.7 and 43.5 ppm the peaks corresponding
to methylene carbons appear, although partially
overshadowed by the multiplet of the solvent
Me,SO-dg. The peak at 21 ppm is assigned to the
methyl carbon resonance of the acetate group.

Thermal behavior

The T, values of VALVDNB copolymers are showed
in Figure 10. The T,-composition behavior displays a
negative deviation from linearity, as in the case of
VAVAL copolymers. This result can be explained by
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Figure 10 Glass transition temperatures for VALVDNB
copolymers.
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Figure 11 Glass transition temperatures for VAVDNB
copolymers.

considering the influence of two factors, the substitu-
tion of hydroxyl groups by the bulky dinitroben-
zoate units and hydrogen bonding. As the fraction
of VDNB units in the copolymer decreases the rigid-
ity of polymer chains is decreased. On the other
hand, when the fraction of VAL units increases the
number of hydrogen bonds increases, leading to
increased values of T,. Both opposite factors contrib-
ute to the observed Tgs, and it is clear that increase
in hydrogen bonding in the copolymer samples is
unable to balance the changes in chain mobility. The
samples are not crystalline, and when comparing
with VAVAL copolymers, it is observed that
VALVDNB copolymer samples have higher T, val-
ues due to the bulkier substituents that restrict rota-
tion.

In Figure 11 T, values of VAVDNB copolymers
are plotted versus copolymer composition. It is seen
that the values are located between those of the
homopolymers, and that they change linearly with
the VDNB content of the copolymers. Increased
chain rigidity when the chains are substituted with
bulky dinitrobenzoate substituents leads to higher T,
values.

CONCLUSIONS

The esterification of PVAL and VAVAL copoly-
mers with 3,5-dinitrobenzoyl chloride in solution,
using the cyclic urea DMPU, shows high conver-
sion and their esters display excellent solubility in
it. The modification extent of the esterification
reactions can be determined using 'H-NMR spec-
troscopy. The sequence distributions for VAVAL
copolymers, obtained by base-catalyzed transesteri-
fication of PVA, are blocky, while a random
sequence distribution is obtained for VALVDNB
copolymers prepared by esterification of PVAL.
The T, values of VAVAL and VALVDNB copoly-
mers display a negative deviation from linearity,
while VAVDNB copolymer T,s change linealy with
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copolymer composition. VAVAL copolymers with
a content of VAL units above 80 mol % are crys-
talline. On the other hand, VALVDNB copolymers
are not crystalline.
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