
@
Pergamon

Eur. Po/ym. J, Vol.33,No.7,pp. 1099-1103,1997
~ 1997ElsevierScienceLtd. All rightsreserved

PrintedinGreatBritain
PII: S0014-3057(96)00252-2 0014-3057/97$17.00+ 0.00

COPOLYMERIZATION STUDY OF 4-VINYLPYRIDINE
WITH N-DODECYLACRYLAMIDE

LUCIEN LALLOZ, CHRISTINE DAMAS, ALAIN BREMBILLA,*
ROBERT CLEMENT and PIERRE LOCHON

Laboratoire de Chimie-PhysiqueMacromol&culaire,CNRS-URA-494,ENSIC, INPL, 1 Rue Grandville,
BP451,F-54001NancyCedex,France

(Received 9 April 1996; accepted in-finalform 29 May 1996)

Abstract-Random copolymers of 4-vinylpyridineand N-dodecylacrylamidewere synthesizedby low
conversion bulk free radical copolymerizationusing 2,2’-azobisisobutyronitrileas initiator. Copolymer
compositionswereobtained from NMR spectrometryand elementalanalysis.The reactivityratios rvpand
rC,,AMas determinedfrom the Fineman–Ross,Kelen–Tudosand Mayo-Lewismethodswere found to be
4.13and 0.27,respectively.The examinationof the C-4 resonancepeak in ‘3CNMR data revealsa triad
effect. A good agreement was observed for the experimental triads fractions determination and their
calculation from rvpand rclj. 0 1997ElsevierScienceJ-td

INTRODUCTION

Acrylamide based water-soluble copolymers have
been the subject of numerous investigationsopening
wide possibilities of applications in many fields.
When the comonomer is 4-vinylpyridine, the
correspondingcopolymers,the poly(acrylamide-co-4-
vinylpyridine)s are described as new chemical
materials in the field of metallopolymers[1].Indeed,
treatment of the copolymerswith Ru(II), givesrise to
ruthenium bipyridyl complexeswhich form interest-
ing redox catalysts for solar energy conversion [2].
In the case of the copolymerization of a hydro-
phobic acrylamide (e.g. N-dodecylacrylamide)with
4-vinylpyridine, the poly(N-dodecylacrylamide-
co-4-vinylpyridine)s with a variable hydrophilic/
hydrophobic balance are interesting precursor poly-
mers for the preparation of new amphiphiliccationic
polymers after quaternization of the pyridine rings.
The physiochemical properties(e.g.the viscosity,the
ability to solubilize hydrocarbons, the micelle-like
microphage formation and the interracial tension
properties) are strongly dependent on their micro-
structure. In order to establisha relationshipbetween
the molecular structure and the aqueous solution
behaviour of these amphiphilic polymers, we have
synthesized a series of precursors with variable
compositions allowing the determination of the
reactivity ratios of the two comonomers(N-dodecy-
lacrylamide and 4-vinylpyridine).

This paper reports the results concerning the
calculation of the monomers reactivity ratios using
Fineman–Ross, Kelen–Tudos and Mayo-Lewis
methods. On the basis of a statistics–kineticsmodel,
these ratios allow the determination of the different
sequences distributions (triads) and microstructural
information.

*To whom correspondenceshould be addressed.

EXPERIMENTAL

4-Vinylpyridine (4-VP) is a commercial product
from Aldrich containing 100ppm of hydroquinone as
polymerization inhibitor. This monomer was distilled
under reduced pressure in the presenceof calcium hydride
by transfer on a cold condensing surface (T= 30°C,
2 mm Hg).

N-Dodecylacrylamide(C12AM)was prepared by reaction
of the acryloylchloridewithn-dodecylamine[3].N-Dodecy-
Iacrylamide was purified twice by recrystallization from
heptane (heating remaining below 50°C for dissolution),
then the solution was slowlycooled down to O“C.As an
ultimate purification the monomer was purified by
chromatographyon silicagel or alumina columnwith ethyl
acetate as the ehrent (Rf = 0.85 or 0.8, respectively).
Mp = 58°C,Ref. [3]= 55.5-56.5”C.

The copolymerizations of C,2AM with 4-VP were
carried out in bulk at 70”Cwith AIBN as a free radical
initiator and by varying the feed ratios in monomers
(Table 1). The iniator content was fixed at ().53~0
(molar per cent/monomers) and the total amount of
monomers was equal to 3 x 10-2mol. The reactor was
deoxygenatedunder vacuum by repeating the freeze-thaw
cycles several times. After degassing the reactor was
purged with argon.

The copolymer was recovered by dissolution in a
minimumof chloroform(0.2-0.4ml/g)and the solutionwas
then loaded on a silicagel columnusingethyl acetate as an
eluent in order to eliminate the monomers. The adsorbed
polymer was then recovered by washing the column with
chloroform.The copolymerwas dried in uacuo for 48hr at
room temperature. Copolymer compositions were deter-
mined either from elemental analysis or ‘H NMR by
integration of methylene and methyl peaks. ‘H NMR
spectra were obtained using deuterochloroformcopolymer
solutions, with a AC-200PBruker spectrometer. The 13C
NMR spectra were recorded on the same spectrometer
operating at 50.327MHz using the standard inverse gated
microprogrammed.The proton broad band irradiation was
performedby usingthe compositepulsesCPD:speetrawidth
12,500Hz, acquisitiontime0.655see,pulsedelay 12secand
number of scans 3607.
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Scheme. 1. Poly(N-dodecylacrylamide-co-4-vinylpyridine)s.

RESULTSANDDISCUSSION

As the properties of the copolymers in aqueous
solution are dependent on the distribution of the
hydrophilicunits and of the hydrophobicones in the
macromolecules, it is of interest to examine the
microstructure of the copolymers. Accordingly,we
have determined the parameters rv, and rAM

representing the monomer reactivity ratios for 4-VP
and N-dodecylacrylamide,respectively. The calcu-
lation of these ratios based on the comparison
between monomer conversion and copolymer com-
position wascarried out usingthe methodsdeveloped
by Kelen–Tudos [4], Fineman–Ross [5], and the
non-linear least squares one [6] by hypothesizing
that, in most cases,a polymerchain growingdepends
only on the nature of the active extremity (terminal
model).

Bydenotingjh, JAM,FVPand FAM the instantaneous
molar fractions of the units 4-VPand C12in the feed
and incorporated in the polymer, respectively, the
polymer chemical forming composition is given by
the differential form of the copolymerization
equation:

d[VP] &=&= ikpfv,+f.,l,.d[c,2AM]= FC,lAM fC,,AMrC,,AMjC,,AM +fVP

From a refined linearization method (KT), this
equation can be expressedby:

“=(rvp++’-~
with

~h =&F
‘=a+F

(1)

The parameter a is calculated by taking the square
root of the product F.i.F.~,,where Fmin and Fmax are

the lowest and highest values of F for the
Copolymerization.The reactivity ratios r,, and rc12,4M
were calculated from the slope and the intercept of
the line representing relation (l).

The data are gathered in Table 1 and the
correspondingplot is shown in Fig. 1.

Moreover, from the solutions of the equation
expressing the instantaneous copolymer compu-

table 1. Monomerreactivityratiosof 4-vinylpyridine(VP)with
N-dodecylacrylamide(CIIAM)

Method rvp rc,~AM

Kelen–Tiidos 4.13* 0.1 0.27~ 0.01
Mavo-Lewis 4.66+ 0.1 0.32+ 0.02
Fin&ran–Ross 3.96+ 0.15 0.23i 0.02

‘n

3-

●

2-

1-
●

o-

-11
0 0:2 0.4 0.6 0.8

‘5
Fig.1.Kelen–Tiidosplotforthe4-VP/CIZAMsystemratios

for the copolymerization.

sitions, Fk. as a function of the initial comonomer
feed compositionf,,, it is clear that the calculated
curve is in good agreement with the experimental
results (Fig. 3).

The monomersreactivityratios werealsoestimated
by the Fineman–Ross method by using a least-
squares fit to give rvp = 3.96and rC,2AM = 0.23with a
correlation coefficientequal to 0.999(Fig. 2). These
values were found to be slightly lower than those
from other treatments (Table 2).

Lookingat these results,weobservean enrichment
in 4-VP starting from initial feeds superior to 49°/0.
Indeed, the high value for the 4-VP reactivity ratio
indicates a tendency for this monomer to homopoly-
merize, while in contrast the low value for C12AM
shows a tendency of the second monomer to
copolymerization. These results also suggest that the
distribution of the two monomers in the copolymers
is of a block character with high content of the 4-VP
monomer.

The final copolymer composition was determined
by integration of the peaks corresponding to the
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Fig. 2. Determination of reactivity ratios for the
copolymerizationof 4-VP with Ci~AMby the Fineman–

Ross method.
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Fig. 3. InstantaneouscopolymercompositionFVPas a
function of the initial comonomerfeed composition,fvpfor

the copolymerizationof 4-VP with C,2AM.

protons of the pyridine rings and the characteristic
ones of the acrylamide chains (Fig. 4):

pyridine ring Hj + H, & = 8.35 ppm
Hj + H, & = 6.43 ppm

methyl group of the C12chain bCH,= 0.9 ppm
methylene group in a of NH 6CH,= 3 ppm

The resonance peak of the secondary amide side
chain proton is overlapped by H-3 and H-5,
consequently, only H-2 and H-6 will be taken into
account.

It should be possible to determine the polymer
composition from ISC NMR (CHC13 Solutions).

Indeed, distinctive chemical shifts for each block can
be derived from the “C NMR spectra of the two
constitutive homopolymers (poly 4-VP and poly
C,,AM):

Ct2AMunit
6-= 175ppm dCH, (b)=23PPIII

&H3 = 14 Pprn &H(a) =43 Pprn

4-VP unit
&,+c, = 150-152ppm iic.,(b) =44 ppm
ck,+c,= 120-126ppm ~c”(a)=40 ppm
dc,= 153ppm

However, for copolymers with a low C12AM
content, the peak area related to the carbonyl group
appears too weak to be integrated with an acceptable
precision.Therefore, the most reliable results for the
copolymer composition were obtained from the

Table 2. Copolymerizationof 4-vinyIpyridinewith N-dodecylacrylamide

Initial concentration Initial concentration
VP C,,AM Reactiontime Conversion
(10-] mol) (10-’mol) f“, (rein) (%) FVQ

24 6 0.8 10 4 0.94
20 10 0.667 10 7 0.895
10.8 20 0,35 22 7 0,68
10 20 0.333 30 10 0.68
6 24 0.2 20 3.1 0.499
3 27 0.1 25 2 0.274
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Fig. 4. ‘H NMR spectra of 4-VP and dodecylacrylamidecopolymer(88% 4-Vp, 12% C12AM)(solvent:CDCL3).
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Fig. 5. C-4 resonance peaks of 4-vinylpyridine units
incorporated in 4-vinyl/N-dodecylacrylamide copolymers:

decomposition into lorentzian singlets.

resonance peak areas of the methyl groups (acryl-
amide chain) and of the pyridine ring protons. Our
~opo]ymers !JC NMR spectra show a variation of
the CJ + CC+ C, and CJ + CS peaks profiles at
150-156ppm and 12G126ppm, respectively, as a
function of the comonomers composition. This
phenomenonis due to the sensitivityof thesecarbons
to the local chemical environment. Despite a low
resolution, we can observe for C-4 of the pyridine
ring, two or three peaks, as shown in Fig. 5, which
are assigned by comparison with the ‘3CNMR of

0 Fvp

— < Fvp>

. Expdmm!td

o 0.2 0.4 0.6 0.8 1
Conversion

Fig. 6. Dependenceof the overall average <FvP) and the
instantaneouscopolymercompositionI% on the conversion

of 4-VP.

4-VP/styrene copolymers [7], to the VP-centered
triads VP~VP, VP~AM + AMVJVP and the
triad AM~AM. From the expanded ‘3C NMR
spectra of C-4, we have determined the fractions of
the VP-centered triads. The measurements were
carried out on three samples,with FVPvaluesequal to
0.274, 0.5, and 0.94, respectively,by decomposition
of the C-4 resonance experimental peak in three
lorentzian singlets (Fig. 5). The results collected in
Table 3 are in good agreement with those obtained
from the statistical stationary process given by
Coleman [8]and developedby Ito [9].

From the terminal model, the mean length of the
monomers sequences were calculated from the
reactivity ratios at low conversion, FVP = 0.274,

vvp= 16.9, /tAM = 1.1; FVP= 0.5, W/P = 1.98,

PAM = 2.1; RP = 0.94, pvP = 1.44,pm = 3.54.
Another point of this study is the analysis of the

copolymer composition as a function of the
conversion yield. The composition was determined
from the reactivityratios rv, and rc,,AMand by taking
the experimental values fvp. The instantaneous
copolymer composition FvP and the average COPOIY-
mer composition(FvP) werecalculatedfor FVP = 0.1,
0.2, 0.33, 0.35, 0.67 and 0.8, and the variation of the
compositions was plotted as a function of the
conversion ratios (Fig. 6). From these curves, we
observethat for high initial 4-VPcompositionsin the
feed (FVP= 0.67, 0.8), the average copoiymer
compositioniscloseto the instantaneousone. For the
highestF,, value (0.8),no largedrift wasobservedup
to a 60Y0 conversion ratio. For FVP= 0.8, the
experimental values (FvP) were calculated from
elemental analysis.

Table 3. 4-Vinylpyridinecentred triads distribution

h = 0.274 F,, = 0.5 F“, = 0.94
Triads J (ppm) Calcd Exp. 6 (ppm) Calcd Exp, 6 (ppm) Calcd Exp.

VPVPVP 153 0.09 0.14 152.9 0.244 0.233 152.6 0.885 0.878
VPVPAM+ AMVPVP 153.5 0,42 0.427 153.4 0,5 0.574 153.2 0.1I I 0,122
AMVPAM 154.1 0.48 0.43 154,8 0.256 0.193 — 0.003

Calcd: Calculatedwith rAM = 4.13andr., = 0.27.Exp.: Determined from IJC NMR.
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CONCLUSION

Studies were made on the free radical copolymer-
ization of 4-vinylpyridine with N-dodecylacrylamide.
‘H NMR was used to determine the copolymers
compositions. Reactivity ratios found to have
rVPrAM = 1.1 indicate that the growingpolymerchains
incorporate 4-VP more easily. The statistically
predicted copolymers sequence distributions (4-VP
centred triads) were confirmed by ‘3CNMR.
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