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On some aspects concerning solution-suspension polymerization of

N-vinylformamide��)

Summary — N-vinylformamide (NVF), a blocked vinylamine monomer, has become an important
reagent in the synthesis of water-soluble resins. NVF can be easily polymerized in aqueous solu-
tions, in bulk, in suspension and by means of emulsions techniques. In the present paper an advan-
tage was taken of the poor solubility of poly(N-vinylformamide) (PNVF) in organic solvents and
a solution/precipitation polymerization was investigated. Toluene was used as a solvent for NVF.
Polymerizations were carried out in three series differing by the type of initiator and temperature.
In series I 2,2’-azobis(isobutyronitryle) (AIBN) was used, replaced in series II with benzoyl per-
oxide (BP) and in series III with a redox system BP/N,N-dimethylamino-p-toluidine (BP/DMAT).
Optimal temperatures in series I and II were found to be 50 °C and 80 °C, respectively, whereas in
series III the possibility was tested to polymerize at the room temperature (22 °C). At increasing ini-
tiator to monomer molar ratios outputs were growing up to 98 % in series I and II while simulta-
neously times of the cloud point appearances have become shorter. However, there is no distinct
relation between molar masses of and initiator concentration. It is noteworthy that for all polymers
obtained by the solution/precipitation technique all dispersity values were below 2 what is not so
easy to achieve with other techniques.
Keywords: N-vinylformamide, solution-suspension polymerization, free radicals initiators.

NIEKTÓRE ASPEKTY POLIMERYZACJI ROZPUSZCZALNIKOWO-SUSPENSYJNEJ N-WINY-
LOFORMAMIDU
Streszczenie — N-winyloformamid (NVF), z zablokowanymi grupami winyloaminowymi, jest
wa¿nym monomerem w syntezie ¿ywic rozpuszczalnych w wodzie. Polimeryzacjê NVF mo¿na
bez trudu realizowaæ w roztworze wodnym, w masie, w suspensji oraz technik¹ emulsyjn¹. W pre-
zentowanej pracy wykorzystano s³ab¹ rozpuszczalnoœæ poli(N-winyloformamidu) (PNVF) w roz-
puszczalnikach organicznych i badano rozpuszczalnikowo-str¹ceniow¹ polimeryzacjê NVF. Jako
rozpuszczalnik NVF stosowano toluen. Wykonano trzy serie polimeryzacji wobec ró¿nych inicja-
torów i w ró¿nych temperaturach. W Serii I stosowano 2,2’-azobis(izobutyronitryl) (AIBN), który
w Serii II zast¹piono nadtlenkiem benzoilu (BP), a w Serii III uk³adem redoksowym BP/N,N-dime-
tyloamino-p-toluidyna (BP/DMAT). Jako optymalne temperatury w Serii I i Serii II przyjêto odpo-
wiednio 50 °C i 80 °C, w Serii III badano mo¿liwoœæ polimeryzacji w temperaturze pokojowej
(22 °C). Stwierdzono, ¿e ze wzrostem stosunku molowego inicjatora do monomeru wzrasta i to a¿
do wartoœci 98 % w Serii I i Serii II wydajnoœæ reakcji, a jednoczeœnie skraca siê czas, po którym po-
jawia siê zmêtnienie. Nie zaobserwowano wyraŸnej zale¿noœci pomiêdzy stê¿eniem stosowanego
inicjatora a wartoœci¹ masy molowej otrzymanego polimeru. Nale¿y podkreœliæ, ¿e stopieñ dys-
persji masy molowej (Mw/Mn) wszystkich polimerów otrzymanych na drodze polimeryzacji roz-
puszczalnikowo-str¹ceniowej by³ mniejszy ni¿ 2. Jest to trudne do uzyskania z zastosowaniem
innych metod polimeryzacji.
S³owa kluczowe: N-winyloformamid, polimeryzacja roztworowo-suspensyjna, inicjatory wolno-
rodnikowe.

INTRODUCTION

The great expectancy which came up at the beginning
of the current century, when N-vinylformamide (NVF)
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appeared on the marked as an industrial product, ceased
somewhat in the following years due to the recognition of
the scarcity of solvents, confining reactions of NVF and
its polymers mainly to water. As a consequence, chemical
modifications of copolymerization with hydrophobic
monomers, suspension polymerizations etc. proved to be
more difficult [1].

There are attempts to circumvent these difficulties.
Recently a precipitative copolymerization has been de-
scribed for NVF with acrylic acid, as well as for metha-
crylic acid in isopropanol [2] under circumstances in
which the classic theory of copolymerization cannot be
applied to determine copolymerization constants. A way
out was found by a choice of proper solvents.

In accordance with recently published paper [3] a pro-
cedure was worked out and described which enables to
functionalize NVF with such hydrophobic and bulky
substituents like 4-methoxybenzylchloride, (bromo-
methyl)cyclohexane, 1-chloro-2-methylbutane, and
many others. The problem is to select adequate solvents.

NVF is a reactive monomer with very good poly-
merizability. The preferred kind of polymerization in
case of NVF is the radical one according to the equation:

After polymerization and hydrolysis it offers an ex-
tremely high ionic content in the resulting polyvinyl-
amine [4, 5]. It should be noticed, that cationic poly-
electrolytes are exploited now in many fields. Relative to
other monomers, like acrylamide (AAm) NVF with its re-
verse amide structure, it is regarded to be nontoxic [6].

According to recent literature data [7], potato starch
grafted with NVF enhances starch hydrophilicity bring-
ing its desired solubility in water.

It was only in the past decade that an industrial pro-
duction of the blocked vinylamine monomer began [8],
rendering via poly(N-vinylformamide) (PNVF) a precur-
sor for synthesis of polyvinylamine (PVAm). It is to say,
however, that PVAm does not contain exclusively NH2
function groups attached to the backbone. The acidic hy-
drolysis of PNVF is confined to a ca. 80 % conversion and
hence a remarkable part of NHCHO groups remains un-
changed [9]. On the other hand, the alkaline hydrolysis
converts the formamide groups completely, but accord-
ing to our own findings [10] not all of them become NH2
groups. A lower part is converted to OH groups.

One disadvantage of NVF as a monomer is the con-
finement of molar masses to the range between 5000 and
500 000 g/mol which is easy to obtain [11]. For many
applications like flocculation, higher molar masses are
desirable. Some authors have published results of inves-
tigations using PNVF, the molar masses of which were

beyond the 106 g/mol limit [12]. However, these were
samples isolated by dialysis from a set of macromole-
cules differing in degree of polymerization. A membrane
was used with a 106 g/mol molar mass cutoff to remove
low molecular species and impurities [13].

A further disadvantage of PNVF is its poor solubility
in organic solvents. Most solvents other than water, e.g.
tert-BuOH, toluene, isopropanol, and mixtures of them
do not dissolve the homopolymer of NVF.

N-vinylformamide is polymerized in bulk, solution
and in emulsion [14, 15]. In bulk polymerization the main
problem concerns stabilization of temperature. As soon
as the degree of conversion reaches 20 % the Trommsdorf
effect (of autoacceleration) takes place. In solution poly-
merization by far the best solvent is water, but difficulties
come about when copolymerization is attempted with
non water-soluble comonomers. In the case of suspension
and emulsion polymerization techniques [6] the resulting
polymer needs a troublesome purification which most
often is not complete.

The chemical properties and non-toxicity of PNFV
and PVAm resulted in a broad range of industrial appli-
cations such as paper making [16—18], adhesives [19, 20],
ink jet printing [21], textile chemicals [22], biomedical
products [23, 24], flocculants [25] etc. That reflects the im-
portance these polymers have already gained. Neverthe-
less, many problems have not yet been elucidated satis-
factorily. For example, to the best of our own knowledge,
the solution/precipitation polymerization of NVF was
never investigated before more closely.

Therefore, our investigations described in this paper
were focused on solution/precipitation homopolymeri-
zation of NVF with the aim to learn how the parameters
employed influence the characteristics of the resulting
polymer. The variable factors are initiator to monomer
mole ratio, kind of initiator, temperature and time of
polymerization.

EXPERIMENTAL

Materials

N-vinylformamide (NVF, Aldrich Chem. Co.) was
argon vacuum distilled (80 °C, 1600 Pa). 2,2’-Azobis(izo-
butyronitril) (AIBN, Fluka), dibenzoiloperoxide (BP,
Argon, LódŸ), N,N-dimethylamino-p-toluidine (DMAT,
Aldrich Chem. Co.) were used without further purifica-
tion. Solvents like methanol, toluene (both from POCh,
Gliwice) were purified by distillation before use. Water
was deionized and subsequently distilled.

Polymerization procedure

All polymerizations were performed in carefully
dried glassware, under a purified argon atmosphere. To-
luene (ca. 50 cm3) was placed in a polymerization flask
(250 cm3) equipped with a gas inlet and reflux condenser.
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Freshly distilled monomer (NVF) was added in amount
35 mmol (2.5 g) and then warmed up to the desired reac-
tion temperature (22, 50 or 80 °C) and simultaneously
purged with argon. Then the respective initiator (I =
AIBN, BP or BP/DMAT) dissolved in an adequate amount
of toluene (1—9 cm3) was added. The stop-watch was
started to measure the time needed to achieve the cloud
point (�cl). The polymerization feed was agitated by
purge of argon.

As soon as the precipitation ceased to be perceptible the
reaction was interrupted by cooling the flask with its con-
tent. Since only a part of the polymer sedimented imme-
diately, after its isolation 100 cm3 of methanol was mixed
into the vessel to coagulate the remaining suspension. The
entire deposited polymer was filtered and again sus-
pended in 100 cm3 of methanol and once more filtered. This
operation was repeated tree times to remove any adhering
toluene. In the end the polymer was vacuum dried to
achieve a constant mass. Temperatures of polymerization
(t) were constant, but in each series they were different.

Methods of investigations

The molar masses and dispersity of the molecular
weight of water soluble NVF homopolymers were deter-
mined by aqueous size exclusion chromatogra-
phy/multi-angle laser light scattering (SEC/MALLS). The
separation was performed in two serially connected SEC
columns: GMPWXL (300 × 7.8 mm) and TSK gel 2500
PWXL (300 × 7.8 mm) (both from Tosoh Corporation, To-
kyo, Japan). The columns were connected to a multi-an-
gle laser light scattering detector (Dawn-DSP-F, Wyatt
Technology) and a differential refractive index detector
(L-7490, Merck, Darmstadt, Germany). A salt aqueous so-
lution (0.05 M NaNO3) was used as the eluting solvent for
measurements. The flow rate of the mobile phase was
0.5 cm3/min. The output voltages of the refractive index
(n) detector and light scattering intensities at 18 angles
were collected and used to calculate number-average
molar mass (Mn), weight-average molar mass (Mw), and

mass dispersity (Mw/Mn) of the obtained polymers, using
Astra 4.50 software (Wyatt Technology). Calculations
were made using the Zimm function. Refractive index
increment (dn/dc) for PNVF in 0.05 M NaNO3 aqueous
solution was determined to be 0.1373 cm3/g (� = 690 nm).
All chromatograms of the investigated polymers were
monomodal.

The yield of polymerization (Y) was determined
gravimetrically using the relation:

Y
m

m

p
� �

0

100 % (2)

where: m0 — mass of monomer taken to polymerization, mp —
mass of the vacuum dried polymer obtained.

RESULTS AND DISCUSSION

Poor solubility of PNVF in organic solvents can be uti-
lized advantageously for polymerization of its monomer
by means of the solution precipitation technique. In pre-
liminary investigations we found toluene to be the best
suited organic solvent among the few which dissolve
NVF at all.

The investigations were carried out in tree series, dif-
fering with the temperature and time of polymerization
and the type of used initiator (I). Within this series the ef-
fect of the amount of the initiator on the yield of polyme-
rization and molar mass dispersity was examined. The
results of these investigations are presented in Table 1. In
series I AIBN was employed as an initiator. It is well
known from literature [11] that azo-compounds are best
suited for starting polymerization of NVF. However, the
temperature of such a polymerization must hold the most
favorable range between 50 and 80 °C. Below that range
no cloud point was to be seen what meant that AIBN
could not be employed at the room temperature. That
was the reason for our attempts to investigate two further
initiators, i.e. BP and the redox system set up by
BP/DMAT with molar ratio 3:1 in favor of BP.

Results listed in Table 1 reflect regularities existing
within each of the three series, which regularities are
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T a b l e 1. Conditions and results of NVF; meaning of symbols: cI (mmol/dm3) — concentration of the initiator, I/NVF — molar ratio of

the initiator to monomer, t (°C) — polymerization temperature, �pol (h) — polymerization time

Series conditions Amount
of I, mol

cI

mmol/dm3
I/NVF

mol/mol
�cl, s Y, % Mn · 10-3

g/mol
Mw · 10-3

g/mol
Mw/Mn

Symbol of
the polymer

obtained

Series I — AIBN
t = 50 °C, �pol = 5 h

0.175 3.5 0.005 483 50 284.6 328.0 1.45 PNVF-I-1

0.350 7.0 0.010 283 85 158.9 212.7 1.34 PNVF-I-2

0.700 14.0 0.020 214 98 129.4 228.5 1.88 PNVF-I-3

1.600 32.0 0.055 173 98 239.2 239.2 1.40 PNVF-I-4

Series II — BP
t = 80 °C, �pol = 4 h

0.175 3.5 0.005 44 87 66.2 113.5 1.72 PNVF-II-5

1.600 32.0 0.055 21 98 59.6 67.1 1.13 PNVF-II-6

Series III — BP/DMAT
t = 22 °C, �pol = 72 h

0.175 3.5 0.005 4515 27 60.4 77.7 1.29 PNVF-III-7

0.350 7.0 0.010 755 42 41.8 49.6 1.19 PNVF-III-8

0.700 14.0 0.020 270 40 14.3 18.1 1.27 PNVF-III-9



commonly inherent in radical polymerizations per-
formed in bulk and in solutions. At the constant tempera-
ture and with the same initiator the decisive factor is
molar ratio of initiator to monomer (I/NVF ratio). With
increasing I/NVF value �cl decreased and Y becomes
greater. In regard to average molar masses Mn and Mw it
can be seen that the solution precipitation polymerization
of NVF does not guarantee extra high degrees of poly-
merization. By far the best results in all investigated sam-
ples were obtained in series I, where AIBN was used as
initiator. Here the molar masses Mn are between 284.6·103

and 129.4·103 g/mol and dispersities are between 1.34 and
1.88.

The employment of BP in series II required 80 °C as
the temperature of polymerization because otherwise the
yields were small. Molar masses are lower than in series I.

In series III the aim was to check the possibility to
accomplish the solution precipitation polymerization of
NVF at the room temperature (22 °C) using a redox sys-
tem for initiation, i.e. BP/DMAT. The attempt failed. After
72 h of the reaction time only a small amount of the poly-
mer were formed, and against expectation, its molar mass
appeared to be relatively small, below the 100 · 103 g/mol.
Results listed in Table 1 confirm the inferiority of per-
oxide initiators in radical polymerization of NVF. It is to
recognize that by the choice of a proper initiator the pos-
sibility exists to regulate the molar masses within higher
or lower ranges.

The solution precipitation polymerization requires
that the resulting polymer was stepwise isolated from its
solution while the process is going on. That makes a dif-
ference to solution polymerization in which side reac-
tions are more likely to occur.

Common for both the solution and solution precipita-
tion polymerizations is the need to purify the synthesized
polymers carefully from the solvent used. In the case of
PNVF we found methyl alcohol to be more suitable for
that purpose than acetone, which renders the flocks after
coagulation more sticky.

Noteworthy is the fact that for all prepared polymers
i.e. for series PNVF-I to PNVF-III, the mass dispersities
were found to be below 2. That is not so easy to achieve by
applying other techniques of radical polymerization.
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