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ABSTRACT

SYNTHESIS OF ACROLEIN BASED COPOLYMERS AND THEIR

MODIFICATIONS

Mete (Kars), Dilek
Ph. D., Department of Chemistry
Supervisor: Prof. Dr. Ozdemir Ozarslan

Co-Supervisor: Prof. Dr. Olgun Given

February 2010, 107 pages

Copolymerization of acrolein with N-vinylpyrroliden(NVP) and its modification
were aimedn this study. Polyacrolein is a polymer that gactive aldehyde groups
can easily be converted into oxime, amine, enamimige and bisulfite derivatives
and has a potential on biological applications.réhg very little information on poly

(acroleineo-vinylpyrolidone) in the literature.

At the first stage, the free radical copolymeriaati of acrolein with N-
vinylpyrrolidone (NVP) was carried out by using assium persulfate (#,0g), as
an initiator in water at 6&. The conversion of monomer mixtures in diffenemte

ratios (58/42, 62/38 and 74/26) to polymers wadistliin various time periods.



The conversions of monomer mixtures to polymer wastained in 192 h as 23%,

19% and 31% respectively.

At the second stage, the monomer reactivity ratv@se determined by using
Fineman Ross (FR), Kelen Tidos (KT), Extended Ké&ledos (E-KT), Mayo Lewis
(M-L), and PREVM methods. The copolymer compossiavere determined using
elemental analysis and FT-IR analysis data metBgdising elemental analysis data
ri=0.44 and 4= -0.082 (FR),1-=0.47 and 4= -0.065 (KT), §=0.46 and = -0.064 (E-
KT), r1=0.49 and = -0.065 (M-L), £-0.49 and = -0.049 (PREVM) were obtained.
By using FT-IR analysis data-r0.36 and #= -0.077 (FR), - 0.41 and #= -0.031
(KT), r1=0.41 and #= -0.033 (E-KT), t=0.36 and = -0.0010 (M-L), £=0.46 and =

0.004 (PREVM) were obtained.

At the third stage, the aldehyde groups of acrolairacrolein/NVP copolymers
having different compositions (A74/NVP26 A62/NVP2®d A58/NVP42) were
modified with hydroxylamine and phenylhydrazine ateans. The degree of
modifications of modified copolymers synthesizedlifferent times (24, 72, 120 and
168 h) was calculated by using elemental analgsslts. The maximum degree of
modification of oxime derivative copolymers was abed in 168 h as 35%, 50%
and 73% in increasing content of acrolein in copwys. The maximum degree of
modification of phenylhydrazone derivative copolymevas obtained in 168 h as

27%, 30% and 39% in increasing content of acralecopolymers.



All copolymers and their derivatives were charazeet by FT-IR and NMRf-
NMR, C-NMR) spectroscopy. Thermal properties and thermsbilities of
copolymers and their derivative were investigategd using DSC and TGA

techniques.

Solubility of copolymers and their derivatives weested in various polar and non-
polar solvents Copolymers and their derivativegere found to be insoluble in
common organic solvents. Results indicated that thely(acrolein-co-
vinylpyrrolidone) copolymergould only dissolve efficiently inrichloroacetic acid
at 180C, and partly soluble in aprotic polar solvents;rsas in DMF, DMSO and
pyridine around 18W. Furthermore their modification did not consideyaaffect

the solubility behavior of copolymers.

Keywords: Copolymerization, acrolein, N- vinylpyrrolidone \IR), reactivity ratio,

oxime, phenylhydrazone.



OZET

AKROLE iN BAZLI KOPOL IMERLER iN SENTEZI VE

MOD iFIKASYONLARI

Mete (Kars), Dilek
Doktora, Kimya Bolimu
Tez Dansmani: Prof. Dr. Ozdemir Ozarslan

Ortak Tez Danismani: Prof. Dr. Olgun Glven

Subat 2010, 107 sayfa

Bu calsmada akrolein ile N-vinilpirolidonun (NVP) kopolimazyonu ve elde edilen
polimerlerin modifikasyonu hedeflendi. Poliakrolegeaktif aldehit grubundan dolayi
kolayca oksim, amin, enamin, imin ve bisUlfit tllexne donigturilebilen ve

biyoteknolojik uygulama potansiyeli olan bir polinde. Literatirde poli (akrolein-

ko-vinilpirolidon) ile ilgili cok az bilgi vardir.

Ilk asamada, N-Vinilpirolidon (NVP) ile akroleinin serlies radikal
kopolimerizasyonu sulu ortamda potasyum persu(l@sS,0g) baslaticisi ile 65C
de gercekKlgirildi. Farkli mol oranlarindaki (58/42, 62/38 \&26) monomer
karisimlarinin polimerlere dénsiimleri 65C’de farkli zaman periyotlarinda galdi.

Monomer kagiminin polimere dorgiimi 192 saat de sirasiyla 23%, 19%

Vi



ve 31% olarak belirlendi.

iIkinci asamada, monomer reaktiflik oranlari, elementel anale FT-IR analiz
verileri kullanilarak Fineman Ross (FR), Kelen T8d&T), Extended Kelen Tudos
(E-KT), Mayo Lewis (M-L), ve PREVM metotlari ile bdendi. Kopolimer bilgimi
elementel analiz verileri kullanilarak-10.44 ve = -0.082 (FR), = 0.47 ve §= -
0.065 (KT), k- 0.46 ve = -0.064 (E-KT), {-0.49 ve 5= -0.065 (M-L), £-0.49 ve
r,= -0.049 (PREVM) belirlendi. FT-IR analiz verileékullanilarak = 0.36 ve $= -
0.077 (FR), 1=0.41 ve = -0.031 (KT), §=0.41 ve 3= -0.033 (E-KT), 1=0.36 ve 3=

-0.0010 (M-L), §-0.46 ve 5= 0.004 (PREVM) belirlendi.

Uclincii aamada, farkli kompozisyonlarda (A74/NVP26 A62/NVP38e
A58/NVP42) akrolein/NVP  kopolimerlerindeki  akrol@in aldehit grubu
hidroksilamin ve fenilhidrazin ile modifiye edildizarkli zamanlarda (24, 72, 120 ve
168 s) sentezlenen modifiye kopolimerlerin modifikon derecesi elemental analiz
sonugclarl kullanilarak hesaplandi. Kopolimerleriksion tlrevleri icin maksimum
modifikasyon derecesi 168 saat de sirasiyla 35%% 33% olarak belirlendi ve
kopolimerlerin fenilhidrazon tirevleri icin 168 $ade sirasiyla 27% 30% ve 39%

olarak belirlendi.
Biitiin kopolimerler ve tirevleri FT-IR ve NMBH-NMR, 2*C-NMR) spektroskopisi

ile karakterize edildi. Kopolimerlerin ve turevlem termal 6zelikleri ve termal

kararlihigi DSC ve TGA teknikleri kullanilarak incelendi.

Vil



Kopolimerler ve tirevlerinin ¢ozundrlikleri gdi polar ve apolar ¢oziculerde test
edildi. Kopolimerlerin ve tiurevlerinin genelde orgia cézlculerde c¢c6zinmeii
bulundu. Sonuglar, poli (akrolein-ko-vinilpirolidprun tamamiyla yalnizca 18D
trikloroasetik asit de c¢ozundi, DMF, DMSO ve piridin gibi aprotik polar
cbziculerde kismen ¢Ozunur ofgumu, bununla beraber kopolimerlerin

modifikasyonlarinin ¢ozindrlik davrama etki etmedini gosterdi.

Anahtar Kelimeler: Kopolimerizasyon, akrolein, N-vinilpirolidon (NVPjeaktiflik

oranl, oksim, fenilhidrazon.
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1. INTRODUCTION

Functional polymers have benefited great importancmany fields of research as
well as industrial applications. Acrolein, meth@em and crotonaldehyde are the
vinylic monomers containing aldehyde groups. Thodech acroleins (propenal,
acrylaldehyde) are the simplest vinylic aldehyde loa polymerized to prepare some
functional polymers or copolymers. Both homo anansocopolymerization of
acrolein have been investigated since the easeodifying the aldehyde pendant
groups offers considerable scope to make polymeith wew properties.
Unfortunately, its homopolymer and copolymers exagpolymers with styrene and
divinylbenzene are either slightly soluble or inde in common solvents at normal

conditions.

Polyacrolein presents an additional disadvantagenvdme would like to modify the
aldehyde groups. It is difficult to modify succagbf in high yield, because it
cyclizes intra- and intermolecularly to acetal dmmiacatels leaving only a few
suitable isolated aldehyde groups. The desiredillision of free aldehyde groups
along the polymer chain may be achieved by the lgoperization of acrolein with

vinyl comonomers [1]. By this way, the copolymetiaa enhances the relative
concentration of free aldehyde groups in the capelychain to levels desirable for
modification reactions [2]. Acrolein have been dypterized radically with

acrylamide, ethyl acrylate, acrylic acid, acryloitgt, 2-vinyl pyridine, vinyl acetate



vinyl chloride, methyl methacrylate, butyl acrylateethacrylonitrile, styrene and

many other vinylic monomers as seen in the liteeal8].

The reactive aldehyde pendant groups of polyaerodeid copolyacrolein can be
converted into the amine derivatives of it, sucho&sne, amine, enamine, imine,
hydrazone, semicarbazide and some other adduatseTdan be employed in many
areas of applications, such as the selective ¢hglatf heavy metal ions, enzyme

immobilization, and binding of pharmaceuticals,ilamdies and proteins.

N-Vinylpyrrolidone copolymers and homopolymer haveen studied extensively
and they have found many fields of applicationseicent years due to their unusual
properties, especially in the pharmaceutical, cées@nd food industry as well as
for numerous technical applications [4]. Many ogrth are soluble in common

solvents and processable easily.

A study of NVP-Acrolein copolymers and their moddi derivatives are of great

interest since there is very little informationthese polymers in the literature.

The object of this work was to synthesize the cppelrs of acrolein with N-vinyl
pyrrolidone and investigate some properties of tlagich to modify these copolymers
with phenylhydrazine and hydroxylamine, and exantime properties of modified

copolymers.



2. THEORY

2.1. Some definitions

Polymer

The word polymer is derived from classical Greekypoeaning “many” and meres
“parts. Thus a polymer is a large molecule (maciede) built up by the repetition
of small chemical units

Monomer

A monomer which is defined as any molecule thatlmamconverted to a polymer by
combining with other molecules of the same or déife type.

Oligomer

An oligomer is a low-molecular-weight polymer. Ibrtains at least 10 t0100
repeating units.

Repeating unit

The repeating unit of a linear polymer ip@tion of the macromolecule such that the
complete polymer (except for the ends) might bedpeced by linking a sufficiently
large number of these units through bonds betwpecifseed atoms [5].

Homopolymer

Polymers composed of only one typical repeating iarthe polymer molecules [6].
Copolymer

A copolymer consists of two or more constitutiomepeating units [7]. Several
classes of copolymer are possible block copolymateynating copolymers, graft

copolymers, random copolymers.



2.2. Free radical polymerization and copolymerizatin

2.2.1. Free radical polymerization

Free radical polymerization has three principgbste

. Initiation of the active monomer

. Propagation or growth of the active (free radicalxin by sequential
addition of monomers.

. Termination of the active chain to give a final guot

Initiation

Initiation in a free-radical polymerization consistf two steps
Step 1. Dissociation of the initiator to form twaxdical species,
Step 2. Association followed by addition of a senghonomer molecule to the
initiating radical.

The dissociation of the initiator (I-1) to form twicee radical initiator species (I') can

be represented as

|— |ﬂ>2 le (2.1)
Here the initiator | decomposes to yield two rallicavhere k is the dissociation
rate-constant. The dissociation rate-constant ial@n Arrhenius dependence on
temperature given as

kg =Aexp(-E/RT) 2.2)

Where E is the activation energy for dissociation. In didadi to a strong dependence
on temperature, dissociation rate-constants foferdift initiators vary with the

nature of the solvent used in solution polymerarati



Initiators for free-radical polymerizations inclugey organic compound with a
labile bond, such as an azo (-N=N-) disulfide (-%-8r peroxide (-O-O-) compound.
The labile bond of the initiator can be broken bgath or irradiation, such as
ultraviolet or gamma irradiation. An important examof a free radical initiator is

benzoyl peroxide whose dissociation is

o

ﬂ—o—z—o—ﬂ —2 —Oe (2.3)

In the second step of initiation (association),@omer molecule (M) is attached to

the initiator radical [8]. This addition step mapresented as
lo + M—2m Mo
(2.4)

where k is the rate constant for monomer addition. In #pecific case of the

polymerization of styrene initiated by benzoyl pede, the addition occurs as

(@] O
’ | ’
Qﬂ—w H,C——=CH —2 » C—O0—C’'——CHe (2.5)

Propagation
By definition, a propagation step in a chain reattis that the number of repeating

unit in polymer chain increases and the produtigh molecular weight forms.



The sites of the reactive center changes but thebeu of radicalic active sites
remain constant.There are two major propagation reactions undeictnditions of

most free-radical polymerizations. These are agldiind atom transfer reactions.

i) Addition Reactions

Successive monomer additions after the initiatiep ®f reaction can be represented

as,

M? + M — MJ (2.6a)
MS + M — Mg’ (2.6b)
M® + M — M (2.60)

where M represents the radical R-(MM . Each reaction in the sequence involves
the addition of a monomer to a monomer-ended rhdacad each is assigned the
same rate constant, lon the reasonable assumption that the rate ofatlution
reaction does not depend on the size of the paatioig macroradical. Values of the
propagation rate constant for most monomers are of the order of. 10 L/s.mol

under practical polymerization conditions.The m@teropagation Ris given by

Rp=ko[M [M] (2.7)

where [M] stands for the sum of the concentrations of alhoneer-ended radicals

in the system. This expression fop Ban be written as shown since the radical

concentrations can be lumped togethey ifitles not depend on the size of M



ii) atom transfer reactions

Radicals can undergo other reactions as well aomenaddition. Atom abstraction
reactions usually involve transfer of hydrogen atogen atom. An example from
micromolecular chemistry involves the chlorinatimihhydrocarbons at about 2@

or during irradiation with light of wavelength le$san 4875x18° m.

Cl,—> 2CI° (2.8)
Cl*+ CH, ™ HCI* °CH; (2.9)
CH3* + Cl,—> CI*+ CH4CI (2.10)

lif) Other propagation reactions

Radicals can undergo other reactions such as nggmezents and fragmentations.

Termination
Propagation will continue until some terminatiorogess occurs. The sequence of
monomer additions is terminated by the mutual atatibn of two radicals. Such

termination reactions can occur if the radicals oo to forma bondas in

CH,——Ce + ¢CG——— CH,vvir — AN CH; C CHprNnn (211)
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This process is called termination by combinatod would be written in general

terms as in with k as the corresponding rate constant.
ktc M
My + M — Mpin (2.12)

Alternatively the two radicals can form two newletules by a disproportination
reaction in which a hydrogen atom is transferrgd@&nerally for this case,

Mg + My,® kt—d> Mnm + M, (2.13)

where kq is the rate disproportination rate constant.

Termination may also occur by a mixture of dispmipation and combination.

The rates of these reactions are additive for @rgipolymerization, because both
terminations are bimolecular and have second-order constants. Thus we can

write
ke
Mg + M, — dead polymer (2.14)

With the overall rate constantdiven by

kt = ktd + ktC (215)

The termination rates;Rorresponding to the different modes of terminmatoe
Rie= 2 ke [M4? (2.16)
from Eq. (2.12)

R =2 kq[M4? (2.17)
from Eq. (2.13)

Ri= 2k [M9? (2.18)

from Eq. (2.15)



2.2.2. Methods of free radical polymerization

There are various ways to carry out free radicifmerization

2.2.2.1. Bulk polymerization

Bulk polymerization is a homogenous system. Thepkast technique and the one
that gives the highest-purity polymer is bulk pobnmation. Only monomer, a
monomer-soluble initiator, and a chain-transfemage control molecular weight are
used. In the case of homogenous bulk polymerizatibe product polymer and
monomer are miscible. Since polymerization reactiare generally exothermic, the
temperature of polymerization depends on the palpagon system. Mixing and

heat transfer become difficult as the viscosityhef reaction mass increases [7, 8].

2.2.2.2. Solution polymerization

Solution polymerization is a homogenous system.ut®osi polymerization may
involve a simple process in which a monomer, itotiacatalyst, a solvent are stirred
together to form a solution that reacts withoutrnleed for heating or cooling, or any
special handling. Solvent choice is important beeaiti may be influenced by other
factors such as flash point, cost and toxicity.e®ftthe polymerization can be
conducted under conditions of solvent reflux to mmaze heat removal. Reactors
are usually stainless steel or glass lined. Theioolsvdisadvantages of solution
polymerization are the small yield per reactor waduand requirement for a separate

solvent-recovery step.



2.2.2.3. Suspension polymerization

Suspension polymerization involves the dispersibrihe monomer, mainly as a
liquid in small droplets, into an agitated stalilg medium usually consisting of
water containing small amounts of suspension gredgon agents. The catalyst or
initiator is dissolved in the monomer if the monangea liquid or included in the
reaction medium if a gaseous monomer is used. theaend of the polymerization,
the particles harden and then can be recoveredtiatién, which is followed by a
final washing step. Although solvent cost and recgwoperations are minimal in
comparison with solution polymerization, polymeripuis low due to the presence
suspending and other stabilizing additives thatd#fecult to completely remove. In

addition, reactor capital costs are typically higtiian for solution polymerization.

2.2.2.4. Emulsion polymerization

Emulsion polymerization is widely used commercidtly the production of a large

variety of polymers. In general, an emulsion polyizaion system would consist of
the following ingredients: monomer, dispersing nuedi emulsifying agent, water-

soluble initiator, and a transfer agent. Water egras the dispersing medium in
which the various components are suspended byrthése#ying agent. The water

also acts as a heat transfer medium. The final ymtoth an inverse emulsion

polymerization is colloidal dispersion of a watevaden polymer in the organic

phase [8].
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2.2.3. Simple copolymer equation

In the copolymerizatiofty chain-growth reaction, we shall concentrate amythe
propagation step in which a monomer adds to arveactite at the end of a
macromolecular species and the active site is femesl to the new terminal unit
created by this addition.

M"+M - MM’ (2.19)
Here M denotes a monomer and the asterisk meaastiane site which could be a
radical, ion (with an appropriate counterion), araabon-metal bond. For simplicity,
the simple copolymer equation will be developed tbe case of free radical

reactions. The four possible propagation reactwitts monomers Mand M are

M; +M, 08~ M; ratek,[M;][M, ] (2.20)
M; +M, 0% M; ratek,,[M;][M, ] (2.21)
M;+M, O M; ratek,,[M;][M, ] (2.22)
M; +M, O M; ratek,, [M;][M; ] (2.23)

In these expressions;tands for a radical of any size ending in a dertved form
monomer M and [M] denotes the total concentration of all such raldicregardless
of molecular chain length or structure. Similarlyi& the propagation rate constant
for addition of monomer Mo radical M. (Then k is the propagation rate constant
kp for homopolymerization of IMunder the given reaction conditions.)

If we now assume that the only significant changaaonomer concentrations result

from propagation reactions (i.e., changes[M ] from initiation and transfer

11



reactions are negligible), the rates of monomermgpearance according to the

reaction schemes of (2.20)-(2.23) are

—d[M,]/dt =k, ,[M;][M,] +k,[M,][M,] (2.24)
-d[M,]/dt =k,,[M,][M,]+k,[M,][M,] (2.25)
Similarly the time dependence of the concentratibradical M is

—d[M;]/dt =k, [M;][M,]+k,[M;][M,] (2.26)
Under steady-state conditiofis!; is]sufficiently small thad[M;]/dt is negligible

compared to the rates of change of concentratioth@freactants. Hence, setting

d[M;]/dt =0

K,y [M31[M,] =k,[M]][M,] (2.27)
and

[M{]/IM;]=k,[M,]/k,[M,] (2.28)

The relative rates of incorporation of the two mmeos into the copolymer at any
instant follow by dividing Eq. (2.24) by (2.25):

diM,] _ kiu[M;][M,]+K;[M;][M,]
d[M,]  ky,[M3][M, ]+ K, [M[][M,]

(2.29)

Now divide the right-hand side of Eq. (2.29) by, , ifsert expression (2.28)
for[M;]1/[M ], and divide through by.kto obtain

diM,] _ [M,][(ky /ky,)[M,] +[M,]]
d[M,]  [M,][(ky /Ky))[M,] +[M,]]

(2.30)

Define the reactivity ratios as r, =k, /k,, andr, =k,,/k,,, SO that the preceding

equation becomes

12



dM,] _ [MJ([M.]+[M,] 231)
dM,] ~ [M,II([M ] +[M.]

as equivalent expression can of course be derivedrms of mole fractions rather
than concentrations. If fand  are the respective mole fractions of monomegs M
and M in the reaction feed and Bnd F, are the corresponding mole fractions in the

copolymer formed from this mixture, then

r.l f12 + fl f2

= 2.32
ot 2f f, 4, f2 (232)
and from the definition of mole fraction
F,=1-F (2.33)

Equations (2.31) and (2.32) are alternative vessirthe simple copolymer equation
Measurements of corresponding feed and copolymemnpositions should yield
values of ¢ and p which can be used to predict the relative conegiotns of

monomer in copolymers formed from any other mix$uséthe particular monomers

[5].

2. 3. Copolymer structure inferences from reactiviy ratios

2.3.1. Random copolymer

A random copolymer is one in which the monomerdess are located randomly in
the polymer molecule. If we represent the repeatings by A and B, then the
random copolymer might have the structure showavbel

-A-A-B-A-B-A-B-B-A-B-A-A-A-B-A-B-

13



A better term in general is statistical copolymiérese are primarily copolymers that
are produced by simultaneous polymerization of atumé of two or more
comonomers.

According to reaction (2.20) M, bonds are formed only by reaction. The
probability that a radical ending in an, Mnit adds an Munit is equal to the rate of
this reaction divided by the sum of the rates bfedctions available to this radical.
This is the probability R that an M unit follows an M unit in the copolymer, and

since the only other reaction assumed importanthisrradical is (2-21),

5 - Ka[M;1IM,] _ My
Tk IM M+ R IMTIM, ] M [+ [

(2.34)

Similarly, the probability B that an M unit follows an M unit in the polymer is

_ Kn[M31IM,] _m]
Ko MIIM ]+ Koo M3IIM, ] 1,[M ]+ [M,]

(2.35)

21

If, however, ir,=1, then P, and B; defined above are equal. That is to say, the
likelihood that an M unit equals the likelihood that is follows an, Mnit in the
product. The absolute value of this probability elegls on the relative concentrations
of monomers in the feed. But the equivalent@robabilities is independent of the
feed and copolymer composition. Random monomerilgigions are obtained more
generally if ki/ki, is approximately equal ta#kz,. That is to say .1 1/r,.

If ryro=1, copolymer equation (2.31) reduces to

dm,] _nfm,] M
dm,]  [M,] M)

(2.36)

14



2.3.2. Alternating copolymer

In an alternating copolymer each monomer of one figpjoined to monomers of a
second type.

-B-A-B-A-B-A-B-A-B-A-B-A-B-A-B-A-

If each radical prefers to add the monomer of {hygosite type both reactivity ratios

will tend to zero, and the copolymer equation beesm

d[m,]/d[m,]=1 (2)3
or
Fi=FR=05 (2.38)

The tendency to alternation increases asith@nmoduct nears zero, as long as bath r
and p are less than unity. Such copolymerizations ootinee radical systems when

two monomers have opposite polarities.

2.3.3. Block copolymer
Block copolymer have backbones consisting of fdohyg sequences of different
repeating units [5]. Possible structures of cop@asgrcontaining A and B repeating
units are shown as;

-A-A-A-A-B-B-B-B-B-B-B-B-A-A-A-A-
If both reactivity ratios are greater than oneyeheill be tendency for formation of
sequences of uniform composition in the copolyme8sich reactivity ratio
combinations are not known in free-radical copolyizegions when both monomers

are simultaneously in the reaction vessel, but ta@ybe made in other systems.

15



Table 2.1.Copolymer structure andrs product [5]

r r riry Copolymer structure
r,=1/r, r,=1/r, 1 Random (ideal)
<<1 <<1 -0 Alternating
>>1 <1 <1 Tends to be homopolymer of M

The comonomer sequence is one of the main fadtatsrifluence copolymer
behavior and properties. Copolymer composition ddpeon the monomer feed
composition, and the relative monomer reactivity][TTherefore, it is very important

to study the comonomer reactivity in copolymeriaatsystem.

16



Table 2.2.Reactivity ratios of acrolein (monomer 1) with sosmonomers for

radical copolymerization

Monomer 2 { r Ref.
Acrylamide 1.95 0.80 [11]
1.59 0.18 [12]
Acrylate,butyl 1.86 0.64 [13]
2.29 1.12 [14]
Acrylate,ethyl 1.2 0.6 [13]
1.98 1.09 [14]
Acrylate, methyl -0.07 7.86 [11]
1.41 0.83 [13]
2.54 1.08 [14]
Acrylic acid 2.48 0.08 [15]
0.5 1.15 [15]
Acrylonitrile 1.16 0.88 [11]
1.07 0.71 [11]
1.52 0.48 [12]
1.28 0.60 [16]
Methacrylate,methyl 0.76 1.14 [13]
0.59 1.33 [14]
Methacrylonitrile 0.68 1.17 [12]
0.72 1.20 [17]
Pyridine,2-vinyl- 2.64 -0.12 [12]
Styrene 0.22 0.26 [13]
0.02 0.22 [14]
0.32 0.21 [18]
Styrenesulfonate,p,sodium 0.39 0.33 [15]
0.26 0.047 [15]
0.113 0.01 [15]
Vinyl acetate 3.04 -0.02 [11]
Vinyl chloride 5.22 0.03 [19]
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Table 2.3.Reactivity ratios of NVP (monomer 1) with some raorers for radical

copolymerization

I

Monomer2 {
Caprolactam, N-vinyl- 2.80
Crotonate, hydrocortisone 21- 0.75
2-Oxazoline, 2-isopropenyl- 0.01
Acrylamido-2-methylpropane 0.13
sulfonate sodium salt
Acrylate, cyclohexyl 0.122
Carbamate, N-vinyl-t-butyl- 0.40
Ethene, 2-phenyl-1, 1-dicyano- 0.21
Itaconates, bis(tri-n-butyltin)

Methacrylate, 2-acetylsalicylicoyloxy-3- 0.34
hydroxypropyl
Methacrylate,furfuryl 0.0036
Methacrylate, glycidyl 0.003
Methacrylate, methyl 0.006
0.014
0.027
0.066
Methacrylate, phenyl -0.026
Pyridine, 2-methy-5-vinyl- 0.039
Pyridine, 2-vinyl- 0.014
Pyridine, 4-vinyl- 0.01
Quinine 2.20
Styrene sulfonate, sodium salt 0.084
Vinyl trimehylammonioethyl ether 11.6

iodide

1.70

0.05

3.50

0.66

1.297

2.40

0.065

0.85

5.16
4.29
4.78
5.93
2.07
4.04
4.17
13
12.4
9.8
0.37

7.19

[20]
[21]
[22]

[23]

[24]
[25]

[26]

[45]

[27]
[28]
[29]
[30]
[30]
[30]
[31]
[32]
[32]
[32]
[33]
[23]

[34]
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2.4. Determination of reactivity ratios

2.4.1. Linear least-square methods
The monomer reactivity ratios;(and p) are deduced by using Fineman-Ross [35],
Kelen-Tudos [36], Extended Kelen-Tudos [37], andybthewis [38] methods. The

simple copolymer equation can be solved in a lingasphical manner by

substituting,x = [[:AA:]] ,z=d H\::]] so that Equation (2.31)

BN (LA RILA) 2.39)
(ro[M,] +[M,])

E - (rl[Ml]) [MZ] 2.40

S AT B (Y% AT S (V) 249

zZ _ 1 1

P 2 LV 2 X A Y 3 ) @40

(r.[m,] M,]

z 1 1

= 2.42

ML), M M), M) (242
(% I ALY | B (4 B (VY

z _ 1 1

x (1) +1+(rz)+x 24
(n)x () 1

_ o L)) (1+rF)

F=z= (r, +x) F (r, +F) (2.44)

Equation (2.36) can be linearized in the alterreaforms

fry+f F=F+r, F? (2.45)
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2.4.1.1. Fineman-Ross method

Fineman and Ross (FR) utilized a graphical metrardelvaluating the reactivity

ratios £ and g of a given pair of monomers. A plot of G versusshHa straight line

whose slope gives and the intercept givesHere

F(f-1)/f =r(F?/f)-r,

G=rH-r,

where G=F(f-1)/f and H=(F?/f)
f=m/m,

[m,]
[M.]

F =

m;= Mole fraction of monomer (1) in copolymer
m,= Mole fraction of monomer (2) in copolymer
[M1]= Mole fraction of monomer (1) in feed

[M3]= Mole fraction of monomer (2) in feed

2.4.1.2. Kelen—Tudos method

(2.46)

(2.47)

(2.48)

(2.49)

Using the equations of Fineman and Ross, the expetal points are often not

equally distributed on the resulting line, but eatAre concentrated at the initial part,

which can result in rather large uncertaintieshim éstimate for the reactivity ratios.

n=@+r,/lay-r,la

(2.50)

wheres and é are mathematical functions of the comonomer mioéetions in the

feed [36] and in the copolymer, respectively:
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n=[F(f-0/F](F2/f+a) (2.51)

(2.52)

a(arbitrary parameter) = \/(F%Jmm(F%)max

E=(F21t)iF?/f +a) (2.53)

a is the geometrical mean value of the smallest.fHand the largest (k) H-

values. 1 and g were obtained from the plots gf as function of¢, r; being the

intercept até = 1 and-r, /a the intercept a€ = 0.

2.4.1.3. Extended Kelen —Tudos

Extended Kelen Tudos method is linear least-squaeghod [37], can only be
applied to experimental data at sufficiently lowneersion, because the calculation is
based on differential copolymerization equatione Dinly exception is the extended
KT method, which involves a rather more complexcghtion. Where the

conversion is directly in determination of G, H amsdbsequently; and ¢ by

definition of the parameter Z.

— Iog(l— Cl)
* T logh=c,) (254

where ¢, and ¢, are partial molar conversion given by

. :WE/A;:: '3 (2.55)
G =é (2.56)

where i shows the molecular weight of NVP to Acrolein,sithe total conversion

(by weight).
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ng H =% (2.57)

The rest of the calculation is similar to the Keldidos method.

2.4.1.4. Mayo-Lewis method

Mayo-Lewis (M-L) method [38] uses the calculatedues of G and H in F-R
method. The difference is that, for each G and Hejahe corresponding line should
be plotted using equation (2.50) by substitutingagsitrary value forrin the range
of 0.10-1.00 (for low conversion). Then the positaf the crossing point of all lines
will show a real amount of reactivity ratio.

r,=Hr,-G (2.58)

2.4.2. Non-linear least-square method

The most generally useful methods and the datastatistically correct procedures
for calculating reactivity ratios from binary copoierization data involve nonlinear
least squares analysis of the data or applicaifothe error in variables (EVM)
method. Effective use of either procedure requimewe iterations than can be
performed by manual calculations. An efficient catgp program for nonlinear least
squares estimates of reactivity ratios has beetighalol by Tidwell and Mortimer
[39].

Reactivity ratios have been determined for many artgmt combinations of
monomers and have been tabulated in polymer hakd®ome representative
values are given in Table 2.2-2.3. Reactivity mfior less common monomer-pairs
can be calculated by means of the Q-e scheme pddng Alfrey and Price [40].

The Q-e scheme is an attempt to express free tachqmlymerization data on a
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gquantative basis by separating reactivity rati@dat monomer pairs into parameters
characteristic of each monomer pairs into pararsetenaracteristic of each

monomer.Under this scheme, radical-monomer reacéitenconstantl is written as

ki, = RQ, expt-ee,) (2.59)
where Pis a proportionally constantQ), is a measure of the monomer reactivity
e is the polarity of the radicall; andM,. Both P andQ are determined by the

resonance characteristics of radical and monomH [¢is assumed that both the

monomer and its radical have the same e value quesdy,

k,, = P.Q, exp(-e’) (2.60)
Therefore

rn= E—E = (8—2] expl-e (e —&)] (2.61)
similarly

rn= E—z = (g—jj expl-e, (e, —&)] (2.62)

where g and @ describe the polarization of the radical and th&cting monomer,
respectively.

It is assumed that the polarization of the growiadjcal end group and its monomer
are indistinguishable, then all other monomers benrelated to styrene as a

Standard, for whichQ=1 and e= -0.8 are selected. In general, the valua

reactivity ratio is independent of the nature of ihitiator and solvent in a free

radical copolymerization: however there is weakgerature dependence.
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In Table 2.4 gives values of)- e for some monomers.

Table 2.4 Q- e Values of some monomers for free radical capelyzation

Monomer Q e
Acrolein 0.80 1.31
N-vinylpyrrolidone 0.088 -1.62
Acrylamide 0.23 0.54
Vinyl acetate 0.026 -0.88

2.5. Polymerization of acrolein

Acrolein (2-propenal) is a vinyl monomer with maléar weight 56.06, mp= -8C,
bp = 53C, Specific gravity: 0.839. Acrolein is usually lsilized with quinone
derivatives preventing spontaneous polymerizationng storage. The handling of
acrolein in fume hoods or in fully closed glassteyss is advised [42Rolyacrolein,
formed by spontaneous polymerization of acroleias first described in 1843. Such

polymers were termed disacryl and were infusibighlly insoluble materials.

Acrolein can introduce aldehyde functionality dttgcinto a vinyl copolymer.
Acrolein has 1,3 conjugated unsaturation and cdynperize through the carbonyl
as well as the vinyl groups. lonic polymerizatigmeceed through the carbonyls, but
free radical polymerization has been reported tzged almost exclusively through
the vinyl unsaturation to produce polyacrolein. yAalolein is insoluble because
neighboring aldehydes in polyacrolein spontaneogskydense into six-membered

tehrahydropyran rings [43]. According to the Sahalcrolein polymers prepared by
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free-radical methods are essentially head-to-tailylv polymers modified by
cyclization of the pendant aldehyde functions imyiregy degrees. Thus among the
structural subunitthought to be present are, in addition to the stnaidiehyde group
(D), individually hydrated aldehyde groups () hgldroxytetrahydropyran rings (lll),
and fused tetrahydopyran rings (IV). Similar heratat ether bridges (V) also
connect chains. It should be noted that all thadestsuctures represent various

degrees of hydration of the basic acrolein unii.[44

T L T IT

HC\

SoH HO/ \ / \OH HO/ \ / \
() (I (D \ W \ /
HO/ \O/ \O/ \O/ \OH (V)

(V)

Figure 2.1.The possible structures of polyacrolein.

Acrolein is very reactive against oxidizing agemézjucing agents, oxygen, a variety
of chemicals, and sensitive against light [45]. den is soluble in water, alcohol,
ether, and acetone. The aldehyde groups in poligrohains are easily hydrated

forming the structures shown in Figure 2.2.
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CH CH CH CH
v Do o7 o Son

Figure 2.2.Hydrated form of polyacrolein.

The polymer disacryl obtained spontaneously frommola:, and the polymer
resulting from radical initiation or redox systerase colorless powders. They
discolor, upon being heated in the presence ofiiabout 17FC, to yellow or
brown and sinter without melting at about 220 Since profound changes take
place, polyacrolein cannot be reversibly procesasda normal thermoplastic
material There is no glass transition temperaturg, vBlue of polyacrolein in the

literature Polyacroleinsare usuallynsoluble inwater and organic solvents.

2.6. Copolymerization of acrolein in literature

2.6.1. Radical copolymerization of acrolein

Acrolein can be copolymerized radically with virgyinonomers such as acrylamide,
ethyl acrylate, acrylic acid, acrylonitrile, 2-vinypyridine, vinyl acetate, vinyl
chloride, methyl methacrylate, butyl acrylate, naettylonitrile, styrene (Table 2.5).

Usually random copolymers are formed.

26



Table 2.5.Parameters of the radical copolymerization

Monomer (M) r r, Temp. Initiator Solvent Ref.
(°C)
Acrylic acid 0.50 1.15 54 AIBN Water 15
240 005 75 AIBN Water” 15
6.70 0.00 80 AIBN Water’ 15
Acryl amide 2.0 0.76 20 KyS0g+AgNO;  Water 11
1.69 0.21 50 AIBN DMF 12
Acryl nitrile 1.09 0.77 20 K,S,0s+AgNO; Water 11
H>,O,+NaNG,
1.60 0.52 50 AIBN DMF 12
Butyl acrylate 1.60 0.60 50 K3S,08 Water 13
1.60 0.60 60 AIBN Dioxane 14
1.20 0.60 60 AIBN
Ethyl acrylate 1.60 0.60 50 KyS,08 Water 13
AIBN Dioxane 14
Maleic Hydrazide 16 0.00 60 AIBN DMSO 18
Maleimide 3.20 0.12 60 AIBN DMSO 18
Methacryl nitrile 0.72 1.20 50 AIBN Dioxane 12
Methyl acrylate =0 7.70 20 K3S,0s+AgNO; Water 11, 12
1.60 0.60 50 KyS,08 Water 13
1.20 0.60 60 AIBN Dioxane 14
Methyl methacrylate  0.50 1.00 50 KyS08 Water 13
0.80 1.20 60 AIBN Dioxane 14
Styrene 0.034 0.32 50 KyS0g Water 13
0.25 0.25 60 AIBN Dioxane 14
0.22 0.33 50 AIBN Dioxane 18
Vinyl acetate 3.33 0.10 20 K3S,0s+tAgNO; Water 11
2-Vinyl pyridine =4 =0 50 AIBN DMF 12
%H 3
PoH 5
PH 7

2.6.2. Graft copolymerization of acrolein
Grafting was performed by various procedures. Thfdbese are,
- A foil of poly (methyl methacrylate) was swollé@m agueous acrolein solution and

then exposed tg -radiation of a°Co source. Graft polymers with aldehyde groups

were formed, which show the specific aldehyde ieast[46].
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- Cellulose dispersed in an acrolein aqueous swwtias treated witly -radiation of

a ®°Co source at 40 to 43. In addition to the formation of a network of lo@se,
homopolymerization of acrolein was observed [47].

- Acrolein was grafted onto poly (ethylene) whichsrvexposed to electron beams.
The remaining aldehyde groups could be transformem hydrazone, oxime, and

oxyacid units [48].

2.6.3. Oxidative copolymerization of acrolein

Acrolein and acrylic acid were copolymerized in agus HO, solution at 60 to

90°C to form poly(aldehyde carbon acids). The Canizzaaction took place if an
aqueous solution or suspension of this polymer nahtevas treated with aqueous
NaOH. The aldehyde functions disproportionated ictyboxylate and alcohol

groups to form poly (hydroxyl carboxylates) [49].50

2.6.4. Anionic copolymerization of acrolein

Acrolein was anionically copolymerized with acryhile and methyl vinyl ketone at
0°C in THF with imidazole as an initiator [51]. Copolerizations of acrolein with

various aldehydes (e.g., acetaldehyde and benzaldgiwverecarried out in THF at -

30°C with NaCN as initiator [52.]

2.6.5. Cationic copolymerization of acrolein
Cationic copolymerization of acrolein with styreioek place in methylene chloride,
toluene, and 1-nitropropane with bortrifluoride-attate as a catalyst at different

temperatures (-78 to 0C) [53].
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2.7. Some reactions of polyacrolein

Reduction
Treatment of polyacrolein suspended in water withagsium borohydride causes
reduction of over % 90 of all monomeric units aedults in the formation of high-

molecular-weight polyallyl alcohol [54];

H, H,
C C /
~ \CH/ KBH, - ew
C|H C|3H OH
N O 2

The primary hydroxyl groups may be esterified, afiesl.

Oxidation
Polyacroleins dissolve at higher temperatures ilteli acid, resulting in the
formation of polymeric acid that has largely compoe and properties of

polyacrylicacid[55];

Ho Hy
C C
~ \CH/ CH,COOH .~~~ \CH/
C|H C|ZOOH
\ pd \
0
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Oximation
The reaction with hydroxylamine hydrochloride givgsactically quantitative

formation of the oxime [56];

Hy Ha
c c
NG NoH T N
| — |
CH HC
N N N ron

Formation of hydrazones
Phenylhydrazine or its derivatives convert 70 ton®dle % of the aldehyde groups,

depending on the conditions used to the correspgnahenyl hydrazone [57];

H H,

2
C C
~ \CH/ RNH,NH, .~ \CH/
C|H H(l: NH—R
AN
\O/ \ \N/

Acetalization
Polyacrolein dissolve in primary alcohols at somaivevated temperatures and in
the presence an acidic catalyst, acetal formingy [58

H H H

H2 2 2 2
C C C C
~ e
e \CH/ \CH/ ROH e \CH \CH
| | C|H C|H
CH CH
o N Nom N N Nor
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Mercaptalization
The reaction of polyacrolein with mercaptans prdseender conditions similar to

those useful with alcohols and yields, likewisdubte derivatives [59].

H2 H2 CH:Z CH:Z
C C
~ O T
e \CH/ \CH/ RSH e cH -
| | C|H C|H
CH CH
\o/ o oH \o/ o7 R

Reaction with ammonia and amines
Polyacrolein reacts exothermically with gaseoudissolved ammonia. The reaction,
products are yellow to brown but completely instéul»7]. The nitrogen content is

about 15 to 17%.

Hy Hy
C C
~ \CH/ \CH/
C|H C|H H
! ! \O/ o N
2 2
C C
NN l
| | *
CH CH
\O/ \O/ \OH H, H,
C C
N e
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Aldol condensation
The reactions of the free radical-produced polynuescribed above involved only
the carbonyl groups. The alfa hydrogen atom, wiscphresent in each monomeric

unit, is also capable of undergoing reaction [60].

, , THZOH
e \CH/ _ \C/
| + 2CH,0 +H,0 ———> | +HCOOH
CHO CH,OH

Bisulfite adducts

The polyacrolein bisulfite adducts are particulargteworthy because of their

versatile reactivity. If polyacrolein is suspendeda 10% aqueous sulfur dioxide

solution, it is insoluble in nearly all organic gehts a clear colorless solution results

in several hours at room temperature [61].

H

2
C C
/ CH / CH
CH CH
\o/ ™~ Ho” SsoH
insoluble in water soluble in water

The polyacrolein-sulfurous acid adduct is in eduiim with its components;
apparently a hydrated form of the polymer is geteerahereby since, in contrast to

the starting polyacrolein, it is soluble in water.
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H, H, H,

C C C
- e 7 ey 7 en
| —_— | +SO,— » | + H,0
CH CH CH
oo soaH ho” oH \o/ ™~
soluble soluble insoluble

Disproportionation
Disproportionation proceeds under very mild comdisi and yields a water-soluble
salt of a polyhydroxy polycarboxylic acid. Upon dification the acid precipitates
and is rapidly cross-linked by intermolecular afitation [62].
Ha Ha Hy Hy

P NI P NI e

CH CH NaOH CH CH

| | —

CH CH CH,OH COONa
o Do on

2. 8. Some application of acrolein copolymers

Polyacrolein containing microspheres can be usedi&mnostic test for the detection
in various body fluids (e.g., in blood serum ome)i [42].

Manchium Chang et al. have reported that a sefiégydrophilic microspheres by
the copolymerization of acrolein - Hydroxyethyl Matrylate (HEMA) of different
ratios in the presence of emulsifier. lonizing saveadiations (Co 60) was selected
as the polymerization initiation mechanism to avoidiesirable contamination. The
biomedical properties of PA and PHEMA copolymer mogpheres were evaluated

by immobilizing horseradish peroxidase (HRP),
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a model enzyme commonly used in the enzyme-linkadhunosorbent assay
(ELISA), on their surface [63].

Copolymerization of acrolein with acrylic acid igueous solution has been reported
by J.M. Gadgil et al. The reactivity ratios foralein (0.5) with acrylic acid (1.5)
have been examined in water a@Q@vithout pH control [1].

A.Yu. Menshikova et al. have reported that Emusifree emulsion
copolymerization of acrolein with styrene and meétihyethacrylate to prepare
microspheres with surface aldehyde groups. Thislteesf study allow control over
the size of monodisperse microspheres (370-1000 iygrophobicity of their
surface, and content of the aldehyde groups pmogidhe covalent binding of
biologically active compounds [64].

Polyacrolein-co-polystyrene microspheres syntheésizea the emulsifier free
copolymerization of styrene and acrolein were useda model slide agglutination
test in which particles having attached human sealimmin were used for the
detection of anti-HSA (Human serum albumin) in sefiom goats immunized with
HSA [65].

The copolymerization of vinyl ether and acroleirs Haeen carried out under the
influence of boron trifluoride/ether. The copolynadtained had limited solubility in
organic solvents, in contrast to the readily saupblymers of vinyl ether and the

insoluble polyacrolein [66].
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2.9. Polymerization of polyvinylpyrolidone

Vinylpyrrolidone polymers have been extensively djseespecially in the
pharmaceuticals (coating and disintegrated foretabstabilizer), cosmetics (Film
formers for hair sprays) and food (stabilizationbefverages) as well as numerous
technical applications. In these various fields B rather different functions.
Polyvinylpyrolidone (PVP) having molecular weighi{tdW) from 2500 to about 1
million is mainly obtained by radical polymerizatian solution. The molecular
weight distribution of soluble PVP is broad duettansfer reactions. An unusual
property of PVP is its solubility in water as wal in various organic solvents. The
glass transition temperature of high molecular Wegplymers (MW=1 million) is
about 178C and falls to values under 10 with decreasing molecular weight
(MW=2500). Vinylpyrrolidone can be polymerized @thin bulk, in solution or in
suspension. The structure of PVP is given in Figu8 Copolymers can be formed
with numerous monomers by radical polymerizatiomyikcyclohexane-co-vinyl
pyrrolidone, phenacyl methacrylate-co-vinyl pyrdane [67]. However there are

only few copolymers which are produced technicalliarge amounts.

Figure 2.3.The structure of polyvinylpyrolidone.

35



2.10. Copolymers of acrolein-vinylpyrrolidone

There are some studies on the copolymers of aoralal N-vinylpyrrolidone which
have not been explored recently. Some of thesdestddund in literature are as
follows;

Acrolein has been copolymerized with N-vinylpyrdne in an inverted emulsion to
give spherical hydrophilic copolymer beads and usedimmobilize trypsin
presumably via imine bond formation [68].

Another study is that an acrolein-N-vinyl-2-pyrddne copolymer and an acrolein-
N-vinyl-2-pyrrolidone-vinyl acetate copolymer halveen prepared in dilute aqueous
solution and used as is or as cationic derivatprepared by treatment with a small
amount of betaine hydrazide chloride, to improwe et strength (e.g., up to >30%)

of paper [69,70].
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3. EXPERIMENTAL

3. 1. Materials

Acrolein (>%95) was obtained from FLUKA.

N-vinyl pyrolidone (%98) was obtained from Across Organics. Acrolemal &NVP
were passed through neutral alumina to removenttibitor before use.

Potassium persulfate (K,$0g) was used as initiator. Their molecular structuaes
given in Figure 3.1-3.2.

Ethanol, 1.4-dioxane, pyridine, ethyl acetate, rmeth, formic acid, etc. were used
as receivedTriple distilled water was used as solvent in polymerization.
Phenylhydrazine and hydroxylamine hydrochloridet salere obtained from

ALDRICH and MERCK respectively.

c—0

N
o /
Figure 3.1.The molecular structures Nfvinylpyrrolidone and acrolein.

O @]
L, |

O O

Figure 3.2.The molecular structure of initiatpotassium persulfate.

K*O
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3.2. Synthesis

3.2.1 Synthesis of acrolein / N-vinyl pyrrolidoneNVP) copolymers

Copolymers of acrolein witN-vinyl pyrrolidone (NVP) were prepared by follovgn
procedure.

A 100 ml round-bottomed flask was equipped witlef#lux condenser, thermometer
and nitrogen inlet. The monomer mixtures preparediféerent mole ratios were
dissolved in water and initiator (&0Og) was added to flask. The reaction mixture
was heated to 6% with constant stirringt a definite time interval.

The polymer was precipitated in ethanol-ethyl aee(d:4) mixture and decanted.
Purification of the copolymers was achieved by alisson in water and
reprecipitation with ethanol-ethyl acetate (1:4xture for several times. Copolymer

samples were dried under high vacuum at@¢for 10 days.

Figure 3.3.The structure gboly (acroleineo-vinyl pyrrolidone).
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Reflux

Thermometer

Figure 3.4.The experimental setup for the copolymerizatioaablein with NVP.

3.2.2. Synthesis of phenylhydrazone derivative obpolymers

Phenylhydrazine derivative of copolymers were pregdy following procedure of
Zhang et al. [71].

To a 100-ml round-bottomed flask was equipped witinechanical (or magnetic)
stirrer, reflux condenser and thermometer, 0.25 fg poly(acrolein-co-vinyl
pyrrolidone) was swollen in 30 ml of absolute @iblaand 0.5 ml acetic acid for 3 h.
Phenylhydrazine (1 ml) dissolved in absolute ethg30@ ml) was added. The
mixture was allowed to react at 55°60for 16 h. The light yellow colored product
was filtered off and washed sequentially with wasmter (35C) and hot ethanol

(55°C). Modified copolymers were dried at’@for 10 days under high vacuum.
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CgHsNHNH,
—_—
O . C\f °
r |

Figure 3.5.Proposed structure of the phenylhydrazine modimgablymers.

3.2.3. Synthesis of oxime derivative of copolymers

Oxime derivative of copolymers were prepared bjofeing procedure of Scampini
et al. [72].

The 0.50 g of poly(acrolein-co-vinyl pyrrolidonajas kept swelling in 10 ml of
methanol overnight. The aqueous solution of fredrdyylamine was prepared from
its hydrochloride salt (NFDH.HCI) in the following way. Hydroxylamine
hydrochloride (0.25 g) was dissolved in water (1) amd the HCI was neutralized
by the addition of NaOH aqueous solution (1 M) lupH 12. The reaction mixture
was refluxed at pH 12 for 27h. The modified copodymwas neutralized, filtered off,
thoroughly washed with hot water and methanol toaee excess of reagents and
dried at 46C for 10 days under high vacuum. Same procedureappbed in the

modification of polyacrolein.
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Figure 3.6.Proposed structure of the oxime modified copolygner

3.3. Characterization of the copolymers and modifi@ copolymers

3.3.1. FT-IR analysis
Fourier transform infrared (FTIR) spectra (KBr &) of the copolymers and
modified copolymers were recorded with FTIR Shima&pectrometer in the range

of 400-4000 crit wavelength, where 30 scans were taken at 4 rasolution.

3.3.2. NMR analysis
'H-NMR and®*C-NMR spectra were recorded on Bruker400MHz speutter.

Deuterated dimethylsulfoxide (DMSQO) was used as NddRent.

3.3.3. Thermal analysis
The thermal stability of copolymers and modifiedpalymers were studied by
thermogravimetric analysis (TGA) over a temperatargge from 25 at 900°C under

nitrogen atmosphere at heating raté&@ein using Perkin Emler Pyris 1 model.
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Differential scanning calorimetry (DSC) analysis obpolymers and modified
copolymers were performed in the range of on a PBLinstruments Q10 series)

under nitrogen atmosphere at a heating rat€/m@in. TGA.

3.3.4 Elemental analysis

The elemental analyses were done on the homopadyamet copolymers in different
mol ratio in feed composition by using Eurovectdx BO0OO elemental analyzer. It
was noted by the elemental analyses results thgtedeof modifications of

copolymers.

3.3.5. Solubility studies

Solubility of copolymers and modified copolymersravéested in various polar and
non-polar solvents. About 20 mg of the polymer wdded to about 10 ml of solvent
in a flask and mixture was kept in cold for 2h dmd for another 2h. The findings

were noted soluble or not.
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4. RESULTS AND DISCUSSION

4.1. Investigation of copolymerization kinetics

The copolymerization kinetics of poly(acroleo-vinylpyrrolidone) was
investigated. Percentage conversion of monomerumagtto polymer was studied
gravimetrically. The experiments were performedifferent mol ratio of monomers

in feed as shown in Table 4.1 for different reactiones.

Table 4.1.Feed molar fraction and copolymer composition @éi@crolein-NVP

copolymers

Feed Molar Fraction Copolymer composition
Fi F2 fy fa
20 80 58 42
40 60 60 40
50 50 62 38
60 40 64 36
80 20 74 26
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Figure 4.1.Variation of monomer conversion in the copolymatian of acrolein

with NVP (58:42) with reaction time ([Nja=3.53 mol.LI™"; [K2S,0g] = 10.22 x 10

mol.L'Y) .
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Figure 4.2.Variation of monomer conversion in the copolymatian of acrolein

with NVP (62:38) with reaction time ([Nja=3.53 mol.L™"; [K2S,0g] = 10.22 x 10

mol.L'Y).
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Figure 4.3.Variation of monomer conversion in the copolymatian of acrolein

with NVP (74:26) with reaction time ([NJa=3.53 mol.I™"; [K»S,0g] = 10.22 x 10

mol.L'Y).

As can be seen in Figures 4.1 to 4.3, the convetsipolymer increased in time and
the shape of conversion curves was quite similaaligoolymerizations.

It was observed that the final conversion for cgpwr A74/NVP26 is close to 31%
after 192 h. whereas, the polymerization was mioWwes and the final conversion
about 20% for copolymer A62/NVP38 under the sameditmns. Possibly, it is

related with the relative reactivity of monomers.
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4.2. Determination of the monomer reactivity ratios
For determining the reactivity ratios, five sets obpolymers of different
compositions with <10% conversion were preparechgusiarying proportions of

monomers in the feed. The copolymerization readgs@hown in Figure 4.4.

H,C=—CH H,C=—=CH
| . \C ] _ /YY\
N
0 /
H o ’
H

Figure 4.4 The constituent monomeric units of the copolymer.

The determination of the compositions of the copwys was achieved by using the
data from both elementary analysis and FT-IR amalyMlainly, their percent
nitrogen contents obtained by elemental analysisevegploited in calculations to
determine the composition of the copolymers. Furthemparable peak intensities
on FT-IR spectra were used for the same purpos@oMer reactivity ratio values
were calculated by using the monomer feed rati@stha copolymer composition.
The, Fineman—Ross (FR), Kelen-Tudos (KT), Extendleden-Tudos ( E-KT),
Mayo—Lewis and non-linear error-in- variables melhaovere used to determine

monomer reactivity ratios for acrolein-NVP pair.
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Calculations on the basis of elemental analysisalat

Fineman-Rose (FR) method
Molar percentages (mol %) of comonomer units @nd m) in poly(acroleineo
vinylpyrrolidone) using elemental analysis data evealculated according to the

following equations;

%M, = B;'\,:'IZ 4.1)
%M, =100- %M, 4.2)
%M, %M, @3
Ml , ? M2 .
_m _m
%m, = , %m, = 4.4
omy m+m, om, m+m, (4.4)

where My and M are the molecular weight of NVP and acrolein uAly is the
atomic weight of nitrogen; B is the content of ogen in the copolymers (%);

Fineman and Ross method was used to determinealkgwity ratios of 1 (Acrolein)

and p (NVP).

f=m/m, (4.5)
M,]

F = 4.6
[M,] (40

m;= Mole fraction of Acrolein in copolymer
m,= Mole fraction of NVP in copolymer
[M4]= Mole fraction of Acrolein in feed

[M2]= Mole fraction of NVP in feed
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F(f -2/ f=r(F2/f)-r, (4.7)

r. (Acrolein) and § (NVP) are the reactivity ratios, the plot &f(f -1)/f vs.

(F2/ ) will give a straight line withras the slope and,-as the intercept (Figure

4.5).

F(f-1)/f

F2/f

Figure 4.5.Fineman-Ross plot for the copolymerization of asrowith NVP.

Kelen —Tudos (KT) method

n=@+r,/a)-r,la (4.8)
wheren and é are mathematical functions of the comonomer mioéations in the
feed and in the copolymer, respectively:

n=[F(f-0/F](F2/f+a) (4.9)

alarbitrary parameter) = \/(F Y )mm(p %jm (4.10)

E=(F2r1t)iF?/ f +a) (4.11)
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The experimental data were treated by the abovhaddb findr, andr,.The plot of

n versuséwill give a straight line withr, +r,/a as the slope anér,/a as the

intercept (Figure 4.6).

0.5

0.4

0.3

0.2

0.0

0.

0 0.2

0.4 0.6 0.8 1.0

Figure 4.6.Kelen-Tildos plot for the copolymerization of aefialwith NVP.

The Fineman-Ross (F-R) and Kelen-Tudos (K-T) methedre used to determine

the monomer reactivity ratios. F-R and K-T paramsetnd the reactivity ratios of

this system calculated are summarized in Table 4.2.

Table 4.2.The Kelen-Tldos and Fineman-Ross parametersdardpolymerization

of acrolein with NVP

Monomer feed Elemental Copolymer composition ~ Parameters of FR-eq. Paramefefg eeq
Analysis
M] M %N _m  m,  Fzf F(f-)/fFutra & 7]
mol =% mol —% mol =%  mol - %
20 80 7.458 57.70 42.30 0.046 0.067 0.56 0.08212
40 60 7.135 60.25 39.75 0.29 0.23 0.80 0.30.28
50 50 6.890 62.08 37.92 0.61 0.39 1.12 0.56.34
60 40 6.716 63.46 36.54 1.29 0.64 1.81 0.72.35
80 20 5.196 73.85 26.15 5.66 2.58 6.18 0.92.42

3 [M] 10ta1=3.53 mol.L%; [K,S,0q] = 10.22 x 16 mol.L™
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Extended Kelen —Tudos (E-KTnethod
The reactivity ratios were also calculated by tkieeded Kelen—Tidos method
(E-KT) where the effect of conversion is consideda@ctly in determination of G,

H and subsequently; and ¢ by definition of the parameter Z (4.8).

7 = logl=¢,) (4.12)
log(l-¢,)
c=(F-1) (4.13)
Z
F

H= >z (4.14)
Where ¢, and ¢, are partial molar conversion given by

c = Wy +F) (4.15)

b (u+f) '

F
C, = Cl? (4.16)

where 4 shows the molecular weight ratio of NVP to Acraleiv is the total

conversion (by weight). The Extended K-T Paramedeesprovided in Table 4.3.

Figure 4.7.Extended KT plofor the copolymerization of acrolein with NVP.
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Table 4.3.Extended KT Parameters for the copolymerizatioaasblein with NVP

Copolymer G 3 G F ¢ 7
composition

A58/NVP42 0.208 0.0380 0.061 0.038 0.075 0.121
AB0/NVP40 0.101 0.0444 0.221 0.276 0.371 0.297
AB62/NVP38 0.113 0.0688 0.381 0.580 0.553 0.364
AB4/NVP36 0.0540 0.0466 0.636 1.297 0.735 0.360
A74/NVP26 0.0307 0.0434 2.605 5.763 0.925 0.418

Mayo — Lewis (M-L) method
Mayo — Lewis (M-L) method is another linear methoded in calculation.
Instantaneous copolymer composition is used in tepg Reactivity ratios are

given by the least summation of the root distarfdé@point from the lines.

The M-L plot 1, versus ¥ is given in Figure 4.8.

rn=Hr,-G (4.17)

- f (4.18)

r

0.5 1.0 15

-2

Figure 4.8.r; versus ¥ in the Mayo Lewis method.
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Non-linear error variables model (EVM)
To determine monomer reactivity ratios, a non-lirexaor-in-variables model

(EVM) method was used utilizing the computer prog@REVM) [73].

11 | @ PREVM
o FR
102 - >, KT
I A ML
ooz} OEKT
004 -
od
[ =
005 -
-0.06 |-
007 |-
-0.08 |
009 |-
1 1 1 M 1 1 1 M
0.35 040 045 0.50 .55 0.60 0.65
r

Figure 4.9. Monomer reactivity ratios and 95% joint confidenkmits for the

reactivity ratios of acrolein and NVP obtained O PREVM, O FR,*< KT, AM-L,

®eKT.

Table 4.4 A summary of the calculated reactivity ratiosdifyerent methods

Methods of Determination and Calculation L r ry riro
Fineman-Ross 0.44 -0.082 -0.0360
Kelen-Tudos 0.47 -0.065 -0.0306

Ext. Kelen-Tudos 0.46 -0.064 -0.0294
Mayo Lewis 0.49 -0.065 -0.0318
PREVM 0.49 -0.049 -0.0240
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The monomer reactivity ratio of acrolein and NVRamhed by various methods are
given in Table 4.4. The reactivity ratios for aeial () obtained by Fineman-Ross,
Kelen-Tldos, Extended Kelen-Tudos, Mayo Lewis aREYM methods were in
excellent agreement with each other but reactivétio of NVP showed little
deviation for Fineman-Ross and PREVM method.

As shown in the Table 4.4 the higher value of agrotonfirms the higher reactivity

of acrolein than NVP.

Calculations on the basis of FT-IR analysis data
Further, molar fractions of comonomer units, @mnd m) in acrolein (M1)-
NVP (M2) copolymers were calculated according te fbllowing equations, using

FTIR analysis data [74].

AA' = A' [ A™® (Standard band) (4.19)

AAGZO/ M
— 1
AAlZBG/MZ +AA620/M1

m, x100 (4.20)

AAlZSG/ M )

= x100 421
AAlZSG/M2+AA620/M1 ( )

m,

A®?°: C-H out-of- plane bending band in acrolein unit
1286. : H H
A~“"": C-N stretching band in NVP unit

A"3: the least changing absorption band in copolymer
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Table 4.5The Kelen-Tudos and Fineman-Ross parametersdardpolymerization

of acrolein with NVP, calculated by using FTIR arsi data

Table 4.6.Extended KT Parameters for the copolymerizatioaasblein with NVP,

calculated by using FTIR analysis data

Copolymer 7
corr?po)gition ¢ ¢2 G F ¢
A58/NVP42 0.177 0.0418 0.0132 0.051 0.0801 0.021
A60/NVP40 0.0975 0.0453 0.197 0.288 0.333 0.228
A62/NVP38 0.110 0.0701 0.356 0.611 0.514 0.295
A64/NVP36 0.0525 0.0477 0.590 1.360 0.702 0.304
A74/INVP26 0.0290 0.0468 2.406 6.560 0.919 0.337
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Monomer feed Copolymer composition Parameters of FR-eq.
Parameters
of KT-
eq
M] M] m m  F2/f F(f-D/f Fiif+a ‘ 7
mol —% mol =% mol =%  mol —%
20 80 51.40 48.60 0.059 0.014 0.68 0.087 @
40 60 59.01 40.99 0.31 0.20 0.95 0.33 0.
50 50 61.13 38.87 0.64 0.37 1.27 0.50 0.
60 40 62.20 37.80 1.37 0.59 2.01 0.68 0.
80 20 71.25 28.75 6.46 2.39 7.09 0.91 0

.02

22
29

30

.34



Table 4.7.A summary of the calculated reactivity ratios bifetient methods,

calculated by using FTIR analysis data

Methods of Determination and Calculation r ry riro
Fineman-Ross 0.36 -0.077 -0.0277
Kelen-Tudos 0.41 -0.031 -0.0127

Ext. Kelen-Tudos 0.41 -0.033 -0.0135
Mayo Lewis 0.36 -0.010 -0.0036
PREVM 0.46 0.004 0.0018

Reactivity ratios calculated using elemental analgiata (Table 4.4.) were closely in

agreement with those obtained from FTIR analysab(@ 4.7).

The calculated reactivity ratia fs in negative value for all the methods. This is
absurd since the minimum value theoretically pdeditr the reactivity ratio is zero
[5]. There are some reactivity ratios reported widgative sign in literature [11, 12,
and 75]. It was found that the copolymer was reddyi enriched with acrolein. NVP
caused a decrease in the apparent copolymerizatienand this was consistent with

the observed trends in the reactivity ratios.
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4.3. The degree of modification of modified copolyers

4.3.1. Determination of the degree of modificationof phenylhydrazone
derivative of copolymers

The degree of modifications of phenylhydrazone \dgive of copolymers was
calculated by using Elemental Analysis data. Tteilte were given in Table 4.8-
4.10. It was noted that the rate of modificatioacteon was quite fast up to 20-24 h.
But, it slowed down in time and significant changesre not observed in percent

modification later than 200 h.

Table 4.8.Results for phenylhydrazone derivative of copoly@88/NVP42

% Nitrogen Reaction (%) Modification
Time (h)
6.61 0 -
12.01 24 23
A58 INVP42 12.34 72 24
Hydrazone 12.75 120 26
13.03 168 27
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Figure 4.10.Time-dependent change of degree of modificatiompfenylhydrazone

derivative of copolymer A58/NVP42.

Table 4.9.Results for phenylhydrazone derivative of copoly®é2/NVP38

) Reaction o
% Nitrogen ) (%) Modification
Time (h)

5.98 0 -

12.29 24 24
A62/NVP38 12.98 72 27
Hydrazone 13.37 120 28

13.79 168 30

57



324

—~ 30-
O\O .
S 28 i
T °
= 264
=
o
= 244 )
22 T

1 1 1
0 50 100 150 200
Time (h)

Figure 4.11.Time-dependent change of degree of modificatiompfenylhydrazone

derivative of copolymer A62/NVP38.

Table 4.10.Results for phenylhydrazone derivative of copoly#ié4/NVP26

% Nitrogen Reaction (%) Modification
Time (h)
2.40 0 -
15.31 24 32
A74/NVP26 16.25 72 34
Hydrazone 17.40 120 37
18.11 168 39

58



S
~  40-
S .
S *
S 354
O [ ]
=
[ ]
30 T T T 1
0 50 100 150 200

Time (h)

Figure 4.12.Time-dependent change of degree of modificatiompfenylhydrazone

derivative of copolymer A74/NVP26.

These results confirm that degree of modificatibram acrolein-NVP copolymer is

directly dependent to the amount of aldehyde units

4.3.2. Determination of the degree of modificationof oxime derivative of
copolymers

The degree of modification of oxime derivative aipolymers was calculated by

using elemental analysis data. The results werengin Table 4.11 to 4.13. It was

also noted that the rate of modification reacti@riaist up to 20-24 h. But, it slowed

down in time and significant changes were not olesgin percent modification later

than 200 h as in the case of previous modificatiocopolymers.
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Table 4.11.Results for oxime derivative of A5S8/NVP42 copolyme

% Nitrogen Reaction (%) Modification
Time (h)
6.61 0 -
9.03 24 20
A58/NVP42 9.71 72 26
Oxime 10.25 120 31
10.74 168 35
40-
= 354 [ ]
S
S 30 ¢
S ¢
£
o
= 204 °
15 T T T 1
0 50 100 150 200
Time (h)

Figure 4.13.Time-dependent change of degree of modificatiorokime derivative

of copolymer AS8/NVP42.

Table 4.12.Results for oxime derivative of copolymer A62/N\&3

% Nitrogen Reaction (%) Modification
Time (h)
5.98 0 -
11.44 24 42
A62 /INVP 38 11.94 72 45
Oxime 12.26 120 48
12.60 168 50
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Figure 4.14.Time-dependent change of degree of modificatiorokime derivative

of copolymer A62/NVP38.

Table 4.13.Results for oxime derivative of copolymer A74/N\&P2

% Nitrogen Reaction (%) Modification
Time (h)
2.40 0 -
17.12 24 66
A74/NVP26 16.78 72 69
Oxime 16.42 120 71
15.78 168 73
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Figure 4.15.Time-dependent change of degree of modificatiorokame derivative

of copolymer A74/NVP26.

These results also confirm that degree of modibcadf an acrolein-NVP copolymer
is directly dependent to the amount of free aldehydits in it, as in the previous

study for modification of copolymers.

It was observed that the modification with hydraygine was more successful than
the modification with phenylhydrazine for the satime intervals of modification
reaction since hydroxylamine molecules with thema#ler size with respect to
phenylhydrazine molecules could interact effectivelith aldehyde groups in

copolymer chains.
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4.4. FT-IR Characterization

4.4.1. Characterization of homopolymers

The FT-IR spectrum of polyacrolein is shown in Feyuw.16. The presence of
aldehyde groups could be confirmed by the appearahband at 1725 cfrange,
attributed to C=0 stretching, and by absorptionsesponding to the asymmetrical
deformation of C-H between 1330-1390 tij¥6]. This is similar for the band
asymmetric stretching of the C-H of aldehyde groap£719 crt, aliphatic C-H
stretching at 2935 cthA broad band from 950 to 1150 duharacterizing the —C-O-

C- bonds of cyclized aldehyde [77].

Figure 4.16.FT-IR Spectrum of polyacrolein.

Table 4.14.FT-IR data of polyacrolein

Type of vibration Wavenueniom™

A (this work) B (literature)’™
Aldehydic C-H bending 1330-1390 ~1375
C=0 stretching of aldehyde 1725 1650-1780
O-H stretching 3450 3200-3500
Aldehydic C-H stretching 2719 2719
Aliphatic C-H stretching 2935 ~R90
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The Infrared spectrum of polyvinylpyrolidone (PVHJ given in Figure 4.17, strong C=0

absorption peak from the amide group of PVP aD168", C-N group appeared at 1286

cm?, C-H stretching and bending vibration frequenciesre observed 2800-3000 and

1430-1495 crl, respectively [79].

Figure 4.17.FT-IR spectrum of PVP.

Table 4.15.FT-IR data of PVP

Type of vibration

C=0 stretching of amide
C-H stretching

C-H bending

C-N stretching

Wavenueniem®
A (this work) B (literaturd)®
1680 ~1680
2800-3000 80R-3000
1430-1495 1450
1286 ~1300
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4.4.2. Characterization of copolymers

The Fourier Transform Infrared spectra of copolysmarAcrolein with NVP having

different mole ratios are shown in Figure 4.18. Woaryl groups of aldehyde and
amide group were overlapped consecutively, so catbgroup of pyrrolidone rings

was indicated by the broad absorption peak at 1888 But overlapped carbonyl
peaks of amide and aldehyde groups split in A74N8/B@polymer, depending on
the acrolein content in copolymer. Also the peak3300 cm’ was due to C-H

stretching of acrolein and NVP units. Moreover, the&ensity of a broad band
between 1000-1200 c¢hcharacterizing the —C-O-C- bonds of cyclized aldighy

increases when aldehyde content of copolymer reased.

mii

L e L L L ey L L
4000 3800 3200 2800 2400 2000 1800 1800 1400 1200 1000 800 &0 4

Figure 4.18.FTIR spectra of copolymers A) A58/ NVP 42 B) AR¥P38
C) A74/NVP26.
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Table 4.16.FT-IR data of poly (acroleine-vinyl pyrrolidone)

Type of vibration Wavenuenioni*

A (this work)

C-H stretching 2950
Aldehydic C-H stretching 2719
C=0 stretching of amide 1680
C=0 stretching of aldehyde 1720
C-H bending 1495-1430
C-N stretching 1286

To determine the monomer reactivity ratios, fivetss®f copolymers were

synthesized with <10% conversion (Figure 4.19).

bz

Figure 4.19.FTIR spectra of copolymers (less than <10% comnweys
A) A74/NVP26 B) A64/ NVP 36 C) A62/NVP38 D) A6O0XNP40

E) A58/ NVP 42.
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4.4.3. Characterization of phenylhydrazone derivatie of copolymers

FTIR spectra of phenylhydrazone derivative of cgpars A5S8/NVP42,
A62/NVP38 and A74/NVP26, are shown in Figure 4.P0@e absorption band around
1720 cm which was the characteristic band belonging toetyde groups of
acrolein unit disappeared in comparing with the FFT$pectra of unmodified
copolymers, in Figure 4.18. This result impliedttheost of free aldehyde groups in
copolymers were converted to phenylhydrazone nesietiurther, the absorption
peak at 1650cthwas due to C=N stretching band of the hydrazonepm, peak at
2900 cnt aliphatic (-CH-), and 1600 cm (C=C) for aromatic ring of phenyl
groups. Absorption peak at 3400 twas because of absorbed water or hydrated
aldehyde group (-OH), peak at 3300 ‘trbelonged to stretching vibration of
hydrazone group (-NH-), and peak at 3050'cmas due to aromatic (-CH-)
vibration. A wide absorption band at 1650 twas due to overlapping of C=N
stretching band of the hydrazone group and C=Qcsiireg of amide group of PVP

units.
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Figure 4.20. FTIR spectra of A) phenylhydrazone derivative dafpalymer
A58/NVP42 B) phenylhydrazone derivative of copolyrA&2/NVP38

C) phenylhydrazone derivative of copolymer A74/N8P2

4.4.4. Characterization of oxime derivative of copgmers

FTIR spectra of oxime modified of copolymers AS58RA2, A62/NVP38 and
A74/NVP26, are shown in Figure 4.21. Both the apson band around 1720 ¢m
belonging to aldehyde groups of acrolein units ga@dasymmetric stretching band of
the C-H of aldehyde groups at 2719 tralso disappeared in comparing with the
FTIR spectra of unmodified copolymers, in Figurg84.This result implied that most
of free aldehyde groups in copolymers were condddeoxime moieties. There were
absorption bands in the 3450 ¢rtOH), 2940 crit (-CH,-), 900 cm® (-N-O-)
regions. A wide absorption band at 1650 cmas also due to overlapping of C=N

stretching band of the oxime group and C=0 stratghbif amide group of PVP units.
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Further, it was observed that the peak intensiieédenging to (-N-O-) and —C=N of

oxime group increased when acrolein content in lyopers increased.

L e B L L ey e o B B
4000 3800 3200 2800 2400 2000 1800 1800 1400 1200 1000 800 800 4
Tiem

Figure 4.21.FTIR spectra of A) oxime derivative of copolymeB&NVP42
B) oxime derivative of copolymer A62/NVP38

C) oxime derivative of copolymer A74/NVP26.

4.5. NMR Characterization
'H and™*C NMR spectra were used to elucidate the structii®mopolymers,

copolymers and modified copolymers.

4.5.1.*H-NMR Characterization

4.5.1.1. Characterization of homopolymers
'H NMR spectrum of polyacrolein is shown in Figur82 The peak a® = 9.3 ppm

was assigned to the aldehyde group proton, bupéaés at 6.3 ppm and 5.0 ppm
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belonged to ether group protons in the polymer.[80le presence of these peaks
implied that soluble polymer contained structunaits (I) and few of structure (lI).

The peaks at 1.30 and 2.05 ppm were assigned dmthbéone protons of repeating

units.
DMSO 4
//f&

/ Y

C
/ |%|/ ko

()

H0
4
- N N
(1

10 9 8 7 3 5 4 3 2 1 0 ppm

Figure 4.22 'H NMR spectrum of polyacrolein.

Figure 4.23 showdd NMR spectrum of polyvinylpyrolidone. The peakla80 ppm
was assigned the -GHbackbone protons of the vinylpyrrolidone unitsotens of
C, in pyrrolidone group appeared at 3.5 ppm .The p¢ak10 ppm were attributed

to methylene protons in@roup [81,82].
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Figure 4.23. *H NMR spectrum of PVP.

4.5.1.2. Characterization of copolymers

'H-NMR spectrum of the poly (acrolein-vinylpyrrolide) (62:38) is shown in Figure
4.24. The peak at 9.6 ppm was assigned to the CtdQpgproton of the acrolein.
The signals at 1.5 and 1.8 ppm were assigned teGHg backbone protons of the
VP and acrolein. Resonance signal of —CH-N- pmt() shifted to higher field,
and so it was observed at 3.80-4.0 ppm due toldutrenegative effect of nitrogen .
Characteristic proton resonance peaks for all gopets synthesized were observed

at the same shift values, Figure 4.25.
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Figure 4.24."H NMR spectrum of soluble fraction of A62/NVP38.
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Figure 4.25."H NMR spectra of soluble fraction of A) A58/NVP43 B60/NVP40

C) A64/NVP36 D) A74/NVP26 copolymers.

4.5.1.3Characterization of phenylhydrazone derivative of opolymers

As a representative, Figure 4.26 shows #HeNMR spectrum of phenylhydrazone

derivative of copolymer A74/NVP26. It was not obha&at any peaks around 9.5 ppm
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for aldehydic proton. This means that aldehyde grovas almost converted
completely to phenylhydrazone units. A broad peak 2 ppm belonged to aromatic
protons together with the protons bonded to nitnod®) and iminic carbon (6).

The peak at 1.3 ppm was assigned to the,-G8 9) backbone protons of the VP

and acrolein. The signal at 4.0 could be assigoeitieé protons (1,2) of NVP unit

protons.
H,O

8 9 5
7 1
DMSO
l
CH N
N/ 6 ZQ%O
11 |
NH
10 3 4

‘ 13 15
‘ 14

Figure 4.26."H NMR spectrum of soluble fraction of phenylhydraealerivative of

copolymer A74/NVP26.

4.5.1.4Characterization of oxime derivative of copolymers

As can be seen from Figure 4.27 thé NMR spectrum of oxime derivative of
A74/NVP26 copolymer. There was no peak at 9.5 pgrthvbelonged to aldehyde
proton of acrolein unit. The peak at 10.2 ppm wsmsgned to the (-NOH-), 3.90 ppm

(1), 3.2 ppm (2) (-N-CH-) (1), CHof backbone protons of VP and Acrolein unit at

1.50 ppm.
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H0O

Figure 4.27."H NMR spectrum of soluble fraction of oxime derivatof copolymer

A74/NVP26.

4.5.2.%C-NMR Characterization

4.5.2.1. Characterization of homopolymer

The *C spectrum of polyacrolein is shown in Figure 4.ZBe aldehyde carbon of
the acrolein unit appeared at 210 ppm. But therg avpeak at 79 ppm assignable to
the unsaturated ether group protons in the polyeseseen below. This meant that
polymer contained structural units (I) and few tusture (Il) [83]. The backbone

carbon gave a signal at 20 ppm and at 33 ppm regplgc
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Figure 4.28.*C NMR spectrum of polyacrolein.

The °C spectrum of Polyvinlypyrrolidone is shown in Figu4.29. The carbonyl
group of the VP unit appeared at 175 ppm [84]. baekbone carbon gave a signal

at 45 ppm and at 17 ppm respectively.

3,6

T T T T T T A T
200 180 160 140 120 100 80 60 40 20 0 ppm

Figure 4.29.*C NMR spectrum of PVP
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4.5.2.2. Characterization of copolymers

The'*C spectra of copolymers are given in Figures 4.30-4The'*C spectra of the
copolymers had the characteristics peaks of theomen units but the chemical
shifts assignments for the copolymer were baseth@rthemical shifts observed for
the respective homopolymers. The amide carboneNYP unit gave at 175 ppm.
The aldehyde carbon of the acrolein unit appeat&d@ ppm. The peak at 45 ppm
shifted 55 ppm for the (-CH-) and (-N-CH-) corresddo the NVP unit.
Characteristic carbon-13 resonance peaks for gholgmers synthesized were

observed at the same shift values, Figure.4.31

5,2
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}
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H
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Figure 4.30 **C NMR spectrum of A74/NVP26 copolymer.
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Figure 4.31 3C NMR spectrum of A) A58/NVP42 B) A60/NVP40 C) AG/P38

D) A64/NVP36 copolymers.

It was concluded that low solubility of copolymensDMSO prevented to define a
close relationship between peaks in bol#e and*H NMR spectra, in order to
calculate the copolymer composition and subsequentie reactivity ratio of

copolymers.
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4.6. Thermal characterization

4.6.1. Thermogravimetric analysis
The thermal stabilities and the thermal degradadiosamples were investigated by
thermogravimetric analysis (TGA) in nitrogen atmiosge at a heating rate of 20

C/min.

4.6.1.1. Thermogravimetric analysis of homopolymers

The curve in Figure 4.32 shows three stages ofrdposition, first stage begins at
about 168C and ends at about 28D with weight loss about %15. The next stage
ends at about 422, with total weight loss about 55%, followed byrdhstage which

is finished at about 63C. According to the literature [76lo chemical changes take
place in polyacrolein up to 75-8D and the loss in weight that occurs in that
temperature region is due to evaporation of trate@sonomeric acrolein trapped by
the polymer. This means that up to°80a physical process occurs. Then,
dehydration of hydrated aldehyde groups occurkemrégion from 8t to 136C, A
strong weight loss is observed at 13013y the degradation of pyrone ring
structures in the polyacrolein. At temperaturesmdroximately 25U side carbonyl
groups undergo thermal oxidation and decarboxylatiith a considerable weight

loss occurs, subsequently the main chain degra®®s3C [85].
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Figure 4.32.TGA curve of polyacrolein.

The TGA curve of polyvinylpyrolidone (PVP) is shownFigure 4.33. The thermal
degradation behavior of PVP is well known in therkture [79, 86]. It has high

thermal stability and degrades in one stage, staptbout 388 and ending at about

520°C with Tnax480°C and weight loss % 80.
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Figure 4.33.TGA curve of PVP.
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4.6.1.2. Thermogravimetric analysis of copolymers

The TGA thermograms of (under 10% conversion) galrolein-co-NVP) (58/42,
60/40, 62/38, 74/26 are shown in Figure 4.34 t&4Copolymers of poly (acrolein-
co-vinyl pyrrolidone) showed a similar thermal befoa like that of their
homopolymers. Two degradation stages for the copetg were observed. First
stage began at about 2&88and ended at about #Q2with weight loss about 22%.
The next stage started at 461and ended at 533 giving a maximum peak at 5%

and 15% residue at 70D.
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Figure 4.34.TGA curve of copolymer A58/NVP42.

81



—
—_
=

—
=
=)

G0

40

Wsight % (%) —— ——

30
20

10

-10

110
100

[=2] o0
=) =)

Weight % (%) —— —
=
(o)

20

1]
-10

a0

1 - 20
Onset ¥ = 95854 %

1 Ongset ¥ = 269.49 °C L 45
10000 "C |
99607 % Onzet ¥ = 731012 % 1o

| Onset ¥ = 451 57 °C

L s T

. E

al

e i NPR LS

148.00 °C \j ™ / . < B

-0.E95 hmin 33000 °C Y 580.00 *C . g

1 -2 446 %imin \ [ 0412 %imin o E

e

4 =

\ 700,00 °C L 45 &

| F—l\'f 13108 % ]
| |

| 506 00 *C R | — | -z

8524 %M onset v = 14.513 % e

1 Onzet ¥ = 53450 °C )

. . . . . . . . 30

25 100 200 300 400 500 B00 700 800 a0n

Temperature (°C)
Figure 4.35.TGA curve of copolymer A60/NVP40.
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Figure 4.36.TGA curve of copolymer A62/NVP38.
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Figure 4.38.TGA curve of copolymer A74/NVP26.
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Table 4.17.Thermal degradation behavior of homopolymers amblymers

Polymer First stage Second stage Third stage
sample TaxCC)  wtloss(%)  Thax (°C) wtloss (%)  Thax (°C) wt loss (%)
Polyacrolein 205 15 350 55 543 90
A58/NVP42 310 22 505 84

A60/NVP40 310 22 506 85

AB2/NVP38 310 22 497 78

A64/NVP36 314 22 507 84

A74INVP26 317 20 507 80

PVP 450 95

No significant difference was noted in the deconitjpms temperature range of the
prepared copolymers, as reported in Table 4.1adtition, the result indicated that
thermal stability of poly (acrolein-co-vinyl pyridbne) was higher than

homopolymers.

84



4.6.1.3. Thermogravimetric analysis of phenylhydrazone deriative of

copolymers

The TGA thermogram of phenylhydrazone derivativegbolymer AS8/NVP42 is
shown in Figure 4.39. The thermal degradation pFdsewith two steps with
maximum degradation temperatures at’288132C. First step degradation started at
about 230C and ended around 342 with weight loss about 33%. The next stage

started at about 372 and ended around at £68with weight loss about 76%.
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Figure 4.39.TGA curve of phenylhydrazone derivative of copogym58/NVP42.

The TGA thermogram of phenylhydrazone derivative ampolymer
A62/NVP38 is shown in Figure 4.40. The thermal delgtion proceeds with two
steps with maximum degradation temperatureSQ9928C. First step degradation

started at about 180 and ended around 3%% with weight loss about 33%. The
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next stage started at about 392and ended around 438 with weight loss about

76%.
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Figure 4.40.TGA curve of phenylhydrazone derivative of copogym62/NVP38.

The TGA thermogram of phenylhydrazone derivativegbolymer A74/NVP26 is
shown in Figure 4.41. The thermal degradation prdsewith two steps with
maximum degradation temperatures Z7,0560C. First step degradation started at
about 238C and ended around 3&1 with weight loss about 30%. The next stage

started at about 4586 and ended around 7AMwith weight loss about 65%.
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Figure 4.41.TGA curve of phenylhydrazone derivative of copogym\74/NVP26.

4.6.1.4.Thermogravimetric analysis of oxime derivative of opolymers

The TGA thermogram of oxime derivative of copolynfs8/NVP42 is shown in
Figure 4.42. The thermal degradation proceeds with steps with maximum
degradation temperatures 202 433C. First step degradation started at abouf@40
and ended around 3%5 with weight loss about 18%. The next stage slaateabout

404°C and ended around 4&1with weight loss about 33%.

110 - 05
| 139,34 °C |
100 | 93,425 % 491 02 °C
an 4 0443°C g a4
7E119 % oo
a0 5
E
70 #
# 9414 °C 05
2 B 0057 nin £
E T
[=]] 4
g =0 57762 °C 10 %
a0 4 0431 %min .=
=
30 4 202,38 °C 35472°C z
-1 053 Femin -0.576 Fmin
20 L 15
433.30°C
40 -1.290 %/min
] . . . . . . . 20
a0 1000 200 300 400 S0 B0 o0 750

Temperature ("C)

Figure 4.42.TGA curve of oxime derivative of copolymer AS8/N¥P.
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The TGA thermogram of oxime derivative of copolynf@2/NVP38 is shown in
Figure 4.43. The thermal degradation proceeds with steps with maximum
degradation temperatures 2C2and 448C. First step degradation started at about
130°C and ended around 34D with weight loss about 24%. The next stage slarte

at about 40ZC and ended around 5Dwith weight loss about 51%.
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Figure 4.43.TGA curve of oxime derivative of copolymer A62/NS®.

The TGA thermogram of oxime derivative of copolynfef4/NVP26 is shown in
Figure 4.44. The thermal degradation proceeds witbh steps with maximum
degradation temperatures 287 433C. First step degradation started at ®®%nd

ended around 32@ with weight loss about %18. The next stage degian started

approximately at 39C and ended around 480 with weight loss about %65.
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Figure 4.44.TGA curve of oxime derivative of copolymer A74/NX®

Thermal behavior of pristine and modified copolyseere given in Table 4.18

Table 4.18.Thermal degradation behavior of pristine and meditopolymers

"Pristine and modified First stage Second stage Residue
copolymet },”g)x WEOI/OO)SS Tmax (°C) vatolz)egs at 750 C
(%)
A58/NVP42 280 22 456 85 12
A58/NVP42 oxime 202 18 433 33 62
A58/NVP42Hydrazone 288 33 432 76 18
A62/NVP38 294 55 456 92 8
A62/NVP380xime 212 24 445 51 46
A62/NVP38Hydrazone 299 33 422 75 18
A74/NVP26 290 30 436 74 20
A74/NVP260xime 246 18 433 66 28
A74/NVP26Hydrazone 270 30 560 65 24

0 polymers at high conversion

89



It was noted that oxime derivative of copolymer gaugher residue than that of
pristine copolymers and hydrazone derivative ofMbreover, percent residue is

inversely proportion to percent acrolein in oximedified copolymers.

4.6.2. Differential scanning calorimetry analysis

4.6.2.1. Differential scanning calorimetry analyis of homopolymers

Differential Scanning Calorimetry (DSC) was perfednat a heating rate of 10
°C/min under nitrogen atmosphere.

As can be seen in Figure 4.45, glass transitiorpégature () of polyacrolein was
not determined. However Tg for polyacrolein is regorted in literature.

This result may be explained by formation of crivéshg polyacrolein which results

in the restrictions of segmental motions of theypwr chain.
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Figure 4.45.DSC curve of polyacrolein.
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As shown in Figure 4.46, the Tg value of polyvingiglidone is about 168C. This

value agrees with the data reported in the liteegf6i7].
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Figure 4.46.DSC curve of PVP

4.6.2.2. Differential scanning calorimetry analysi®f pristine and modified
copolymers

Differential Scanning Calorimetry (DSC) of copolyreeand their derivatives were
performed at a heating rate of 4Wmin under nitrogen atmosphere. It was observed
that both unmodified and modified copolymers showedtransition temperature.
This situation indicated that the copolymers anddifired copolymers exhibit
crosslinked behaviors, as expecté#cause of the formation of inter and intra

molecular —C-O-C- bond linkages in polymers and ifiedl polymers.
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4.7. Solubility of copolymers and their derivatives
The solubility behavior of copolymers and modifiedpolymers were tested in

various polar and non-polar solvents and showrainld 4.19.

Table 4.19.Solubility of copolymers and their derivatives

Polymer FA | DMF | DMSO | Pyridine| AA | NaOH | 1.4 Dioxane | TCA | M
(M)

Polyacrolein + + + + - S - + -
A74 + + +- + - S - + -
A74H + + +- + +- - + + -
A74 O + - + - - +- - + ;
AG2 +- +- +- + S S - + -
A62H + + +- + + - +- + -
A62 O + - +- - S +- . + .
A58 +- +- +- +- S S - + -
A58H + + +- +- + - - + -
A58 O + - +- - S +- - + -
PVP + + + + + +- - + +

FA: formic acid, DMF: Dimethylformamide, DMSO: Dirtteyl sulfoxide, TCA:Trichloroacetic acid,
AA: Acetic acid, M: Methanol O: Oxime, H:Hydrazone; soluble, +-: partially soluble, -:

insoluble,S: swellingt soluble at high temperature.
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Polyvinylpyrolidone is soluble in water as welliasvarious solvents. The reason is,
PVP has functional groups both hydrophilic and bythobic in character, thus,

intermolecular interactions with various solvenis possible.

Polyacrolein is soluble in formic acid, DMF, DMS@dapyridine around 18C.

However polyacrolein are usually insoluble in wasgrd many organic solvents,
probably because of the existence of cyclic —C-G#@cture in the main chain.
However it can be expected that copolymerizatiol/@nchemical modification of
the aldehyde groups can cause an increase in kiyluibi many organic solvents, but
did not. Particularly, results indicated that magdifion of copolymers did not

considerably effect the in solubility behavior.

The copolymers have limited solubility in DMSO, é¢ontrast to the readily soluble

NVP and polyacrolein.

The poly(acrolein-co-vinylpyrrolidone) copolymecsin only be dissolved efficiently

in trichloroacetic acid at 18Q, and partly soluble in aprotic polar solvents;rsas

DMF, DMSO and pyridine around 18D as well.
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5. CONCLUSIONS

» The free radical copolymerization of N- vinylpyridbne (NVP) with acrolein at
different feed ratios as carried out by using paitam persulfate (KS,Og), as an

initiator in water at 6%C.

e The conversions of monomer mixtures to polymersevadatained in actual mole
ratio (58/42, 62/38 and 74/26) at°65and for various time periods. The maximum

conversions were obtained as 23%, 19% and 31%atesglg, in 192 h.

* The copolymer composition was determined from teenental analysis and FT-
IR analysis of the copolymer. The reactivity ratialues were derived from the
Fineman Ross (FR), Kelen Tidos (KT), Extended Ké&ledos (E-KT), Mayo Lewis
(M-L), and PREVM methods. The reactivity ratios wed obtained by elemental
analysis data results were compared with the daETdR analysis. The reactivity
ratios of acrolein and NVP were found ag;(.44 and 4= -0.082 (FR), +-0.47 and
r,= -0.065 (KT), §=0.46 and s= -0.064 (E-KT), t=0.49 and = -0.065 (M-L), -
0.49 and 4= -0.049 (PREVM). The values obtained in the lilesgtion methods were
in agreement with those of the nonlinear methode 96% joint confidence limits

confirmed that E-KT, KT and M-L more reliable. Alseactivity ratios were found
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by using FT-IR analysis data results were obtaibgdising data;t 0.36 and =
-0.077 (FR), 1=0.41 and 4= -0.031 (KT), 1-0.41 and #= -0.033 (E-KT), {-0.36 and
r=-0.0010 (M-L), {-0.46 and 4= 0.004 (PREVM).

These results indicated that the reactivity rafiaaolein was greater than NVP. The

higher value of acrolein confirmed the higher raaiyt of acrolein than NVP.

* The carbonyl groups of Acrolein/ NVP copolymers ANYP26, A58/NVP42
and A62/NVP38 were modified by hydroxylamine andemylhydrazone. It was
found by elemental analysis that content of modifan of copolymers at different
reaction times, were close to each other. The maxirdegree of modifications by
hydroxylamine was obtained as 35%, 50% and 73%endsely, in 168 h. The
maximum degree of modifications by phenylhydrazam@s obtained as 27%, 30%
and 39% respectively, in 168 Tihe degree modifications of copolymers could be
directly related to the free aldehyde group in dpmper, thus the degree of

modification of copolymer A74/NVP26 was higher thae other of copolymers.

» The degree modification of the phenylhydrazone rinredlicopolymers was much
lower than oxime modified copolymers. These resattsse from difficulty of the
incorporation of phenylhydrazine molecules in te ttopolymer, which was caused

by larger size of phenylhydazine.

* FT-IR spectra reveal that PVP shows a strong C=€vration peak from the

amide group of the polymer at 1654 tmnd polyacrolein represents a strong C=0O
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absorption peak from the aldehyde group of theymel at 1720cih. After
copolymerization acrolein C=0 absorption peak ar@®@©f NVP overlapped.

The FTIR spectra of phenylhydrazone derivativeagolymers gave the absorption
peak at 1650 cth which was due to C=N stretching band of the hzdine group,
2900 cm' aliphatic (-CH-) regions, 1600 cth (C=C) for aromatic ring of phenyl
group. There were absorption bands in the 3456 (®H), 2940 crit (-CH,-), 900

cm® (-N-O-) regions in the FT-IR spectra after oximedification of copolymers.

e The homopolymer, copolymer and their derivativesrevevaluated by high-
resolution’H and**C NMR spectra. The polyacroleftd NMR spectra consisted of
three groups of peaks: The first peak at 9.3 ppresented CHO (aldehyde proton),
the second peak 6.3 and 5.0 ppm belonged to etbap gorotons, the third broad
peak between 1.30 with 2.05 ppm belonged to badakippotons of repeating units.
The —CH-N- proton of VP appeared at 3.5 ppm. Thenubal shifts assignments for
the copolymer were based on the chemical shifteergbd for the respective
homopolymers. The peak at 7.2 ppm aromatic proiGhi{), 7.0 ppm (-NHPh-) was
observed in phenylhydrazone modified copolymerse peak at 10.2 ppm being
assigned to the (-NOH-) was observed'ih NMR spectra of oxime modified
copolymers. Two characteristic peaks (210 ppm CH@ldehyde group of acrolein
unit, 175 ppm C=0 in NVP unit) could be identifiedthe'*C NMR spectra of the

copolymers.

« Thermal stabilities of pristine and modified copulrs were also investigated by

TGA method. Two maxima were observed for the thérmlagradation of
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copolymers. Initial weight loss of about 20%, o€ tbriginal weight between 140-
340°C which is assigned to the loss of aldehyde grotifessecond stage of thermal
degradation about 480 is attributed to the loss of NVP groups and tl@nnechain

polymer degradation.

* DSC thermogram of copolymers and their modifiedreéspnted no significant

glass transition temperature.

» Polyacrolein is soluble in formic acid, DMF, DMS@dpyridine around 18C.

But polyacrolein are usually insoluble in water andny organic solvents, propably
because of the existence of cyclic —C-O-C structureéhe main chain. However it
can be expected that copolymerization and/or cremiodification of the aldehyde
groups can cause an increase in solubility, in mamganic solvents. but did not.
Particularly, results indicated that modificatiohampolymers did not considerably

effect in the solubility behavior of.
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