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Ag(l) catalysed grafting of acrylonitrile onto Polyvinyl alcohol
with Cerium in H,SO, medium
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ABSTRACT

Grafting of Acrylonitrile(AN) onto water soligb polymers like Polyvinyl alcohol(PVA),
was carried in the presence of Ag(l) using Ce@¥ an initiator in HSQ, medium at
313K .The rate of oxidation {& was determined for catalysed and uncatalysedatiin.
The rate of grafting (Rg) and grafting efficienc{Gvere determined for [Ag(l)] catalysis.
The rate of grafting was found to increase withr@ase in [PVA], [AN] and [Ag(l)] and the
orders were 0.72, 1.43 and 0.41 respectively.. rdbg@ble mechanism involving the
formation of Ag(l) - polymer adduct followed bys ioxidation with Ce(lV) to Ag(ll) -
polymer adduct which decomposes to give initiatiadicals is proposed to explain the
results.

Key words. oxidation, graft copolymerization, kinetics, cat; polyvinyl alcohol,
acrylonitrile.

INTRODUCTION

The water soluble polymers have wide application imdlustries due to its unique
properties[1]. Since they are biodegradable, thditization is restricted. Chemical
modification of conventional polymers can providpaential route for significantly altering
their physical and chemical properties. The modifan is brought about by graft
copolymerization technique.[2] Grafting technigaes successful in modifying some of the
properties of natural[3] and synthetic polymersridas initiators are employed for grafting
technique.[4,5] The graft polymerization occurdertthrough abstraction of hydrogen atom
from the backbone polymer containing a hydroxylugror an amino group.[6,7]

The Ce(lV) ion is known to be one of the versatilater soluble initiator for grafting of
vinyl monomers onto natural and synthetic polymigks starch[8,9,10], cellulose[11,12],
sodium alginate[13,14], carboxymethyl cellulose.[@é&,16,17,18] In all these cases graft
copolymers were formed along with homopolymer ainictv is very difficult to separate. In

541



Geeta Thota et al J. Chem. Pharm. Res,, 2010, 2(5):541-547

view of this we thought it is worthwhile to searfdr effective initiator systems to prepare
exclusive graft copolymers without contaminatiorhofmopolymer. We have carried out the
grafting of acrylonitrile onto water soluble polyredike PVA in presence of Ag(l) in order

to get pure exclusively graft copolymers with gegagfficiency without contamination of

homopolymer.

EXPERIMENTAL SECTION

All the chemicals used were of the BDH AR dgaThe monomer AN was purified by
distilling at low pressure under,Mitmosphere after washing with 5% NaOH 3§R&, and
water. The graft copolymerization were conductediank under N atmosphere to prevent
any photochemical reaction and inhibition by atni@sg oxygen. Time average kinetics
were followed and assumed as steady state kineflies. rate of grafting (§, rate of
oxidation (Rx) and grafting efficiency was calculated as follows

E.~=d[monomer] = 1000x wt of copolyiner

dt Volume x time X mol weight

Row= —d[CedV)] = Volme of Ce(IV)X concentration
dt time

GE = wt. of copolvimer-wt.of polviner{FVA) x 100

Wt of monomer

The concentration of the total Ce(lV) ion in theagBon mixtures was estimated
volumetrically by ferrous ammonium sulphate, usfagous o-phenanthroline (ferroin) as
indicator.

RESULTSAND DISCUSSION

Rate of Ce(1V) disappearance:

Oxidation of PVA was carried out with Ce(IV) in tipegesence and absence of Ag(l) at 313
K in HSO; medium. The orders in [PVA] was 0.38 in [Ag(l)]talysed and 0.55 in
uncatalysed oxidation. The orders in Ce(lV) weranfib to be unity in the presence and
absence of [Ag(l)]. The rate @ixidation was studied by varying the [Ag(l)] in thenge of
5x107 to 25x10° M and the order in Ag(l) is 0.36..The increase i Rith increase in Ag(l)

is due to the formation of Ag(l)-(PVA) polymer addwvhich is oxidized by Ce(IV) to form
radicals at a faster rate .

M echanism of oxidation in absence of Ag(l)
k
Ce(lV) + PVA— PVA + Ce(ll) + H
ok
PVA' + Ce(lV) - Products
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The rate law is given as-----

-d[Ce(IV)]= kd[Ce(IV)] [PVA]
dt

Table|-Effect of [Ag(l)] , [PVA] on the Rate of oxidation
Temp 313K, [H2504]

[Ag(1)] x 10° [Ce(1V)] x 10° [PVA] x 10° R X 10°
0.50 5.00 1.00 9.25
1.00 5.00 1.00 15.0
1.50 5.00 1.00 15.8
2.00 5.00 1.00 17.5
2.50 5.00 1.00 19.8
1.00 5.00 0.50 12.0
1.00 5.00 1.00 15.0
1.00 5.00 1.50 18.0
1.00 5.00 2.00 20.0
1.00 5.00 2.50 21.3
1.00 5.00 1.00 12.5
1.00 5.00 1.00 15.0
1.00 5.00 1.00 17.0
1.00 5.00 1.00 18.8
1.00 5.00 1.00 20.0
0.00 5.00 0.50 7.25
0.00 5.00 1.00 12.5
0.00 5.00 1.50 15.8
0.00 5.00 2.00 16.3
0.00 5.00 2.50 17.3

M echanism of oxidation in the presence of Ag(l)

K

PVA + Ag(l) = Ag(l)-adduct
k
1
Ag(D)-adduct + Ce(IV) - Ag(Il)-adduct + Ce(lll)

k
2
Ag(l)-adduct -~ PVA + Ag(l) + H

ok
PVA" + Ce(lV) - Products.

The rate law is given as-----

-d[Ce(IV)] =kKI[PVA] [Ag()] [Ce(IV)]

dt 1+K[PVA] +K[Ag(])]
The observations from the Table | suggest that,
1. The rate of oxidation of PVA is found to be maordghe presence of catalyst
2. The rate of oxidation of PVA is comparatively ldast no homopolymer of AN is

formed in the presence of Ag(l) with Ce(IV) in réan conditions.
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The observations indicate that the polymer obtaiunetkr experimental conditions is purely a
graft copolymer. Ag(l) exclusively catalyzes thaftjicopolymerization.

In view of this we have carried out the graftingAill onto water soluble polymer PVA,
using Ce(lV) in the presence of Ag(l) to understaisd role in the mechanism of graft
copolymerization.

Rate of monomer disappearance in the presence of Ag(l)

Grafting of AN onto PVA was carried in the prese of Ag(l) by Ce(lV) in HSO,
medium at 313K under identical conditions as abdvee grafting efficiency and Rwas
found to be high in the presence of Ag(l).

Effect of [Ag(l)] on grafting:-

The rate of graft copolymerization and graftingi@éincy increased significantly with
increase in [Ag(l)] in the range of 5.0x3025.0x10°. The order in Ag(l) was found to be
0.41 as evident from the slope of plot 5+log Rg Wd8g[Ag(l)].(Fig-1). The catalytic
activity of Ag(l) is probably due to the facile i@n path through the intermediacy of a new
redox system formed by added Ag(l) ions. Ag(l) i@ms known to form colorless adducts
with oxygen containing compounds like alcoholsdacietc.. In the present case Ag(l) may
form an adduct with polymers like PVA in the initistep followed by its oxidation with
Ce(IV) to form an Ag(ll) adduct which subsequenilydergoes internal oxidation to provide
grafting sites at a faster rate compared to polyal@ne. Thus the increase in rate of graft
copolymerisation with Ag(l) could be explained agdo the production of more number of
initiating radicals. It is also possible that thg(B) intermediate can directly initiate the
reaction ,since it is known to be a more poweriitizing agent. Similar observations were
also made in Ce(IV)-isopropyl alcohol redox systemiated polymerization of AN in the
presence of Ag(l) ions[19].

Effect of[ Ce(1V)] on grafting

In the presence of Ag(l), fand grafting efficiency were determined for thenecentration
range of 2.5x18—-12.5x10° M.. An induction period was noticed and this perincreased
with increase in concentration of Ce(lV). The grajtefficiency and rate of grafting was
higher in the presence of catalyst . The decreasBg with increase in [Ce(IV)] was
explained by assuming the participation of Ce(kvjhe initiation and termination steps .

Effect of [PVA] on grafting

Increasing the percentage of polymer (w/v), the ddtgrafting as well as grafting efficiency
was increased The order in [PVA] in the presencAgil) was found to be 0.72 as evident
from the plot 5+log Rg Vs 2+log[PVA] .The deviatidnom unit order is due to the

complexation of polymer with Ag(l).The order thumatls to linear termination of grafted
polymer chains.

Effect of [ AN] on grafting

The rate of graft copolymerization and graftingaéncy increased with increase in [AN] in
the presence of Ag(l) and the order in [AN] wad3l.It is well known that order in
[monomer] can be explained by linear terminatiohpolymer grafted chains.

From the above results and discussion , it is emed that the grafting is initiated by the
primary radicals as well as the Ag(ll)-adduct anel termination by Ce(1V) is linear.
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Figl-Effect of [Ag(l)] on Rate of grafting(Rg)
Plot of 5+logRg vs 2+log [Ag(1)]
[PVA]= 10x10%%(wW/v) , [AN]=4.00x10% M, Temp=313 K
[H,SQ]=0.1M, [(Ce(IV)]=5.00x10°M
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Fig2-Effect of [Polyvinyl alcohol] on Rate of grafting (Rg)
Plot of 5+logRg vs 2+log[PVA] in presence of Ag(l)
[(Ce(IV)]=5.00x10°M , [AN]=4.00x10% M, Temp=313 K
[H,SQ,]=0.1M, [Ag(1)]=1.00x102 M
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Fig3-Effect of [Acrylonitrile] on Rate of grafting (Rg)
Plot of 5+logRg vs 2+log[AN] in presence of Ag(l)
[(Ce(IV)]=5.00x10°M , [PVA]=10x102 M, Temp=313 K
[H,SQ]=0.1M, [Ag(1)]=1.00x102 M
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Mechanism in presence of Ag(l).
1)Production of initiating species
K

PVA + Ag(l) = Ag(l) —adduct
k
1
Ag(l)-adduct + Ce(IV)- Ag(ll) — adduct + Ce(lll)

X
Ag(ll)-adduct - PVA" + Ag(l) +H"

2)Initiation of graft copolymerisation

PVA" + M- PVA-M’
ik
|
Ag(Il)-adduct + M- PVA-M" + Ag(l) + H'
M=monomer(AN)
3)Propagation
K
PVA-M ™ +M - PVA-M
PVA-M.1 +M = PVA-M',
4)Termination of polymerization
K
t
PVA-M'+ PVA-M*, - PVA-Mp:m(Graft polymer)
5)Consumption of PVA by Ce(lV)
K
PVA" +Ce(IV) - Products

Applying steady state principle ,the rate law dedivor graft copolymerisation is

Ry == _koki kj[Ag(D][M] *[PVA]
Kk o[Ce(IV)]+ki[M}(1+K[Ag()]+K[PVA]

CONCLUSION

A novel approach of synthesis has been proposédttigt aim of preparing graft copolymers
without any homopolymer. The adopted methodologytasinitiate polymerization by
polymer radicals formed due to interaction of Cg(With polymer. Ce(lV) participates in the
initiation and termination steps of polymerizatiorhe grafting was carried out in acidic
medium by varying concentration of monomer(acrytigie), polymer(PVA) and Ag(l) and
the grafting yields were found to be higher in gfresence of Ag(l).The grafting mechanism
has been explained satisfactorily by linear tertnomeof grafted polymers.

REFERENCES

[1] Radhaswamy C., Prabha D. Nair, Suresh Mathew,Ragidam Nair C.P 18,12005

[2] Panda A. and Singh B.(Rolymn .Plast .Technol.Er{96,35,487

[3] Misra B N ,Mehta I.K.,Kanthawal M.,Panjloo SJ.Polymn Sci.Polymn Chem]1987,
25, 2117

[4] Bhattacharya A,. Mishra B.NProg. Polymer S¢i2004,29 ,767

546



Geeta Thota et al J. Chem. Pharm. Res,, 2010, 2(5):541-547

[5] Srinivas P., Nageswar Rao K., Sethuram B., NavnBeit T,J.Polym.Mater,1985, 2,
140-143

[6] Gopalan A, Vasudevan T, Ramasubramanian A, Hamh&r&J.Appl Polym Scil995,
56, 1299

[7] Gopalan A, Vasudevan T, Ramasubramanian A, Hamha®a S, J.Appl Polym
Sci.1995,56,1715

[8] George F.Fantra,R.C.Burr,Doane W.M., Russell CI®ppl Polym S¢l979, 23, 229-
240

[9] Ikhuoria E U, Folayan A.S, Okieimen F Blgurnal for Biotechnology and Molecular
biology ResearcR010,1(1),10-14

[10] V.Singh, A.Tiwari, S.Pandey, S.K. Singh., .eXPRBE®Ilymer Letters2007,1,51-58
[11] Khullar R., Varshney V.K., Naithani S., Soni P.LeXPRESS Polymer letters
2008,2,(1),12-18

[12] Jideonwo A., Adimula H. AJ.Appl.Polym Sci2006,10(3).151-155

[13] Shah S.B., Patel C.P.,Trivedi HHigh Performance Polymer$992,3, 151-159

[14] Mahesh U. Chhatar, Ramavtar Meena, Kamalesh Pr&s&itidhartha A.K]ndian
J.Chem. SeaA 2009

[15] Mohd.J.Zohuriaan Mehr, Ali Pourjavadi, Mohd.Sadeghianian Polymer Journal
2005, 2, 131-138

[16] Mustafa Yigitoglu,Nuran Isiklan,Rukiye Ozmed,Appl Polym Sci2007,04(2) 936-943
[17] Botaina Abd El-Hady, Maha M.lbrahim].Appl, Polym S¢004, 93(1),271-278

[18] Arpit Sand, Mithilesh Yadav , Kunj Beha@arbohydrate Polymer2010,81(1),97-103
[19] P.Srinivas, K.Nageswar Rao,B.Sethuram T.Navneetb, Rd.Makromol. Sci.Chem.,
1982,18, 261

547



