
i ~ .. 
. I 

····/·i· 

f& 

(;RAFT COPOLYMERlZA;nON OF VINYL MONO:"ll~RS ONTO C:OLLACF."\ 
'PART III'~ CHARACTERrZA'fION OF GRAFT COPOLYMERS AND THE 

MECHANISM OF GRAFT COPOLYMERIZATION 

T. NA<;AllIHJSIIANAM, K. T . .I0Sf.I'/f & M. SANTA!'J'" 

C(~llfrul Le(Jther R(,.\(,t/,.ch In<;fifu/I'. Madras. 

KXl'cived nil Dc::. 24. 1lJ71 

Molecular wcil!(hl "nd graftillg silcs (If the poly (llI.:lhyl mcthacrylate) 

side chain~ isolated from collagen-g-poly (mcthyl mcth:u::rylatc) ~aI11plc~ by 
at:jJ hydwlysis arc deterlllined, Molcclliar weights of the polymcrs were in 

thc order or 10," Thc nllrllher of grafting sitcs did not show any 5ig:lifi<:ant 

change with the time of exposure .. 

,llItrndUc.li Oil 

; In comparison with l;,:llt!losl,; and slarch, 
proteins have beell largely neglected as 
substrates for tll·e chemically initiated 
grafting of v~nyl polymers, Investigations 
of graft copolymcrizat ion of h ide l.~ollagen 
with (I variety or villyl mOllomers USing 

dilrerenl initiating systems have been going 
i.ll1 in our laboratory for the pasl Jet.:adc,!" 
.In the last few years sev,eral papers have 
ueen publ ished rerort i ng various graft 
copolymers obtained by employing .several 

. Ilechniques for generaling free radicals on 
Lhc collagen molecule for initialion of 
polymerization. III t'W0 previous CO 111 I11U 11 i·
'cations':' Ihe grafting oi' vinyl polymers 
onto the colll1gen backh(lnc, in Ihe presence 
:or I igh I, lIsi ng nll()re~cci 11 dyes has. bcen 
reported. In Ihese \llldic~ (illvnlvill)' 

:dilrcrellt Illlnrl~seein dycs). clylhrosillc \V(lS 

found (0 be 'lhe best sensitizer. In the 

jl.1feScn! investigation Hli atlempt has becn 
'made 10 determine the molecular weights 
of the grafted poly (methyl mcthacrylale) 

, Ill] 

side chains isolated by acid hydrolysis from 
t:allagcn grafted ,vith vinyl polymers using 
I hree different sensitizers .. The o Ii m'bCr . of 
grafting sites on the collagen backbone has 
also been determined and the possible 
mechanisms of the initiation arc discussed. 

Ii: x Jleri own lit I 

(a) (im/(illy, !Jf(ln'dll/,e: The cull:lgeli-g-
poly (methyl methacrylate) samples were 
prepared as described in earlier papers." 

(b) Hydrolysis: The hydrolysis of the 
graft copolymers were carried out llsing 
hydrochloric acid for I110leCllI(lr wcight 
delerminalion. Pronase digestion was 

L~arried oul ror tile poly (methyl l11elha<.:ry
laiC) side chains ror infrared spcclra. 

(ci ;\-Io/eel//or 1I'l'ig/lf: Till.' ilj(dccUI:II' 

wl.:ight of thl' poly (mdltyl nH:thacrylat('j' 
side chain obtained from collagen-g-poly 
(methyl mClilacryialC) ~amrles \vas deter
mined lI~ing a peL suspended dilution 
viscometer." The number average molecular 
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weight. MJ1, wiis cHlculatcd uSing the 
equation 

['11] = 8.69 x. 1O"r, Mn"oo in benzene for 
poly (mcthyl methacrylate) 

. . . ' .' . 

(d) :Grajliflgsiles: ,The number of graft
ing sites on tl1c. collagen backbone was 
calculated by th~ equation reported earlicr.1 

(c) !fllm-red spectra:, To provide proof 
or graft ing the infrared spcctra of the grafts 

:' ,isolated by cnzymatic (pronasc) · hydrolysis 
, ; were tukclfwithaPerkin Elmer Model 337 

gratinK infrcl'-redspectrophotometer in the 
form ofpotassium;,bromide pellets (500 mg.) 
containing 2-6 mg;CjJo~dered protcin.r' 

.'.,' . 
RcsuJls' and Discussion 

. j'" "':';J,e;.,>:, .... " '. . 

In Tabl~.1 are giVe!l the mo!cl.:ular weights 
of I?oly (methyl methacrylate) grafts 'isolated 
from collagcn-g-poly(methyl methacrylate) 
samplcs prepared;t~y erythrosine, rosebengal 
and phloxine· sensitiz:!rs., III general, the 
magnitude or the;'Order, of molecular weights 
of thc side chain poly (methyl methacrylate) 
is the same (about 'O!) (Table I) for all the 
graf,t copolymers prepared, by the t h fee 
sensitizers. These' results show that the 
type of the sensitizer has no significant 
effect on the length of the poly (methyl 
methacrylate)' chain. grafted onto the 
collagen ,backbone;.1 SillljJar results were 

> iliso obtnincd byJJuUi1g (!t ,a/,l ill the <.:as(.~ of 
. grafting of poly01'l~thyl. meihacry,late) on 
. cellulose. The m6(ccular' weight data 

obtainedil.1thc prcse;1{ Slll(]y rtrein agrce-
t ment with (lie values' reported by investi

gators which are lu'ostly'ofthc or,d~r of 10·; 
The results (Tablc\) also. inc/ie-Hie; that in 
t he in itia I st~iges. ot'gra ft-copolYlllerizat i'ol1, 
the sensitizers initiated alurge number of 
growing poly met)lylmcthacrylatc branches, 
in agreclllentwith;JJuailg('l 0/. 11 'However, 
indcpcndet1 t, •. oi',tlic)'l ilnC()( grafl i ng. the···· 

... number or'grafting:'s'itcs remains more OL 

less the same. This indicates that initially 
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the available- active centres will he 111 11 I'\.' 

and thegraftillg or poly. (methyl methacry
late) will:'thus be more. Bu(:'()n further 
increase in time of exposure, the available 
active sites on collagen backbonc%\being the 
same, lhemolecular weight <In'd the percent 
grafting of pol)' (methyl 111elhacrylate) will 
be increased (Table I). The infra-red 
spectra of the poly (methyl methacrylate) 
grafted side chains obtained by the prl)na~c 

digestion arc given in Figures I to 3. The 
characteristic peak for thcpoly· (methyl 
methacrylate) side chains centered at (1730 
em-I) can be seen along with the amide 
absorption (J550 cm"-·, 1660 em"l) which 
provide theprbof of grafting. 

,.,." .. ".. . 

I.n the light' of the exper:i~lcntal, results 
three mechanisms can be,discussed. (I) The 
dye becomes excited to the higher energy 
level followed by transition to the triplet 
state by inter system crossing. which in turn 
activates .the substrate collagen. (2) A 
hypothetical complex between the dye and 
collagl:n may be fOfmed inthe,dark, which :,.' , 
upon excitation,'decomposes to give rise to 
the activated collagen. (3) rhe" excited, dye" 
may transfer its excitation energy to the col-
lagen which in tUJ'n may' decompose to give 
risc to the active substratc:Thc fact that the 
concentratioll or the dye has decreased after 
exposure, in til(: lotal system or whcn tile 
dye and collngell only arc exposed, i IIdicatc~ 
that thcdyeis, consumed in"I.thc rcacti.on. 
Hence the-firstnlechanism, n~ay,~e' operative. . 'Z' 

Evidencc:in.suPP0r!,' ,()t:the second 
lllcchanismco'llld \lot be obtain~d due to lhe 
he,terogehc'ity;of th~systcm;Thc third me-
chanism, does .not.becomepossi ble because, 
if the energy is. transfe'rred'fromthe excited 
dye tb" the.collngen, therc'slrould be·· no 
de<':J'easeinconcclllI'Hlion ... nf t11cdye.: whii:h / 
is contrary::(,,to:.()ur:obser\'atlolls.-. Hence, .....• . ...... " r 
p ro"bll b.1 YJh,~;;Jj r'st:>'l!l~Fipll~j~:I,P,;@(f,i,i)}O. ~.tAo;n:{ii,:, ~:),':,:: .' 
may be operative;:; il(;ligi'~cry,~j'f~}\v!:t 1~~;\qlC':' ":;'~:':,' . 
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TABLE 

The number of grafting: sites. and the molecular weights of the grafted ~ide chains \">1' 

poly(methyl methacrylate) on collagen 

------._------_. 

~ 

-----------------------_._---

Tim/! (~( 
I: xpo sun! 

Noon p.m. 

-----

1-2 

12 3 

12 .;.....'.. 4 

1 r,m.~ 4 r m. 

' .. .. 

.~r(~r{i!]g 

34 .. 50·· 

34.53 

53~55 

51.0? 

E ry t/zro.-; illt! 

Jfol. l,'f. 

. .y ! I)' 

1.14S 

4.770 

6.607 

5. !40 

So. of. 
. ?rl~fi ill,!! 
~\ i j es 

(1.9228 

0.2735 

0.::'':)75 

0.2990 

]\iATURE OF THE DrE USED 
------------

Rosebellgal 
.--.. --.-... -.... - .. --.- .. --~-__ ._..c.... __ 

.t.!r{~r{ ing 

2.6 

().84 

.~. 70 

10.50· 

Mot. I'IT 

.\" f()-:' 

1.472 

0.4634 

2.203 

3.42g 

• .f';...~)'.:'~ . :.~( 

',' 

',~ ... ~. 

_"0.0/ 
gr(~rtil1 ~ 
x,-res 

0.0530 

0.0485 

0.05 i 74 

O.09i83 

"::':s4..'r""""~""" #1'" •• ~.,,. ... :. 

... 
grcz/r ill.'!, 

0.95 

2.01' 
; .:' 

2:21 

Pir/v.,·illt! 

"tdl. \I·f . 
.\' /0':' 

. ··4:276 
'.' 

5~S61 

:Vo. 0/ 
grafring 
sif~s 

... - ..... 
'. 0.0067:' 



Fig, 
'~ 

I, Infra-red ~pcctrllill or poly (methyl Illl'lhacrylatc) side chains prepared 
by lIsing crythrosine as the il/itiato/', 

I'ig, 2, Infra-red spectrllill or poly (lllethY'I;'li~'hacryatcl side ,chains 'prepared 
hy'using I'Osehl'pgal as the il/it/alo/'. 

Fig. 3, Infra-red SPl'ctrtl1ll of pllly (nH!thyl illethacrylate) .ide chains 
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by lIsilig phloxille as il/itiatol', ',' 
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