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The phote-induced graft polymeri
to collagen was catried oul in aquc
ing dircct sunlight as a light source.
an 300 nm was cilective as light source and gralting
afler an induction period of.an hour.

in the presence of air us
of wavelengths longer th
procecded very rapidly and efficiently

The pereent grafiing, efliciency of grafting
of grafted branches were found (o be higlicst
Hewever, grafting frequency valuc

(rniip':n.s_',

a particular inierval of time and increased w

The successful grafting of polymers 0o
c'nllagen involves a free radical mechanism
by means of which activated sites arc
' produced on the peptide chains of collagen.
| Free radicals are clectron-deficient systems
Urand because  of (their extreme reactivity

initiate polymerization of vinyl monomers.
| They may be produced on the peptide

backbone in a variety of ways such as
chemical:redox  systems and radiation

methods. The properties of graft copoly-

mers depend on  such factors as the
monomér used,-the type of initiator used
weight  of  grafted

of frec-radicals

and  the molecular
polymers.'  The initiation
by means of oxidising agents such as Ce'"
and Mn?* which are capahle of attacking

collagen directly has  been studied in

* Present Address | l)il'CC[Ol’-(;CHCI"Al,’M(:-(')L.l-ll(;il.-r()‘r
‘ Scientific & Industrial Rescarch, New Delhi.
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zation of methyl methacrylate (MMA)
ous methanol without photosensitizer

Direct sunlight

and the average molecular weights
at .the lower methanol concen-
s were almost identical after
ith polymerization time.

Other chemical-redox methods
1o 11

detail.*~?
and photo-induced irradiation mecthods
have also been investigated in order to
compare the cffect of the different initiating
systems on the composition of collagen—
vinyl graft copolymers.

Sunlight-induced graft copolymerization
of vinyl monomers onto wool and nylon’

fibres has been reported by some imvesti-

gators.'>'*  Since sunlight is abundantly

available in India, it was thought pertinent
to study the photo-induced graft copoly-
merization of vinyl monomers onto the
collagen backbone in relation to chemical-
redox methods and irradiation methods.
In this paper, the preparation of collagen—

‘methyl methacrylate (MMA) graft copoly-

mers and the effects of various experimental
factors, such as time and methanol concen-
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tration on the composition | of the erull
copolymers have been inveslig;alcd.

i
Experimental |

i
Muterials |

Collagen - Collagen prepared  from  the
middic corium of buflato hide

| .
was uscd as  the  source ol

insoluble fibre substrate.

!
Monomer - Mecthyl nwlhacry‘lnlc (MMA)
obtained from Rohm & Haas,
USA was purified| by standard
mcthods as dcscrillmd carltier ®»

Lnzyme  : Pronase, B-grade (é;ll-Bi(}ChCln,
USA) was used without f‘urlhcr
purification.  Other chemicals
used were reagent grade.

Grafting procedure |

The graft copolymcrizalim,’m reactions
were carried out in round botteamed single-
necked flasks of one litre capacity and
fitted with a glass stopper, in the presence
ofair. The collagen powder was dispersed
in aqueous methanol 'solulioniln which a
known quantity - of  monomer (mcthyl
methacrylate) was added. Sunlight irradia-
tion was carried out intermittehtly on the
roof at Central Leather Researnceh Tastitute
during the daytime of line days i July.
The reaction flasks were occysiohally stirred
and the reaction was allowed [to proceed
for definite  intervals of 'time. The
lemperature of the reaction  mixture was
occasionally noted. After the 'irradiation,

the producis were separated Dby filtration,
washed with distilled water un;d extracted

With appropriate organic SOI\'cnli's to remove
looscly bound homopolymer. The homo-
polymer which could not be extracted was
considered as (he grafted polyme[.r.
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Calcidations

The. percent grafiing, the clliciency of
grafting, ratc of grafting and the number
of grafling sites were calculated according

ta-:

Total weight of grafted

copolymer - weight of
Pereent collagen 0
gratimyg Weight or collapen

Weight of PMMA
Eliciency e . _BTalted '
of gralting 7 weights of PMMA ¢ 1o
grafted  und homo-
polymer

Rate ol grafting in S was converted (o
R, by usc of the cquation

YA X a0 x mole

RP = Wk ool monomer |

mole/l/see.

where fat s g of collagen per litre of

monomer — water — collagen mixture.

N . Weight of PMMA/

peafiing - Mol Wi of PMMA

gi(’cs £ Wi of used collayen
IMete wil of collagen

Isolaticn of poly (micthyt methacrylate)  side
chains :

The wraficd PMMA - side chatis were
solated  (rom collagen  (runk by acid
hydrolysis with hydrochloric acid and also
by digestion with pronase accordivg to (he

procedures given in our earlier papers.t?

Molecular weight determinations

The intrinsic . viscosity of the PMMA
gralts isolated by acid hydrolysis  was
determined in benzene at 30°C using a PCL
suspended level dilution viscometer. The
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number | average molccular weight was
cateutated from the cquation'’

l)'1‘l'|

n

Numhgt:r average degree of polylmrizalion
(Pn) of PMMA  was calculated from the
B rinsic viscostly measured in benzene at
30°C by [using the following cquation®
fog Pn l 3346 4+ 1.32 log {1}

Spectraly measurements
!

Thc_i.;lnl'r:u'cd spectra weré recorded on a
Perkin-+Elmer Madel 3317 grating infrared
specirophotometer in the form of potassium
bromide (KBr) pellets as reported carlier.’

Pesults & Niscussion
Solvent jeffects :

The |vesults  of photo-induced graft
copolyvmerization of MMA on collagen in
agueous solutions containing 30 and 20
valume| pereent MeOI  as medium are
shown {in Tables 1-3 and Figs. 1 & 2.

4%, . d Fig. 1
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Rélation of polymerization time  to perceny
grafting [higher methanol concentration (Q). lower
methangl coneentration (3 ] and grafving cfliciency.
[hieher methanol concentration (Q) lower methanol
concentration (4} ]
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Plots'of molccular weight of gralted PMMA
and number ol gralting sites vs. grafting time for
gml’ling of MMA onto collagen. Higher methanol

concentration (©), lower methanol  concenlra-

tion (9O).

As can be scen {rom Table 1 and Fig.l,
with increase in the amount of water the
monomer conversion to polymer was much
higher unlike in the case of morc mecthanol
and less  waler. (L is likcly that the
presence of waler in the system lcads tou
strong . dipole association _and disperscd
walcer molecules increase the hydroxyl and
peroxide cenlers thereby increasing grafting.

Percent gra‘_/'l'mg and grafting efficiency

The percent grafting and the efficiency of
grafting were observed to be lower with
the higher concentration of .methanol
(Fig.1, Tables 1 &2). Although the cffici-
ency of grafting was found to remain.
constant the pcrccnt~graﬂing incrcased
with grafting time for both the sets of
experiments and reachcd a limiting .value
after S hrs. [ both the cases, only traces=
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CTABLE |
Composition of collagen — MMA grart co olymers pre ared by sunliph(—
] , 4 i poly prej y g
: induced grafting :
. M‘%\b\\\%:m:-
’ Volwme sutven, (mi). Irradiationg o Composition of prafi
Nl T ashent ny. Gy T Collagan il Al T Grafiing
. Water CH O (hr.) (%) (%) (%)
.g\.._k.--__k e e e T — .
'S’ 250 250 1 98 .24 1.76 1. K25
]
25 , . 2 88 . 8¢ .2 12,47
1 !
i " P 3 87.12 12, 88 14 .82
Tt . .
45 . “ v 4 79.02 20. 98 26, 54
. ‘ ]
5S _ 5 72.23 27,77 IR L4y
by " 10 74 .4y 25. 5] 3425
i ' .
Ig 400 S100 _ ! 99 .65 0.35 0. oxg
K
2 - 2 75. 48 24 .52 32 .4y
35 . . 3 7. 42 28.58 40 .15
2 |
4q . P 4 57.37 42, 63 73.89
. ‘
S¢ s ' 53.35 46 . 65 87 .42
2
s , 10 : 53.36 46 . G4 56. 72
2
R ._.A.,\._\_M___..__mw«ﬂ\\
‘ TABLE 2 -
Effect of irradjation time on (he rale of grafiing ang clliciency of grafting
\\ ﬁ.~. “"":‘\\'-‘:»-;“_‘
Sample Irradiation Crafting Ifficiency af Rare "( !‘”"(/f”'i'
No. fime (hy.) (%) Lrafting () p AU
'\"\\_;_..-,..;.,._ - FRS. e ..v__.._._._>A\.s__ . EETI. 4,._.‘,‘h.._.g_“-.___‘.._..‘“,R_ -
I . ! j ; 1. 825 78. 36 2,535
¥
24 2. 12. 47 7.2 8. 660
]
Yo 3 1482 - 7663 6. 863
dg 4 26 . 54 71,03 9.237
Tt
g s 38. 49 : 77.91 10 690
t : o
bg 10 : X2 75.90 4. 756
S,
I 1 . 634 N7 .s6 0. vs
S? ‘
24 2 a8 8202 22, 56
z
3g 3 : 40,15 8185 18. 59
S, |
4q 4 7389 8330 3565
e
3¢ 5 87 .42 80 .48 4. 29
2
6g 1( 8. 72 81. 10 12,04
e
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TABLE 3

CiTect of Irradiation time on the Molecular weights of grafted

Poly (MMA) branches and on the number of grafting sites

Intrinsic

"Degree of
. Polymn
oA 1073

Mol. wt. of graf-
ted PAMAM A
chains M 10 >

“No. of grafting
sites molefmole

Sample Irradiation Grafting Viscosity
No time [hr) (i oy
{n
825 —
lSI | . { \. S
25' 2 12 a7 2.8
3 3 14 .82 1.0
S, -
26. 5
45' 4 6. 54 3.0
- S 0 k!
Sbl ) IR .49 0
o]
65: 10 34 .25 1.8
) Qé -
15, | 0. 684
ZS” 2 32 .48 0.0
3 3 10 .15 6.0
4\‘ dq FRIHY] (]
5. S Q742 6
h S:: 74 |
[ 10 so L 72 o, )
b'l

of PMMA homopolymer were found as a
milky suspension in solution : however,
part ‘of the polymer formed inside  the
collagen fibres could be extracted with the
wolvent  for  the  homopolymer. With
increasing  peroent gralted  polymer, the
formation of homopolymer also was found
to be increased. The gralt copolymerisation
reaction was accompanicd by an induction
period of once hour and proceeded gradually
to attain approximately 35% and 857 gralting
at 507% and 207 mcthanol concentrations
respectively.

Molecular weights of grafted branches

PMMA side chains were iwolated  for

molecular weight determination from the
collagen trunk polymer by dipesting the
collagen fibres with GN hydrochloric acid,

The number average molecular weights of

LEATHER SCIENCE, voL. 21, 1974.

8. 933 9 . 042 0. 04187
9 . 354 9 . 458 0. 04753
9. 354 9 . 358 0. 038511
9. 354 9 . 458 0.1234
§.933 9. 042 0.1153
23,07 23. 66 0. 0422
21,07 23 . 66 0. 05220
23407 23 .60 0, 09610
23, 71 24 .18 01060
23 .07 23, 66 0,128

O S

the griifted chains were of the order of 107

and remained constant surprisingly through
different (Table 3.
As compared with the system containiii

intervals of gralting

SOy MceOH,  20% McOIT  pave highuer
molecular weights (Table 3 and Fio. 2
is therefore apparent  that methianol

influences  the  propagation reactionsol

grafted  polymer padicals.
hydrophilic and so able to dissolve
Therefore il is reasonable Lo suppose rhitt
in methanol-

Methanot s
NNTAL

mounomer solubilitics invrease
water  solutions 1o stimulate
supply for the growing radicals and dinally
{o increase the molecular weight. On the
other hand, at the higher metlianol -
concentration (507) accaleration  of the
¢ reactions take place from

monomei

chain-transfer
the radicals and the molecular weight drops
owing to the. activated termination react-

(SN
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tons. Many investigalors'” have also reported

that  graft  copolymerization of vinyl
‘monomers onto ccllulose using irradiation
methods was impossiplc at' 100% concentra-
tion methanol.,
in some cases  (he organic
themselves inhibit photo-ihdaced reactions,
The degree ofpulvmuvl(lon atso followed
the same trend (Tdhlc 3.

I
Nuwmber of grn_/‘/ing Sites

It can be seen ('"l’.ll:m 3 dnd Fig. 2) that,

the calculated values for prafting frequency
remain
concentrations

constant for the two methiano!

whereas, the molecutar
weights of  the grafted PMMA
showed wide vuriallion.‘This indicates
that the actual numl)r:?r of BMMA  branches
per mole  of chain
unchanged but grafied

chains

collagen FCI NS

chains of shorter

length has besen foind in the case ol

higher methanol conclcnlrzllion& The wide

variation of the molecular weights of the
grafted chains can be scen from Table 3
and Fig’ 2. The decrease in the molecular
weights of grafted PMMA | chains with an
increase in (he volumlc of methanol uscd
could be due to an ilncrumscd dilution or
the monomer us well as to an increasced
chain-terminating ability of the solven
System at higher methanol concentrations.’
However  the number of grafting sites

increased  with grafung time in both the

cases and then level off alter, 5 hrs.

Rate of grafting (R )

The rate of grafting: shows (Table 2,
generally an increasé | with time in botl
the concentrations of methanol up to 5 hrs.
and then falls off.- The rate of grafting
deucascs with. methlinol 1concenlralion.
The variations in Ry valu@s at  different

|
time intervals and methanol concentrations

indicate that.R, depends, “t0 a certain
extept, on time and also on -methanol

concentration. The lower rate

ol grafting
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It \vas also sugg,csled that
“solvents

A & R id.ih g edld

at higher methanol concentrition may be
duc to dilution effect of monomer in
addition to chain termination reactions.
Although the rate of formation of grafls ,Q
was varying in cach system, almost the S
same * number  of ;,r'ms wis’ ultimatcly
obtained for hoth the systems  alter o>
specific period of time.

LAlective wavelength

graft-polymerization  of
Monomer is not poverned by the drradiated
Hieht to the  reaction system b by
the absorbed  Hight, Miny
i the reaction system  absorh Peht of
different wavelengths and therefore reaction
is allected by (he wavelength  of  the
The shorter the wavelenaih

Photo-induced

constituents

absorbed light,
ithe tonger the encrpy ol the photon, thus
ultraviolet light with a shorter waveleng s

Therctore, it bas in .
.

Las high reactivity.
ability to accelerate monomer pobymerie

tion and
energy, the degradation of the backbon.

is almost negligible and hence visible iyl }
may advantageously be used for prafting ‘{?
vinyl monomers (o proleins such as collagen.

Farlier studics """ of photochemical prafl
polymerization in the absence of photo-
sensitizers on wool, avlon and  celivlose® :
indicated that visible light of waveleneh .
between 300 and 380 nin is very cllvctive

for grafting, compared with light of shoter
wavelengths belfow 300 nm which showed

\ Hence o e,

photodepadition, singe G

very small pereent prafting,
present. tuvestigation  the  photo-induc: d
graft polymerization of MMA 10 collagen
fibres was carriecd out  without photo-
sensitizers by using “direct sunlight which
emitted mainly the light
longer than 300 nm.

of wavelength

Infrared spectra

Prool of grafting has been provided by
infrared spectra (Fig.3). The infrurc.c_J'

LEATHER SCIENCE, voL. 21, 1974,



! typical bands of amino acid

Figure — 3
(a)

Infrared spectrum of PMMA grafted chains
isolated from collagen — PMMA graft copolymer

{at higher methanol concentration]. 1) by acid
hydrolysis (2) by pronase digestion
(b)

s

Infrarcd spectrum of PMMA gl‘:lflc:d.ch;lin%
isolated from collagen — PMMA graft copoivmer

[at lower methanol concentration.] 1), by acid
hydrolysis 2) by pronase digestion,
spectra of PMMA  side chains isolated

from graft copolymers by pronuasc digestion
were expected (o give prool ol grafting.
When  the are  true grafl
copolymers, the spectra of the
isolated PMMA will  give
residucs in
addition to thosc of grafted PMMA side
chains. In the grafted PMMA side
chains isolated by pronase digestion the
characteristic absorption bands for amide
PMMA
Grafled

products
infrared.
side chains

bands for

side chains isolatcd by acid hydrolysis did

LEATHER SCIENCE, YOL. 21, 1974,

not show promincnt amide-absorption bands

* for reasons explained in carlicr papers.”

Grafting mechanism

Graft . polymerization without the usc of
a sensitizer .differs from scnsitized graft.
polymerization. In the former casegraft-
ing may bc initiated by the excitation of
collagen backbone, monomer (MMA) or
both, and also by subscquent interaction
between excited entities.  Accordingly the
combination of  backbone ~ substrate,

monomer and the wavelength of cxciling

~light plays an important role in the gralt-

ing reaction. Oxygen also playsa major
role in the grafting mechanism in the casc
of nonsensitized graft polymerization of

MMA to collagen. It was rcported'
particularly in the regions of longer

wavelength (sunlight, tungsten lamp) that
was indispensable for the graft

oxvgen _
polymerization. For thesc reasons the .
present grafting experiments  were all

carried out in the oxygen atmosphere.
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