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Dyc-scnsitized  photochemical graft copolymerization of vinyl monomers

has been studied in agucous medium  using monochromatic  light ol .

A = 546 nm.  Oxygen was found to reduce the degrec of grafling.

Depending  upon  the  experimental conditions 18-40% of gralting was

T achizved. Poly(methyl methacrylate) gave higher 9, of grafting when compared

with poly(methylacrylate) demonstrating  that grafting rcaction depends  on

the type of the vinyl -monomer used. FProof of gralting was oblained by.

infra-red spectra of collagen-vinyl graft copolymers after enzymalic digestion,

It is suggested that the excitution of the dyc to the singlet excited state

followed by the transilion to the triplet state by intersystem crossing  may

result in the abstraction of hydrogen from the collagen, creating aclive centres
for the initiation of gralt copolymerization of vinyl monomers,

¥

gible;’® hence visible light may be advanta- -

INTRODUCTION
ecously used for grafting vinyl monomers to

™~ ' : In the Jast decade dyes have been suc-
o cessfully uscd as the photosensitizers for
i homopolvmerization  reactions by various The aim of the present investigation wus
B workers. 1. In recent  years, grafting ol to graft-copolymerize vinyl manomers onto
vinyl monomers on  the biopolymers c.g  collagen using tow encrgy radiation.  An
collagen. cellulose and wool in the presence
of dyes 57 and redox  systems ™7 has
. gained much impetus. . 1o all these studies
! the presence of oxygen  depended on the
photosensitizer used.  The present investi-

proteins such as collagen,

altempl has also been made to provide proof
of prafting by infra-red spectrascopy.

EXPERIMENTAL

1. Optical arrangenients

A gation consists of the photo-graft copoly-

merization of acrylic monomers onto colla-
gen dispersed in aqueous medium, wsing visi-
ble light. Treatment of proteins with high
.encrgy radiation Jeads to rupture of the poly-

peptide backbone. However, in dyecsensiti-.

zed systems using low cenergy radiation, the

~dzgradation of the backbone is almost negli-
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‘pressure mercury

The light source used was a 250-W high
vapour Jamp (Mazada
box type, B.T.H. Co., UK.) fitted with «
glass window. The Jamp gave asteady light-
intensity when connected through a stabi-

lizing choke. With the help of a quartz con-

denser Tens, it was  possible to produce
nearly paraltel bewm,  The Tens was moun-
ted on an optical beneh along with cells con-
taining filter solutions to isolate the required
wavelength.  The filter solutions necessary
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Ayodimium nitrate (3 g. in

to isolate the required wavelength used in
this investigation were prepared according

to Bowen !7

For X = 546 1mm

A 1O ml. portion of (u(l'ZH O (I()\) i
in I litre of water) mixed with 90 ml, '
cium chloride (33 g, anhydrous Az\ll in
1GIO ml. of water) taken: il.i.-.._,,()llc cell and
106G mlb of

water) in the other cell* (I cm.) were put

in the light path to isolate the lighty of-

A= 546 am.

A parallel beam of light consisting  of
monochromatic radiation is  allowed (o
fall on the guactz window ol a metal ther-
mostal, inside which (he reaction cell was
mounted. A cylindrical cell 4.6 em. long
(in the dircction of the beam) and 5 cm. in
diameter, with outlet tubes of standard B-14
taper was used as the reaction vessel.

-

2. Reagents

(a) Collugen: Collagen prepared 7nfrom
the middic  corium of bulffalo hide was
used as the source of insoluble collagen.

(b)) Monomers: Methyl  methacrylae

(MMA) and mcthyl acrylate (MA) obtain-

ed from Rohm & Haas, USA. were purifi-
ed by standard methods as previously
described.!
(c) Dye:
microscopically pure
this investigation without
cation, '

The dye Phloxine (BDH)  wax
and was used in
further purili-

() Fnzvime: Pl-)n.l\c Boograde  (Cal
Biochem; USA) was usul w1l]mul further

punhcdnon

All solutions were prepared using waler
which had been distilled twice over alkaline
permanganate (in an all-glass apparatus)

~and_passed through Biodeminrolite résin.
(Permutit, U KJ)
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biopolymers,

3. Preparation  of
copolymers

collugen-vinyl  graf

An aqucous dispersion of cotlagen (100
mly  containing dyc (l X 105 M), %";".
acrylic monomer and 2-3 g, coll: igen (hide
powder) was placed in lhc reaction vessel
to - which  oxygen-free  nitrogen  wae
passed for 30 - minutes.  The
vessel was then mounted inside a thermo-
stat maintained at 30 # 0.1°C by toluene
regutator and a hot wire vacuum switch
relay (Gallenkamp.  ULK.)  Nitrogen  gas
was bubbled 1.hi‘()ugh the reaction mixture
daring irradiation.  Monochtomatic — light
of A = 546 nm (dye N, == 530 nm)
was used Tor jrradiation.  After irradiation
the resulting products were separated by
filtration, washed with distilled water and
extracted with appropriate organic solvents
to remove loosely bound homopolymer, In
all experiments, care was taken (o brcvcnt

reaction

stray light falling on the contents of the

reaction” vessel.

4. Analytical methods

The determination  of 9, gralting and
isolation of the grafts by pronase digestion:

were carried out as described in previous
papers.®1"  The infra-red “spectra of the

gralts isolated by enzymatic hydrolysis and
were

the  corresponding  homopolymers
measured with a Perkin-Elmer Mod(.l 337
infra-red spuc(ropholomclcr ._"in
‘polassium  bromide

grating
the form of

dered polymers, 1w

RESULTS AND DISCUSSION

Photo-excited dyes were reported to be
photo-tendering  reactions’ of
producing active centres on
These active centres

effective in

the biopolymer itself.®
can be utilized for the
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(KBry
pellets (500 mg.) containing 2-6 mg. pow--

grafting of - vinyl”

-
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Fig. . Infrarcd spcclrurﬁ of untreated collagen film . ™
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Fig. 2. Infrared spectrum of PMMA  Homopolymer prepared by -the cerie jon micthod. ’
LEATHER SCIENCE, VOL. 20, 1973 . )
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Fig. 3. Infrarcd spcélrum of PMMA grafts  jsolated from collagen — PMMA
copolymer by pronase disgestion. (Ferric ion method).
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Fig. 4. Infrarcd spectrum of PMMA grafts isolated from

collagen — PMMA graft
copolymer by pronase digestion.  (Ploto--induced mcthod),
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monomers. In the present investigation,

phloxine, a fluorescdin dyc was found to ™ be

effective as a photosensitizer for the graflt

copolymerization of methyl  methacrylate

and methylacrylate. Both in the prcscnc&
of oxygen dnd-in its absence, graft copoly-
merization took place, In the latter casc,
the 9 gralling was hi%l;cr (Table 1).- The

TABLE |

.-COMPOSITION Ol COLLAGEN-GRAIT
JRRADIATION

COPOLYMERS PREPARED BY VISIBLE LIGHT
IN THE PRESENCE OF DYE (PHLOXINE)

Time of

9 Polymer

in grafted « % Grafting

CSample irradiation % Nitrogen % Collagen
: in hours product
Controi 2! 18.47 - —_ -
l-lPl-l 2 14.96 - 84.07 1593 18.95
HPl-?_ 2} 12.39 09.55 3045 43.82
1P -1 14.85 83.41 1659 19.89
Hp -2 24 12,70 71.34 28.66 40,17
IR 2 15.34 K020 , 13.80 — L1602
24 17.34 97.40 2.60 2.70

HP -4%%
2

#ip the presence of oxygen.

**vinyl monomer used is methyl acrylate, n all

other experiments methyl melhacrylate was used.

lower value of ¢ grafling in the presence
of oxygen may be attributed to the retard-
ing cffect of oxygen on the gralt copoiy-
merization. Increase in the time of irradia-
tion Jeads to higher % gralting in the two
different preparations  of collagen  (HIP.
HP) used ‘in this investigation (Table 1)
Similar results were reported for the gralt-
ing of vinyl monomers to collagen photo-
sensitized, by iodocosine.” The % grafting
was also found to be higher (Tabic 1) in
the case of methyl methacrylale than  for
methyl acrylate, showing that graft copoly-
mgrization depends upon monomer type.”

The infra-red spectra of polyvinyl sidc
chains isolated froim gralt ‘copolymers by
"+ jpronase digestion were | expected to - give
additional proof of grafting. When the pro-
.ducts are true graft copolymers, the infra-
“red spectra of the isolated side chains will
give typical bands of amino acid residucs
-and thosc of gra[icd polymer chains. The
infra-red spectra of unreacted collagen and
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"~ hu was reported

{P Hide powder sample 1.
HP Hide powder sample 2.
Control contains 110 MONOMCEI.

(hat of homopolymer (PMMA) are given in

| and 2. In the grafted side chains
the characte-

I2rs
isolated by pronase digestion
ristic absorption bands for the amide groups
can be-scen (1550 & 1660 cm-¥) along with
absorption bands for PMMA (1730 cm-1).
carlier’®  (hat  enzymatic
of the collagen-vinyl graftcopoly-

digestion
of the

mers produces Jonger fragments
collagen main chain attached 1o the cnd
of the isolated grafts. Hence, the absorption
bands for the peptide amide bands will - be
The extenl

more promincnt in these cascs.
also

of hydrolysis of denatured collagen

depends on the  naturc of the
Pronasc was uscd 10

gation o digest the collagen since it has a

much broader  reaction than pepsin . or .

trypsin.

Comparison of the infra-red spectra of
jsolated graft copolymers prepared by ther-
mal methods (initiated by the
and photochemical methods
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cnzyme.”

the present investi-

ceric ign)
(initiated by
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“elucidate  the

phlomnc) shows (hal the amide absorption
bands are more  prominent in  the latter
case (Figs. 3 & 4).

This may be due to the fact (hat the
molecular weights of the polyvinyl-grafied
chains were smaller and the concentr; Aon
ol the attached amino ac.;d_pu.sulucs were

- consequently more in this.case.

Further, we have observed  no reaction
when dye and monomer were  irradiated.
However, when a'scof'bic acid was present.
polymerization occurred showing that (he
dye was cflective in the presence of such
a reducing agent. Smnlally. when ascorbic
‘acid was substituted by collagen (Table I,
Fig 3) graft copolymerization (ook place
showing that collagen functioned both as
a reducing agent’and an active site for graft
copolymerization, . From the control ex-
13cri111c11l'_. it may ‘be  concluded that no
degradation of the collagcn backbone takes
place when it is jrradiated by visible
light and in the presence of dye. From
lhcsc observations, we propose a mecha-
nism similar to that suggested by earlier
workers®,
dye (o the singlet excited state. followed
by (ransition (o the triplel state by inter-
system  crossing,  This in (urn abstracts
hydmpm from the collagen buckbone so

creating active sites for the initiation  of

graft copolymerization,  Further work 1o
reaction  mechanism

ESR techniques is in progress.

using

REFERENOES

1. Nagabhushanam, . T." & ‘Santappa, M.,
J. Polym. Sci., A-1, 10, 1511 (1972).

- 20 Anwaruddin, - Q, &
J. Polym, Sei., A-1, 7, 1315 (1969).

o

306

consisting of excitation of the .

(1970).

Santappa,. M.,

3 Sheriff, A. I Md, & Santappa, M., Proc,
Tudian: Acad. Sci., 62, 56 (1965),

Dcllcnm.., G.+ & 6mcls (:
, 2, 1539 (1964)..

' Abra h?}ns,

4. Toppet, 6
J. Polym. Sci.,

s (}cncintov. N, Stannett,
LW & Hermans, J. J.,
54 (1960).

6a. Needles, H. .

& Wasley, W, L., T,
Res. 1, 39, 97 (1969). ‘

Ob. Needies, H,

Lo, S Appl. Polym. Sci., 12,
1557 (1908). . A

7. Kuduba,ll., Cizicenaite, E. & Jukube-
naite. V., Vysokomolek Soedin, 12, 818 (1970).

8. Punduranga Rao, K., Thomas Joseph, K.
& Nuyudamma, Y., Leath. Sci., 16, 401 (1969).

9. Panduranga Rao, K., Thomas Soseph, K.
& Nuyudamma, Y., J. I’ulym Sci., A-1, 9, 3199
(1971).

10. [’andumnga Rao, K; Thomas Joscph K.
& Naytdamma, Y., Lcalh. Sci 19 27 (1972)

I Panduranga Rao, K.,
& Nayudamma, Y., Leder,. 19 77 (1968)

12, Panduranga Rao, K., Thomas Joscph, K.
& Nayudamma, Y., Kozarstvip 22, 36 (1972).

13. Panduranga Rao, K., “Thomas- J6séph' K.
& ‘Nayudamma, Y., Leath. Sc:, 14, 73 (1967)

14, Panduranga Rao, K., 'Ihoma\ Josaph K
& Nayudamma, Y., Under - publlc.ulon. a5

15, Panduranga Rao, K., Thomas Joscph ‘K.
& Nayudamma, Y., L. Appl; 1’q1y1

975 (1972),

IS, MeCall, B,
nor. RO,

R., Miles, 8. H.""

16. Punduranga Ruo, K.,
& Nayudamma, Y., J. Sci,

soerse

17. U'u\ven, E. J, g
Oxford Univ. Press, London, 1946, p. 279..

I8 Tieser, L. I, 1. Am, Chem. Soc., 46,
2639 (1924),

i LEATHIER SCIENCE, VOL. 20, 1973

Ao Appl. Polym. Sci., 3, -

Ihomus Joscph Koo

Amer, Dyestuff I_(p(/'.,'_'S(»,-:.;‘I3':‘(1967). .

“Thomas o ph, K.
Ind. Res., 29, 559

Chemical Aspects of - Light,

NP




