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MANGANESE

~. MONOMERS ONTO COLLAGEN
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M. SANTAPPA & Y+ NAYUDAMMA® : )
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Reccived on Junuary 20, 1974,

Gralt copolymerisation of vinyl monomers such as methyl methacrylate
(MMA), methyl acrylate (MA) and acrylonitrile onto collagen has been
carricd out using manganic ion as initintor. Collagen vinyl graft coplymers
acidd hvdrolysis of the coltagen backbone with

INITIATED Gk/\lf"l‘ COPOLYMERISATION OF VINYL

were characterised alter

oN HCL  The moiecular weights of the grafted viny

I polymeric chains were

in the range of 2.89 to 18.32X 10" These values are in agrcement with those
obtained using Cce'* initiation technique. The rate of grafting was in the

order MMA>MAS>AN. The num
molecutar weight dat

grafts arc many limes larger than the molecular we
and the grafting sites are very few. These resulls are in agreement
Prouf of grafting has been provided by
ated grafted chains which showed characteristic

molccules
. . ~ b

with those obtained by Ce ’. system.

the 1.R. spectra of the isol

amide absorption bands of the amino
ne absence of cross.striations. A mechanism

vmerisation using Mn®* ion has been suggested.

graft copolymers indicated t
for the initiation copol

In recent vears, the formation of grafl
copolymers  of collagen  has received
considerable atlention.  In previous
papers,' T we reported from this laboratory
the ceric ion initinted graft copolymerisa-~
tion of vinyl monomers onto collagen. The
vinyl type of polymerisation is usually
initiated by a free radical. Most graft
polymers of collagen have been prepared
therefore by creating Iree radical centers on
the collagen backboue. This may be done
by the application of high encrgy such as

7 -rays of low energy such as ultraviatet tight,

» Director-Gencral, Council of  Scientific and
Lodustrinl Research, New Pethi,
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ber of grafting sites obtained from the
a indicated that the molecular weights of the isolated

ights of the tropocollagen

acids. Eicciron microscopy of the

and visibic light in the presence.of cerlain
sensitizers.''® Many other aclivating agenls .
have also been used successfully, e.g.
Fentons’ rcagcnl,“"’.vanzldiu'm” and potas-
sium persulphate. " In the presence of a re-
aclive backbone (double bonds or halogens)
as in PVC or chlorinated rubber, even &
catalyst like benzoyl peroxide may be used
for grafting.*"*' [n this paper, we repor{
the suitability of mangancse jons to initiate
graft copo]ymcrisalion of vinyl monomers
outo collagen. Our reason for carrying oul
these studies was aimed al producing
artificial reinforcement of collagen in hides
and skins which could jcad to the produc-
don ol functionally modified leathers.
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Sing ef al” and Namasivayam er al* have
recently reported that manganic sulphate

in excess sulfuric acid may form an eff:c~
tive redox system for grafting of poly-.

methyl methacrylate on celludose and poly-
vinyl" alcohol.  Since cotlagen is” known to
contain various functional groups such as
hydrosyl,  amino  and imino which nmay
be  capable of forming a redox system
with manganic ions, it was ol interest 1o
study the grafiing of vinyl monomers on

collagen using this systemv and to compare

the sample  with the previously  studicd

ceric ion system.

[ixperimentat
Muaterials
Collugen

Collagen prepared ir&m (he middle corium
of bullulo hide was used as the source of
insoluble collagen.

~Monomery

Methyl methacrylate (MMA) and
methyl acrylate (MA} were obtained from
Rohm & s, USA: acrvlonfirile (AN)
from BDH. Al “were puriticd by standard
methads as described in previous papers.

Lnzyme -
. Pronase. B grade (Cal-Biochem: USA) was
tsed without further purification,

Manganic sutphare

. i

Manganic sulphate L was prepared by
oxidisitg muanganous sulplate in sulphure
acid with potassium permanganate  using

the method deseribed by, Ubbctohde.
Craft copolvimerizarion procedure

The graft  copolymerisation reactions
were citrried out in g round-bottomed three-
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necked flask of one litre capacity fitted with
a walter-sealed glass stirrer, a gas outlet and
a thermometer. Atl the grafting.experiments
werc carried .out using stirring speeds of
150-200-r. p. m. at room temperdture. In a
typical cxperiment, 10 g. hide powder were
dispersed in 400 ml. of distilled water.
After oxygen-free nitrogen gas was bubbled
through the reaction mixture (o expel the air
inside the flask for 30 minutes, the requisite
amount of  monomer was added. The
amount of - manganic  sulfate  solution
caleulated to give the desired concentration
was then added.  The reaction was. allowed
to proceed for 3 hours after which the
resulting products were separated by filtry--
tion, washed with distiled  water  and
extracted with the appropriate solvents of
the homopolymers to remove the occluded
and loosely bound homopolymer.  Acetone
in the case of MMA and MA grafted collagen
and N,N-dimethy| formamide in the case
of AN grafted collagen were used for.extrac-
ting the homopolymers.

Analysis of the grafred products

The extracted, dried product was (hen
analysed for total nitrogen, arginine and
hydroxyproline as reported carlier.* ' The
collagen content of the graft copolymers
wits caleulated from the content of hydroxy-
proline (by multiplying the hydroxyproline
content by 7.4)* or from the content of
total nitrogen (by multiplying the nitrogen
content by 5.6) or from the arginine value
(by multiplying the arginine content by
11.6).

Chiracterization
Isolation of grafied vinyl polymer side chaing

The grafted vinyl polymer side chains
were isolated from collagen  backbone
by hydrolysis with hydrochloric acid and

“also by digestion with pronase using the

procedure given in our earlier papers,'-?

LEATHER SCIENCE. VoL, 21, 1974,

PpT—




.

—

-

chains .

The viscosity and molecular weights of

grafted vinvl branches isolated by acid
hydr“olysis werc determined using a PCL
suspended Level Ditution Viscometer.  The
intrinsic viscosities /77 were  obttined by
'ﬁ.’olll‘ing Hsp/Coagainst C oand  extrapolating
the straight  line to zero concentration.
Redationships used for the evaluation of
moelecatar weights(M) were those due (o
ax ot al *t far poly (methyl methacrylate)
d 30NC i benzene

»';u' 809 5 10 M
for p(\tly (methyl acrylate) at 35+C in henzence
due tg Sen er af '

N, e 1282 8 10 M

r poty-aerylonitrile

and fo

=243 510 P M

AS

P

due to] Cleland er al*" at 25°C in dimelhyl
f'm'm:m'I\idc
! ’

. | .
In_/r(/-rel(/ spectra

To p}ovidc proof of grafting the infra-red
spectratal the grafts isolated by acid and
enzymatic hydrolysis ‘were measured with a
Perkin-Elmer Model 337 grating infra-red
spectrophotometer \fiSiﬂg potassium bromide
(KBr) p‘cllels (500 mg.). containing 2-6 mg.
of powd'crcd polymers. '

!
I /c‘/,'l/'un} microscopy

To-gain knowledge of lllc, location of the
gralted |polymer in the collagen  fibrils,
clectron| microscopic observation of  the
graited collagen fibrils was undertaken.
Samples ol collagen powder grafted with
poly (M;MA) were used for this purposc
using the same' procedure as reported in
carlicr paper.

i
4
|
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Moleenlar weight of grafted vinyl polymcr side

Percent zreafting and ihe munber of  grafting
sites

The percent grafting and the number of
grafting sites per mole ol collagen were
determined as reported in the previous
papers.

Total conversion, the elliciency of gralting

and the vate of grafting were caleulated as
Follows

Weights of polymer
gratted and

Total ’ homopolymer
) Lo o fp et e o Ty 100
conversion() Weipght ol .
monomer
charged
Jnt S -
Elliciency of . WeIBh! of polymel
pralting (), - gralted i 100

Weights of polymer
grafted and
homopolymer

The rate of grafting in wjhr. was conver=
ted 1o Rp by use of the equation

Rate of S hr.

: B e I le weight
grafting (Rp) ~ jop ¢ melewels
1
- of monomer 3600 mole/1/sec.

where ‘i’ is the number of grams of collagen
per ditre of monomer-water-collagen.

Results and discussion
Corafting with different monomers

The results obtained (Table 1) show that
monomers such as  methyl methacrylate,
acrylonitrile  and  methyl  acrylate  arce
polymerised readily -onto collagen using
the Mn*tion initiation technique. Even
though grafting took place in all cases, the
different vinyl monomers were grafied aonto
collagen with various dcgrees of success.
The percent grafting was found to be higher
in the casc of MMA as compared to AN
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- -a. "Initiator concentration =

S UABLE T

CoMPOSITION 0F COLLAGEN VINYL GRAFT COPOLYMERS®

Collagen in the grafi

i)
Graft copolvmer By . By iy iy
tatal weight Argi-
nitrogen difference nine

proline

Collagen-PMMA 4054 4055 4014 w7
Collagen-PMMA. 45.60 4591 doy 0.5
Collagen-PMA 6520 6546 65.8) 488
Collagen-PAN - 60,95 §9.25  3K.30

312210 mole/t ; temp,
b. Calculated on the basis of niteogen values
¢ In the absence of Na SO,

|
and MA. 'l’hti."sc results were similar (o the
results of Cef! initiated gralting.”  The
lower percentjgrafting in the case of AN
may be attributed to the complexing of
Mot and Mot with the nitrile groups:
which rcducedflhc available Ma** jons for
the grafting reaction'; on the other hand,
the lower percent gritfting of MA muay be
due (o its low, reactivity.  Factors such ay
permeability  of  collagen o monomers.
interaction of ' monomers fo collagen and
initiator etc., also contribute o variations
in the degrec| ol grafting. However, for
specific monomers certain initiators were
more effective| than “others in promoting
polymerisation| and/or gralting,  These
resultls were in accordance  with those

oblained using ceric ion initintion.* Since

the grafting reactions were carried oul in

acid media which cause the fibrous collagen
structure to swell, the degree of -swelling
was regulated by'udding sodium sulphute
except in one experiment. From Table |.

it can be seen that the percent grafting was

greater in the agbscrncc of sodium sulphi.

204

Hyvdroxy-

Spathetic polymer
in the graft

(%) — "

By By By By y
tatal weight - Argl- Hydroxy- C(_'f"/ tingh
nitrogen difference nine  proline ’"),

59.46 59.45 '59.66 69,28 146.7
5440 5409 5362 60.420 - 119.3
34.80) 34.54 M7 5112 53.38

— 39.05 40,75 61.70 51.K8

= 30°C; monomer = 20g.; time = 3 hrs.

. -

Iydroxyproline in erafred cellagen
¥ {

Tuble I also gives the cstimation of total
nitrogen and  also hydroxyproline and
arginine.  From the table, it can be scen
that the collagen content obtained by the
total nitrogen, arginine and weight difte-
rence methods agreed within  rcasonable
limits.  But the hydroxyproline determina-
tion invariably gave lower values. Similar
results were also obtained in the case of
ceric ion initiated gralting.'  In the grafting
of vinyl monomers onto collagen, the grafis
are atlached to certain amino acids of the
collagen trunk polymer through covalent
linkages which are resistant (o hydrolysis,
When the gralted  product s, therelore,
hydrolysed with hydrochloric acid, the
amino acid through which the grafting has
taken place will still be attached to the
grafted branches. The lower valucs obtained
for hydroxyproline in the hydrolysates of
- the grafied collagen, theiefore, suggest that
some of the grafts may be attached 10
hydroxyproline  residues. However,  1hy

LEATHER SCUENCE, vor, 21, 197,
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number Lol pralting sites (vide  Table-d)
caleutated for the various graflicd polymers

[ . D
ate too few to account for the significant

i . . .
d(“crcusc in hydroxyproline content. U 18
possible  that some of the hydmxy.prolinc

‘s lificd by attachment

residues may be mov
with shorter grafts which cannot be isalated

i
by acid hydralysis. Such o possibility is

heing examined and the findings witl be

reported “in future communications. 1t is

GRAFTING OV VINYI. MONOMERS oNto C

a:, asin Tabied
b:i In the absence of Na SO,

| .
i
ThEe eﬂiciénéy of grafting was 95+, and above
using Ma’* ion initiation.  The amount
of homopoliymer as determined hy precipi-
tation of the polymer extracted from the
grafted product was found to be less than 5%
It would appear therefore that nrost of the
polymers formed during copolymerisation
are gralted to the collagen backbone. Thus
(he efliciency of grafting is very high using
Mn!\"* initiation technique with diflerent
mo"non{crs although the rate of gralting
varies, depending on the type of monomer
used (Table 2). . It is possible that the rite
ul‘!(lisproporlionalion of Ma#*t- cotlagen
complex may also influenee  the gralting
rate. ’

LEATIHI R SCIENCE, VOL. 21, 17
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~ proportion of the fibre

commoen w

also posaibie thut some of the hydroxyproline
residucs in collagen are destroyed by Mn*!
ions. Hox\"cver'contr‘ol experiments showed _
that such tosses.of hydroxyproline are not

very significant.

Rate of grafting and efficiency of grafting

The rate of grafting followed the order
MMA= MA> AN; however, il was greater
in the absence of ncutral salt (Table 2).

TABLE

OLLAGENY

ST A

Weeight of grufred

Fficieney of

i Toral Total con- Weiehe of o
Alonamer vield version polvmer palviner eraliing
(e} I [ (e ()
| e e T - -
i
MMAD 19.18 §7.00 0004 11.40 . 100
MMA 20.70 5638 (.A%2 11.27 95.86
MA 15.20 42.96 0209 %89 97.63
AN 0.3 51.70 0 0 10,34 99.15
-

Maolecular weight of grafted branches

Characterization of different graft copoly-
mers prepared by the manganic 1on method
showed that the molecular weight of the
graficd vinyl polymer is very much targer than
hat “of the coblagen substrate indicating
that grafting reactions involved only & small
molecules, {Table 3).
The Fact that the gralt copolymers have
4 small number of branches is fairly
hen they arc preparcd by a frec
Heterogeneily of the
p«‘lymcris;\linn s

only

padica] mechanism.
gralting system duting
considered to lead to more structural order
in the graft copolymers. The results

268
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TABLE 3 - -

CHARACTERIZATION OF COLLAGEN—VINYL GRAFT CoroLymers®

|
|
i
Nature of grafr [u] ar

Mol wi. of
L isolated - No. of ites Grafting rate RpX 10}
copalymer _ ;,;‘r‘:zlf(:.lrﬁl X/Irﬂ \/;;{.‘.10—5 'L"::l/e’l‘,','f; fel ' w/hr. molefl]scc.
Collagen-PMMAb !'4'.2 14.55 0.3025 48.9 6.787
Collagen-PMMA 5 1532 0.2459 39.8 5.524
Collagen-PMA W] 2.897 0.5526 17.79 2.873
5.621 0.2768 17.29 4.526

Collagen-PAN S

4. asin the T;\]hlc I
b, In the ahsc[ncc of Na, SO,

. Lo : . L
obtained in the case of ceric ion also

indicated a |similar trend. Molecutar
weights of li’MA and PAN gave lower
values cmnpa;red with PMMA.,

|
In previous investigations® involving

grafting wilh! different initiators, it was
found that the molecular wetght  of the
grafted branches is the same as that ol the
homopolymer! in our investigations with
samples obtained umder different conditions,
the molecutariweipht of the grafted branches
is found 1o be considerably igher  than
that of the homopolymer obtaiped during
polymerisation.. Thusin the ease of PMMA,
the gralied s!idc chains  had a molecular
weight of 18.32 x 10% whereas (he correspon--
ding homopolymer 'had only a molecular
weight of 302 x 10 - These resills are in
agreement  with abtained
cclllnlo§e-—l’MMA gtalt  copolymers
Mo** initiation technique.*® :

those with

using

!
Grafting sites | .
i
The molecular weight' of the isolated
grafts indicates that the grafted chains are
many times larger than the tropocollagen
4 .
molecules (ML wt. 200.000) making up the

20606

collagen fibres (Table 3).
grafting sites obtained in
indicates that only onc collagen molecule
in four is involved in the grafting reaction.”
However, in the case of collagen-PMA
grafts, the isolated grafts have lower values
of molecular weight and the
grafting sites was more  as compared 1o
MMA  gralted samples. The analytical
results  indicated - that hydroxyprotine
residucs may be involved as grafting sites
using  Mn't. technique.  The
peptide backbone may also provide sites for
initiatian of the gralting reaction.

most  casos

miliation

Infra-red spectra

The infra-red spectra of grafl copolvmers
show both the - characteristic absorption
bands of the polymer grafted and thuse. of
the collagen substrate.  However, many
workers have reported® - that when t(he
infra-red spectra of (he- gralt copolymers
were compared with svnthetic blends of the
same composition, nosignificant differences
could be detecied belween the spectra of
grafts and blends. A better method for
establishing prool of graflting was achieved

LEATIHER SCHENCE, voi.. 21, j974.
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i the  present study by comparing  the
mfra-red spectra of polymers isolated from
collagen-vinyl graft copolymers by acid
and enzymatic hydrolysis with those of their
corresponding homopolymers. Where the
products are true graft copolymers, the
infra-red spectra of the isolated material
will show typical bands of amino, acid
residues and those of . the grafted polymer.
In the case of physical mixtures, the isola-

ted product will register the corresponding:

homaopolymer only, since collagen trunk
will be removed completely by hydrolysis.
The infra-red spectra of a number of grafted
side chains isolated from different collagen-
vinyl graft copolymers by both acid and
enzymatic  hydrolysis  were  therefore
examined.  As a representative sample, the
infra-red spectra  of < the isolated poly
(MMA) side chains obtained by enzymatic
and acid hydrolysis is shown in Fig. I,

The infra-red spectrum of isolated grafts
of collagen-MMA graft copolymers by both
acid and enzyme (pronase) methods showed
“chardcteristic amide absorption bands of
collagen at 1660 and 3390 cm ~' in addition

“to ahsorption bands at 1730, 1450, 1150 and

Ccharactenisue

corresponding  homopolymers.

Cwith

Y9u em ool PMMA. The spectra of
isolated  grafts from  collagen-PAN  and
colligen-PMA gralt copolymers also showed
amide absorption bands at’
1660 and 3390 ¢cm', as well as bands of the
The amide
absorption  bands  are  more prominent
following enzymatic digestion than with acid
These resubts are in agreement
ceric  ion
will

hydrolysis.
those
initiation' since protcolytic enzymes
give risclto longer fragments attached to
the end of the grafted side chains, thereby
giving prominent peptide amide absorption
bands 1n these cases.

obtained  using

In Table 4, the results obtained  with |
Mn*' initiation  technigue are compared
with those using Ce'™ initiation lechniqué
as reported in carlier studies.’ * it can be
seen that in both cases, the molecular
weight of grafted branches is very high and
only proportion of collagen
molecules s involved in  grafting.
Homopolymer formation is also- negligible
in both cases since free radicals are formed
directly on the collagen backbone itself,

small

TABLE 4

Comparative data of Collagen-PMMA gralts prepared
by Ce*t and Ma*' dnitiation methods

Percent

- Method
vetho gm/llllg"

% hr.

Grafting rate

Mol. wi. of
isolated
erafts

M 2 10?

No. of grafting

Ry X 107
sites, molefmole

molell.[sec.

Ceric ion method 1539.6 53.2

\ Mungunic ion method 146,70 48.9

119.3 39.8

" " (2]
.

7,384 20,75 02301 "

6,787 14.55 0.3025

S.524 18.32 0.2459

. Calculated on the basis of nitrogen values.
i.d. In the absence of Nu,SO,

LEATHER SCIENCE, voL. 21, 1974,
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Fig, 1

Electron microscopy

The  structure of collagen-viny! gral
copolymers depends on  the
inili:.nion; of free radical formation,
experimental conditions during polymerisa-
tion, pre~treatment of the backbone
substrate hnd the type of monomer used.
In-the  present study, the location and
dixtrihul.io!n of the grafied polymers in the
collugen fibres were swudied using electron
microscopy, taking the collagen-poly (methyl
methacrylalte) grziil'( copolymer as a typical
sample. E,Icclrom microscopic observations
of grafted jcollagen librils using muanganic
ion initiatipn teclinique show (Fig. 2) that
the fibrils lare coated with the polymers
resuliing in obscuration of the Cross-stria-
tions.  These results are similur (o those
obtained with.ceric ion initiated PMMA

grafl copolymerswhich indicated that (he
“erafied polymers penetrate deeply into the
tibrils, so nj:tsking the cross-strintions.
i
1

208 |

method  of

80

i’
3000 2500 1500

‘ 000
FREQUENCY (cM™) '

Infra-red spectra of PMMA gratts isolated from collagene '

Mechanism of grafting reaction

The most important feature of " the
manganic ion system is that it proceeds via
a single eletron tranfer with the formation
of free radicals on the reducing agents,'-.%
Thus, if the reducing agent is a polymeric
molecule such as collagen and the oxidation
is carried out in the presence. of u vinyl
monomer, the free radical produced on the
collagen molecule initiates polymerisation
and the production of a graft copolymer,
As in other systems such as cellulose and
polyvinyl alcohol where grafting is accom-
plished using free radicals,  the present
process involves formation of radical sites
on the collagen backbone, 1na system such
as manganic sulphate, methyl methacrylage
(or any vinyl mm-\omcr) and collagen, the
graft copolymerisation reaction is though
according 1o the following

The elementary  reactions

o proceed
mechunism.

PEATHIR SCHENCE, vor, 21, (974,
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| K
CX M| A M0 e CX M Mt R HE
. t
M 4 Mun*t -————————>M 4- Mt g WY

|
¥ I
C X 1 IM n? ¢ -2 5 Oxidative products - Mn"“'. 4+ H*
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BGig. 20 lectron micrograph of collagen fibrils from hide

rowder  grafted

with 1190 PMMAL shadowed

with palladinm-gold. 42,000\

[
Where i collagen  backbone aud X
denotes o reactive | group in collagen

(X = OH, NH,, CONII cte).

M is a-monomer, (Kois the equilibrium

;

constant  and Ki l\: I‘\" l('" Kl K'x

and K) are rate cnnsl:ml\x
l

Equations (4') and (') ure respectively
propagation .md terntination reactions for
homopolymer. formation and cquition (6)
represents the oxul.ulmn reaction of collagen
radical by the manganic ion.

7 Slnce negligible qu.mllllcs of homopo-
dymer are formed duri II]L the grafi copolyme-
risation of collugen hwith  different vitiyl
monomers under the ¢ perimental conditions
studied, the reactions|{4') and (5" probably
occur only to a minor extent.  The termina-
tion inside the L();”dgCl\ molecule by
mutual interaction of the growing graft

270

polymer radicals is unlikely as oy be seen
by considering  the molecular weight data,
However, maore  detailed  studies on 1he
kineties of graft copolymer ol collapen.
vinyl monomer and manganic ion system are

needed o draw any definite conclusions on

“the nature of the termination step.
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