- -, Reprinted from the Indian Journal of Chemistry, 1970, Vol. 8, N
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T. NAGABHOOSHANAM & M. SANTAPPA

PP Madras 25§

, 11‘[(1;111.sc;‘i/21 received 25 May 1970; revised nmjnuscri/)t
received 9 July 1970 :

‘Kinetics of polymerization of mcthylmethacrylate
sensitized by the system pyronine G -- ascorblc acid 4-
buffer (cltric acld-Na,Hpo,). In* aqueous medium have
been studled.  A-mechanism inVatving electron transfor

© + from the excited complex, ascorble acld-Na,lPO,, to
~the monomer resulting in the radicals of the latter has
been suggested. - Certain rafevpar.amAeters have also

heen evaluated.
T D\:’ES aloné or in conjunction with some clectron
donors have been used as sensitizers for poly-
merization of vinyl monomers!'s, So* far, three
types of mechanisms for- the dye-sensitized photo-
polymerizatioi of  vinyl monomers were proposed.
These involve: (a) direct cnergy transfer between
the excited dye molecule and the 'vinyl monomert,
' (b) direct interaction of excited dye molecule and
e Villyl monomers2-4.5.8, giving rise to radicals, .and
&‘ (¢) production of the free radicals by ‘the reaction
of the excited dye with a third substance, like oxy-
gen, Ol or the reducing agentso-ti, Conflicting
views have often been expressed witl regard to
} not only the mechanism, but also the necessity or
) otherwise of oxygen andfor rechicing agent. in the
system: for polymerization! to oceur.  Sherriff and
Santappat? investigated the kinetics of uranine-
ascorbic acid  sensitized photopolymerization * of
vinyl” monomers. Santappa and - Anwarwdeints
found  that anthraquinone sulphonates wone  did
not
Cl= initiated  polymerization  without induction
period,  In this paper kinetics of polymerization
of methylmethacrylate sensitized by a xanthene dye,
pyronine G, is described.  Only a qualitative report
on the initiating capacity of pyronine G was found

in the literature®.

~In agreement with the finding of Watanabe? that
xanthene type of dyes initiate polymerization in
the presence of reducing agent, we found that py-
renine G could initiate polymerization only in the
presence of reducing agents such as ascorbic acid
or phenyl hydrazine hydrochloride.
All the experiments were, however, conducted
¢ under deacrated conditions at 35°+ 0-1°C. The Sys-
C tem with methyl methacrylate monomer buffered
%Lf; PH6 (citric acid-NagHPO,) in aqueons mediom
W deaerated and then irmcri:l‘tcd with monochro-
matic light of X == 546 my, isolated!%7 from a high
pressure mercury vapour lamp (250 watts, supplicd
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by BULIL Co., UK) for 25 min. The polymeriza-
Lion got initiated within a few seconds of jrradiation.
After 25 min of irradiation the polymer was filtered off.
Rate of inonomer disappearance, —d[M}Jdt, was com-
puted from the weight of the dried polymer. - The. -
filtrate alter removing the polymer was used for the
determination of the dye concentration ‘taking ad-
vintage of absorption of the latter at ) = 520 ny,
the optical measurements being made in a spectro-
photometer (Hilger-Watts  Uvispeck 1H-700). The
rate of dye disappearance, —d[D)fdt, was thus
computed.  The chain length of the- poly (methyl-
methacrylate) was determined viscometrically using
the cquation due-to Bexandale ef al 1) g o= 2.8 %
103(9) 442, at 25°C in benzene. Rate - measarements
were made against * variations in light absorption
fraction %, (cflected by variations in dye concen-.

- tration), light intensity, 7, monomer concentration,

(M], and reducing agent: concentration, [AA] [(AA)
== ascorbic acid]. =~ - .. . :

The results are summarized below.

(a) Polymerization took place when the system,
dye-ascorbic dcid, buflered with citric acid-Na,H PO,
for pH 6, was irradiated both in- the ‘presence and -
the absence. of oxygen. There was " considerably
high induction period (55 min):when the system wis
nndeacrated. . . - - SR

(b) & == 546 my, 365 mp. werd found to ha effective,

(¢) The steady stafs Girve for ~d[M}fdt versis timo. . - -
levelled  off:after 25 min, - -
So, most of our experiments were; confined fo” 25 min,

(d) —d[M]/dt  was. found to:-be. proportional ‘to
[M7%2 (Fig. 1, curve A), [AAJVE (Fig.'1, curve'B), k2
(Iig. 1, curve D) and 7¥2 (Fig. 1, curve C),and —d(D}f .
dt was found to bhe proportional to £, (Fig. 2, curve
C) and [44] (Fig. 2, curve A), and [ (Lig. 2, curve B).
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Fig. 1. (A) Plot of —~d[M}}dtx 10" mole litre"! sec-t versus * -

FATIM2 (mole ditre=0)us, (1) Plol of =~ t[M][d % 10% versun

LAAPE (mole litro-y 4, - (C) Plot of ~d{M])dt % 10% versus

120100 (Nh)/(litre sec)l®, (D) Plot of  —d[M]ldt x 108
versus Ie:” .

~dIM! /dt x 10° mote titre™!
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(¢} The viscosity results showed Ul the chiain

Jength was inversely prop:wtinn:d to fascorbic acid ],

fight. intensity (7) and hight absorption fraction {f,),
plot of log n versus log [AA4) was linear (g 3,
curve A) with a slope cqual to one half; plots of
log 1 versus log [ and log n versus Ly were lincar
(¥ig. 3, curves-C and B respectively) with slopes
cqual to unity in each case.

(f) Complex formation was ohserved’® between
ascorbic acid and disodium hydrogen orthophos-
phate and the composition was found to be 1:1 and
{he stability constant K was found to be 3-09 > 10%

Apart from the above, we also made the following
observations: (i) No-initiation was obscrved with
dye alone. (i) Initiation.of polymerization was not
noticed in the absence of ascorbic acid. (iii) The de-
creases in [ascorbic acid] was noticed after irradia-
tion of the system. (iv) Polymerization was also
found in the presence .of ascorbic acid and bulfer,
but not in the presence of cither alone and the rate
was found to be Jower than that ebserved with dye
-- ascorbic acid + buffer. (v) The complex Na,HP'Oj-
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Tig. 2 —(A) Plot of —d[D)dt % 10° mole litro"  #oc?
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ascorbic acid in the system was photo-active hoth
i the presence and absence of oxygen. (vi) The pre-
sence of citric acid in the buffer had nothing to do
with rate of polymerization since no change in the
Jatter was observed in the presence or absence of
the former. (vii) The rates were found to be wvery
Jow when fructose.and glucose were used in place of
ascorbic acid. L e

A reaction scheme based on ‘primary - photocheini-
cal reaction  being ‘excitation of . the, complex
Na,HPO,-ascorbic acid, followed by transfer-of clcc-
tron from the excited complexto monomer result-
ing in a radical from the “latter, . appears to be
plausible.  On the basis of such a scheme the rate
expressions derived ares 77 o _

]m:

(AL,
Jey.

L ; i - o . ‘ .I‘:Aj’
_.,‘%[L‘” = Iy i M) [“

—d[D] " k,[M][D]K[4 Ak,
ek
" ___[ k(MR ]”"
ko K (A A D]
kp and Ky arc the psual propagation and termination
rate constants, k, is the rate constant for radical

(l_otal)l T

production, and Xy is the dark ‘bhack rate constant -

for the primary photochemical step.

Jirom the plots —d[Djfdt versus 1, ke (IFig. 2, curves
13 and C), ~diM][dL versws LM, Jh) kU2, and
[AATY2 (Fig. 1, curves A, €, 1) and 1) rate parameters
kpfk32 = 1to 1'] were evaluated., These values were
comparable with values!®20 reported earlier  with
other initiators.
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POLYMERIZATION OF AQUROUS A
MONO- AND DI-AZIDO

Sy .
QUALITATIVE studics on the photolysis. of azide-
pentamine-coball (111) complexes by Linhavd

ol al.' and Adamsen etoal? followed by oo

tailed kinetic studies by Nalarajan and Suan-
Lappas s on the polymerization of aqueous vinyl
monomers  photo-initjated by ihe  complex
established  that N, radicals were the initiat-
ing species. In the present study it was: foune
that irradiation of azidopentaminceoball, (i)
complex as well oy diazidoletraminecobalt (ith
complexes al A =365 me led to (he cvolutjos:
of nilrogen in the absence of ANy MobGier,
while in the presence or acrylic acid
initintion of the polymerization of  the
wag observed under deaeriled condilion:., Tl
() 1he decompasition of the com-

L InOnaner |

NTHES

Kkinetics of :
plexes was  followed both  spectrophetanelri-
cally and by the volume or nitrogen evolved
(for azidopentamine complex). (h) the rale of
polymerization of 1he monomer was foilowed
by determining the rate of disappezu'ancg of
the  monomer, =d[M]/dt, . bromometricaily,
(c) the disappearance of {he complex -d[C|/
dt. was followed spectrophotometrically. using
a calibrated Beers law curve (at’” A== 300 mp,
= ANN0 0 Tor monoazida® i Al A340 g,
<= 14,400 for  the  diadido complex),  and
(F) Ahe ohalnlengths () of polyacrylic aeid
samples were delermined viscomelrically using
the Mark-Houwink relationship %

We have observed that: ‘(i)
polymerization under deacrated  conditions was
photochemical jn nature and not thermal,
(ii) steady state was atlained  in about 15
minutes with =~ 30% conversion of the mono-
mer, (i) decomposition of the complex in the
absence of the, monomey was first order witlh
respect to the former, (in) the values of

initiation of

~d|M|/dt were proportional to [M]23, I;,izmr,l

ol azidopentamine complex

i the casc
of dinzidy -

and to M=k, and 1 in the case
fetimine complex, (ni) Whe vide of nolyrier
izalion way independent of |11, (oii) -~d ]/
il was ]’)roporlion_.'f'l_ to k. and I in both the
cases, and (viil) n was proportional to IMH
I, and -1-1 for the monoazido inilialor and
proportional to [M] and [C]! in the case of
diazido initiator,

. Our experimental observations of the poly-
merization reactions were explained by the re-
aclion scheme consisting of ;' (a) photo-exci-
tation of the complex, (k, 1), (b)) dark hack

No. 23, 532-333

CRYLIC -ACID PHOTO-INITIATED BY
COBALT (I1I) AMINES

reaction leading 1o the de-excltation of the
complex (l,). (¢) redox decomposition of the
exciled complexes yielding  the azide  cadical
(k ), (d) initiation of polymérization by the
azide radical (), (&) propagation of poly-
nicrization (k,), () termination by mutual
combination of the radicalg (k,4) for mono-
azido initiator, (¢) termination by the com-
plex malecules (k) for diazido iitintor. and
(h) radical scavenging by and the conseaquent
reduction of the complex (K.,)

\J
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ARk o ey 0 s
F1. 10 Polymerization of - Acrslic acid photo-initiate
by azidopentamiue col 2t (T1L) chlosiele st 3 aps Ty,
Assuming stationary slate concentiations for
the reactive species, the rate expreszions for
monoazido iniliator” derived were :
~d (M])/dt
L TLTRAR FULE S U (M= _
TR A S L M Ly [ey)e
d {Cl/dt

o lea [C] Vo,
rod -+ S . /;,[
e IM] -l [CYS ke, 1 ley
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Simitarly., for the Cdinzido  complex
d (Mdt .
L Ue ke Jde e T IV
Uy, 1CT) (ley v g 100, MY

d {Cde
2k,
(kg i k),

Il

and

fep M}

e, 1C)°
Rale expressions derived on the hasis of ini.

tialion by the excited complex, lerminations by

the primary radical or by the excited comptex

didd not conform Lo experimental resulls,
'/»,,,_,.fx)[‘ “{he disappearance  of azidopenla-

(6)

Tn
=

mine complex was fowrd Lo he o~ 0-18 at Ao

365 me both in the presence and absenee of

the  monomer while the value of Ia'l,/lalﬁ g4

(mulv./l)-! coe, 4 owas oblnined from

plols of

A M /AL and -df C/dE apanst the variabies,
«/,M, for the disappearance of diazidolelraing
complex was Tound Lo he < 0227 at A - 60 e
both in the presence and absence of e mono-
mer while the value of k.:,/kl i was obtain-
ed from plotg of —d[M}/dt against the varviables,
'/'vut
for the tirst thve and the l.‘ﬂ/k,k and k /e, vilues
for acrylic acid polymerization  are heine re-
ported for the first time by any initiator,

for diazidoletramine  complex is reported
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