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. I< Inetic!; of polymerization of Hl<:lhylmethacrylate 
scmlillzed hy the system pyronine G -I- lI~cflrbic acid + 
hufTer. (cltl'k acid-Na,UPO,).ln:, iUluC01l8 medium huve 
hecn studied. Amechanlsm In~O'fvlllg electron transfer 

,. fl'om the excited complex, ascorbic acid-Nu,UPO" to 
the monomer resulting In the radicals of the latter has 
been suggested. 'Certain rai~ parameters have also 
heefl evaluated. 

* t D YES alone or in conjunction witll some electron 
donors have been used as sensiti~srs for poly­

IllerizatioJl of vinyl monomersI'S. So," far, three 
types of Hl<;chanisms for' the dye-sensitized photo­
polymerizatiOli of vinyl monomers were pl'oposed. 
These il1 volve: fa) direct encrgy transfcrbctwcen 
the excitcd dye moleculc and thc 'vil1yl monomer', 
(II) direct illll:raction of cxcited dye molccule and 
villY' /l)ol!ornr.rs2-4,II,H, .g~ving rise tn radiw/s, and 

~.., (c) production of 'tllc frcc radicals ~lJytltc reactioll 
of th(~ excited dyc with a third substance, like oxy­
/iell, (HI.- or tile rcc\ucillg agcntr.,v-u. Conflicting 
views have oftcn b"ccn expressed with regard to 
not ollly the mcchanism, but also the neccssitv or 
()tllc"l'\\'i~e ()f oxygen and/or' rc(htcin,gagcnt in" the 
~;y~t'~ln for jJolymerization l to occur. Sherriff and 
SallLll'pa w illvl~stigilted tiJekinetics of IIranine­
aSCllrhic ;u:id sCllsitized pllotojJolymerization of 
villyl' 1I1 1)1IC1l1ler;;. Santappa and J\llw;uwldinIG 
found that alltill',I(IUiJl(JIlc sulp/wnatcs alOlle did 
not illiti:1b.~ polymcriz;ltion, hut anthra(luinollc + 
0- ini t iated polYlnerizatioll witllOut induction 
perii)d~ J II this p;qwr kinetics of polymerization 
of Illcthyllfldll:tCl'yiatl! 5cn~jtizcd by fl xanthene dye,' 
pyroninc G, is described. Ollly a qualitative report 
011 the initiating capacity (If pyronine G was found 
in thc literature 6• 

, , In agreement with tile finding of \Y<i.tanabe 9 that 
x;tnthcilC type of dyes initiate polymerizati()n ill 
the presence of reducing agent, we found that py_ 
ronine G could initiate polymerization only in the 
presence of reducing. agents slich as ascorbic acid 
or phellyl hydr;lzinG hydrochloride. 

by H.T.lt Co., UK) for 25 //lin. Tlli: 1'0lynu:ri7.:t­
'liollijot initiated within a few seconds of irradiation. 
After 25 min of irradiation thc polymer was filtered off. 
U.atc of monomer disappearance, -d[M]/dt, was com--'. 
puted from the weight of tile dried polymer .. The 
,filtrate after removing the polymer was lIsed ior tile 
determination of the dye concentration taking ad­
vantage of absorption of the latter at A = 520 1111'., 
the optical measurements being made in a spectro­
photometer (Hil;;,~r-\Vatts Uvispeck H-700). The 
rate of dye (Jisappcarance, --(~[f)]/dl, was tllll~;. 
CI)illputed. The elwin J';l1gtll (,f tlte J'oly(nwtliyl­
mctltacryl:ltc) was dcl:erlllinc:d viscometrica/ly u:;illg . 
tile equatron dnc·1.o Bexand:dc C[ (1/.14, 11'.',," 2·XI X 
HP('(jVlI2, at 25°C in b(inzcne. Rate' measurements 
were made against " variations: in light absorption 

, fraction Ii, (effected by variations, in dye COlleen", 
, tration), light intensity, I, monomer concentratioll, 

' [M], and reducing agent conccntration, [AA] [(All) 
= ascorbic acid]. . 

The results are summarized below. 
(a) Polymerization took place when the ,syst':Ill, 

dye~ascorhic acid, buffered with dtric acid-Na 2H PO, 
for PH 6, W:1S irradiated ,both in the·presellce and' 
the absence of oxygen.. There was '. considerably 
lligh induction period (55 min) when the system was 
IJl1deaeratcd. . " , '". 

(1)) ').. """ 546 mIL, 365 In[I, WC!"I!, fOllnd to h(J,cffcClive. ' 
.(~) Tire stoady state CIJI'VC for ":"d[M)/dtwmiltS tinw ' ' 
llIellcated that the rate levelled :ofL aftCl' 25 min. 
So, most of out experimentS \vercc6hfinedto'25 min. 

(d) -d[M]/dt was foundto:hepropottional to 
[11!]"/2 (Fig. 1,curvcA), fAA]l/~(Fjg;T,curvcB), k;/2 
(Fig. l,curveD)and 11/2 (Fig.l,curve C),and -d[D]/ 
tit was found to he proportional to k, (Fig. 2, curve 
C) and [AA)(Fig. 2, curve A), and I (Fig. 2, curve B), 
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,..: All the (';'\pl:riIlH:llts were, however; conducted 
lIlJ(l(~r rl(~aer:.tl,:dr:ollditions at 35° ± 0·1 0c. Tlte sys­
tem ,'I,'itll ll1c:thyl llletlJacrylate monomer huffered 

*,~If. jill (j (citric acid-N"2JIPO) ill Will COliS medium 
.., \Vii': 11(':1('1:11(:1/ alld tlH!n irra(liatc<i willt 1l101l()i'ItI'O" 

matic li;;ht of A "" 54(, mfl., isolated 10,17 from a high 
pressure mercmy vapoll/' lamp (250 watts, supplied 

Fif(. 1···· (A) Plot of '-d[MlIdIX'10~ molo litro·' SOC"I V€!Ci:lUIi 

I /I11"/~ (m"II) lif:rc-')l'la. (/1) Plot oJ --tlrMJ/tlt x JOI vcrllUfI 
:iI ill '/ ' (molo litro-t) II'. (C) Plot of -rl[MJldl x 10' vcr311H 
1112 ;<10. (Nltv)/(litrc sec)"·. (D) Plot of -d[JI.fl/dlxlU' 

versus 11!/2 - /" 
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(l') '1'1)(: viswsity results 'showed that llw cllaill 
'\cllgl Ii W:I5 inversely propnrt ion:d to tascnrbic ncid r,2, 
:Iight. i"t(~llsity(l) and Iigllt ~",sorptioil fr:H:l iOI1(k,}; 
plot of log 1/. versus log [Ail] was linear (Fig. 3, 
curve /\) with a slope equal to one half; plots of 
Jog n vcrsus log I and lug 1/. versus I.E were linea r 
(Fig. 3, curves' C and B respectively) with slopes 
equal to unity in each case. 

(f) Complex formation was observed's between 
ascorbic acid and disodium hydrogen orthophos­
phate and the composition was fonnd to be 1:1 and 
the stahility constant 1{ was fOllnd to be 3·0<) X 10:1• 

Apart from the above, we also made tile following 
ohservations: (i) No' initiation was observed wilh 
dye alone. (ii) r ni liation of Jlolynll~ri~ati/lll was JlIlt. 

lll)tked ill the ahtlllllCC o( ascorhk add. (iii) The r\u­
u ca.";I.~ ill \a:;(;ol'bic acid'\ was 110\ ked ;I fl er irwdia­
\ ion of the systcm. (iv) l'olYll1cri7.atiol1 was also 
fOllnd in thc prcscllceof ascorbic acid and hillIer, 
but not in the presence of either alonc and the rate 
was found to he .lower than that observed with dye 
+ ascorbic acid -I- buffer. (v) The complP.x Na2IU'O;j-
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ascorhic acid ill till: SYS\(:lll was pilolo-act i VI! !tolh 
jll the preseJ1.ce and absl)nceoC oxygen, (vi) Tile pre­
sel1Gcof citric aei(lill tho hl.lffcrlHld nothing to (\lI 
with raie of jlolYl11eri7.al iOIl since 110 change in 1 he 
laUer was observed in the presence or absence of 
the former. (vii) The r:lte::; were found to he very 
low when . fructosc.andglucose~\'ere llsed in placcof 
ascorbic'tlC1d." ",',', .' : ..... . 

A reaction schcn~c'hased oli~i);'i ma~y . photochcllli­
cal reaction. being . excitation of. the .. ' complex 
NazHP04-ascorbic ilcid,foJlowed by' transfer· of c1cc~ 
tron' from the excited 'complex"to monomer res\llt­
ing in a radical from the latter, . appear!> to he 
plausible. On the hasis oLsllcha scheme the rate 
expressiolls derived are:," 

:-~~I!! .,I"M'[ Mt"[E,[(!~;ll~~~~"~\!!ll ," 
-'d[D] , k,[lVl] [D1J([AA)k~((~tal)l" 
-;il = -------..,-1,1 '. . ... 

. 'p'. hI '( [ I, (111' .\'. I' )1/2 
11 = k/~:l~~I"I)J([/iATi[D) 

"'II and 1.'/ ilrc the usual prop<lgatioll and tcnnill;lli<Jn 
rate constants, /.', is, the. rate COl,lst,lllt for radical 
production, imd 1(1 is the cl;irkhack rate constant ., 
for the primary p\toloc1wlllical step. 

From the plots .. -dJDj/tll versus J ,/.', (Fi~~. 2, curves 
B and C), .. "dtMJ/dt v('n;ns [M i:!/:!, JI12, k!N, and 
{AA11(2 (Fig. I, curves A, C, j) and B} ratcparal11der~ 
kp/kt/2 =, J to 1'1 were evaluated. TIICSC values were 
comparable with valucsl9 ,zo reported carli"r with 
ot hr.!' initi;it()r~. 
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POIJYMERIZATION OF AQUEOUS ACRYLIC ACID PHOTO.INITIATE-D BY 
MONO. AND DI.AZIDOCOBALT (III) AMINES 

qUIII.ITA·/'JVf: sludles on t/w phIJl.u/y1'/:;. o( azlcJr:, .. 

/lntl.;IIlline-cohl.llt (III) ("(I"lpJ,~xt's' hy Linil;"'d 
"1 Ill. I ;.Ind Adamsfl/1 {·t. III." followed by dl'. 
j,dlcd Idnetic sludies by Nalal·ajan and S;.IIl­
lapp,,:::; (In tile po/ynwrizillifin o[ aqueous vinyl 
1ll0110nlers phnto-illili:'kd IJ.\' I.hp complpx 
eslah/ished Uwl N" r;If:lical~; were lilt.' iniUiI/.­
ill~~ slJ(~cies. In Iht' preS('1l1 siudy it \ViiS found. 
U1;l1. in;tdi<ttion oJ ;lzir/op.'nt;J111iIWf'ub:.'l (1.11) 
cOlllpkx as well a,s diazir/olcl.I·'J/llinCI:.,/Jalt (jJ I i 
cOlTlplexes ,Il A.:;: :HJ!i Ill!' It·(/ to Ow (,V"llilillJ: 
of nHrog(:n in 1.11,· :"':'f-'lit.'(' of .111.'1 IflOP/dIU'''. 

wlli/(, ill l./)e pn'SCIlCf' of :wrylif: ;I('id. 1i,f)II!",,..,. 

inif.i:i1.ifl/1 of Ihe ""I.vllll·rimlif," "r Ill" '.d.:'.I· 
W:IS 1J"'~"rv('d 1I1111"r !l(·:/f'r:d.I·d .... lIditiufl: .. TIlt' 
Idlldic:; (If: «(I) the dt'(·'HIlPO:;ilioll or IJ,r: com­
plexes was [ol1ow~d hoth ~(J('cf ... ()pllf)I""'WI,I.i_ 
cally and by the volul1le of nitrogen evolved 
(for 1lzidopentaqline complex), (I) :~ile r:lle or 
polymerization of lhe monomcr was [(lllO\vcd 
by determining the rate of disappearance "I 
the Inonomer. -d [M /1 ell, bn))nol1lctrjc~'1 Iy, 
(c) the disappearance of the complex -dlel! 

/'(~.lctfoTllendinp. 1.(. t.ll« dt'-excltaUOIl of the 
f.'ornplex (11:.,). (c) /"('dox d('crit11pq~;Jl/on of 1/". 
excitcd complexes· .l'i(~ldjlll~ the ·a;'';(1<: .. :>die;>! 

(Ie ), (el) inili;llioll of pol.l'lJl('riz<i.l.ioll by ,hI; 

:Izid!' radical {Ie.>, (v) prop;lgaliollflr 1'1)1:.-. 
llH'rization (/<;.). (J) lC'rmillatioll by llllllu;>! 

("(JlllbillaliOll or lhe radicals (k, :1) {or lllonu­
,Izi(/o initiator, ({iJ termination by the COI11-
plex lllllleelllps (/(, I) fOr di:.lzido initiator, and 
(hJ radical sC<tv('nging I),Y ;111./ the (,(jllO;cqucnl 

reduction (I[ the cOlilplex (k"). 

cIt:. was followed speclrophotollletrically usin~ 
" eaJibrnted Beer's law Clll've (at" A =~, :l(JI) m/', 
, ::: Il!)fI(J for mnnO;tzid .. ~ :,"</ :d. A:110 "II'. 
( :-:: 14,1(J() {(J/' 1./](: lIia;it/.. c",ujllf:y.). ,.IHI 
(II·) ./.1 II! o/)u/n/('nnth!; (II) I,f I"./.y:wrylic :wid 

s;l/n pI t':; wcre dclerlll i r)('d v iscfJIJJf'lric:d l.v w;i p;! 
the Mark-Houwink relationship" 

WI! have observed lhat : (i) iniUatio/J 0(. 

polymerization undel· d("I(~r:tf.(·d conditions 'was 
photochemical in' nalure and not f1WrJll,d, 
Uil steady state was attained· in ;1bout j!i 

minutes with <>~ 30% conversion of the Ill/mo­
Illel-, (i.ii) decolllposition (If lhl~ complex in til" 
absence 'of the, monomer W(lS /irst order· with 
respect to th~ former, (i1J) the values of 
-rll M IlllL \Vere proportiOIl'l1 to rM 12 ::1, T.:, Llllr/ 
f a ill the case o[ ilZit/opclIl.ami/"!c' <" .. ml,le;: 
;1IIr! to I M I~, Ie, alI(I I iI, 1./1.· (";,.':c~ I)r r1i:lI,idfJ­

";';-;IIlIill(.' complex, (-"j i 1./". r;.". "r ""IYIi".I· 
iz:dioll \V;i!-; indept'lldent of I1II I. (1iii).::~dl(:I/ 
dl. wa~ proportion;!I· (0 1:-,. ""d r in bnth til" 
c;,~cs. :mrI (piii) l~,:·was proportional to / M I ~ 
Ic,·i and .I-~ for ·the Inonflazi(/o initialor and 
proportional to [!VI] and [C]-I in the C;;JSe oJ 
di:1zido initiator. 

.•. Our expetimcilt,,1 olisl'l·V;l1.iollS of lhe poly­
n;Criz,ltioll reaclions w!'r!.' !.'xpl,lincd by Ihl.~ 1·1.'­

;Iclioll scheme consisting or: (Il) pboto-cxei­
t;llion of the compicx. (/c,ll .. (II) d;ll'k Ij;,..:k 

D, k~ 1 f., I~O'1 {. r: j~.')I\, F; ~~(' "':, c" 
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FIt;, J. PolyItJf:rizatiof1 of ·l\c'jli( ;wid pliIl1u-jnjfi:d",j 
/Iy :l/idIlJH'III:lIlli,w ('1.1 ;dt (II J) ,111111";.11' ;.(" ::ri,fi III/I .. 

I\sslIJnin!: ,·;talif}lIilfy ;.datc' t:'f'fI('('Jdr;'lj~'n:~ for 

lh(~ rC'active 'I"'ci":', t./w r:dl.· !'xpr.,,;:;joll:; f,,;-
1l101l():tzie/o illil.i,tI.or del·ived \V('J·C: 
... d [MJ/rlt 

k"k;'/" /(,'i 2 k,I:2 I'i2 [Mr.2 
.. . Ie,,'/2 (Ie, ! 1:,,)'<' (I-:; fM) i. I~, rei )'" . " , 

\ J} 

rf IC I/d I. 

~, J 1 +- . Ie, [e I I 
I le, 1M) j. Jr, lel f Ie. (:! } 

...• 

----;--------.-._- --'"--'--~-._--". '-, ". ", ~ ',., " 

:.' . 



~. . 

kp(MII.·!(/c, 1:.,1"',1-:; l;\Oi I. 

Simil.arly. fIJI.' tile' oIi:o/.i<l" l'OIl1Pic" 

II (MI/,I/ 

d 

:HHI 

:.] 11 

.1 ~-I 

'Icpl:: ,Ir,k,r 1.:\11" 

(k" Ie Il (k./ : h, j ~ (I;. 1M i 

JC IIdl 
'l./r., 

1c, l 
(/{4 : Ie ), 

Ie" IM\ 
/(" lel 

2 

1~.' I ( . I ) I 

I;, Ie: I ); 
(4 ) 

(G) 

Hale exprc!>siol)s derived "II 1.1 ... h:,sis of illi·. 

tiatinl) by 1.11<' excited CIJlllPlcx. "'I"I"IIin:oI iOlls hy 
lhe primary "adic:d 01' b.l' 1.111' ,·:,('il.,·<1 co .. nplc:--: 

did not cOllrorm to cxperillwlll;d 1"I':;I.III~. 

'/' .... 1. [oj' '{he disapJ1Caralll:l~ IIf :Izidopcnta­
lI1ill<: complex, wa~ roufJd III Ill.' ,- fl· I!' at A:" 
:lIi5llW, bn1.h in 1.111.' pn·;;('IW,· ;01111 ahs(:llcl' of 

1.111' 1r;(lI~"I"lPr wllil<- til(' v;ohll' "r II" II( ,~, ::-4 
I' 

(11IIIIl''/ I d f(~C. ~ \Va:; IIhl:,i'II"" f""11i pit,!.:; "I' 

.. til M 1/(/./. ;,lId _d.'lel/ t /(, ;ol!:oilisi. t.ll<~ v:.,rial,lcs. 
<J.nd [or tile disappcaran,;e of dial.iootdraH1in!l 

""Inpl,'x W:IS 1"III.IIId 1.0 hi.' - 11'~7 :It ,\. :\1;:', ';)" 
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