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A65tract 

Eff1c1ent 1nduced 0x1dat10n 0f 2,6-d1methy1phen01 (DMP) 0ccurred 6y exc1tat10n 0f a21d0pentaamm1ne c06a11 (111) at 365 nm. 7he pre5enee 
0f DMP d1d n0t affect 518n1f1cant1y the 4uantum y1e1d5. 7he a21de rad1ca1 N~, pr0duced 0n 1rrad1at10n, eff1c1ent1y reacted w11h DMP t0 y1e1d 
phen0xy1 rad1ca15. 1n aerated a5 we11 a5 1n deaerated 501ut10n, the c0up11n9 0f 5uch rad1ca15 y1e1ded une4u1v0ca11y 3,Y,5,5•-tetramethy1d1. 
phen04u1n0ne a5 the pred0m1nant ph0t0pr0duct. 7race c0ncentrat10n5 0f para-para c0up11n9 d1mer t09ether w1th p01ypheny1 ether5 were 
a150 detected 6y ma55 5pectr0metry. 7he f0rmat10n 0f the 5u65t11uted d1phen04u1n0ne 1n the a65ence 0f 0xy9en wa5 attr16uted t0 a 5u65e4uent 
0x1dat1ve pathway 1nv01v1n9 the 5tart1n9 C0(111) c0mp1ex. N0 d1methy1-p-6en204u1n0ne 0r d1methy1hydr04u1n0ne wa5 f0rmed, 5u99e5t1n9 
that the c06a1110n5 p1ay an 1mp0rtant r01e 1n the 065erved react10n5. 

Keyw0rd5: C06a1t c0mp1ex; Ph0t01nduced tran5f0rmat10n; 2,6-D1methy1phen01; A21de rad1ca1 

1. 1ntr0ductk1n 

An 1ncrea51n9 num6er 0f paper5 have 6een pu6115hed dm~- 
1n9 the 1a5t three decade5 c0ver1n9 the ph0t0chem1ca16ehav- 
10ur 0f a21d0pentaamm1ne c06a1t(111) 1n a4ue0u5 501ut10n5 
[ 1-5 ]. 0n exc1tat10n 0f the c0mp1ex, 1.e. [ C0(NH3) 5N~] ~ *, 
1nv01v1n9 the 119and t0 meta1 char9e tran5fer tran51t10n 
(LMC7) an e1eetr0n 15 rem0ved fr0m the a21d0 9r0up and 
tran5ferred 1nt0 the c06a1t 0r61ta1. 7hu5, the ph0t0chem1ca1 
6ehav10ur 15 ma1n1y character12ed 6y an eff1c1ent red0x reac- 
t10n 1ead1n9 t0 C0(11) and t0 the a21de rad1ca1 N~: 

h1, (LM(~) 

[C0(NH.a)5N312+ ; C0(11) + N; + 5NH.~ 

8ecau5e 0f 1t5 0x1d121n9 pr0pert1e5 (E0 (N;/N;") = + 1.32 
V) [6], much attent10n ha5 6een pa1d t0 the a21de rad1ca1.1t 
ha5 a1ready 6een u5ed t0 1n1t1ate v1ny1 m0n0mer p01ymer1- 
2at10n 0n 1rrad1at10n w1th v15161e a5 we11 a5 w1th near-UV 
119ht [7,8], and t0 1nduce a 0ne-e1ectr0n 0x1dat10n when 
5u1ta61e 5u65trate5 were pre5ent 1n the med1um, e.9. 1nd01e5 
[91 and phen01 der1vat1ve5 [ 10--13]. 

A5 a c0nt1nuat10n 0f 0ur w0rk and w1th the a1m 0f 9a1n1n9 
m0re kn0w1ed9e 0n the fate 0f phen0xy1 ,~ad1ca1 1n the pre5- 
ence 0f meta110n5 5uch a5 C0(111) 0r C0 (11), we have under- 
taken the 5tudy 0f the 0x1dat10n 0f 2,6-d1methy1phen01 
(DMP) ph0t05en51t12ed 6y [C0(NH3)5N3] 2+. DMP wa5 
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ch05en a5 a m0de1 m01ecu1e, the methy1 9r0up5 1n the 0rth0 
p051110n5 6e1n9 expected t0 make the 0vera11 mechan15m 51m- 
p1er. 7h15 pr0v1de5 u5 w1th a 6etter 1n519ht 1nt0 the mechan15m 
0f the ph0t05en51t12ed 0x1dat10n 0f phen01 der1vat1ve5. 

2. Exper1menta15ect10n 

2.1. Mater1a15 

A21d0pentaamm1ne c06a11(111), [C0(NH3)5N3] 2 •, wa5 
prcpared u51n9 the pr0cedure de5cr16ed 6y L1nhard and F1y- 
9art, [ 14 ]. 7he perch10rate 5a1t wa5 recry5ta1112ed fr0m m11d1y 
ac1d1c 501ut10n and dr1ed under vacuum. 7he 5pectra1 pr0p- 
ert1e5 (UV-v15161e, 1R) 0f the prepared c0mp1ex were 1den- 
t1ca1 t0 th05e rep0rted 1n the 111erature (e30:, ,,m ~ 8600 M ° 
cm - 1, e516 ,m = 280 M - t c m -  m v(N3) = 2080 em- t). 

2,6-xy1en01 (DMP) wa5 purcha5ed fr0m F1uka (Pur155) 
and u5ed w1th0ut further pur1f1cat10n. 

A 11~erature pr0cedure wa5 u5ed f0r the 5ynthe515 0f 
3,3•,5,5•-tetramethy1d1phen04u1n0ne (7MDQ) [ 15 ]. 

0ther chem1ca15 were 0f ana1yt1ca• 9rade and u5ed a5 
rece1ved. 

7he 501ut10n5 were prepared w1th d0u61e.d15t111ed water, 
and when nece55ary they were deaerated pr10r t0 1rrad1at10n 
6y 6u6611n9 Ar f0r 30 m1n at 22°C. 7he 10n1c ~tren9th wa5 
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n0t c0ntr011ed. Un1e55 0therw15e n0ted, the pH, e4ua1 t0 6.4, 
wa5 the natura1 pH 0f the m1xture. 7he 501ut10n5 were ma9- 
nef1ca11y 5t1rred t0 en5ure h0m09ene1ty dur1n9 the 1rrad1at10n. 

2.2. Pr0cedure5 

~1a t10n  at 365 nm wa5 c0nducted w1th a h19h pre55ure 
mercury 1amp (05ram H80  type, 125 W) e4u1pped w1th a 
9rat1n9 m0n0chr0mat0r. 7he 6eam wa5 para11e1 and the reac- 
t0r wa5 a cuvette 0f 1 cm, 0r m0re 9enera11y 2 cm, path1en9th. 
1nc1dent 119ht 1nten51ty wa5 determ1ned 6y chem1ca1 act1n0m- 
etry w1th ferr10xa1ate (10 ~ 2 × 1015 ph0t0n5 cm- 2 5- t). F0r 
preparat10n purp05e5, an 1rrad1at10n 5et-up de11ver1n9 h19her 
1nt0n~y at 365 nm 0n a 1ar9er v01ume w u  u5ed, ,~, 5ta1n1e55 
9ee1 cy11nder wa5 u5ed. A h19h pre55ure mercury 1amp (Ph11- 
11n HPW type, 125 W, em15510n at 365 nm 5e1ected 6y an 
1nner f11t0r) wa5 10cated at the f0ca1 ax15 0f the e111pt1ca1 
cy11nder and the react0r, a water-jacketed Pyrex tu6e, wa5 
10cated at the 5ec0nd f0ca1 ax15. 

E1ectmn1c a650rpt10n 5pectra were rec0rded 0n a Cary 3 
d0u61e-6eam 5pectr0ph0t0meter and e1ectr0n 5p1n re50nance 
(E5R) 5pectra were 06ta1ned w1th a 8ruker ER 200 D 5pec- 
tr0meter 0perat1n9 at 9,30 6H2 w1th 100 kH2 m0du1at10n. 
2,2-d1pheny1 p1cry1hydra2y1 wa5 u5ed a5 an 1nterna15tandard 
f0r the determ1nat10n 0f 9 va1ue5.5p1n trapP1n9 exper1ment5 
were perf0rmed w1th 5,5-d1methy1-1-pyrr011ne N-0x1de 
(DMP0) a5 a trap. An Xe--H9 Han0v1a 1amp w1th appr0pr1- 
ate cut-0fff11ter wa5 u5ed f0r 1rrad1at10n 1n the E5R 5pectr0m- 
eter cav1ty. 51nce 1rrad1at10n at A<300 nm 9enerat1n9 
rad~,ea15 fr0m ~h¢ 5~1n trap ha5 6een rep0rted e15ewhere [ • 6], 
501ut10n5 w1th DMP0 a10ne were u5ed a5 61ank and n0 E5R 
518na1 wa5 065erved under 0ur exper1ment~d c0nd1t10n5, 

7he 4uantum y1e1d 0f DMP de9radat10n wa5 determ1ned 
6y h19h perf0rmance 114u1d chr0mat09raphy (HPLC) exper- 
1ment5, u51n9 a Water5 540 114u1d chr0mat09raphy 5y5tem 
e4u1pped w1th a Water5 990 d10de UV~v15161e detect0r: a 
rever5e pha5e 8eckman ce1umn (250 mm ×4 mm) wa5 
emp10yed, 7he 4uantum y1e1d 0f c0mp1ex d15appearancewa5 
determ1ned 6y mean5 0f 0pt1ced den51ty ¢han8e5 at A ~ 320 
am where DMP and p0tent1a1 ph0t0pr0duct5 have ne8118161e 
a65e~t10n5, at 1ea5t 1n the ear1y 5ta9e5 0f the react10n, 

7he t0Ut1 c0ncentrat10n 0f C0(11) pr0duced wa5 
determ1ned 6y mean5 0f the react10n w1th 5CN ~ [ 17], 7he 
ca116rat10n curve wa5 06ta1ned w1th c06a1t(11)- 
(acety1acet0nate)2, Ma55 5pectra were 06ta1ned fr0m the 
Ana1y515 Centre 0f the Un1ver51ty 0f 0r1~n5, 7he 1R 5pectra 
were 06ta1ned w1th K8r pe11et5 u51n9 a N1c01et 205X F0ur1er 
tran5f0rm 1R 5pectmph6t0meter, 

• Rem1t5 

3•1, C0nt1n,0N51rrad1at10n 

76e a650rpt10n ~;pectrum 0f the m1xture 0f DMP w1th 
[C0(NH3)5143] 2+ wa5 5h0wn t0 6e e4ua1 t0 the 5um 0f the 

c0mp0nent 5pectra. 7he 119and f1e1d tran51t10n (Am~ = 516 
nm) 0f the c06a1t c0mp1ex wa5 n0t affected 6y the pre5ence 
0f DMP wherea5 the max1mum 0f the LMC7 tran51t10n wa5 
5119ht1y 61ue 5h1fted, 0r 6ecame a 5h0u1der when the c0ncen- 
trat10n 0f DMP wa5 5uff1c1ent1y h19h, a5 a re5u1t 0f the c0n- 
v01ut10n w1th the 0r9an1c c0mp0und a650rpt10n. 7hu5, n0 
detecta61e 9r0und 5tate c0mp1exat10n 0r c6em1ca1 react10n 
wa5 065erved under 0ur exper1menta1 c0nd1t10n5. 

Aerated 501ut10n5 0f a21d0pentaamm1ne c06a1t(111) 
(2.5 × 10 -4 M) and DMP (5.0x 10 -4 M) underwent 519- 
n1f1cant 5pectr~1 chan9e5 0n 1rrad1at10n at 365 nm (F19. 1). 
7here wa5 a c0nt1,u0u5 decrea5e 1n the C7 tran51t10n and a 
new a650rpt10n 6and w1th a max1mum at 420 nm wa5 
065erved wh1ch 9rew w1th the 1rrad1at10n t1me. 7he 15056e5t1c 
p01nt5 (351 nm and 275 nm) rema1ned pre5ent unt11 a 519- 
n1f1cant am0unt 0f 5ec0ndary pr0duct5 wa5 f0rmed. 1t 15 w0rth 
n0t1n9 that f0r pr010n8ed 1rrad1at10n 0f the m1xture (m0re 
than 15 m1n), a 6r0wn prec1p1tate appeared. 0n 1rrad1at10n 
0f a 501ut10n 0f c06a1t(111) c0mp1ex a10ne (5.0)< 10 -4 M) 
f0r 1 h, there wa5 n0 518n 0f any prec1p1tate f0rmat10n. 

Quantum y1e1d data 06ta1ned fr0m var10u5 501ut10n5 under 
d1fferent c0nd1t10n5 are 91ven 1n 7a61e 1. When the 1rrad1at10n 
wa5 carr1ed 0ut 1n aerated 501ut10n5, the 1n1t1a1 4uantum y1e1d5 
0f c0mp1ex d15appearance d1d n0t appear t0 6e affected 6y 
the pre5ence 0f DMP and d1d n0t exh161t a dependence 0n 
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F18, 1, UV-v15151e 5pectra 0f a deaera1ed 501ut10n 0f [C0(NH~)~N~] ~* 
(2,$ × 10 ~ M) and DMP (5,0× 10 "~* M) 1rrad1ated at 365 nm. 

7a61e 1 
Quantum y1e1d5 f0r [C0(NH~),~N~) °* d150ppearance and C0(11) f0rma- 
t10n • 

[0MP1 × 10 ~ Med1um 0~,~1,~, ~ 0c0(,j ~ 
c0nd1t10n5 t, 

0 Aerated 0,18 0.20 
0 Deaerated 0.21 0.22 
1,0 Aerated 0.21 0.23 

10,0 Aerated 0.22 0.19 
5,0 Aerated 0.20 0.23 
2,5 Deaerated 0,28 0.29 
$,0 pH 2,3 d aerated 0.20 0.21 
5.0 pH 2,3 d, deaerated 0.29 0.26 

" [ (C0(NH.05N3) 2+ ] m2.5× 10 -4 M, 
t, Un1e55 0therw15e n0ted, the pH 0f the 501ut10n 15 6.4. 
c Err0r f0r 4uantum y1e1d515 10% 0r 1e55. 
d 7he pH wa5 adju5ted w1th HC10~ t0 + 0.02 un1t5. 
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R8. 2. C0(11) f0rmat10n 1n the pr~5en¢0 ( 0 )  and 1n the a65ence 0f DMP 
(Q) a5 a funct10n 0f 1rrad1at10n 11me, 

ac1d c0ncentrat10n, 51m11ar re5u1t5 were 06ta1ned f0r the 1n1- 
t1a1 4uantum y1e1d 0f C0(11) f0rmat10n. 7he 1n111a1 4uantum 
y1e1d 0f DMP d15appearance mea5ured 6y HPLC 15 e4ua1 t0 
0,1•7, c0n515tent, w1th1n the exper1menta1 err0r, w1th the va1- 
ue5 06ta1ned f0r the c0mp1ex de9radat10n and C0(11) f0r- 
mat10n. 

Ph0t01y5e5 1n deaerated 501u~0n5 at pH 6.0 0r 2.3 9ave 
51m11ar ,~pectra1 chan9e5 t0 th05e de5cr16ed a60ve 6ut w1th a 
h19her 1n1t1a1 4uantum y1e1d: the 0xy9en ha5 a 519n1f1cant 
1nf1uence 0n th¢ rate 0f the ph0t0chem1ca1 pr0ce55. 

7he pr09re55 0f the react10n wa5 a150 f0110wed 6y the 
dependence 0f the ph0t0reduct10n pr0duct, 1.e. C0(11), 0n 
the 1rrad1at10n t1me 1n the pr¢,:ence and 1n the a65ence 0f the 
0r9an1c c0mp0und. A5 5h0wn 1n F19. 2, the pre5ence 0f DMP 
5tr0n91y enhanced the t0ta1 c0ncentrat10n 0f C0(11) 6ut. a5 
prev10u51y 1nd1cated, the 4uantum y1e1d 0f C0(11) f0rmat10n 
wa5 0n1y 5119ht1y h19her than that 1n the a65ence 0f DMP. 

5p1n adduct5. 7hey c0rre5p0nded t0 the adduct5 w1th hydr0- 
9en H" (9 = 2.0058) and d1methy1 phen0xy1 R•(9= 2.0061 ) 
rad1ca15. A re1at1ve 5ta6111ty 0f the DMP0 der1ved rad1ca1 
adduct5 wa5 065erved 1n the a65ence 0f 119ht. N0 f0rmat10n 
0f "0H rad1ca1 wa5 065erved: the 1nten51ty 0f the 519na1 wa5 
n0t affected 6y the pre5ence 0f 150pr0pan01 (2%) u5ed a5 a 
5caven9er 0f "0H. 

1 1 
0 -  0 .  

1,1•= H• and 

.CH3 

R•= ~ 0 ~  

C113 

5p1n trapp1n9 exper1ment5 were a150 perf0rmed dur1n9 
1rrad1at10n (A,~,~350 nm) 0f 501ut10n5 c0nta1n1n9 the 
C0(111) c0mp1ex. A5 expected, 0n 1rrad1at10n 0f the m1xture 
0n1y c0nta1n1n9 [C0(NH3)5N3] 2+ (0.5 mM) and DMP0 
( 10 mM) a 4uartet 0f tr1p1et5 ar151n9 fr0m the DMP0-N3 
rad1ca1 adduct wa5 065erved (R~=N[), 9 = 2.0061 (F19. 3, 
5pectrum 6). 7he adduct w1th N~ exh161ted a fa5t decay 1n 
the a65ence 0f 119ht when c0mpared w1th d1methy1 phen0xy1 
adduct. When DMP wa5 added t0 the prev10u5 m1xture, a 
d1fferent 5pectrum wa5 065erved. 1t c0n515ted 0f a 5uper1m- 
p051t10n 0f tw0 5p1n adduct5: w1th a21de and d1methy1 phen- 
0xy1 rad1ca1 (F19. 3 5pectrum c). 1t 15 n0tew0rthy that, under 
the5e c0nd1t10n5 (A~350 nm), n0 hydr09en at0m wa5 
f0rmed. 1dent1ca1 re5u1t5 were 06ta1ned when the exper1ment5 
were carr1ed 0ut 1n the pre5ence 0f 150pr0pan01 (2%) 0r 1n 
the a65ence 0f 0xy9en. 7h15 a9a1n ru1ed 0ut any f0rmat10n 0f 
hydr0xy1 rad1ca1. 

3.2. E1ectr0n 5p1n re50nance exper1ment5 

7he 1rrad1ated m1xture ([C0(NH:,).~N3] 2 +-DMP) wa5 
a110wed t0 5tay 1n the dark f0r a60ut 1 h; afterward5, the 
5u5pended 5011d5 were 5eparated 6y c0ntr1fu9at10n and dr1ed 
under vacuum. 7he E5R 5pectrum 0f the 5011d pr0duct d15- 
p1ayed a 51n81et at 9 = 2.0036 5u99e5t1n9 the pre5ence 0f 
0r9an1c rad1ca15. N0 1mpr0vement 1n the re501ut10n wa5 
065erved at 10w temperature. 

1n 0rder t0 06ta1n 1nf0rmat10n 0n the nature 0f the rad1ca1 
1ntermed1ate5, E5R 5tud1e51n a4ue0u5 501ut10n5 were ~arr1ed 
0ut w1th DMP0 a5 a 5p1n trap. Under 0ur exper1menta1 c0n- 
d1t10n5, exten51ve c0ntr01 exper1ment5 c1ear1y dem0n5trated 
that the 065erved adduct5 d1d n0t re5u1t fr0m the 5p1n trap 
ph0t0react1v1ty. 

A5 dep1cted 1n F19. 3, 5pectrum a, 1rrad1at10n 0f an unf11- 
tered 501ut10n 0f DMP a10ne, 0.5 mM, 1n th~ pre5ence 0f 
DMP0, 10 mM, 9ave a 5pectrum re5u1t1n9 fr0m a m1xture 0f 

3.3. 1dent1f1cat10n 0f the ph0t0pr0duct5 

A5 prev10u51y ment10ned, the chan9e5 1n the UV-v15161e 
a650rpt10n 5pectra dur1n91rrad1at10n revea1ed the 0n5et 0f an 
a650rpt10n at 420 nm. F19.4 5h0w5 a p10t 0f the 0pt1ca1 
den51ty va1ue5 a5 a funct10n 0f 1rrad1at10n t1me; n0 1nduct10n 
per10d wa5 065erved. 1•he ph0t0pr0duct P re5p0n5161e f0r th15 
a650rpt10n can 6e, theref0re, attr16uted t0 a pr1mary pr0duct. 
0n further 1rrad1at10n, the 0pt1ca1 den51ty at 420 nm reached 
a p1ateau; meanwh11e, a c0n51dera61e am0unt 0f 5u5pended 
part1c1~5 wa5 06~,erved. 

HPLC 5tud1¢~ were perf0rmed 0n t11c 1rrad1ated 501ut10n 
a5 we11 a5 0n the prec1p1tate. 1n 60th ca5e5 P appeared t0 6e 
the d0m1nat1n9 pr0duct f0rmed 0n 1rrad1at10n, 8y c0mpar150n 
w1th the authent1c 5amp1e we 5ynthe512ed, P wa5 1dent1f1ed 
a5 7MDQ. 
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~ ,  3,1~4R ,pe¢1m0fadd.c15 w1th DMP0~0¢mt¢d 0n 1rmd1a1t0.10 ~erated 
8 ~dut10.,: , ~  1, DM1~DMP0 ( ~ m R 1 ~ )  ( D M ~ d r 0 9 e a  md1¢~d 
1Mdu~1, a"(2) - ~ , 2  0, a5( 1 ) - 14,6 (3); DMP0~me~hy1phea0~1 rad1- 
ca1 1ddu¢t, at*( 1 ) -at*( 1 ) - 14,1 (3); =pe¢1rum 6, C0mp1ex=0MP0 
(A ~ ~ 0  am) ( DMP0=u1de rad1ca1 addu¢1, aH( 1 ) - aN( 1 ) - 14,1 6, 
a~( 1 ) - 3,24 6) ;  4)e¢1mm ¢, C0mp1ex=0MP=DMF0 (A > 350 0m), 

7MDQ 

3,3•,5,5•-tetramethy1d1phen04u1n0ne 
When the 1rrad1at10n wa5 11m1ted t0 5%--10% c0nver510n 

0f DMP and w1th1n 0ur exper1menta1 uncerta1nty, the 4uan- 
tum y1e1d 0f 7MDQ f0rmat10n wa5 mea5ured t0 6e 0,04, N0 
marked chan9e wa5 ~ 1n the a65ence 0f 0xy9en, 

7he ma55 5pectr0metr1c ana1y515 0f the pre~:1p1tate revea1ed 
pre5ence 0f 01180mer12ed d1methy1 phen015 w~.th m01ec- 

u1er we19ht5 up t0 482 (tetram¢r5) t09ether w1th 7MDQ, A11 
the attempt5 t0 detect the5e pr0duct5 6y HPLC fa11ed, except 

f0r the para-para 60nded d1mer wh1ch wa5 pre5ent 1n trace 
c0ncentrat10n5. H 0H 

3, 3•, 5, 5•-tetramethy1 4,4•-d1hdr0xy61pheny1 

7he 1atter pr0duct wa5 5ta61e 1n the med1um and n0 ev1- 
dence f0r 1t5 0x1dat10n 1nt0 7MDQ wa5 065erved. 51nce the 
tw0 0rth0 p051t10n5 were 0ccup1ed 6y methy1 5u65t1tuent5, 
the 01190mer5, f0rmed up0n 1rrad1at10n, w¢re expected t0 6e 
the f0110w1n9 p01ypheny1 ether5: 

M0re0ver, the treatment 0f the prec1p1tate w1th p0ta551um 
0110cyanate 9ave ev1dence 16r the pre5ence 0f a 1ar9e per- 
centa9e 0fc06a1t(11). 7h¢ meta110n5 C0 m 0r C0" 5eemed t0 
6e a550c1ated w1th the 0r9an1c c0n5t1tuent 0f the prec1p1tate. 

1t 15 0f 1ntere5t t0 n0te that, 1n c0ntra5t t0 the re5u1t5 06ta1ned 
0n d1rect 1rrad1at10n 0f DMP (A~ w 254 nm)[  18], ne1ther 
d1methy1 p-6en2e4u1n0ne n0r d1methy1hydr04u1n0n0 wa5 
f0rmed, even 1n the pre5ence 0f 0xY9en. C0ntr01 exper1ment5 
carr1ed 0ut 6y m1x1n9 the 1atter pr0duct5 w1th C0(111) c0m- 
p1ex 0r c06a1t(11)(acety1acet0nate)2 d1d n0t revea1 any 
chem1ca1 react10n at r00m temperature and the1r a65ence can- 
n0t 6e attr16uted t0 50me 5u65e4uent therma1 de9radat10n. 
7hey are peffect1y 5ta61e 1n the pre5ence 0f 5uch c00rd1nat10n 
c0mp0und5. Fr0m the a60ve 1nf0rmat10n 1t c1ear1y appear5 
that the attack 0f the phen0xy1 rad1ca1 6y 0xy9en 15 averted 
6y the pre5ence 0f c06a1t(111) and c06a1t(11) 5pec1e5. 

0,9" 

0.6 [ 

0< 0,3 

C 
0 5 10 15 20 25 

1rrad1at10n t1me, m1n 
f19, 4. 7he 0pt1ca1 den51ty chan9e5 at A = 420 nm a5 a fdncf10n 0f 1rrad1at10n 
t1me. 
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4. D15cu5510n 

7he 4uant1tat1ve mea5urement5 0f 1n1t1a1 4uantum y1e1d5 
de5cr16ed a60ve make ev1dent that the pre5ence 0f DMP 1n 
aerated 501ut10n d0e5 n0t 519n1f1cant1y affect the c0mp1ex 
d15appearance 0r C0(11) f0rmat10n. H0wever, the exam1na- 
t10n 0f F19. 2 revea15 that, f0r 10n9er 1rrad1at10n t1me5, add1- 
t10na1 pathway5 f0r C0(H) f0rmat10n, pr06a61y 1nv01v1n9 the 
1rrad1at10n 0f 5ec0ndary ph0t0a4uat10n pr0duct5, mu5t 6e 
5u99e5ted. 

1t wa5 n0ted ear11er that, 1n the prec1p1tate, 5ta61e 0r9an1c 
rad1ca15 were detected. 7he 1ntere5t1n9 p05516111ty ar15e5 that 
C0(1f), a5 a1ready 5tated f0r 0ther rad1ca15 [ 19,20], m19ht 
5ta61112e rad1ca15 5uch a5 DMP•. A1th0u9h the nature 0f 1nter- 
med1ate5 f0rmed after th¢ 1rrad1at10n ha5 n0t 6e¢n e5ta6115hed 
d•f1n1te1y, a p055161¢ 0xp1anat10n m19ht 11e 1n a c0mp1ex.t10n 
0f DMP w1th the LMC7 exc1ted 5tate 0f th¢ a4uat10n c06a1t 
ph0t0pr0duct5 [C0(NH~)4(H20)N~] "~*" and/0r 
[C0(NH3)5(H~0) ]~+. Ana1090u5 c0mp1exat10n m19ht 6e 
a150 5u99e5ted w1th the exc1ted 5tate 01• the 5tart1n9 c0mp1e.~. 
H0wever, 51nce the 4uantum y1e1d 0f [ C0(NH3) 5N3 ] ~ ~ d15- 
appearance 15 n0t 1nf1uenced 6y the pre5ence 0f DMP, th15 
w0u1d 0n1y repre5ent a m1n0r path f0r LMC7 5tate deact1- 
vat10n. 

[C0(NH~5N3 ] 2, 

365 nm~ hv 

. LMC7 DMP..•" "-~d0x C0(11) + 5 NH3 + [ ~  

~=" m1n0r way 84u8t10n 
[C0(NH~4(DMP)N3] 2~ 

: [C0(NH3)4(H20)N3] 2• + H20 

[C001) DMP•] 365 n hv 

L M C 7 ~  C001) + 0 NH 3 + ~ 

ph0t0a4Uat10n pr0dUCt5 
[C0(NH3)4(1~V1p)N3 ] 2 * 

[C01,) 0MP•1 

Re9ard1n9 the f0rmat10n 0f the ph0t0pr0duct5, the per515t- 
ence 0f we11-def1ned 15056e5t1c p01nt5 thr0u9h0ut the 1rrad1- 
at10n 15 5tr0n91y 1nd1cat1ve 0f a ma1n m0de 0f 
ph0t0dec0mp051t10n wh1ch ma1n1y 1ead5 t0 the f0rmat10n 0f 
5u65t1tuted d1phen04u1n0ne. 7he 1055 0f 5uch 15056e5t1c 
p01nt515 0n1y 065erved f0r pr010n9ed 1rrad1at10n5.7he 0vera11 
mechan15m 1nv01v1n9 N; 15 d15p1ayed 1n the next c01umn. 

7he a21de rad1ca1 9enerated 0n exc1tat10n 0f the a21d0pen- 
taamm1ne c06a1t(111) c0mp1ex can 6e 1nv01ved 1n a d1rect 
e1ectr0n tran5fer. 5uch a pr0ce55, 1n the pre5ence 0f DMP, 
1ead5 pred0m1nant1y t0 the d1methy1 phen0xy1 rad1ca1 wh1ch 
wa5 c1ear1y detected 6y E5R 5p1n trapp1n9 exper1ment5. 

7he rad1ca1 can d1mer12e t0 91ve the 5u65t1tuted 1nterme- 
d1ate 1 wh1ch may rearran9e t0 the d1mer1c phen01. H0wever, 
1t 15 c1ear fr0m the pre5ence 0f the 1atter pr0duct 1n trace 
c0ncentrat10n5 that th15 rearran9ement 0n1y repre5ent5 a 
m1n0r path. 1n the pre5ence 0f 0xy9en 0r 0ther 0x1d121n9 a9ent 

5uch a5 C0(111) 5pec1e5, 1 1ead5 t0 the 5ymmetr1c d1phen0- 
4u1n0ne. Fr0m the fact that the d1mer1c phen01 d0e5 n0t 1ead 
t0 7MDQ 6y a therma1 0x1dat1ve pr0ce55 under 0ur exper1- 
menta1 c0nd1t10n5,1t may 6e c0nc1uded that the red0x p0ten- 
t1a1 0f the c06a1t(111) c0mp1ex 15 h19h en0u9h t0 0x;d12e the 
1ntermed1ate 1 6ut n0t 5uff1c1ent t01nduce the 0x1dat10n 0f the 
C-C d1mer1c phen01 1nt0 5u65t1tuted d1phen04u1n0ne. 7he 
pre5ence 0f 0xy9en 15 n0t nece55ary t0 the f0rmat10n 0f the 
1atter pr0duct 6ut 519n1f1cant1y decrea5e5 the 4uantum y1e1d 
0f c06a1t(111) c0mp1ex d15appearance. 7h15 can 6e 1nter- 
preted 1n term5 0f tw0 c0mpet1t1ve react10n5: 0x1dat10n 0f 1 
6y 0xy9en and 6y a21d0 pentaamm1ne c06a1t(111). 7he 5ec- 
0nd react10r~ take5 part 1n the add1t10na1 f0rmat10n 0f C0(11) 
10n5. 

0H 

2 . . > ~  0 ====~ D1MEF¢ (trace5) 

7 M D Q  ~ 

M0re0ver, the ma55 5pectr0metr1c re5u1t5 06ta1ned 1n aer. 
ated a5 we11 a5 1n deaerated 501ut10n, revea11n9 ev1dence f0r 
h19h m01ecu1ar we19ht, re4u1re that the d1methy1 phen0xy1 
rad1ca1 d15appear5 6y 01190mer12at10n. 7h15 pr0ce55 1ead5 t0 
the 0n1y f0rmat10n 0f p01ypheny1ether5. 

e 

>. p01ypheny1 ether5 

What perhap5 15 m05t 519n1f1cant 15 the fact that the 5ame 
50rt 0f ph0t0pr0duct5 15 f0rmed under ar90n 0r 0xy9en and 
ne1ther 2,6.d15u65t1tuted 6en204u1n0ne n0r hydr04u1n0ne 
wa5 f0rmed. 7he fa11ure 0f 0xy9en t0 0x1d12e the phen0xy1 
rad1ca11nt0 6en204u1n0ne a5 9enera11y 065erved [21 ] 5eem5 
t0 1nd1cate that c06a1t 10n5, pr06a61y C0(11), p1ay an 1mp0r- 
tant r01e thr0u9h0ut the pr0ce55. 
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