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A65tract 

7he 0x1dat10n 0f meta.pheny1phen01 (m-PP) and para.pheny1phen01 (p-PP) w1~5 ph0t05en51t12ed 6y exc1tat10n at 365 nm 1n the pre5ence 
0f a21d0pentaamm1ne ¢06a1t(111) 1n neutra1 a4ue0u5 501ut10n. 7he pre5ence 0f m-PP 0r p-PP d1d n0t affect the 1n1t1a1 4uantum y1e1d 0f 
c06a1t(111) reduct10n, and 0xy9en had n0 apparent effect. 8y e1ectmn 5p1n re50nance 5pectr05c0py up0n 1rrad1at10n, 1t wa5 p055161e t0 detect 
the f0rmat10n 0f 60th N3" and m-PP" rad1ca15 a5 adduct5 w1th the 5p1n trap 5,5-d1methy1-1-pyrr011ne-N-0x1de. La5er f1a5h ph0t01y515 exper1ment5 
9ave ev1dence 0f the f0rmat10n 0f the c0rre5p0nd1n9 pheny1phen0xy1 rad1ca1 6y react10n 6etween N 3" and the phen015, and the1r c0n5tant5 0f 
f0rmat10n and decay were ca1cu1ated. 7he d1mer5 were 1dent1f1ed a5 the maj0r ph0t0pr0duct5. 7r1mer5 and tetramer5 0f m-PP and p-PP were 
a150 f0rmed. 1t 15 w0rth n0t1n9 that n0 f0rmat10n 0f 4u1n0ne5 wa5 065erved. C06a1t appeared t0 prevent the react10n 0f 0xY9en w1th the 
phen0xy1 rad1Ca15. 

Keyw0rd5: C06a1t c0mp1ex; Ph0t01nduced 0x1dat10n; Meta.pheny1phen01; Para-pheny1phen01,/k21de rad1ca1 

1. 1ntr0duct10n 

7he ph0t0chem1ca1 6ehav10ur 0f a21d0pentaamm1ne 
c06a1t(111) ha5 6een w1de1y 5tud1ed [ 1 ], and reference5 c1ted 
there1n]. 7he exc1tat10n 1n the 119and-t0-meta1 char9e tran5fer 
tran51t10n 6and 1ead5 ma1n1y t0 the reduct10n 0f c06a1t(111) 
1nt0 e06a1t(11) and t0 the f0rmat10n 0f a21de rad1ca1 N3". 7he 
0x1d121n9 pr0pert1e5 0f the a21de rad1ca1 (E0 (N3"/ 
N3- ) --- 1.32 V) [2] have a1ready 6een u5ed t0 1n1t1ate v1ny1 
m0n0mer p01ymer12at10n [3] and t0 0x1d12e phen01 der1va- 
t1ve5 [4]. We have prev10u51y de5cr16ed the ph0t00x1dat10n 
0f 0rth0.pheny1phen016y [ C0(NH3) 5N3 ] 2 + 1n a4ue0u5 neu- 
tra1 501ut10n [ 5 ]. 1n th15 paper we rep0rt the 0x1dat10n 0f 3- 
hydr0xy61pheny1 (meta.pheny1phen01 (m-PP)) and 
4-hydr0xy61pheny1 (para.pheny1phen01 (p-PP)) ph0t05en- 
51t12ed 6y [C0(NH3)5N3] 2+ 1n a4ue0u5 501ut10n. 5pec1a1 
empha515 w1U 6e 91ven t0 re5u1t5 06ta1ned 6y 1a5er f1a5h ph0- 
t01y515. 7he5e w111 6e c0mp1eted w1th new re5u1t5 06ta1ned 
w1th 0rth0.pheny1phen01 (0-PP). 

2. Exper1menta15ect10n 

7he c0mp1ex [ C0 (NH3) 5N3 ] 2 + wa5 prepared 6y the pu6- 
115hed pr0cedure [6]. 7he perch10rate 5a1t wa5 recry5ta1112ed 
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0nce 0r tw1ce. 7he 1R 5pectrum c0nf1rmed the pre5ence 0f 
c00rd1nated a21de, and the UV-v15161e a650rpt10n max1ma 
a9reed c105e1y w1th the 11terature va1ue5 ( ~ ff1 8600 M - 1 cm- 
and e~.280 M -1 cm -1) [6]. 

m-PP andp-PP were purcha5ed fr0m Jan55en (99% pur1ty) 
and u5ed w1th0ut further pur1f1cat10n. 

7he 501ut10n5 were deaerated 6y 6u6611n9 w1th ar90n f0r 
30 m1n at 22°C, the 10n1c 5tren9th wa5 n0t c0ntr011ed. Un1e55 
0therw15e n0ted, the c0ncentrat10n 0f [ C0 (NH3) 5N3 ] 2 + and 
m-PP 0rp-PP wa5 3 × 10 -4 M. 7he pH, e4ua1 t0 6.4, wa5 the 
natura1 pH 0f the m1xture and n0 519n1f1cant chan9e5 1n pH 
were 065erved dur1n9 the c0ur5e 0f the 1rrad1at10n. 

2.1. Apparatu5 and pr0cedure 

A h19h pre55ure mercury 1amp (05rmn H 8 0  type 125 W) 
w1th a 8au5ch and L0m6 9rat1n9 m0n0chr0mat0r wa5 u5ed 
f0r 1rrad1at10n5 at 365 nm. A para11e1 6eam wa5 u5ed 1n the 
react0r t01rrad1ate a 54uare cuvette 0f 1 cm 0r m0re 9enera11y 
2 cm path 1et~9th. 7he 119ht 1nten51ty wa5 mea5ured 6y fer- 
r10xa1ate act1n0metry (10 ~ 2 × 101~ ph0t0n5 cm -2 5-1). F0r 
preparat10n 5tud1e5, an 1rrad1at10n 5et-up de11ver1n9 h19her 
1nten51ty at 365 nm (10~5 X 101"~ ph0t0n5 cm ~2 5 ~ ~) 0n a 
1ar9er v01ume wa5 u5ed. 7he 5y5tem c0n515ted 0f a cy11nder 
made 0f 5ta1n1e55 5tee1 6u11t 0n an e111pt1ca1 6a515. A h19h 
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pre55ure mercury 1amp (Ph111p5 HPW type 125 W), w1th the 
em15510n at 365 nm 5e1ected 6y an 1nner f11ter, wa510cated at 
the f0ca1 ax15 0fthe e111pf1ca1 cy11nder and the react0r, a water- 
jacketed Pyrex tu6e, wa510cated at the 5ec0nd f0ca1 ax15. 

UV-v15161e 5pectra were rec0rded 0n a Cary 3 d0u61e-6eam 
5pectr0ph0t0meter. 

7he 4uantum y1e1d5 0f m-PP 0r p-PP de9radat10n and c0m- 
p1ex d15appearance were determ1ned 6y h19h perf0rmance 
114u1d chr0mat09raphy (HPLC) exper1ment5, u51n9 a Water5 
540 114u1d chr0mat09raphy 5y5tem e4u1pped w1th a d10de 
array UV-v15161e detect0r (Water5 990). F0r the5e 5tud1e5 a 
rever5e pha5e 8eckman (250 X 4 mm) c01umn wa5 u5ed w1th 
a m1xture 0fA (80:20 v/v methan01:water) and 8 (5:1 v/v 
CH~C00Na (0.03 M; pH 5):CH~CN) a5 e1uent, w1th a 9ra- 
d1ent pr09ram a5 de5cr16ed e15ewhere [5]. 

7he c0ncentrat10n 0f C0(11) pr0duced wa5 determ1ned 
6y c0mp1ex0metry acc0rd1n9 t0 the meth0d 0f Katak15 and 
A11en [7]. 7he ca116rat10n curve wa5 06~:a1ned u51n9 
c06a1t(11) (acety1acet0nate)2.7he C0(11) c0ncentrat10n wa5 
then 91ven 6y the emp1r1ca1 f0rmu1a 

[C0(11) ] - 5.70X 10-4(0D)~=0.m M 

where 0D520,,, 15 the 0pt1ca1 den51ty at 620 nm. 
7he re1ea5e 0f NH4 + 1n the 1rrad1ated 501ut10n wa5 f01- 

10wed 6y a 5pectr0ph0t0metdc meth0d u51n91nd0phen01 [ 8 ]. 
7he pre5ence 0fm-PP 0rt~-PP wa5 f0und n0t t01nterfere w1th 
the ana1y515. H0wever, the prec1510n 0f the meth0d wa511m- 
1ted and 50me d15crepancy wa5 06~rved am0n9 the re5u1t5. 

7he 1n1t1a1 4uantum y1e1d5 0f N[-14 + re1ea5e and C0(11) 
f0rmat10n were ca1cu1ated fr0m the 1n1t1a1 510pe 0f the curve, 
91v1n9 the c0ncentrat10n a5 a funct10n 0f 1rrad1at10n t1me. 

5eparat10n 0f the ph0t0pr0duct5 wa5 perf0rmed u51n9 a 
61150n preparat1ve h19h perf0rmance 114u1d chr0mat09raph 
e4u1pped w1th a 115 UV detect0r and a 201 fract10n c011ect0r. 

81ectr0n 5p1n re50nance (E5R) 5pectra were rec0rded 
u51n9 a 8rucker ER 200 D 5pectr0meter 0perat1n9 at 9.30 
6H2 w1th a m0du1at10n f1e1d 0f 100 kH2. An Xe-H8 Han0v1a 
1amp wa5 u5ed f0r 1rrad1at10n51n the E5R 5pectr0meter cav- 
1ty, 70 prevent the d1rect exc1tat10n 0f m-PP 0r p-PP, appr0- 
pr1ate f11ter5 were u5ed (A>350 nm). 5p1n trapP1n9 
exper1ment5 were perf0rmed u51n9 5,5-d1methy1-1.pyrr011ne. 
N-0x1de (DMP0) a5 a trap. D1pheny1p1cry1hydra2y1 
(DPPH) wa5 u5ed a5 an 1nterna15tandard. 

Nuc1ear ma9net1c re50nance (HMR) 5t~¢~ctra were 
rec0rded 1n 5tandard 5amp1e tu6e5 0n a 8rucker 300 M5L 
(F0ur1er tran5f0rm) 5pectr0meter. 

Ma55 5pectra were 06ta1ned fr0m the Ana1y515 Center 0f 
the Un1ver51ty 0f 0r1~m5. 

La5er f1a5h ph0t01y515 exper1ment5 Were carr1ed 0ut at the 
Centr0 de Q01m1ca ~tmtura1, 1n5t1tut0 5uper10r 7~n1c0, 
L1560n, P0r~8a1, u51n9 n0rma11y the th1rd harm0n1c (355 
nm; pu15e w1dth, a60ut 10 n5) 0f a Nd-d0ped yttr1um a1u- 
m1n1um p•met 1a5er a5 exc1tat10n 50urce. Pre11n~nary 5tud1e5 
u5ed the 5ec0nd harm0n1c at 532 nm f0r exc1tat10n. H0wevcr, 
the 519na15 were t00 weak t0 pr0v1de deta11ed 1nf0rmat10n. 
C0nvent10na10pt1ca1 detect10n 0f tran51ent5 wa5 u5ed, w1th a 

pu15ed Xe 1amp, m0n0chr0mat0r and ph0t0mu1t1p11er. Deta115 
0f the k1net1c 5pectr0ph0t0meter and 0ata avera91n9 have 
6een 91ven e15ewhere [9]  A4ue0u5 501ut10n5 were 1ntr0- 
duced 1nt0 a 5tandard cuvette f0r the5e exper1ment5 and 
de9a55ed 6y 6u6611n9 N2 0r Ar. 

3. Re5u1t5 and d15cu5510n 

3.1. C0nt1nu0u51rrad1at10n 

7he ph0t01y515 0f 501ut10n5 0fm-PP 0rp-PP 1n the pre5ence 
0f [ C0 (NHj) 5N.~ ] ~ + wa5 5tud1ed. A11 exper1ment5 were per- 
f0rmed 1n the pre5ence 0f 0xY9en. 7he a65ence 0f 0xy9en 
d1d n0t 519n1f1cant1y affect the re5u1t5. 7he UV-v15161e 5pec- 
trum 0f a m1xture 2.5X 10 -4 M [C0(NH3):~N3] 2+ and 
2.5 X 10 ~ 4 M m-PP 0r p-PP ( 50-ca11ed ••PP•• ) at pH 6.2 wa5 
the 5um 0f the c0mp0nent 5pectra. 7he LF tran51t10n 0f the 
c06a1t c0mp1ex at 516 nm wa5 n0t affected 6y the pre5ence 
0f ••PP•• wherea5 the max1mum 0f the char9e tran5fer tran- 
51t10n at 302 nm 6ecame a 5h0u1der 0w1n9 t0 the c0nv01ut10n 
w1th ••PP•• a650rpt10n. ••PP•• d0e5 n0t a650r6 at A > 320 nm. 
7here wa5 n0 detecta61e 5pectra1 ev1dence f0r 9r0und-5tate 
a550c1at10n 6etween [C0(NH3)5N3] 2+ and "PP••. When 
a110wed t0 5tand 1n the dark, the 501ut10n wa5 5ta61e. H0wever, 
when aerated 501ut10n5 0f a21d0pentaamm1ne c06a1t(H1) 
3 × 10 ~4 M and ••PP•• 3 × 10 ~4 M were 1rrad1ated at 365 
nm, and the UV-v151610 a650rpt10n 5pectra were rec0rded 
(F19. 1 ) there wa5 a c0nt1nu0u5 decrea5e 1n the char9e tran5- 
fer tran51t10n. 7he 4uantum y1e1d 0f the c0mp1ex d15appear- 
ance wa5 determ1ned 60th 6y HPLC and 6y UV 5pectr05c0py 
m0n1t0red at 320 nm, w1th the a55umpt10n 0f a ne9118161e 
a650rpt10n 0fthe ph0t0pr0duct at that wave1en9th. 7he 1n1t1a1 
4uantum y1e1d d1d n0t appear t0 6e affected 6y the pre5ence 
0f ••PP••. 51m11ar re5u1t5 were 06ta1ned f0r the 1n1t1a1 4uantum 
y1e1d 0f C0(11) f0rmat10n: 

60th 1n the pre5ence and 1n the a65ence 0f ••PP••. 
7he c0ncentrat10n5 0f free NH3 and C0(11) were deter- 

m1ned dur1n9 the ph0t0react10n. 7he rat10 [NH3],~1/ 
[C0(11)]¢0,m wa5 r0u9h1Y c0n5tant and e4ua1 t0 4 wh1ch 
revea1ed a def1c1t 1n NH~ c0mpared w1th the 5t01ch10m0tr1c 
rat10 expected f0r the ph0t0reduct10n 0f [ C0 (NH3) 5N3 ] 2 +. 
7he 4uantum y1e1d5 0f m-PP and p-PP d15appearance were 
e4ua1 t0 0.18 and 0.20, 1n 900d a9reement w1th y1e1d5 0f 
C0(111) 1055 and C0(11) f0rmat10n. 

7he var1at10n5 1n c0ncentrat10n5 0f c06a1t(111) c0mp1ex, 
0f c06a1t(11) and 0fp-PP a5 funct10n5 0f 1rrad1at10n t1me are 
91ven 1n F19. 2. F0r c0mpar150n, the re5u1t5 06ta1ned 1n the 
a65ence 0fp-PP are a150 rep0rted. 7he re5u1t5 were ana1090u5 
t0 th05e 06ta1ned w1th m-PP, 5h0w1n9 that the pre5ence 0f 
••PP•• d1d n0t affect th6t~tc, 0f t~e 1n1t1a1 ph0t0react10n. 

H0wever, tw0 1mp0rtant d1fference5 appeared 1n the pre5- 
ence 0f the pheny1phen015: C0(1f) f0rmat10n wa5 a1way5 
m0re 1mp0rtant 1n the pre5ence 0f••PP••; fr0m the 6e91nn1n9 
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F19. 1, 5pectra1 ¢v01u110n 0f a 501ut10n [C0(NH~).~N~] 2* (2.5X 10 °~ M) ~md 

0f the react10n, the f0rmat10n 0f a 6r0wn prec1p1tate wa5 
065erved. 

0 

~~~ 12 m1n 

24 m1n 

36 m1n 

=,~=,==,,~m~, 1 ~ , =  

300 400 500 600 700 
n m  

m-PP (2.5 X 10~ ~ M) up0n 1rrad1at10n at 365 nm: 0,D,, 0pt1ca1 den51ty. 

3.2. La5er f1a5h ph0t01y515 exper1ment5 

70 06ta1n mechan15t1c 1nf0rmat10n 0n the5e react10n5, the 
k1net1c 6ehav10ur 0f tran51ent 5pec1e5 wa5 m0n1t0red 6y 1a5er 
f1a5h ph0t01y515. Unpu6115hed re5u1t5 re1at1n9 t0 0-PP are a150 
rep0rted. F0110w1n9 exc1tat10n 0f 0,~9a55ed a4ue0u5 501ut10n5 
0f 0-, m- 0r p-PP 1n the pre5ence 0f [C0(NH3)5N3] 2+ 

( 1 X 10- 3 M), a650rpt10n5 ar0und 400 nm were 065erved t0 
1ncrea5e 0ver a few m1cr05ec0nd5. A typ1ca1 examp1e 15 
5h0wn 1n F19. 3(a).  L0cat10n 0f the a650rpt10n max1ma wa5 
11m1ted 6y the 5tr0n9 119ht a650rpt10n 0f the c06a1t c0mp1ex, 
and the 11m1ted 501u6111ty 0f the phen015. H0wever, c0mpar- 
150n w1th 5pectra f0r re1ated 5pec1e5 [ 10,11 ] 5u99e5t5 that 
the5e a650rpt10n5 are due t0 the c0rre5p0nd1n9 phen0xy1 rad- 
1ca15. N0 tran51ent a650rpt10n5 were 065erved 1n th15 re910n 
up0n ph0t01y515 0f 501ut10n5 0f the c06a1t c0mp1ex w1th0ut 
the phen015.5upp0rt f0r th15 a5519nment c0me5 fr0m the fact 
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. . . . .  10 
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C0mp1ex d J ~  

C0(") w1th mPP 

~ 1 ,~ ~¢3~ 

0 f C0(11) w1th0ut mPP 

/ 1  . ~ = - -  -•••-* ~P~ =,~pp~=~=° 

• • 1 • • 1 • • " 1 ~ 

0 10 20 ,30 40 50 t (m1n } 
F19. 2, D15appearance 0f [C0(NH3)5N3] 2+ and p-PP, C0(11) f0rmat10n 1n the pre5ence and 1n the a65ence 0fp-PP, a5 a funct10n 0f 1rrad1at10n t1me (A~,¢ ~ 365 
nm). 
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P19, 3, K1net1c ~race~ 065erved ~ 400 nm f0110w1n9 1a5er f1~h ph0•01y515 
(~L~8 nm) 0f de9M~ed ~10e0u5 ~01ut10n~ 0f [C0(NH~ ) ~N~ ] ~ * ( 1 × 10 °° 
M)  1n the pre50~¢e 0f (a), (6) p-PP (3×  10 ~°~ M) and (c) 0-PP 
(2,25 × 10 °• M), 

that N5•, wh1ch 15 expected t0 6e the pr1mary pr0duct 0f 
[C0(NH5)5N5] =+ ph0t01y515, 15 5u99e5ted t0 react 4uant1- 
tat1ve1y w1th phen015 6y e1ectr0n tran5fer t0 91ve the phen0xy1 
rad1ca1 [4]: 

N5" + P h 0 H ~  N5 ~ + Ph0•+ H + ( 1 ) 

Further, 0ther p0tcnt1a1 cand1date5 f0r the5¢ tran51ent5, 
5u¢h a5 the N5" rad1ca10r cyc10hexad1eny1 der1vat1ve5 f0rmed 
6y t~1ca1 add1t10n t0 the phen015, a650r6 at 5h0rter wave- 
1en9th5; N~" ha5 kmu=274 nm [ 121 wh115t the E1" and H0" 
edduct5 0f ph¢n015 typ1ca11y a650r6 1n the 300-350 nm re910n 
[ 13-15], 1n a11 ca5e5, the 1ncrea5e 1n a650rpt10n f0110w5 900d 
p~ud0-f1t~t-0rder k1net1c5, F0r :,-PP, the rate 0f th15 wa5 
f0und t0 d¢pend up0n the phen01 c0ncentrat10n (up t0 
2,$× 10 ~5 M), w1th the 0vera11 rate 1aw 

rate = ,,2 [ N;1 [Ph0H1 

F0r the 0ther der1vadve5, k1nct1c 5tud1c5 ~,~1.,: 11m1ted 6y 
501u6111ty. H0wever, c0mped50n w1th re5u1t5:fr0m [4] 5u9- 

9e5t5 that 1n a11 ca5e5 we are 100k1n9 at react10n (1), f0r 
wh1ch 5ec0nd-0rder rate c0n5tant5 0f k-- 5.9 X 108 M -  1 5-1 
(0-PP), 6.0X 105 M -1 5 -1 (m-PP) and 8.0× 108 M -1 5 -1 
(p-PP) were ca1cu1ated. 7he5e are w1th1n the ran9e 0f va1ue5 
065erved f0r 0x1dat10n 0f phen015 6y a21de rad1ca151n neutra1 
a4ue0u5 501ut10n5 [4]. 

1n a11 ca5e5, the phen0xy1 rad1ca1 wa5 065erved t0 decay 
0n a m11115ec0nd t1me 5ca1e. H0wever, d1fference5 were 
065erved 6etween the 6ehav10ur 0f 0-PP and the 0ther tw0 
der1vat1ve5. W1th 0-PP, the 1n1t1a1 decay 0f th15 tran51ent wa5 
f0110we6 6y the 1ncrea5e 1n a new tran51ent a650rpt10n 1n the 
400 nm r~910n (F19. 3(c)).  1n the a65ence 0f 5p~.ctra11nf0r- 
mat10n, th1~ 50mewhat c0mp1ex 6ehav10ur wa5 n0t f0110wed 
further. W1th p-PP, the phen0xy1 rad1ca1 decayed 6y 5ec0nd- 
0rder k1net1c5 (t0 9rea,er than 70% react10n) (F19. 3(6)). A 
va1ue f0r the decay c0n5tant 0f 2k1¢~00 m 7.3 × 105 cm 5-a, 
where e 15 the ext1nct10n c0eff1cent f0r th15 rad1ca1 at 400 nm, 
wa5 f0und. 7h1515 c105e t0 va1ue5 065erved f0r 0ther phen0xy1 
rad1ca151n water [ 11 ]. Wh115t we d0 n0t have a va1ue f0r e400 
f0r the p-PP rad1ca1, fr0m a650rpt10n 5pectra 0f r01ated rad1- 
ca15 [ 11 ], a 5ec0nd-0rder rate c0n5tant 0f a60ut 105 M -  t 5-  
can 6e e5t1mated f0r the 61m01ecu1ar decay 0f the p-PP rad1ca1 
f0r th15 5pec1e51n a4ue0u5 501ut10n5, Va1ue5 f0r the 61m01ec- 
u1ar decay 0f th15 rad1ca1 1n 6en2ene and ch10r06en2ene are 
10-100 t1me5 5ma11er [ 16 ]. H0wever, 1t ha5 6een empha512ed 
that the rate 0f th15 react10n 15 5tr0n91y 501vent dependent and 
15 11ke1y t0 6e cata1y5ed 1n pr0t1c 501vent5 [ 17]. W1th m-.PP, 
the tran51ent a650rpt10n a150 decayed 0n a m11115ec0nd t1rae 
5ca1e, Wh115t the 519na1 wa5 t00 n015y t0 perm1t accurate 
k1net1c ana1y515, a decay c0n5tant 0f 2k1¢~00 ~ 3 × 105 cm 5- 
wa5 e5t1mated, a55um1n9 that the react10n a150 f0110w5 a 
61m01ecu1ar pr0ce55. 

3.3, E1ectr0n 5p1n re50nance 5pectr05c0py 

E5R 5pectr05c0py wa5 u5ed t0 character12e 60th 1nterme- 
d1ate 5pec1e5 and f1na1 pr0duct5. A 51n91et at 9 = 2.0036 6 
wa5 065erved 1n the E5R 5pectrum 0f the dr1ed prec1p1tate5 
06ta1ned w1th m.PP and p-PP. 

70 1dent1fy tran51e.t.a~e1e~, E$R 5pec~05c0py expcr1- 
ment5 were perf0rmed dur1n9 1rrad1at10n 0f 501ut10n 
c0nta1n1n9 [C0(m) c0mp1ex]=5X10 -4 M and 
[••PP••] ~ 10 -5 M 1n the pre5ence 0f DMP0 a5 a 5p1n trap. 
7he exc1tat10n 119ht wa5 f11tered at A > 350 nm t0 av01d the 
a650rpt10n 0f the 119ht 6y ••PP•• 0r DMP0. A5 prev10u51y 
de5cr16ed, tw0 type5 0f 519na1 were 065erved c0rre5p0nd1n9 
t0 the adduct5 fr0m N3" and the phen0xy1 rad1ca1 [5]: 

0 -  (1, 

+ R* 6 R•= 
H 

0... 0. 
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Exper1ment5 carr1ed 0ut 1n the pre5ence 0f ethan01 a5 a 
5caven9er 0f•0H rad1ea15 0r 1n the a65ence 0f 0xy9en y1e1ded 
1dent1ca1 re5u1t5. 

D1fference5 were 065erved w1th the tw0 pheny1phen015; 1n 
the 5y5tem w1th m-PP, the 519na1 (F19.4) wa5 the 5um 0f the 
tw0 519na15 due t0 the adduct5 N3" and m-PP, wherea5 the 
519na1 0f the 501ut10n e0nta1n1n9 p-PP ma1n1y revea1ed the 
pre5ence 0f the N3" adduet, the c0ntr16ut10n due t0 the p-PP 
6e1n9 very weak. 

3.4. 1dent1f1cat10n 0f the ph0t0pr0duct5 

1n c0ntra5t w1th what wa5 06ta1ned up0n d1rect exc1tat10n 
[18], n0 ev1dence f0r f0rmat10n 0f 4u1n0ne5 wa5 065erved 
e1ther w1th m-PP 0r p-PP. 7he re5u1t5 re1at1n9 t0 the pr06a61e 
nature 0f ph0t0pr0duct5 06ta1ned w1th m-PP and p-PP w111 
6e rep0rted 5eparate1y. 

Q) 

6, % 

c) 

F19. 4. 85R 5pectra 0f adduct w1th DMP0 rec0rded after 1rrad1at10n 1n 
aerated 501ut10n5. (a)  C0mp1ex c0ncentrat10n 2.5 x 10 -4 M (A > 350 nm); 
a N ( 1 ) = a n ( 1 ) = 14.2 6 ;  a N ( 2 ) = 2.7 6 ;  8 = 2.0060. ( 6 ) m- PP c0nce ntra- 
t10n, 3 x 10- 4 M (unf11tered); a N ( 1 ) = a a ( 1 ) = 14.2 6 ;  9 ~ 2.0060. (N0 
519na1 appear51f f11tered at A > 350 nm.) (c) C0mp1ex m-PP c0ncentrat10n5 
(2.5 X 10 -4 M/10 -3 M);  A> 350 nm; 9 = 2.0060. 

3.4.1. p-PP 
Here, 0n1y a ••ma11 am0unt 0f prec1p1tate wa5 pr0duced. 

7he h19h per16,~mance 114u1d chr0mat09ram 0f an 1rrad1ated 
501ut10n 5h0wed the f0rmat10n 0f 0n1y 0ne 501u61e ph0t0- 
pr0duct pr0v1ded that the c0nver510n wa5 10wer than 30%. 
After 1501at10n 6y preparat1ve HPLC, the NMR 5pectrum 
(F19. 5) and the ma55 5pectrum (m/2= 338) are 1n a9ree- 
ment w1th f0rmat10n 0f the d1mer 2.2•-d1hydr0xy 55•d1phen- 
y161pheny1: 

Ph Ph 

1n add1t10n, the ma55 5pectrum 0f the prec1p1tate 5h0wed 
the pre5ence 0f d1fferent 01190mer5 (m/2=,338), tr1mer 
(m12 = 506) and tetramer (m/2 = 674) t09ether w1th pe2~;k5 
at m12 = - 18.7h~5¢ peak5 ate a5519ned t0 the pr0duet 0f a 
very ea5y dehydrat10n due t0 the pr0x1m1ty 0f tw0 hydr0xy1 
9r0up5. 

3.4.2. m-PP 
1n th15 ca5e, m0re 519n1f1cant y1e1d5 0f prec1p1tate were 

pr0duced. 7he ma55 5pectrum 0f the pr0duct revea1ed the 
pre5ence 0f d1mer5 (m/2=338), tr1mer5 (m/2=506) and 
tetramer5 (m/2 = 674). 7he maj0r ph0t0pr0duct5 5eparated 
6y preparat1ve HPLC after d15501ut10n 1n methan01 and char- 
acter12ed 6y ma55 5peetr05c0py (m/e = 338) were the d1mer5 
(44•, 42• 0r 22•), a1th0u9h a11 attempt5 t0 5eparate the5e 
fa11ed. 

7he 0vera11 n1eehan15m can 6e de5cr16ed a5 f0110w5: 

[C0(111) (NH3)5N3] 2+ 

hv (LMC7) 

0 

C0(11) + N 3 + 4NH 3 + ...... 

mPP 0r pPP 

0r PPP" 

m1xture 0f d1mer5 Ph F•h 
# 

01190mer5 01190mer5 

4. C0nc1u510n 

7he c06a1t (111) c0mp1ex [ C0(NH3) ~N3 ] 2 + appear5 t0 6e 
an eff1c1ent and 5e1ect1ve ph0t0-0x1dat1ve a9ent 0f m-PP and 
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We are 9reat1y 1nde6ted t0 Pr0fe550r 511v1a M,8, C05ta f0r 
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rat10n 6etween C1erm0nt-Ferrand and C01m6ra 6y JN1C7 and 
CNR5 15 9ratefu11y ackn0w1ed9ed. 

Reference5 

1 1 1 • 

7,7 7.5 7,3 7.1 

F19, 5,400 MH2 ~H NMR 5~:~m 0ft~ water-501u61e ph0t0pr0duct 0fp0 
PP 0x1dm10n (1n C1~1~): ~-7,15(d, ~1~ and H~,); 7,33 (t, H~ and H~,)~ 
7,44 (t, H,, H,0H~v and H,0,); %59 (5, H, and H~.~; 7.61 (t, H, and H,.); 
7.62 (d, H~, H11H~, and H11,). 

p0PP. 7he exc1u51ve f0rmat10n 0f 01190mer515 065erve~ w1th 
the d1mer5 6e1n9 the maj0r ph0t0pr0duct5. 7here 15 n0 f0r- 
mat10n 0f 4u1n0ne5,1n c0ntra5t w11h what ha5 6een 065erved 
dudn9 the d1rect ph0t0-0x1dat10n 0f ••PP•• [ 18]. 

F,5R and f1a5h ph0t01y515 5tud1e5 5u99e5t that the mecha- 
n15m 0f the 0x1dat10n 90e5 thr0u9h the react10n 0f a21de 
rad1ca10n the phen01 der1vat1ve, 91v1n9 r15e t0 the c0rre5p0nd- 
1n9 pheny1phen0xy1 ~d1ca1 v1a an 0vera115ec0nd-0rder reac- 
t10n. 7he5e rad1ca15 are 10n911ved and decay 0n a m11115ec0nd 
t1m¢ 5ca1e 6y 5ec0nd-0rder k1net1c5, Even th0u9h the 11fet1me 
0f the rad1ca15 15 5uff1c1ent1y 10n9, there 15 n0 ~v1denc¢ f0r 
the1r react10n w11h 0xY9en a5 5een 6y the a65ence 0f4u1n0ne 
f0rmat10n, 7he decay 0fthe phen0xy1 rad1ca15 6y 61m01ecu1ar 
react10n appear5 t0 acc0unt f0r the maj0r r0ute t0 the f0r- 
mat10n 0f d1m¢r5, 
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