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A65tract 

7he ph0t0dech10r1nat10n 0f pentach10r0phen01 (PCP) 501u61112ed 1n an a4ue0u5 501ut10n 0f p01y(50d10m 5tyrene5u1ph0nate-c0-N-v1ny1- 
0ar6a201e) (P555-VC2) c0p01ymer wa5 5tud1ed. 7he r0act1,,n wa51~0~md t0 6e ph0t01nduced 6y the p01ymer1c car6a201e chr0m0ph0re5.7he 
pr0duct5 were 1dent~5ed u51n9 9a5 chr0mat09raphy-ma55 5pectr0metry (6C-M5) ana1y515. 1t wa5 f0und that the u1t1ma1e react10n pr0duct 
wa5 un5u65t1tuted phen01. 

Keyw0rd~: A4ue0u5 501ut10n; Dech10r1nat10n; Pen1ach10r0phen01; Ph0t0chem1ca1 react10n; P01ymet1c ph0t05en51t12er 

1. 1ntr0duct10n 

Pentach10r0phen01 (PCP) ha5 6een c0mm0n1y u5ed a5 a 
fun91c1de, 6acter1c1de, her61c1de, m011u5c1c1de, a19aec1de and 
1n5ect1c1de. A1th0u9h the 1eve1 0f 1t5 app11cat10n ha5 dec11ned 
50mewhat 1n the 1a5t decade and 1t5 pr0duct10n and u5e have 
6een f0r61dden 6y 1aw 1n certa1n c0untr1e5, PCP re51due5 
0ccur w1de1y 1n the env1r0nment and 1t 15 c0n51dered t0 6e a 
per515tent env1r0nmenta1 p011utant [ 1-4]. 7hu51t 15 de51ra61e 
t0 deve10p a 5afe and effect1ve meth0d f0r 1t5 d15p05a1.7h15 
pr061em ha5 6een 5tud1ed 1n a num6er 0f 1a60rat6r1e5 and 
5evera1 d1fferent appr0ache5 have 6een 5u99e5ted: 1nc1nera- 
t10n [5,61, chem1ca1 [7,8], m1cr06101091ca1 [9-14] 0r ph0- 
t0chem1ca1 [15-18] treatment. 1nc1nerat10n cann0t 6e 
rec0mmended 6ecau5e 1t 15 a550c1ated w1th the 9enerat10n 0f 
HC1 and detecta61e am0unt5 0f d10x1n5. Chem1ca1 meth0d5, 
5uch a5 dech10r1nat10n u51n9 tran51t10n meta1-pr0m0ted 
a1k0xy60r0hydr1de5 [ 8 ] 0r hydr0deha109enat10n 6y react10n 
w1th hydr09en 1n the pre5ence 0f a Pt cata1y5t [7] can 6e 
u5efu1 f0r the d15p05a1 0f c0n51dera61e 4uant1t1e5 0f pure PCP 
0r 1t5 c0ncentrated 501ut10n5. Ph0t0chem1ca1 meth0d5 5eem 
t0 6e the m05t 5u1ta61e f0r the rem0va1 0f PCP fr0m p011uted 
water 50urce5. Unf0rtunate1y, d1rect 1rrad1at10n 0f PCP 1n 
water re5u1t5 1n the f0rmat10n 0f p01ych10r1nated d16en20-p- 
d10x1n5 [18]. Much m0re pr0m151n9 re5u1t5 have 6een 
06ta1ned dur1n9 the ph0t0cata1yt1c de9radat10n 0f PCP 0n 
t1tan1um d10x1de [ 15-17 ]. 1n the prev10u5 paper 1n th15 5er1e5, 
1t ha5 6een dem0n5trated that car6a201e act5 a5 an eff1c1ent 
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ph0t05en51t12er 1n the ph0t0dech10r1r~at10n 0f PCP 1n acet0- 
n1tr11e 501ut10n [ 19]. 7he 1n1t1a1 ph0t0chem1ca1 5tep 0f the 
react10n 1nv01ve5 e1ectr0n tran5fer fr0m e1ectr0n1ca11y exc1ted 
car6a201e t0 PCP. 

1n th15 paper, we rep0rt the ph0t0dech10r1nat10n 0f PCP 1n 
a4ue0u5 501ut10n u51n9 a p01ymer1c ph0t05en51t12er, 
p01y ( 50d1um 5tyre ne5u1ph0nate-c0-N- v1ny 1car6a201e ) 
(P555-VC2). 7he p01ymer 6e10n95 t0 the c1a55 0f antenna 
p01ye1ectr01yte5, wh1ch have 6een 5h0wn t0 act a5 eff1c1ent 
ph0t0cata1y5t5 [ 20--311. 

2. Exper1menta1 deta115 

2.1. Mater1a15 

PCP (A1dr1ch, 99%) and 2,3,5,6-tetrach10r0phen0~ 
(A1dr1ch, 98%) were u5ed a5 rece1ved. N-V1ny1car6a201e 
(VC2) (F1uka, pure) wa5 recry5ta1112ed tw1ce under n1tr0- 
9en. 50d1um 5tyrene5u1ph0nate (555) (Du P0nt, tech.) wa5 
pur1f1ed 6y tw0 cry5ta1112at10n5 fr0m a m1xture 0f water and 
methan01 ( 1 : 19 v/v) at 60 °C and dr1ed 1n a vacuum 0ven. 
2,2•-A20615 ( 1506utyr0n1tr11e ) (A18N) wa5 pur1f1ed 6y cry50 
ta1112at10n fr0m ethan01 (40-50 °C ) under n1tr09~ ,n and dr1ed 
1n a vacuum 0ven. 8utan01 (P0Ch, ana1yt1ca1 9rade) and 
50d1um ch10r1de (P0Ch, ana1yt1ca1 9rade) were u5ed a5 
06ta1ned. Water wa5 pur1f1ed 6y f0urf01d d15t111at10n. 
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2.2. Pr0cedure5 

2.2.1. P01ymer 5ynthe515 
P555-VC2 c0p01ymer5 were 5ynthe512ed and pur1f1ed 

acc0rd1n9 t0 the meth0d de5cr16ed prev10u51y [ 27 ]. 7he c0n- 
tent5 0f VC2 1n the p01ymer5 u5ed 1n th15 w0rk were deter- 
m1ned t0 6e e4ua1 t0 8.5 m01.% 1n P555-VC2(8.5) and 13.7 
m01.% 1n P555-VC2(13.7). 7he we19ht-avera9e m01ecu1ar 
we19ht,/t•1., wa5 determ1ned f0r P555-VC2 (13.7) 0n a 8eck- 
man m0de1E ana1yt1ca1 u1tracentr1fu9e. 7he va1ue 0f,0.  wa5 
f0und t0 6e 11 000 f0r P555-VC2(13.7). 7he num6er aver- 
a9e m01ecu1ar we19ht, ~ . ,  0f the p01ymer wa5 e5t1mated 
(a55um1n9 a p01yd15per51ty 0f tw0) t0 6e 5500. 

2, 2,2. Preparat10n 0f the 501ut10n5 
A4ue0u5 p01ymer 501ut10n5 0f var10u5 c0ncentrat10n5 

(0,4-2,0 9 1 ~ 1) w¢r¢ prepared. A11 501ut10n5 u5ed f0r 1rra- 
d1at10n c0nta1ned the 5ame 1n1t1a1 c0ncentrat10n 0f PCP: 
c°p  - 1.8 ppm ~ 7.5 × 10 ~ M. 

2.2.3, $01u61112at10n 0f PCP 
PCP 501u61112at10n f0r the determ1nat10n 0f the d15tr16ut10n 

c0eff1c1ent and f0r ph0t0chem1ca1 exper1ment5 wa5 ach1eved 
6y 510w1y 1nject1n9 m1cr011tre 4uant1t1e5 0f pr06e d15501ved 
1n acet0ne (7.5 × 10 °= M) t0 5 m1 a114u0t5 0fth0 p01ymer5. 
7he m1xture5 were 5haken f0r 5 m1n, f11tered and e4u1116rated 
1n the 0ark f0r at 1ea5t 1 h. 

F0r the 501u61112at10n 0f PCP 1n a4ue0u5 p01ymer 501ut10n5 
u5ed f0r f1u0re5cence 4uench1n9 mea5urement5, 501ut10n5 0f 
PCP 1n acet0n1tr11e were app11ed. 

2.2.4. 1rr0d1at10n 0f 5amp1e5 
5amp1e5 we~ 1rrad1ated u51n9 a Ray0net ph0t0chem1ca1 

react0r (m0de1 RPR-100) e4u1pped w1th e18ht RPR-3500 A 
1amp5 0f 24 W each, 7he 1nten51ty 0f the 1nc1dent 118ht pr0- 
duced wa5 1.05 × 10 t5 ph0t0n5 5 "~ ~ cm ~ 3 a5 mea5ured u51n9 
a ferr10xMate act1n0meter [ 32], P01ymer 501ut10n5 c0nta1n- 
1n9 501u61112ed PCP were de0xy9enated 6y 6u6611n8 w1th 
ar90n f0r 15 m1n pr10r t0 1rrad1at10n, 7he 501ut10n5 were 
m1xed u51n8 a ma9net1c 5t1rrer. 

2,2,5, 6a5 chmmaw•raphy ana1y5e5 
7he pr0duct5 f0rm0d 0n 1rmd1at10n were ana1y5ed u51n9 

an 1NC0 6C-505M 9a5 chr0mat09raph e4u1pped w1th an 
e1ectr0n capture (EC) detect0r and a D8-608 cap111ary c01- 
umn (30 m, 0,32 mm 1n51de d1ameter (1D), 0,5 tun f11m 
th1ckne55), 7he parameter5 0f the ana1y5e5 were a5 f0110w5: 
5p11t1e,~ 1njcct10n; ¢arr10r 8a5, n1tr09en at 38,7 cm ~ 5- ~ ( 1.96 
m1 m1n ~ ~); makeup 9a5, n1tr09en at 40 m1 m1n~*; 1nject0r 
t ~ t u r e ,  250 %~ detect0r temperature, 300 ¢~; 0ven tem- 
perature, he1d 150thenna11y at 180 0C; 5amp1e v01ume, 1 tt1. 

5amp1e5 f0r ~a1y515 were prepared a5 f0110w5, 7he 1rra. 
d1atec1 a4ue0u5 501ut10n5 were extracted w1th 6utan01. 8uta- 
n01 (1 m1) wa5 added t0 a p0rt10n 0f the 1rrad1ated 501ut10n 
(2 m1), the m1xture wa5 5haken f0r 5 m1n and the 0r9an1c 
phe5e wa5 5eparated (NaC1 wa5 added f0r 6etter pha5e 5ep- 

arat10n). 7he 0r9an1c pha5e wa5 dr1ed w1th anhydr0u5 50d1um 
5u1phate. 7he re5u1t1n9 501ut10n wa5 c0ncentrated (t0 1 m1) 
and ana1y5ed. 

2.2.6. 6a5 chr0mat09raphy-ma55 5pectr0metry (6C-M5) 
ana1y5e5 

6C-M5 ana1y5e5 were perf0rmed u51n9 a Hew1ett-Packard 
5890 C-C-M5 1n5trument e4u1pped w1th a D8-5 cap111ary 
c01umn (30 m, 0.32 nun 1D, 0.25/2m f11m th1ckne55). 5am- 
p1e5 f0r 6C-M5 ana1y515 were prepared a5 f0110w5. PCP wa5 
501u61112ed 1n 500 m10f 1.0 9 1-1 P555-VC2(13.7) 501ut10n 
1n water and 1rrad1ated f0r 5 m1n. 7he pr0duct5 were extracted 
w1th 100 m1 0f hexane and 100 m1 0f methy1ene ch10r1de. 
7he extract5 were then c0m61ned, evap0rated t0 a v01ume 0f 
5evera1 m1cr011tre5 and ana1y5ed. 

2.2. 2 UV 5pectra1 mea5urement5 
7he UV a650rpt10n 5pectra 0f the 5amp1e5 were mea5ured 

u51n9 a Hew1et10Packard 8452A d10de-array 5p¢ctr0ph010m- 
eter. 

2.2.8. F1u0re5cence 5pectra1 mea5urement5 
7he 5teady 5tate f1u0re5cence 5pectra 0f the 5amp1e5 were 

rec0rded at r00m t2mperature 0n an M5F 102 51~c~,:~1:1u0r1- 
meter. 

3. R¢5u1t5 and d15cu5510n 

3.1. $01u61112at10n 0f PCP 

7he 501u6111ty 0f PCP 1n water 15 4u1te 11m1ted 
( c~6 ,9×  10 °5 M at 20 °C) [33]. 1t 1ncrea5e5 c0n51dera61y 
1n the pre5ence 0f P555-VC2.7h1515 due t0 the 501u61112at10n 
0f PCP 1n the hydr0ph061c m1cr0d0ma1n5 created w1th1n the 
p01ymer a5 a re5u1t 0f the c1u5ter1n 8 0f the hydr0ph061c car- 
6a201e un1t5 when the p01ymer 15 d15501ved 1n water. U51n9 a 
51mp1e therm0dynam1c treatment de5cr16ed prev10u51y [ 34 ]. 
the d15tr16ut10n c0eff1c1ent (K) 0f PCP 6etween water and 
the p01ymer p5eud0pha5e 15 e5t1mated t0 6e (9.1:1:0.5) × 105 
at 20 °C 1n an a4ue0u5 501ut10n 0f P555-VC2(13.7) (the 
d15tr16ut10n c0eff1c1ent K wa5 def1ned a5 the rat10 0f the m01e 
fract10n 0f PCP 1n the p01ymer p5eud00ha5e (xpcp ~t) t0 the 
m01e fract10n 0f PCP 1n water (xecea4): K= xpcpP°t/xpcp "4. 
7he 501u61112at10n 0f PCP re5u1t51n a h19h 10ca1 c0ncentrat10n 
0f PCP 1, the re5tr1cted v01ume 0f the p01ymer1c p5eud0pha5e 
and 1nc~r15e5 the. pr0h86111ty 0f d1rect 1nteract10n5 6etween 
the PCP m01ecu1e and the VC2 p01ymer1c chr0m0ph0re5. 

3,2, Ph0Wchem1ca1 react10n5 0f PCP 1~2 water and 1n 
a4ue0u5 501ut10n5 0f P555- VC2 

1rrad1at10n 0f de0xy9enated 501ut10n5 0f PCP 1n water and 
0f a4ue0u5 P555-VC2 501ut10n5 c0nta1n1n9 501u61112ed PCP 
re5u1t51n a decrea5e 1n the PCP c0ncentrat10n. 
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F19. 1. Dependence 0f the PCP c0ncentrat10n 0n the 1rrad1at10n t1me 1n 
501ut10n5 0f var10u5 c0ncentrat10n5 0f P555.VC~ 13.7) f1tted t0 a 5ec0nd- 
0rder k1net1c e4uat10n, and the dependence 0f the PCP c0ncentrat10n 0n the 
1rrad1at10n t1me. 

H0wever, the k1net1c5 and mechan15m5 0f the pr0ce55e5 
are c0n51dera61y d1fferent 1n the5e tw0 med1a. 7he data pre- 
5ented 1n F19. 1 dem0n5traV ~ ~,,: .~ =~,-~,,npu0, 0f PCP 15 
much fa5ter 1n the pre5ence 0f the p01ymer and 15 5tr0n91y 
dependent 0n the p01ymer c0ncentrat10n (the t0ta11n1t1a1 c0n- 
centrat10n 0f PCP 1n a11 5y5tem5 5tud1ed wa5 the 5ame, 
c~p ° m 7.5 X 10 -~ M). 1n add1t10n, the react10n carr1ed 0ut 
1n an a4ue0u5 501ut10n 0f P555-VC2(13.7) at a p01ymer 
c0ncentrat10n 0f 2.0 9 dm- 3 15 0ver 150 t1me5 fa5ter than 1n 
water at the 5ame 1n1t1a1 c0ncentrat10n 0f PCP. 7h15 15 c0n- 
515tent w1th a react10n ph0t01nduced 6y the exc1tat10n 0f car- 
6a201e chr0m0ph0re5 pre5ent 1n the p01ymer. 7h15 L, 
5upp0rted 6y the 065ervat10n that the c0n5umpt10n 0f PCP L5 
fa5ter 1n the pre5ence 0f the p01ymcr r1cher 1n car6a201e un1t5, 
P555-VC2(13.7) (5ee F19. 2). 

6C-M5 ana1y515 5h0w5 that tetrach10r0phen015 are f0nned 
a5 the pr1mary ph0t0chem1ca1 pr0duct5 under the5e c0nd1- 
t10n5. 2,3,5,6-7etrach10r0phen0115 the m05t a6undant 5pec1e5 
f0rmed 1n the 5y5tem. 1n add1t10n, pr010n9ed 1rrad1at10n 
re5u1t51n the f0rmat10n 0f 5ec0ndary ph0t0chem1ca1 pr0duct5, 
tr1ch10r0phen015. Further 1rrad1at10n re5u1t5 1n the f0rmat10n 
0f d1ch10r06en2ene5 and un5u65t1tuted phen01 a5 the f1na1 
pr0duet 0f the dech10r1nat10n react10n. 7he 4uantum y1e1d 0f 
PCP c0n5umpt10n 1n an a4ue0u5 501ut10n 0f P555- 
VC2(13.7) (cp0~=1.2 9 1 -n) 15 e5t1mated t0 6e 
(2.6+0.5) × 10 -3. 
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F19. 2. Dependence 0f the PCP c0ncentrat10n 0n the 1rrad1at10n t1me f0r 
501ut10n5 c0nta1n1n9 0.4 9 1- 5 0f d1fferent P555-VC2 p01ymer5 and f0r a 
501ut10n 0f car6a201e 1n MeCN (deta1151n text), 

Dur1n9 the 1rrad1at10n 0f PCP ~2 water, tetrach10r0phen015 
are a150 065erved, 6ut the maj0r pr1mary ph0t0chem1ca1 pr0d- 
uet f0rmed 15 charaeter12ed 6y a h19her retent10n t1me than 
that 0f PCP (5ee F19. 3(6)). 1t 15 pr06a61y a c0nden5at10n 
pr0duct, wh1ch ha5 prev10u51y 6een rep0rted a5 the maj0r 
ph0t0chem1ca1 pr0duet f0rmed dur1n9 d1rect 1rrad1at10n 0f 
PCP 1n water [35,36]. 

3.3. 5tud1e5 0f the mecham~m ¢f dech10r1nat10n 0f PCP 
501u61112ed 1n an a4ue0u5 501u,hm 0f P555-VC2 

Mea5urement5 0f the 5teady 5tate f1u0re5cence 5pectra 0f 
P555-VC2 1n a4ue0u5 501ut10n 1n the a65ence and pre5ence 
0f PCP have 5h0wn that PCP eff1c1ent1y 4uenche5 the em15. 
510n 0f p01ymer1c car6a201e chr0m0ph0re5 (F19. 4 ( A ) ). A5 
5h0wn 1n the prev10u5 paper [ 19], th15 effect can 6e exp1a1ned 
6y c0n51der1n9 the e1ectr0n tran5fer fr0m exc1ted car6a201e 
t0 the PCP m01ecu1e. 7he 4uench1n9 pr0ce55 can 6e de5cr16ed 
6y the 5tern-V01mer k1net1c e4uat10n (5ee F19.4(8) ) 

~ =  1 +k4X •rX [PCP] 1 

where 10 and 1 are the f1u0re5cence 1nten51t1e5 0f the car6a201e 
chr0m0ph0re51n the a65ence and pre5ence 0f PCP, [PCP] 15 
the c0ncentrat10n 0f PCP, k4 15 the 61m01ecu1ar rate c0n5tant 
f0r 4uench1n9 0f the car6a201e chr0m0ph0re 6y PCP and •r 15 
the f1u0re5cence 11fet1me 0f p01ymer1c car6a201e chr0m0- 
ph0re5. 
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A 6ef0re 1rrad1at10n 

8 after 25 m1n 0f 1rrad1at10n 1n water 

C after 100 5 0f 1rrad~1tf0n 1n 0.4 9/1 
a4ue0u5 501ut10n 0f P555-VC2(13  7) 
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F19. 3.6C trace5 0f PCP 6ef0re (a) and a1~er 1rrad1at10n 1n water f0r 25 m1n 
(6) and 1n 0.4 91 ° t a4ue0u5 501ut10n 0f P5550VC2(13.7) f0r 100 5 (c). 

A55um1n9 that the f1u0r¢5cence 11fet1me f0r p01ymer1c car- 
6a201e chr0m0ph0re5 d0e5 n0t d1ffer 519n1f1cant1y fr0m that 
0f car6e201e 1n p01ar 501vent5 (1~ 15.2 n5), the rate c0n5tant 
f0r 4uench1n9 15 f0und t0 6e 2.5 X 10* t. 7h15 va1ue 15 c0n51d. 
era61y h19her than that expected f0r a d1ffu510n-c0ntr011ed 
pr0ce55. 7h15 may 6e rat10na112ed 1n term5 0f the h19h 10ca1 
c0ncen~t10n 0f 4uencher m01ecu1e5 trapped 1n p01ymer1c 
m1cr0d0ma1n5, thu5 c0nf1rm1n9 the actua110cat10n 0f PCP 1n 
the 5y5tem 5tud1ed, 
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F19, 4, (A) 5teady 5tate f1u0re5cence 5pectra 0fan a4ue0u5 501ut10n 0f P55,~/ 
VC2(13.7) 1n the a65ence and pre5ence 0f PCP at var10u5 c0ncentrat10n,,•,. 
(8)  5tern-V01mer p10t f0r P555-VC2(13.7) f1u0re5cence 4uench1n9 6y 
PCP 1n water (10/115 the rat10 0fthe P555-VC2(13,7) f1u0re5cence 1nten51ty 
1n ~ a65ence (10) ~ d  pre5ence (1) 0f PCP). 
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4. C0ndm10n5 

P555-VC2 15 an eff1c1ent 5y5tem f0r the ph0t01nduced 
dech10dnat10n 0f PCP 1n water. 2,3,5,6-7etrach10r0phcn0115 
the ma1n pr1mary ph0t0chem1ca1 pr0duct f0rmed dur1n9 the 
1rrad1at10n 0f an a4ue0u5 501ut10n 0f P555-VC2 + PCP w1th 
118ht ~ 6y the p01ymer1c car6a201e chr0m0ph0re5. 
Pr010n8ed 1rrad1at10n 0f the react10n m1xture re5u1t5 1n the 
f0rmat10n 0f tr1ch10mphen015, d1ch10r06en2ene5 and phen01. 
7he rate 0f dech10r1nat10n 1ncrea5e5 w1th 1ncrea51n9 p01ymer 
c0ncentrat10n and w1th 1ncrea51n9 c0ntent 0f car6a201e un1t5 
1n the p01ymer cha1n. 
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