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A65tract--Ad50rpt10n 0f d1ch10rv05 (2,2-d1ch10r0v1ny1-0,0-d1meth1 ph05phate) 0nt0 hydr0u5 710 2 fr0m 
water wa5 eva1uated 1n the 1a60rat0ry u51n9 a 6atch react0r. 7he pre5ence 0f 0r9an1c 501vent5 re5u1ted 
1n a decrea51n9 d1ch10rv05 ad50rpt10n 0n 710 2 5urface. 7he5e data were u5ed t0 a55e55 a c0501vent m0de1. 
Decrea5ed ad50rpt10n 0f d1ch10rv05 wa5 065erved at an 1n1t1a1 pH 0f 4 w1th 1ncrea51n9 10n1c 5tren9th. 7he 
1nh161t0ry ad50rpt10n 15 attr16uted t0 the 610ckade 0f 5urface 51te5 6y e1ectr01yte5. 1n add1t10n, e1ectr01yte5 
p1ay an 1mp0rtant r01e 0n the pH-dependent d1ch10rv05 ad50rpt10n. 1t 15 5u99e5ted that at pH < pHp2 c 
(p01nt 0f 2er0 char9e), d1ch10rv05 ad50rpt10n 15 1nh161ted 6ecau5e e1ectr01yte5 c0mpete w1th d1ch10rv05 f0r 
5urface 51te5. At pH > pHp~, the ad50rpt10n den51ty 0f d1ch10rv05 decrea5e5 w1th 1ncrea51n9 501ut10n pH 
due t0 the decrea5e 0f 5urface 9r0up, 710H, 0n the 7102 5urface. 7he var1at10n 0f ad50rpt10n den51ty w1th 
temperature 0ver the ran9e 10°-40°C ha5 6een 1nve5t19ated. Re5u1t5 5h0w that the react10n 15 c0ntr011ed 
6y entha1py. 7he ad50rpt10n 0f d1ch10rv05 0nt0 the 710 2 5urface 15 pr1mar11y 6r0u9ht a60ut 6y hydr09en 
60nd1n9. C0pyr19ht • 1996 E15ev1er 5c1ence Ltd 

Key w0rd5--t1tan1um d10x1de, ad50rpt10n, d1ch10rv05, ph0t0cata1yt1c 0x1dat10n, hydr09en 60nd1n9, 
c0501vent effect 

1N7R0DUC710N 
7he 1ncrea51n91y 1nten51ve and w1de5pread u5e 0f  
pe5t1c1de5 ha5 re5u1ted 1n 519n1f1cant c0ntam1nat10n 0f  
5urface and 9r0und water 6y the5e chem1ca15. 7he  
pur1f1cat10n 0f  water c0ntam1nated 6y pe5t1c1de5 ha5 
6ec0me an 1mp0rtant env1r0nmenta1 pr0tect10n ta5k, 
h0wever, trad1t10na1 water pur1f1cat10n pr0ce55e5 are 
una61e t0 rem0ve many 0r9an1c chem1ca1 c0ntam1- 
nant5. Am0n9 kn0wn treatment techn14ue5 610de9ra- 
dat10n 15 pr06a61y the m05t fre4uent1y u5ed, h0wever, 
t0x1c c0mp0und5 are 0ften 1etha1 t0 m1cr00r9an15m5 
wh1ch render5 the 6101091ca1 meth0d unapp11ca61e 
(D1110n, 1981; M00re et  a1., 1989; 8ahnemann 
et  a1., 1991). A num6er 0f  recent pu611cat10n5 have 
addre55ed the de5truct10n 0f  pe5t1c1de5 6y ph0t0- 
cata1yt1c de9radat10n u51n9 a 5em1c0nduct0r a5 a 
ph0t0cata1y5t, and have 5h0wn that ph0t0cata1yt1c 
de9radat10n 15 a pr0m151n9 meth0d f0r the rem0va1 0f  
t0x1c chem1ca15 (Pe1122ett1 et  a1., 1989; 7er21an et a1., 
1991; 75en9 et  a1., 1991; Lu et a1., 1993). 

D1ch10rv05 0r D D V P  (2,2-d1ch10r0v1ny1-0,0- 
d1methy1 ph05phate) wa5 c0mmerc1a11y manufactured 
1n 1961 and u5ed a5 an 1n5ect1c1de t0 pr0tect 5t0red 

*Auth0r t0 wh0m a11 c0rre5p0ndence 5h0u1d 6e addre55ed 
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pr0duct and Cr0p5 ( W H 0 ,  1989). 7he  1n5ect1c1de may 
6e re1ea5ed 1nt0 the env1r0nment dur1n9 1t5 app11- 
cat10n and d15p05a1, and 6101091ca1 pr0ce55e5 hard1y 
de9rade th15 1n5ect1c1de. Recent1y, 5evera1 auth0r5 
have rep0rted that d1ch10rv05 can 6e de9raded w1th 
UV-111um1nated 7102 5u5pen510n5 w1th a f1r5t-0rder 
rate 6ehav10r. 7he f1na1 de9radat10n pr0duct5 are 
C1-, P043-, H • and C02 (Harada et a1., 1990; Lu 
et  a1., 1993). W1th re9ard t0 the de9radat10n path- 
way5 0f  0r9an1c p011utant5, 5evera1 mechan15m5 have 
6een pr0p05ed t0 acc0unt f0r the 1n1t1a1 5tep5 0f  
5em1c0nduct0r med1ated ph0t0de9radat10n 0f a11- 
phat1c and ar0mat1c 0r9an1c5. D1rect char9e tran5fer 
fr0m the 5em1-c0nduct0r t0 the d15501ved m01ecu1e 
ha5 6een pr0p05ed a5 0ne 0f  the 1mp0rtant react10n 
5tep5 (Dav15 and Huan9, 1990a,6; M1ner0 et a1., 
1992). 

1n a prev10u5 5tudy, the ph0t0de9radat10n 0f  
d1ch10rv05 6y UV-111um1nated 7102. Lu et  a1. (1993) 
have rep0rted that the rate 0f  d1ch10rv05 0x1dat10n 
f0110w5 a Lan9mu1r-H1n5he1w00d expre5510n. 7h15 
pr0mpted u5 t0 5tudy the ad50rpt10n character15t1c5 
0f  d1ch10rv05 0nt0 7102. 51m11ar re5u1t5 have 6een 
rep0rted 0n the 1mp0rtance 0f ad50rpt10n react10n t0 
ph0t0cata1yt1c 0x1dat10n pr0ce55 (Dav15 and Huan9, 
1990a,6; M1ner0 et a1., 1992). M0re0ver, 1nf0rmat10n 
0n the ad50rpt10n 0f  d1ch10rv05 ad50rpt10n 15 n0t 
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ava11a61e. 7 h e  06ject5 0f  th15 re5earch are: (1) t0 
1nve5t19ate the ad50rpt10n 0f  d1ch10rv05 0nt0  7102 
5urface, (2) t0 dem0n5tra te  the effect5 0f  pH,  c0501- 
vent, temperature ,  and  10n1c 5tren9th 0n  the ad50rp- 
t10n 0f  d1ch10rv05 0n t0  hydr0u5 7102 5urface, and  (3) 
t0 pr0p05e ad50rpt10n mechan15m5 f0r d1ch10rv05 
0nt0  hydr0u5 710  2. 

MA7ER1AL5 AND ME7H0D5 

A11 501ut10n5 and 5u5pen510n5 were prepared fr0m 
18f~M/cm re515t1v1ty water (M1111p0re C0rp.). 7102 wa5 
06ta1ned fr0m the De9u55a A. 6 .  (Frankfurt, 6ermany). 
Acc0rd1n9 t0 the 1nf0rmat10n pr0v1ded 6y the manufac- 
turer, th15 5em1c0nduct0r ha5 a 5pec1f1c 5urface 0f 
50 ••+ 15 m2/9 and 15 m05t1y 1n the anata5e f0rm. 7he 7102 
wa5 a110wed t0 e4u1116rate f0r 1 week 1n water 1n 0rder t0 
a55ure c0mp1ete hydr01y515 6ef0re ad50rpt10n exper1ment5. 
D1ch10rv05 (96.33% pur1ty, 8ayer Japan Ltd) wa5 u5ed 
w1th0ut further pur1f1cat10n. 7he d1ch10rv05 501ut10n wa5 
prepared 6y 5t1rr1n9 1n water at r00m temperature. 7he 
501ut10n wa5 then f11tered and 5tandard12ed 6y a 9a5 chr0- 
mat09raph. 50d1um perch10rate (Merck, >99%) wa5 u5ed 
f0r 10n1c 5tren9th adju5tment 51nce perch10rate 10n exh161t5 
1e55 effect 0n d1ch10rv05 ad50rpt10n and ph0t0de9radat10n 
(A6du11ah et a1., 1990; Lu et a1., 1993). 7he f0110w1n9 
rea9ent5 were purcha5ed fr0m Merck A. 6. ,  and u5ed a5 
rece1ved: methan01 (>  99.8%), acet0ne ( > 99.5%), 50d1um 
ch10r1de (>99.5%), perch10r1c ac1d (70%), acet1c ac1d 
(>  99.8%), 50d1um acet1c ac1d (99.5%), 50d1um 61car60nate 
(>99.5%). 

2eta p0tent1a1 mea5urement5 0f 7102 were carr1ed 0ut 6y 
a 2eta-Meter 5y5tem 3.0 2eta meter (2eta-Meter 1nc., New 
Y0rk). 1n determ1n1n9 the pHp2 ¢ (p01nt 0f 2er0 char9e) 0f 
7102, 10 9/1 0f 7102 p0wder wa5 d15per5ed 1n 1 1NaC104 
501ut10n at the de51red c0ncentrat10n. Wh11e the 5u5pen510n5 
were 6e1n9 5t1rred w1th c0nt1nu0u5 6u6611n9 0f N 2 9a5 t0 
rem0ve 02, the 1n1t1a1 pH wa5 mea5ured and rec0rded. 7he 
501ut10n pH wa5 then adju5ted w1th HC104 0r Na0H t0 
c0ver a ran9e fr0m pH 3 t0 10. 7he 2eta p0tent1a1 0f the 
7102 5urface w1th 0r w1th0ut 6e1n9 ad50r6ed wa5 carr1ed 0ut 
after e4u1116rat1n9 the 71021n the c0rre5p0nd1n9 501ut10n 6y 
5hak1n9 f0r 24 h. Ad50rpt10n exper1ment5 were c0nducted 
1n p01ypr0py1ene f1a5k5 w1th 5crew c0ver5 u51n9 10 9/1 7102 
1n a t0ta1 0f 100m1 501ut10n. Caut10n wa5 exerc15ed t0 
prevent any f19ht 1mp1n9ement 0n the f1a5k5 50 a5 t0 
m1n1m12e any ph0t0cata1yt1c de9radat10n react10n5. F0r 
5tudy1n9 the effect 0f pH, 6uffer 501ut10n5 were u5ed. A 
5er1e5 0f 6uffer5, CH3C00Na/CH3C00H and NaHC03/ 
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HC104, were u5ed t0 ma1nta1n c0n5tant pH; the 10n1c 
5tren9th 0f 6uffer5 wa5 0.1 M. 1n a 5eparate exper1ment, the 
pH wa5 a150 adju5ted 6y Na0H and HC104 1n the NaC104 
501ut10n t0 1nve5t19ate the 1nf1uence 0f pH 0n d1ch10rv05 
ad50rpt10n, pH va1ue5 were mea5ured w1th a 5untex 3000A 
pH meter e4u1pped w1th a 91a55 e1ectr0de and reference 
e1ectr0de a9a1n5t N85 pH 6uffer5. Except f0r 1nve5t19at1n9 
the effect 0f 10n1c 5tren9th 0n d1ch10rv05 ad50rpt10n, an 
10n1c 5tren9th 0f 0.1 M (NaC104) wa5 u5ed. 70 06ta1n the 
ad50rpt10n 150therm, 5amp1e5 were a110wed t0 e4u1116rate 6y 
5hak1n9 0vern19ht f0r ca 24 h 0n a 5haker. At the end 0f a 
24 h per10d, the e4u1116r1um pH wa5 rec0rded. F0r ad50rp- 
t10n k1net1c5, the exper1menta1 pr0cedure5 were e55ent1a11y 
the 5ame a5 de5cr16ed, except that 5amp1e5 were taken 
per10d1ca11y. 7he am0unt 0f d1ch10rv05 ad50r6ed wa5 deter- 
m1ned 6y the c0ncentrat10n d1fference 6etween the f1na1 and 
the 61ank. 8ef0re mea5urement, 5u5pen510n5 were f11tered 
w1th 6e1man 0.2#m m1cr0f11ter5 t0 c011ect the f11trate5. 
D1ch10rv05 wa5 extracted 6y add1n9 5 m1 each 0f the f11trate 
and hexane t0 a 20 m1 te5t tu6e then m1xed v190r0u51y f0r 
3 m1n. 7he water 1ayer c0nta1n1n9 the 1n5ect1c1de wa5 ex- 
tracted tw1ce m0re. 7he extract5 were dr1ed and c0m61ned 
6y pa551n9 thr0u9h anhydr0u5 50d1um 5u1fate. 7he c0ncen- 
trat10n 0f d1ch10rv05 wa5 determ1ned w1th a 9a5 chr0mat0- 
9raph (Hew1ett Packard 5890 11) e4u1pped w1th an e1ectr0n 
capture detect0r and a 15m x 0.53mm P7E-5 (5upe1c0 
C0rp.) c01umn. 

RE5UL75 

Rate 0 f  ad50rpt10n 

F19ure 1 5h0w5 the rate 0f  d1ch10rv05 ad50rpt10n 
0n t0  hydr0u5 7102 5urface. 6enera11y, ad50rpt10n 15 
rap1d. After  ca 24 h, an  e4u1116r1um ad50rpt10n 15 
reached. 1t 15 a150 n0 tew0r thy  tha t  the 501ut10n pH 
var1e5 a5 a funct10n 0f  e4u1116r1um t1me and  15 
pr0p0rt10na1 t0 the a m 0 u n t  0f  d1ch10rv05 ad50r6ed 

(F19. 2). 

Ad50rpt10n fr0m 501vent-water 5y5tem 

A11 exper1ment5 were per f0rmed at  a t0ta1 10n1c 
5tren9th 0f  0.1 M (a5 NaC104) w1th 0r  w1th0ut 
methan01 0r acet0ne at  30°C. Methan01 15 a pr0t1c 
501vent w1th hydr09en 60nd1n9 character .  Acet0ne,  
1e55 p01ar t han  methan01, 15 a d1p01ar apr0t1c 501vent 
tha t  cann0 t  act a5 a hydr09en  60nd  d0n0r  (L0ud0n,  
1988; 2 a c h a r a  et a1., 1988). 7 h e  pre5ence 0f  0r9an1c 
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F19. 2. Chan9e5 1n pH dur1n9 d1ch10rv05 ad50rpt10n. 
Exper1menta1 c0nd1t10n5: 10n1c 5tren9th, 0.1 M NaC104; 

temperature, 30°C; 7102, 10 9/1; 1n1t1a1 pH, 4.0. 
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F19. 3. Ad50rpt10n 0f d1ch10rv05 0nt0 7102 1n the pre5ence 
0f c0501vent. Exper1menta1 c0nd1t10n5:1n1t1a1 [d1ch10rv05] = 
4.53 x 10 -4 M; 10n1c 5tren9th, 0.1 M NaC104; temperature, 

30°C; 7102, 10 9/1; 1n1t1a1 pH, 4.0. 
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F19. 5. Effect 0f e1ectr01yte5 0n d1ch10rv05 ad50rpt10n. 
Exper1menta1 c0nd1t10n5: 1n1t1a1 [d1ch10rv05] = 4.53 x 
10-4M; temperature, 30°C; 7102, 109/1; 1n1t1a1 pH, 4.0. 

501vent5 (methan01 and acet0ne) decrea5e5 d1ch10rv05 
ad50rpt10n 0n hydr0u5 7102 5urface (F19. 3). Re5u1t5 
a150 1nd1cate that methan01 appear5 t0 1nh161t 
d1ch10rv05 ad50rpt10n t0 an extent 5119ht1y 9reater 
than acet0ne. 

Effect 0 f  temperature 

7emperature 15 an 1mp0rtant fact0r 1n c0ntr0111n9 
d1ch10rv05 ad50rpt10n 0nt0 hydr0u5 7102.7he e1ec- 
tr05tat1c character15t1c5 0f the 5011d-114u1d 1nterface 
are a funct10n 0f temperature (F0kk1nk et a1., 1990). 
7he ad50rpt10n 150therm f0r d1ch10rv05 0nt0 hydr0u5 
7102 wa5 mea5ured a5 a funct10n 0f temperature (10 °, 
20 °, 30 ° and 40°C). F19ure 4 5h0w5 that the am0unt 
0f d1ch10rv05 ad50r6ed 1ncrea5e5 w1th 1ncrea51n9 
temperature. 

Effect 0 f  NaC104 and CH 3 C00Na /CH 3 C 0 0 H  

7he ad50rpt10n exper1ment5 were c0nducted 1n 
d15t111ed water and NaC104 501ut10n at d1fferent c0n- 
centrat10n5 ran91n9 fr0m 0.0 t0 0.25 M. F19ure 5 
5h0w5 the extent 0f d1ch10rv05 ad50rpt10n a5 a func- 
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F19. 4. Effect 0f temperature 0n d1ch10rv05 ad50rpt10n. 
Exper1menta1 c0nd1t10n5: 1n1t1a1 [d1ch10rv05] = 4.53 x 
10 -4 M; 10n1c 5tren9th, 0.1 M NaC104; 7102, 10 9/1; 1n1t1a1 

pH, 4.0. 

t10n 0f 10n1c 5tren9th at 1n1t1a1 pH 0f 4.0. A5 the 
c0ncentrat10n 0f NaC1041ncrea5e5 fr0m 0 t0 0.25 M, 
the extent 0f ad50rpt10n decrea5e5 6y 26%. 1n 0rder 
t0 5tudy the effect 0f 6uffer 0n d1ch10rv05 ad50rpt10n, 
CH3C00Na/CH3C00H wa5 ch05en. D1ch10rv05 
ad50rpt10n 15 a1m05t ne9119161e at a 6uffer c0ncen- 
trat10n 0f 0.25 M (F19. 5). 7he am0unt 0f d1ch10rv05 
ad50r6ed 15 d1m1n15hed 6y a5 much a5 70-100% 1n the 
pre5ence 0f CH3C00Na/CH3C00H at c0ncen- 
trat10n5 fr0m 0.01 t0 0.25 M. Re5u1t5 1nd1cate that 
C104 15 1ndeed m0re 1nert than CH3C00 a5 
d1ch10rv05 ad50rpt10n 15 1e55 1nh161ted 1n NaC104 
than 1n CH3C00Na 501ut10n. Many re5earcher5 have 
a150 rep0rted the effect 0f 1n0r9an1c e1ectr01yte5 0n 
ph0t0cata1yt1c de9radat10n (A6du11ah et a1., 1990; 
75en9 et a1., 1991; Lu et a1., 1993). L1tt1e chan9e 1n 
0x1dat10n rate5 wa5 065erved 1n the pre5ence 0f 
C104. 1t 15 9enera11y accepted that 0 0 4  ha5 the 
1ea5t effect 1n 610ckad1n9 the act1ve 5urface5 0f 7102. 

Effect 0 f  p H  

Acc0rd1n9 t0 the e1ectr1ca1 d0u61e 1ayer the0ry, the 
re1at10n 6etween p0tent1a1 at the d15tance x fr0m the 
5urface, 4, and 5urface p0tent1a1 (40) 15 

2F~P 2F070 
1n [tanh ( 4 ~ ) ]  = 1n ~tanh ( 4 ~ - ) ] -  Kx, (1) 

where 2 15 the 519n and ma9n1tude 0f 10n1c char9e; F 
15 the Faraday c0n5tant; 4 15 the e1ectr1ca1 p0tent1a1 
at d15tance x; R 15 the 9a5 1aw c0n5tant; 7 15 the 
a6501ute temperature; 4015 the 5urface p0tent1a1; x 15 
the De6ye-H11Cke1 parameter; x 15 the d15tance fr0m 
the 5urface 0f the c01101d. 7he e1ectr01yte c0ncen- 
trat10n 15 pre5ent thr0u9h 1t5 effect 0n the parameter 
x (nm-1), wh1ch can 6e wr1tten: 

t¢ = 3.092P/2 (2) 

f0r water at 30°C. Here 1 15 the 10n1c 5tren9th (M). 
Fr0m e4uat10n (2), 1t 15 p055161e t0 ca1cu1ate 
the 5urface p0tent1a1 at d1fferent pH va1ue5. 7he 
e4uat10n5 de5cr161n9 d15tr16ut10n 0f char9e and 
p0tent1a1 f0r the 60uy-Chapman m0de1 are 
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ad = -- 0.1174C 11251nh (2F~0 ~ (3) 
•2Rr] 

a0 + ~d = 0, (4) 

where ad 15 the char9e den51ty 0f the d1ffu5e 1ayer; C 
15 the e1ectr01yte c0ncentrat10n; a 0 15 the 5urface 
char9e den51ty. Fr0m e4uat10n5 (4) and (5), 5urface 
char9e den51ty 15 06ta1ned. 8e51de5, the 5urface c0n- 
centrat10n 0f pr0t0n {H +} 15 re1ated t0 1t5 6u1k pha5e 
4uant1ty, [H+], 6y the 801t2mann e4uat10n: 

+ { -- FV0~ {H+} = [H ]exp L ~ ) ,  (5) 

where F, ~0, R and 7 are the Faraday c0n5tant, 
5urface p0tent1a1, 9a5 c0n5tant and a6501ute tempera- 
ture, re5pect1ve1y. Acc0rd1n9 t0 Huan9•5 appr0ach 
(1981), the f0110w1n9 ac1d1ty e4uat10n can 6e 
06ta1ned: 

1 N,  1 1 
= • at pH < pHp2 c (6) {H +} K ~ t  a + K1~ ~ ~ 

{H + } N,K~r 1 1nt. 
= - -  K a 2  , at pH > p H p 2 c ,  (7) 

0 "  

where Nt 15 the t0ta1 num6er 0f 10n12a61e 51te5; K1t] t 
and K1~ t are the 1ntr1n51c c0n5tant5; a+ and a• den0te 
the 5urface char9e den51ty 0f p051t1ve1y and ne9at1ve1y 
char9ed 5urface, re5pect1ve1y. A p10t 0f 1/{H +} v5 
1/a+ 0r {H + } v5 1/a• y1e1d5 1ntercept5 and 510p5 fr0m 
wh1ch 1nt 1nt Ka1, Ka2 and N t Can 6e Ca1CU1ated. At 
0.1 M NaC104, the K1] t and K~"2 t and N t Va1Ue5 f0r 
7102 are 10 -53, 10 -7"5, 1.24 x 1014 51te5/cm 2, re5pect- 
1ve1y. Fr0m K1] t and 1nt Ka2, the pHp~ 0f 7102 can a150 
6e 06ta1ned. 7he pHp,x 0f 7102 15 6.4 6a5ed 0n the 
pK1t] t and pK1~ t va1ue5. 

8uffer5 were u5ed t0 ma1nta1n the c0n5tant pH 
dur1n9 ad50rpt10n exper1ment5 wh11e keep1n9 the 
501ut10n 0f 10n1c 5tren9th at 0,1 M. F19ure5 6 and 7 
5h0w d1ch10rv05 ad50rpt10n a5 a funct10n 0f pH. 7he 
ad50rpt10n den51ty 15 5ma11 at ac1d1c pH, 1ncrea5e5 t0 
a max1mum va1ue at pH 5.5, and then decrea5e5 t0 an 
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F19. 7. Effect 0fpH 0n d1ch10rv05 ad50rpt10n 1n 0.1 M 6uffer 
501ut10n. Exper1menta1 c0nd1t10n5:1n1t1a1 [d1ch10rv05] = 

4.53 x 10 -4 M; temperature, 30°C; 7102, 10 9/1. 

undetecta61e 1eve1 1n the a1ka11ne pH re910n. 7h15 pH 
0f max1mum ad50rpt10n den51ty 15 10wer than the 
pHp~ 0f 7102, 6.4. 

7he 2eta p0tent1a1 0f the 7102 5urface 0n wh1ch 
d1ch10rv05 15 ad50r6ed and de50r6ed were mea5ured 
f0r c0mpar150n (F195 8 and 9). 1t 15 ev1dent that 
d1ch10rv05 ad50rpt10n can decrea5e the 2eta p0tent1a1 
0f the 710 2 5urface. 6enera11y, the 5uppre5510n 0f 2eta 
p0tent1a1 15 1ar9er 1n C H 3 C 0 0 H / C H 3 C 0 0 N a  501- 
ut10n than 1n NaC104.7h15 mean5 that C10;  15 m0re 
1nert than C H 3 C 0 0 -  t0ward5 the 7102 5urface. 

D 1 5 C U 5 5 1 0 N  

F0r ad50rpt10n 0nt0 a 5011d 5urface, the free ener9y 
A6°a5 15 a 5ummat10n 0f var10u5 ad50rpt10n ener9y 
c0mp0nent5 (Curt15 et aL, 1986): 

A6ad5 = A6e + A61 + A6c + A61d + A6h6 + A6hp. (8) 

7he 5U65Cr1pt5 e, 1, C, 1d, h6 and hp repre5ent c0ntr1- 
6ut10n 0f e1ectr05tat1c 1nteract10n, 10n exchan9e, c0- 
0rd1nat10n 6y 5urface meta1 cat10n5, 10n-d1p01e 
1nteract10n5, hydr09en 60nd1n9, and hydr0ph061c 
1nteract10n5, re5pect1ve1y. 51nce d1ch10rv05 15 an 
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F19. 8. 2eta p0tent1a1 0f 7102 5urface w1th 0r w1th0ut 
d1ch10rv05 ad50rpt10n 1n 0.1 M NaC104 501ut10n. Exper- 
1menta1 c0nd1t10n5: 1n1t1a1 [d1ch10rv05] = 4.53 x 10 -4 M; 

temperature, 30°C; 7102, 10 9/1. 
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F19. 9. 2eta p0tent1a1 0f 710~ 5urface w1th 0r w1th0ut d1- 
ch10rv05 ad50rpt10n 1n 0.1 M 6uffer 501ut10n. Exper1menta1 
c0nd1t10n5:1n1t1a1 [d1eh10rv05] = 4.53 × 10 4 M; temperature, 

30°C; 710:, 10 9/1. 

un10n12a61e c0mp0und, the f1r5t and 5ec0nd 0f the5e 
mechan15m5 are ne9119161e. 7he 10n-d1p01e 1nter- 
act10n5 6etween the char9ed 5urface and the n0n- 
10n1c ad50r6ate are a150 expected t0 6e ne9119161e 
1n th15 501ut10n. C00rd1nat10n 6y exchan9ed and 
5tructura1 meta1 cat10n5 15 1mp0rtant 0n1y when the 
0r9an1c 119and 15 a 900d e1ectr0n d0n0r (Lew15 6a5e) 
re1at1ve t0 water (Curt15 et  a1., 1986). 7hu5, the 
ad50rpt10n ener9y 15 c0ntr16uted 6y hydr0ph061c 
1nteract10n and hydr09en 60nd1n9. 

7he add1t10n 0f 0r9an1c 501vent t0 water enhance5 
the 1nteract10n 6etween the d1ch10rv05 and the 501- 
vent re5u1t1n9 1n a decrea5e 1n ad50rpt10n den51ty. 
7h15 may 6e attr16uted t0 the d1fference 1n pr0t0n 
aff1n1ty and 501vat10n 0f the5e 501vent5. 7hu5, ad50rp- 
t10n may 6e fav0ra61e 1n 1e55 p01ar 501ut10n due t0 the 
hydr0ph061c dr1v1n9 f0rce. H0wever, re5u1t5 5h0w 
that a1th0u9h acet0ne 15 1e55 p01ar than methan01, the 
1nh161t0ry effect 1n acet0ne 501ut10n f0r d1ch10rv05 
ad50rpt10n 15 9reater than that 1n methan01 501ut10n. 
7he ad50rpt10n 6ehav10r 1n 501vent can 6e exp1a1ned 
6y the c0501vent the0ry 0f hydr0ph061c c0mp0und5 
part1t10n1n9 0nt0 5urface5.7he c0501vent reduce5 the 
ad50rpt10n 0f d1ch10rv05 0nt0 hydr0u5 7102 6y en- 
hanc1n9 501ute-501vent 1nteract10n. 1n 0ther w0rd5, 
1ncrea51n9 d1ch10rv05 501u6111ty 1n the m1xed 501vent 
re5u1t5 1n a reduced dr1v1n9 f0rce f0r ad50rpt10n. 7he 
c0501vent the0ry pred1ct5 a 109-11near re1at10n5h1p 
6etween the m01e-6a5ed part1t10n c0eff1c1ent (Km) and 
v01ume fract10n (f~) 1n e4u1116r1um ad50rpt10n, 7he 
6a51c expre5510n f0r the phen0men0n 15: 

1/ Km1x~ 
109 ~ )  = - ~a~f~, (9) 

where Km,~ and Km,w are m01e 6a5ed part1t10n c0- 
eff1c1ent5 f0r water/501vent m1xture and 501vent-free 
water, re5pect1ve1y; the c0eff1c1ent ct and tr~ refer t0 
501vent-501ute and 501ute-5urface 1nteract10n5, re- 
5pect1ve1y (Wa1ter and 6u15epp1-E11e, 1988). L1near 
p10t5 0f 109 (Km,1/Km.w) V 5 f 5  , and ct cr 5 were 06ta1ned 
(7a61e 1). 7a61e 1 5h0w5 that acet0ne ha5 a 1ar9er cttr 5 

than methan01. 1n 0ther w0rd5, methan01 1nteract5 
w1th d1ch10rv05 1e55 5tr0n91y than acet0ne. 1n ad- 
d1t10n, the c<a 5 va1ue5 0f methan01 and acet0ne 1n the 
ad50rpt10n 0f d1ch10rv05 0n 710 2 are 5ma11er than 
that 0f hydr0ph061c 0r9an1c ad50rpt10n 0n 5011 (Wa1- 
ter and 6u15epp1-E11e, 1988), and phen015 ad50rpt10n 
0n hydr0u5 Cd5 (Dav15 e t  a1., 1990a,6). C0n5e- 
4uent1y, the hydr0ph061c ad50rpt10n 0f d1ch10rv05 
0nt0 hydr0u5 7102 may 6e 1n519n1f1cant. 

D1ch10rv05 15 an un10n12a61e c0mp0und. 7here- 
f0re, 1t 15 a55umed that the effect 0f pH 0n the 
ad50rpt10n 0f d1ch10rv05 0n 7102 mu5t re5u1t fr0m a 
m0d1f1cat10n 0f the 7102 5urface. 1t 15 we11 e5ta6115hed 
that up0n hydrat10n, the 7102 5urface deve10p5 
hydr0x0 9r0up5 wh1ch can under90 a pr0t0n 
a550c1at10n 0r d1550c1at10n react10n: 

710H + H • ~ 710H2 + ; at pH < pHp2 ¢ (10) 

7 1 0 H + 0 H ~ - ~ 7 1 0  + H 2 0 ; a t p H > p H p ~ ,  (11) 

where 710H2 + , 710H and 710-  are p051t1ve, neutra1 
and ne9at1ve hydr0u5 7102 5urface funct10na1 
9r0up5, re5pect1ve1y. 1n NaC104 and CH3C00Na/  
CH3C00H 501ut10n, the den51ty 0f d1ch10rv05 
ad50rpt10n decrea5e5 w1th 1ncrea51n9 e1ectr01yte 
c0ncentrat10n (F195 6 and 7). 7he effect 0f CH 3 C 0 0 -  
0n d1ch10rv05 ad50rpt10n 15 9reater than that 0f 
C104. 7h15 mean5 that 60th e1ectr01yte5 c0mpete 
w1th d1ch10rv05 m01ecu1e5 f0r ad50rpt10n 51te5, and 
C H 3 C 0 0 -  15 m0re act1ve than C104- 1n c0mpet1n9 
w1th d1ch10rv05 1n ad50rpt10n. F19ure 6 dep1ct5 the 
pH dependence 0f d1ch10rv05 ad50rpt10n 1n the pre5- 
ence 0f NaC104.1n th15 51tuat10n, d1ch10rv05 ad50rp- 
t10n 15 m0re pr0n0unced at pH ~ 5.5 than at pH 
va1ue5 10wer 0r h19her than 5.5. A 51m11ar tendency 
wa5 065erved 1n the CH3C00Na/CH3C00H 501- 
ut10n (F19. 7). H0wever, the ad50rpt10n 0f d1ch10rv05 
0nt0 the 7102 5urface 1n CH3C00Na/CH3C00H 
501ut10n 15 1nh161ted m0re than 1n NaC104 501ut10n. 
1t 15 n0tew0rthy that the max1mum ad50rpt10n 1n 
the5e tw0 501ut10n5 0ccur5 at ca  7.0 × 1 0  - 7  m01/m 2. 
1n an0ther exper1ment, the ad50rpt10n 0f d1ch10rv05 
at an 1n1t1a1 pH 0f 4 0nt0 7102 w1th0ut 6ack- 
9r0und e1ectr01yte wa5 carr1ed 0ut t0 c0mpare 
w1th a650rpt10n 1n the pre5ence 0f NaC104 and 
CH3C00Na/CH3C00H.  1t 15 c1ear that the ad50rp- 
t10n den51ty 1n the a65ence 0f 6ack9r0und e1ectr01yte 
under the a60ve exper1menta1 c0nd1t10n5 15 a1m05t 
the 5ame a5 that 1n the pre5ence 0f e1ectr01yte, name1y 
w1th a max1mum 0f 7.3 × 10-7m01/m 2. 1n 0ther 
w0rd5, the ad50rpt10n den51ty 0f d1ch10rv05 0n 7102 
5urface w111 6e max1mum under the f0110w1n9 c0n- 
d1t10n5: (1) there 15 n0 e1ectr01yte t0 1nh161t the 
ad50rpt10n react10n, and (2) e1ectr01yte5 d0 n0t affect 

7 a 6 1 e  1. Va1ue5 f0 r  cta~ 1n the c0501vent  
ad50 rp t10n  m0de1 

A d 5 0 r 6 a t e  501vent  cta~ 

d1ch10rv05 a c e t 0 n e  1.13 
me than01  0 .95 



7a61e 

7emp. (°C) A6ad ~ (kJ/m01) AH(kJ/m01) A5 (j/m01) 
283 - 50.5 58.1 382 
293 - 53.7 58.1 382 
303 - 58.4 58.1 382 
313 - 61.7 58.1 382 

D1ch10rv05 0nt0 hydr0n5 7102 

2. 7herm0dynam1c parameter5 f0r the ad50rpt10n 0f 
d1ch10rv05 0n hydr0u5 7102 

the ad50rpt10n react10n at the pHp2c 0f 710 2. 7here- 
f0re, 1t 15 5u99e5ted that the var1at10n 0f ad50rpt10n 
den51ty at d1fferent pH5 15 c0ntr16uted 6y e1ectr01yte5 
at pH < pHp=. 7here 15 n0 519n1f1cant d1fference 
6etween 710H and 710H2 + 1n ad50r61n9 d1ch10rv05. 
At pH > pHp=, the decrea5e 0f d1ch10rv05 ad50rpt10n 
15 5pecu1ated t0 6e the decrea5e 0f 5urface funct10n 
9r0up, 710H, 51nce hydr09en 61nd1n9 15 the pr1mary 
mechan15m f0r d1ch10rv05 ad50rpt10n. 

An attempt wa5 made t0 ca1cu1ate the chan9e 0f 
free ener9y 0f ad50rpt10n 6y the f0110w1n9 e4uat10n 
(Cr15p, 1956): 

K 
0 • A6ad5 - - - R 7  1n--, (12) 

7 

where R 15 the un1ver5a1 9a5 1aw c0n5tant, 7 15 the 
a6501ute temperature, K 15 the part1t10n c0n5tant, and 
2, a55umed t0 6e 5.0 x 10-~°m, 15 the free 5pace 
ava11a61e 1n the d1rect10n perpend1cu1ar t0 the 5011d 
5urface (Cr15p, 1956). Acc0rd1n9 t0 the 61665 
e4uat10n, the free ener9y 0f ad50rpt10n, A6ad~, 15 
91ven 6y (Chatt0raj and 81rd1, 1984): 

A6ad5 = AH -- 7A5,  (13) 

Where AH 15 entha1py and A5 15 entr0py. A p10t 0f 
A6a05 v5 7 y1e1d5 AH and A5 (7a61e 2). 7he re5U1t5 
5h0w that d1Ch10rv05 ad50rpt10n 15 m05t1y C0ntr011ed 
6y entha1py. 0Ur f1nd1n95 a9ree W1th that rep0rted 6y 
Mehr1an Wh0 ha5 5tud1ed the ad50rpt10n 0f tetra6uty- 
1amm0n1um n1trate (78AN) 0n A91 (Mehr1an et a1., 
1991). A91 15 a hydr0ph061c 5u65tance and the ad- 
50rpt10n 0f 7 8 A N  0nt0 A91 5urface 15 6r0u9ht 6y 
e1ectr05tat1c attract10n and hydr0ph061c 60nd1n9. 
7he c0ntr16ut10n fr0m hydr0ph061c 60nd1n9 t0 ad- 
50rpt10n take5 p1ace at a max1mum temperature, 7ma x 
and 7ma X depend5 0n the nature and the 5tate, 1.e. free 
0r ad50r6ed, 0f the 0r9an1c ad50r6ate. 1n the pre5ent 
exper1ment, the ad50rpt10n den51ty 0f d1ch10rv05 1n- 
crea5e5 w1th 1ncrea51n9 temperature. 7h15 may 6e 
attr16uted t0 the decrea5e 1n entha1py a5 temperature 
1ncrea5e5 due t0 1ncrea51n9 rand0m12at10n 0f the 
water 5tructure (F0kk1nk et a1., 1990). H0wever, a5 
d15cu55ed a60ve, hydr0ph061c 1nteract10n 15 n0t re- 
5p0n51ve f0r d1ch10rv05 ad50rpt10n. 1n add1t10n, 2e1t- 
ner et a1. (1986) have 5h0wn that pr0t0n d1550c1at10n 
0n 0x1de 5urface (1.e. M 0 H f  ~ M 0 H  + H +) 15 an 

7 1 - 0 H  

0 - C H a  0 - C H a  
1 1 

* 0~P-0-CH=CC12--, 71-0H ....0=P-0-CH=CC1= 
1 - -  1 

0-CHa 0-CH5 

5cheme 1. 
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0-CH5 0-CHa 
1 1 

71-0H,~ • 0=P-0-CH~CC1=--~ 71-0H2....0=P-0-CH•CC12 
- -  1 - -  1 

0 - C H 5  0 - C H 5  

0 - C H a  
1 

--~ 71-0H..,.0=P=-0-CH=CC1= • H" 

0 - C H 5  

5cheme 2. 

end0therm1c react10n. 1t 15 5een that the am0unt 0f 
710H 1ncrea5e5 w1th 1ncrea51n9 501ut10n temperature. 
51nce ad50rpt10n 0f d1ch10rv05 0nt0 hydr0u5 7102 
5urface 15 fav0ra61e at the 710H 51te5, 1ncrea51n9 
501ut10n temperature w111 pr0m0te the eff1c1ency 
0f the d1ch10rv05 ad50rpt10n. 7hu5, the ad50rpt10n 0f 
d1ch10rv05 0nt0 710 2 5urface can 6e pr0p05ed t0 6e 
an entha1py-dr1ven pr0ce55 a5 pr0t0n d1550c1at10n 0n 
7102 15 end0therm1c. 

1t 15, theref0re, c0nc1uded that hydr09en 60nd1n9 
15 the d0m1nant mechan15m f0r d1ch10rv05 ad50rpt10n 
0nt0 710 2 . 51nce ch10r1de can 0n1y f0rm weak hydr0- 
9en 60nd5, the ad50rpt10n mechan15m 15 a5 pr0p05ed 
1n 5cheme 1. F19ure 2 5h0w5 that pH decrea5e5 up0n 
d1ch10rv05 ad50rpt10n w1th a tendency wh1ch 15 1den- 
t1ca1 t0 that 0f d1ch10rv05 ad50rpt10n rate. 7he 2eta 
p0tent1a15 0f 7102 5urface decrea5ed up0n d1ch10rv05 
ad50rpt10n at d1fferent pH5 (F195 8 and 9). 7he5e 
f1nd1n95 1mp1y that H • 15 re1ea5ed f0rm the 5urface 
f0110w1n9 d1ch10rv05 ad50rpt10n. 1n th15 ca5e, the 
ad50rpt10n 0f d1ch10rv05 0nt0 710 2 5urface may 6e 
hyp0the512ed a5 5h0wn 1n 5cheme 2. 

C0NCLU510N5 

7he pre5ence 0f c0501vent, 5uch a5 methan01 and 
acet0ne, can affect the ad50rpt10n react10n 6y a 
c0501vent effect. 7he var1at10n 0f ad50rpt10n den51ty 
at d1fferent pH5 15 c0ntr16uted t0 6y e1ectr01yte 
1nh161t10n and the decrea5e 0f 5urface funct10n 9r0up, 
710H. 7he extent 0f d1ch10rv05 ad50rpt10n 1ncrea5e5 
w1th temperature 1nd1cat1n9 that the ad50rpt10n 15 
m05t1y C0ntr011ed 6y entha1py. 7he re5u1t5 dem0n- 
5trate that hydr09en 60nd1n9 f0rmat10n 15 the pr1- 
mary f0rce 6r1n91n9 a60ut d1ch10rv05 ad50rpt10n. 

Ackn0w1ed9ement--7he re5earch wa5 5upp0rted 6y the 
Nat10na1 5c1ence C0unc11 0f the Repu611c 0f Ch1na (6rant 
N5C 82-0410-E-009-066). 
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