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ABSTRACT. Adsorption and oxidation of polychlorinated phenols by suspended §-MnQ; in aqueous
solution have been studied. Of the proposed mechanism, adsorption reaction of chlorophenols onto §-
MnO,(s) deperded upon the pH of the solution and the concentration of chlorophenol. Adsorption isothe-
rms showed a reasonably good fit to the Langmuir isotherm. From the pH dependence of adsorption
partition coefficient and the linear relationship between octanol-water partition coefficient and adsorption
partiton coefficient of chlorophenol, it is estimated that adsorption is dominated by its hydrophobicity.
The rate of electron transfer reaction evaluated from the rate of reductive dissolution of §-MnQys)
depended linearly upon the concentration of chlorophenol and the pH of medium. Observed rate constants
(k,) of the meta-substituted chlorophenol were lower than that of the ortho-or para-chlorophenol because
of resonance effect of chlorophenoxy radical. It is indicated that this radical is produced in the adsorption
process and the electron transfer reaction is rate determining.
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Table 1. Maximum absorption wavelength and linear dynamic rvange for the visible spectrophotometric analysis

of chlorophenols

Maximum absorption wavelength

Chlorophenols (%) () Linear dynamic range (M)
2-Chiorophenol(2-MCP) 4704 2X1076~5X10"°
3-Chlorophenol(3-MCP} 462.2 2X1077~5X107°
4-Chlorophenol(4-MCP) 4544 8X1077~1X107%
2.4-Dichlorophenol(2,4-DCP) 467.6 1X1078~2X 1073
34-Dichlorophenol(3,4-DCP) 457.8 1X107%~2X10"%
3,5-Dichlorophenol(3,5-DCP) 4214 5X107%~8X107*
2,4,6-Trichlorophenol(2,4,6-TCP) 4798 6X1076~1X10"4

*Each compound is abbreviated as indicated in the bracket.

Table 2. Analytical parameter for the determination
of Mn?* by anodic stripping voltammetry

Parameter Experimental condition

Working electrode Mercury film glassy carbon
(area 0.3cm?*

Reference electrode  Ag/AgCl electrode

Supporting electrolyte Acetate buffer(pH 4.7)

Deposition potential —1.75 V(vs. Ag/AgCl
electrode)for 180 seconds

100 mV/sec

—04 Vivs. Ag/AgCl electrode)

for 2 seconds

*Electrode is coated with Nafion at higher concentra-
tion of chlorophenol

Scan rate
Rest potential
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Fig. 1. Effect of pH on Q.4 for the adsorption of ch-
lorophenol onto 5-MnQ,(s). 2-MCP(a), 3-MCP(X), 4-
MCP(C), 24-DCP(m), 34-DCP(+), 35-DCP(%), 2,4,6-
TCP(Q). Reaction Conditions: 8-MnQ.(s) 825X 104
M, chlorophenol 2.4 X107% M, acetate buffer(pH 3.0~
5.8), adsorption time 5 min, temp. 30+ 0.2T.
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(—853)8) £42 Z718 42 5-MnO,(s) 2] w2t
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Fig. 2. Adsorption isotherms for the adsorption of
chlorophenol onto §-MnOus). 2-MCP(W), 3-MCP(+),
4-MCP(*), 24-DCP(0), 3.4-DCP(X), 35-DCP(), 24,
6-TCP(2). Reaction Conditions: §-MnOx(s) 8.25%X10~*
M, acetate buffer(pH 4.0~4.8), temp. 30% 027,

chlorophenot®] <f22HE] FAFLAULE Tl
Fig. 2] ehiisic).
o] 2P = NE & 4 gl Hle} 7o) 8-MnOx(s) <)
%} chiorophenol®} ¥2H2 Langmuir ¥25-241
2] P& vepla et webs] F243k(a) % chlo-
rophenol®] FE(c)Abo)8] |AA2 opga o)
el $ glope
nKc
a= T (6)

A7 n& Z3EA Ao A2) Fageln, K&
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ATyl A afcE adll A3t ZX3td R A7)
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ng 27 ¢ 4 ok Fig 24 vebd Smgfie]
39 datag HA H(DRHFEE §-MnO(s)el gt
chlorophenol®] Langmuir §&sjeirleld 7319
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Zo] NN 7} 71 8 KB nke 2
7k}

o]# g A= 5-MnOy(s) o} ¥i§} chlorophenol 2}
Fo} hydrophobicitysl 52 )&yt o) 2

Table 3. Langmuir adsorption parameters for the ad-
sorption of chlorophenols onto §-MnO.s)

Chlorophenols pH n log K Correl. Coeff,

2-MCP 48 2984 -—-0344 0.9609
3-MCP 46 3056 —0.288 0.9751
4-MCP 48 3178 —0277 0.9660
24-DCP 43 3141 0124 0.9356
34-DCP 42 3224 0148 0.9209
3,5-DCP 40 3810 0141 0.9018
246-TCP 40 3403 0200 0.9531

Log Kow
Fig. 3. Relationship between the Langmuir adsorp-
tion parameter) and octanol-water partition coeffi-
cient..) of chlorophenol* 2-MCP(+), 3-MCP(*),
4-MCP(D), 2,4-DCP(X), 34-DCP($), 35-DCP(X), 24,
6-TCP(2). *Log K values are from Table 3 and log
K, values are from ref. 12,

& AN Fe Aol

@24 chlorophenol®] hydrophobicity2] Hx<l
log Kngkell N2} Table 3004 73 F323
A A9 A, log K3te £A131Y Fig.39) e}
Wadek o] aYogRE <k 4 gle wle} o)
log K9} log Koo Atelolle & AR @A HYst
22, 8MnQ(s)o] ¥ chlorophenold] F2he
2 o]F2 hydrophobicityel )&%t}

Mnr*te| RlA 88. olr] RiHo] 9l Wiz
Yol d2d F Mn?* o] Y4 = (rate) & oS3
%] chlorophenol?) < R [H*]9 %42 E8
¥ 4 AP

rate=d[Mn®*)/dt=k [ArOH]*[H*]* (8)

A7IH ke Y WEEEAFONE, m3} n
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Fig 4. Effect of the concentration of chlorophenol on
the formation rate of manganese(Il) ion from 8-MnO,
(s) at pH 4.4(w), pH 4.8(+), pH 5.2(* ). Reaction Co-
nditions: 3-MnQ(s) 8.25X 107! M, acetate buffer (pH
44~52), temp. 30% 0.2C, adsorption time 30 min.
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(rate) o] ®i2}5 taled Fig 4o EAIs}sc)

ol ¥ gRE & = A& vl o] EY

pHol 4 2-MCP¢] ol B& loglrate)gte] 4°

Ao} slen® A2 E o3l T A
A12] 7]&7]€ 080~0.889 Hlol:, thE chloro-
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¥y, dHY 359 chlorophenolsl Egse}
e w22 pHoll ak& log(rate) 8] W3E A
8to] Fig 59 vlepuigic)

o] a2 RE & 4 9= s} 3te] e pH
dga e pH F7tel w2} loglrate) 7} XX} 7H
2F sithrl dAT pH ol Me Ad5es 3}
231cl. o9} 7o) metal oxides] VA L32)
WS4 E 2 Mot e AASEe o)X pHY <}
B ohe7 o) A9 5 sk 2 §MnOy(s)2)
E3 siteo)] theke H* <} OH™ 9] AAube& e}
W& pHelA& chlorophenold] 2232 zlo] of
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Fig. 5. Effect of pH on the formation rate of manga-
nese(ll) ion from §-MnOys). 2-MCP(*), 2.4-DCP(+),
2.4,6-TCP(m). Reaction Conditions: §-MnOxs) 8.25X
107* M, acetate buffer (pH 3.0~6.0), 10-2M phos-
phate buffer(pH 6.0~8.0), temp. 30% 0.2, adsorption
time 30 min.

Table 4. Observed rate constants for the reductive
dissolution of 5-MnQOs(s} by chlorophenol

Chlorophenols Concentration(M) pH Ry, X10°
2-MCP 24X10°* 48 131
3-MCP 24X10°¢ 48 24
4.MCP 24%10°¢ 5.2 168
2,4-DCP 50x10°¢ 6.0 26.2
34-DCP 8.0x10°¢ 6.2 45
3.5-DCP 1.0X10°5 6.4 04
24,6-TCP 20X10°% 6.3 94.2

Foll uhg(1)2] inner sphere complex A&
o] £xZAARA Q] HH(2) Y AP o] E
¥& nR Aoz A4} Fg 59 A9 7
7128 F& agte 0.73(24-DCP)~0.92(24,6
TCP)olEE n=1olclx FAY F Utk waly
Al8)st Mt 8] A4xe [HY]d AdHeR
AE¥E ¢ F Ak mF o] 144 7} A
2 el chlorophenol®) ¥x¢} S8 pHY)
v Aol A 5-MnO,(s) 2] 804 434 2] Mn** 9|
AREEE 35t A(B)ZRE kyd A8l
Table 44 vehd|dct.

ol ERVE & F e vk Zo| 33 £
AT kot chlorophenol ] 2 g3] $]x12} 4ol of £
2)&3l7 glck. & monochlorophenolel 7 $-o)&
3-MCP7} 2-MCP R 4-MCPel| n)3}s 7}z 1/5.588
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