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2 9o AW micelle§ F A3} acetonitrile B o4 O, O-dimethyl-O- (3-methyl-4-nitr-
ophenyl)-phosphorothioate (Fenitrothion) 2] A 7| 3}8h4 398 direct current @ differential pulase
polarography, cyclic voltammetry 2] 3 controlled potential coulometry W oz o F-31¢ o},
Fenitrothion & 34 #4 -2 1542 4 AR o] Fo o7 F-F 714 A AAle] & 3lehulg (EC, EC)
71t 2 0, O-dimethyl-O- (3-methyl-4-hydroxyaminophenyl) ~phosphorothioate & & A 3dt3, © o
LA A 2 AR o] Fo| W} kA A 420 2 phosphorus =2} phenoxy group o] ©d A 3lo]
EolAH A F AAEQ p-amino-m-cresol 3 dimethyl thiophosphinic acid & A 8H . Sodium
lauryl sulfate micelle 2o 4 polarography st AAA oz A =5glen 53 114 AU}
£ S0l micelled] AHH #goz 2942 A

ABSTRACT. The electrochemical reduction of O, O-dimethyl-O-(8-methyl-4-nitrophenyl)-phos-
phorothioate (Fenitrothion) has been studied in acetonitrile solution containing surfactant micelle
by direct current (DC)-differential pulse (DP) polarography, cyclic voltammetry (CV) and contr-
olled potential coulometry (CPC). The partially reversible electron transfer-chemical reaction (EC,
EC mechanism) of fenitrothion reduction proceeded by four electron transfer to form O, O-dimethyl
-0O-(3-methyl-4-hydroxyaminophenyl) -phosphorothioate which undergoes single bond of the phosph
orus atom and phenoxy group cleaves to give p-amino-m-cresol and dimethyl thiophosphinic acid
as major product by two electron transfer-protonation at higher negative potential. The polarog-
rapic reduction waves shown to suppressed due to inhibitory effect of sodium lauryl sulfate micelle

solution and split up on selectivity of anionic micelle effect in two step at the first reduction peak.
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71Z A ZFo2%x PARC model G159 Ag-
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Aletnt AEHPH  Fenitrothion (Sumitomo che-
mical Co. A GR)= A A& A tetraethyl am-
monium perchlorate (TEAP;TCI %)+ stock
solution & wH&o] How], <ol AALHA
cetyl trimethyl ammonium bromide(CTAB:r;
Wako 5F) 8} 2o0] & A= &4 A sodium lauryl
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triton X-100(TX; Wako 5+) 52 AA e+ &
a2l 2 AHEE e A -5 v egelt e
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Fig. 1. A typical polarogram (DC, DP) of fenitroth-

ion in acetonitrile solution.
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Fig. 2. Concentration dependence upon the limiting
current. —O—, 1st wave, —@—, 2nd wave.
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Fig. 3. Variation of limiting current (DP) With drop
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Fig. 4. Plot of potential vs. log for fenitroth-
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Fenitrothion 9] A7 3} &4 24 189
Table 1. Polarographic data for the reduction of fenitrothion in acetonitrile
Reduction —Et Slop an an an
_ . polarographic coulometric cyclovoltammetric
step volts vs. Ag-AgCl mV electron transfer electron transfer electron transfer
1st wave 1.56 65 0.92 4.0 3.7(=4.0)
2nd wave 2.01 102 0.59 2.0 2.2(=2.0)
Table 2. Cyclovoltammetric data on the fenitrothion reduction in acetonitrile
Reduction sweep rate —E, —E,;, ipe ira .. . L
step (mV/sec)  (volts vs. Ag-AgCl) (wA) balipe dpe/V Ep(mV)
500 1.78 1. 50 14.4 4.0 0.29 0.64 280
200 1.68 1. 50 13.0 6.0 0. 46 0.92 180
1st wave(b) 100 1.64 1.50 12.6 6.0 0.48 1.2 140
50 1.61 1.49 12.0 6.0 0.50 1.70 120
20 1.60 1.50 10.0 4.0 0.40 2.24 100
500 2.26 1.78 54.0 11.0 0.20 2.42 480
200 2.14 1. 86 46.8 10.0 0.21 3.31 280
2nd wave(c) 100 2.08 1.84 36.0 9.6 0.27 3.60 220
50 2.02 1.84 29.0 9.0 0.31 4.10 180
20 1.98 1.82 20.0 7.0 0.35 4.47 160
2
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. . . . ., Potential, volts vs. Ag-AgCl
¥ 1 T T 1
-0.7 -1.1 -1.5 -1.9 -2.3 -2.7 Fig. 6. Cyclic voltammogram on the fenitrothion red-

Potential, volts vs. Ag-AgCl

Fig. 5. Cyclic voltammogram on the fenitrothion red-
uction in acetonitrile. (200mV/sec). ————, 1st
SWeep, crerereeses , 2nd sweep.

/n mVol AA7tE & M A fele 7H94 2
2 2 3% ASolE Mrldd ez d¥A gl
o, cyclic voltammogram o A& i5,/dp. 3% 1
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uction in acetonitrile. (2nd sweep) a: 20mV/sec, b:
50mV/sec, c: 100mV/sec, d: 200mV/sec.

of Ft7 A AY AE,(Ep—Ep)7ho] 298K o A
59.3/n mV ol HZHT 71 HAH 02 vA Ao,

Table 13 Table 204 A 134 ILs=
71€7] 65mV, 4E, 3ko] 164mV o] A 479
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Fig. 7. DP polarogram on the fenitrothion reducti-
on in micelle solution. ——, fenitrothion only, -«---- ,
0.1% triton X-100, —-—, 5X10™3M NaLS, —:-— 5
x10-3M CTABr.
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Fig. 8. DC, DP polarogram on the fenitrothion in
NaLS solution at 5 sec drop time.
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Current , mA
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Fig. 9. Cyclic voltammogram on the fenitrothion in

micelle solution. (200mV /sec) ——— fenitrothion only,
------ , 2nd sweep in triton X-100, —-—, 2nd sweep
in NaLS, —:—, 2nd sweep in CTABr.
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Fig. 10. Cyclic voltammogram on the fenitrothion
in NaL$§ solution. (200mV/sec) ——, 1st sweep, -+
2nd sweep.
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#4 F AFS w9 s E DP Zeten
B o2 FA3lg on digital coulometer & ©]$-

3teo] oA AAGFEE Table 1] e it
A 1A 5k As Bl A 49 AR}
2253 A 234 FA5he] Az B4 29
A 2.5709 AAS £2%E v o] AL fenitrot-
hion FAHH 2] P-O, Aje] AdsEE Axng
EAE Fofl B0l i -nitroZ]7t WA AT
Az ARE ol AUHE Aoz Ay
o},

AZEAA B AdAE AGFNN=
TLC(Wakogel) w0 % petroleum ether ¢}
acetone(3 : 1) &N & ALt F] 39 o
IR# NMR #3712 2435k 8712 4
A B9 &Ao] 1}elyk o} dimethyl thiophosph-
inic acid & p-amino-m-cresol Wt-& FAA E &
A F AAH
Dimethy! thiophosphinic acid;IR : P-H : 3, 400,

P-0O-alkyl: 700~800(vs) NMR : §2.0, 7.4
p-amino-m-cresol; IR : —NH,; 3,200, —OH;2,
300, C-CHa; 750,900(vs) NMR : 61.3,3.3,7.0

lst step :
H:0. .S
pi 3¢ CH, + b4e +2HS
CH,0 o_ Yo,
-1.56v (DD
CH,0 s
=S >P? CH,
LG0T N NHOH
(1)
2nd step :
(I + 2e ——2:06, MO -8
0”7 o —@—NH2
(111)
or (1) + e 29V, (11" .+ &S
CH,0 s5]* CH,4
e
CH,0 NHOH
or (II) + 2e —29V, ()" + s
a{,o>P¢s o _ al,
CH, 07 SH NHOH
(W)
(am + 2e 208V, GO o . 1o Hs
0”7 SN H @Nﬂz

(IV) + 2e _=2.06V_

Scheme 1. Electrochemical reduction mechanism of 0, 0-dimethyl-0-(3-methyl-4-nitrophenyl)-
phosphorothioate (fenitrothion) in acetonitrile solution.
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-1.60V

(I) + 2 ———— (D

CHA0

cuo/ \
NO

(1

(I + 2HS W

-1.98v (1'"Y° + 2HS

(I'y + 2e

CH3O0 /

CH, 0~ \
NHOH

Scheme 2. Electrochemical reduction mechanism of
0, 0-dimethyl-0- (3-methyl-4-nitrophenyl) -phosphoro-
thioate(fenitrothion) in NaLS solution.
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henyl 719] #= & 79} dimethoxy 719 - &3}
o oJ3te & AL 2 p YA -nitro 7]
o] NgAtuch =14 1719 HAE ukol anion
radical & A3 A 7HYutesoz2 AYd
Aol A" 4 X, BAE FAAHF AA
AFukgo) A -nitro 7} 7} WA AT EHel o
=] Al 154 ASukgelA 4749 AAE g
3 hydroxy amine &2 3" ¥ ¥ 244
9 Al 2gtA AFubgolA 2749 AAE o 6
o} amine &8 =& HIukgo] P-Oy Ao #
ofAE e AAHE der vstes 74
HAE 2 AR o] F Fof AR ubGo] Aot
EC,EC AF4rg #Aolnz Yo Aud A
2 ZA= 3lo oS Scheme 13 o] A7 3
4 39 kg5 A

Lol 7F AFubgol A A" ool FA A
FAZ Agdd Fhikeg e A3 ol
&8 9lom®3l Scheme 194 HS & &+
AA ol Ak £ro] FiE 4% & vkl
o 1A uke-E9l p- hydroxyamme o] & &
Aol A 249 AAE B o} p-amine . 5
£ #4d I F4A FFe] 483A %
3t Fubgo] dojubAYy B o] of A3t
2 sH5Ae] dA=E g o TLC AA F8 F
A% F giglernz oF Fubge whgIlfE

Vol. 32, No. 3, 1988

FA3tA4 gt

NaLS micelle 27 A& #g3Ho] AlEs
o] A}9A FAF 59 A 194 Bt
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=] —2.4volts vs. Ag-AgCl ¥ o)A, A1z
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