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Mechanism of the Electrode Reduction of

Cupferron in Neutral and Alkaline Media
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Abstract

The ammonium salt of N-Nitrosophenylhydroxiamine, namely Cupferron, is a well-known analy-
tical reagent which precipitates a great number of metal ions in acid medium.

Various structures of electrode reduction for N-Nitrosophenylhydroxiamine have been suggested in
acid and alkaline media by many researchers, but not in neutral medium. So the mechanism of
electrode reaction of Cupferron was investigated by both chronopotentiometric and polarographic
methods. It was estimated that the reduction of Cupferron occurs in a three-step mechanism through
which a chemical step is interposed between two charge transfer, the ECE (charge transfer-chemical
reaction-charge transfer) mechanism, over a range of neutral and alkaline media.

The chemical reaction of the process was assumed to be acid-base catalyzed from the fact that kapp

(over all rate constant) of chemical reaction is pH dependent.
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Table 1. Data for construction of working

working curvei ¥

curve

kt iv/ig
0. 000 1.000
0.025 1.012
0. 050 1.024
0.100 1.048
0. 150 1.071
0. 200 1,093
0. 250 1.114
0. 300 1.135
0. 400 1.173
0. 500 1.209
0. 650 1.253
0. 800 1.298
1.000 1.351
1.250 1. 408
1. 600 1. 474
2. 000 1.534
2. 500 1,591
3.200 1.648
4. 000 1.694
5. 000 1.732

2) Chronopotentiometry

(Testa (1961a, 1961b) Alberts (1963),
Herman(1964), Herman(1966))
Nicholson (1965b))

DA T e hgol ol azrxzdsestes I
A vdebd ¢ g A4 FAY w4 v 5
g A ek FEs Ale AsE (D49
A Ast £ 7 3¢5 b ZAldelA 74 #Ed
Hol4 Arolgt FA ¢ transition timeg 7}d o]},
A 7t A A A9 CY FPEH o] 7
% 9 %9 transition timeut v}EbbA] Hcf, FA

o} transition timeo] #&¥ %ol Ficky A2y

A Z449 E4d A2 £ =
AN ®
(252 Y=ps( 255 )—HCs ®
()l

@,®, W45z e, e D44
WANA, ke FEu-ge] hgEEgFoh He
o ke JlEELe QA gul e et 224
L g Al

LAl 24 A% Y& e,

t=0; Cq=C*, Cp=Cc=Cp=0 (5)
A 7ko]l AV,
0Lt <y ig=mFD A(3C4/05) (64)
aC 4 aC
t>1g, la—-”lFDA( )+"2FDC( C)
(6%)

ATFaPA4 9= E40
744 s,
(acA) Daf-2L iCp )=0 >
t>0; x—o0; Cq—C*, Cp,Cc,Cp,—0 (8)
MANA 743 Fdel A= AL BY O/ 244
=24 YEl}E 2nd transition timeol frcb, & vhE
W %3 Ast B4 Catolel4 S¥upiE=aes 3
& gofobaty] dFolth. AFIPANA EH CH 5=
| 3 AL F=37] S84 Laplacexi go] of
Sdch ATAAA 4 O/ 445 249 3ol
£ ch&3 7ol (Testa(1961a)) = e},
0=p lr} 2= (m/ng) (r1-+r)'"?
—0.5(n/k)1/% erf{k(r1+72)) 172

(ot expCH/DLL 472
+0.9 im0 O

D44 A p=ng/ (n1+ng)o]
a, I, Zero oder? hyperbolic Bessel functiono] t}.
(9)4°*"1 ¢ F e AL gSE Y57 09 #®
of ol]m & d W& cistA ol A wSHEE
A o]ego] @A Het, DAL A4TAD ALY
a Fo o} ol AAuk, (krDl/%9] gho] SR} & F
Q Agelle e 2ol Hep
exp(—k0/2)1,(k0/2)'21/] k0 a0
(104 @4 wgistz, Wyt 2xe o &
error functiong 1o] Hrl= Ad 2y (9D4L H
& s "
(7t 2= (1472’2

—(ng/n) (nk) 1’2 gretan(ry/o)t’?

oA Zs e Acta

£

erf-c error function,

an
(ntm)l2e $48 T 2Y5E AL 4 F
transition timee] o] =}, (IDAY ofule] -1/
g o] FrRA (/) vs. (krpt/2Y o] A4
o] dojAck Wt FEHFe 4PH o2 transit-

— 33—



&

irl/2=icl <2~ pi(rn /4k)1/2 (123
o 2!
1) Chronopotentiometry
10~tM Cupferrong-<} 80mle &4 &7]d 4

X
2 AFEL YY), BzFF(Beckman 39017)
33 F(Beckman 39273, 0.1lcm®)o 3

2y dg g uE24 3¢ S. C.E. (Beckman 39005)
E 2o 3 E A¥LES 2540.1°Cq) ez 4
glel, ebgel AAH dartag 1087 4 FY

c}, Ao} ‘&Zdﬁgi—g- % Beckman Electroscan¥30.2.
QT AFabo]odl A A 7kl
A zke] w2 g E

2) Polarographic method
w z] Britton-Robinson +&-3-< (pH7.0~10.0)9]
AAAHAY 14mlg Y= H-Cell 4z A58
0.5mlE Hre obg G4 < 2087 A
ALV EE 7 £ Yanagimoto polarograph type
PA 10224 S.C.E. & gZ2 3z &9 D.C. Polaro-
graphg dgleh,

dAa 8§ D
1) ststgrschlel Exigiel

FEAdA (1)41 7to] Cupferrono] 3%
R tA (B4 A~Ed B oA A (FACo=
AD) Aol i}v}w}-&ol Hefshn glehe AALe o
L3t e o gl A FFH At R pHAlA F25
oo whet 1sksbe] ARGDS 285bH) A F Gk
Wlmahd i FLF xold A gl A #%
deb i L3 e F2F ¥olvt 7:}*%101] = |
A% Zay et (Table 2.3 =

of & 4&F wold XH-L_.L b B al e
3 oz =5 Aon Hold 1ukgly 4L WL E
ge saurgel a4 A A FAA by
A igre BAAFUE o & Uk E3 Table 3&
Delahay(1951) W& o434 pH wald =&

dn o ae |

ek Tt

Table 2, Values of the First (i;) and the
Second (i;) Limiting Currents at
pH 7.4 as Function of the Height
of Mercury in the Reservoir

Height of =

- Drop time
e A T
(cm) (sec)
85 2.6 1.2 9.7 1.03
77 3.0 1.2 9.3 1. 06
50 3.7 1.2 7.6 1.07
40 4.2 1.2 6.8 1.07

Table 3 Values of the kD!/? at vanous pH

pH ED1/2 BRD 12 m2 /8273 t
1.3 5 OO 0.24 5.20 3.35
2.0 1. 50 0.23 5.30 3.30
6.3 0. 80 0.20 4. 80 3.00
0.06 0.04 4.68 3.15
7.0 0.70 0.19 3.07 2.71
0.08 0.05 2.78 2.52
8.8 5.00 0.30 5.20 2.51
10.0 00 0.32 5.69 2.71
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Table 4. Chronoptentiometric and Polarogrphic
determinations of Rate Constant for
Homogeneous chemical Reaction
Coupled to Reduction of 8x10~*MCu-
pferron at 25°C

PH i  -ml/2 /4 E/4 m ks
L (_@A) ) (sec.) (V.) 1y (sec™1)
7.10 0.55 1.48 0.78 0.3l
7.20 9.0 1.46
6.0 179 0.53
7.40 1.2 1.27
9.3 1.81 0.58
7.57 0.95 1.64 0.81 0.30
7.90 3.8  1.53
1.2 181 0.52
8.10 0.21 1.88
021 18 o7 om
8.30 2.8 1.56
2.2 1.81 0.55
8. 65 0.16  1.84
0.16 212 07 0.28
8.80 1.0 1.57
12,2 1.82 0.57
9. 00 0.17  1.90
0.28 220 079 0.16
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