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Suppression of the polarographic maximum of Mn(II) in 0.05 M KCI, which 
falls in the category of the negative maximum of the first kind, bas been attempted 
using some uni- and poly-valent metal cations, viz, Li+, Na+, K+, Bau, sr>+, ca>+, 
Mg>+, La•+, Nb•+ and Pra+ as suppressors. The electrode reaction of Mn(II) bas 
been found to be quasi-reversible in the presence of different amounts of these 
suppressors. The values of kinetic parameters ( <1. and k • , h ) of quasi-reversible 
electrode reaction of Mn(II) have been calculated by Gellings' method. A decrease in 
tbe values of 01. and k s , h with increasing concentrations of uni- and poly-valent cations 
shows that the quasi-reversible electrode reaction of Mn(ll) tends towards irreversibility. 
On the basis of molarity, the order of relative efficacies of metal cations in the 
suppression of the negative maximum of Mn(II) bas been established as 
Ma+ ;;;. M~+ ;:::- M+. 

L ~~· ap.d Srivast~va1-D reported that ~n(IJ) 
I<. rbtted a negattve maximum of first ktnd m 

aliph ?·I and attempted its suppression by some 
'fhe a tc alcohols and also by various cations. 
the Y rep_?rted that in the presence of Th 4.+ ions, 
supp tna.xtmum of Mn(II) is more exalted than 
lllent~eshed. This observation contradicts the state­
lllore r t a~ heavy metal cations suppress the maxima 

· centrale~~Ily than do those of light elements. The 
optiJn 1 ea of these studies has been ·to find the 
just sum concentration at which the maximum is 
efiicac~ppressed and then to formulate an order of 
have ~~~on the molarity scale. Recently, Ram~~ al" 
of M empted the suppression of the maxtmum 
a.nioni~(U) by various ionic (both cationic and 
their t~d non-ionic surfactants and compared 
this m~e .ative efficacies in the suppression of 
Properr XImum on the basis of their characteristic 
been m~es. In the present paper an attempt has 
Some un~e to suppress the maximum of Mn(II) by 
the infiu l· and poly-valent cations and then to study 
electrod ence of these cations on the kinetics of the 
ttlicacie: react1o!l of Mn(II). The orde~ of ~elative 
suppreSSi of un1· and poly-valent catiOns m the 
establish on of the maximum of Mn(II) has been 
tration, ed on the basis of molarity scale of concen· 

:t:x: . ' 
Perbnental 

•1.. .All the ch · nd "'etr sto k emrcals used were of reagent grade a 
~ater. th solutions were prepared in conductivity 

. e concentration of Mn(II) (using MnCI9• 

+ l>epart:m:----------------­
ent of Chemistry, St, .John's College, Agra. 

2H 110) was kept at 1.0 x 10-s M 1in each case. 0.05 M 
KCl was used as the supporting electrolyte. The 
polarograms ofJthe solutions were taken on a manual 
set-up5 • Stock solutions (2 M) of Li, Na, K (as 
nitrates) and of Ba, Sr, Ca and Mg (O·l M) (as 
nitrates) were prepared by direct weighing from 
A.R., B.D.H., samples. The concentrations of the 
rare earth cations (as nitrates) in their stock solutions 
were determined by standard methods 6 - 7 • Solu­
tions of desired molarity were prepared from these 
stock solutions of known concentrations by dilution. 

The experimental conditions such as the concen· 
tration of the depolarizer, the concentration of the 
supporting electrolyte (KCI), pH and the height of 
mercury column were adjusted in such a way as to 
obtain a sh~ry and well-defined maximum of Mn(II). 
These conditiOns were kept the same in all the cases 
throughout the study. Thus, the concentration of the 
depolarizer was kept at 1.0 x w- 8 M, · that of the 
supporting electrolyte at 0.05 M, the· pH of the 
medium at 6.0 (by adding very dilute solutions of 
HCI or NaOH) and the height of the mercury 
column (h, orr) at 71 .. 45 em. 

Results and Discussion 
The first kind polarographic maximum of Mn(Il) 

under the chosen experimental conditions appears 
at ·1.53V (vs S.C.E.). This lies well on the negative 
side of the electro-capillary curve and hence the 
maximum of Mn(ll) is of negative polarity8 • 

Representative Fig. 1 depicts the morphology of 
'":'-
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· ofincre&' 

C-V curves of Mn(Ii) in the presence Each c-v t11rvc stcarts at .. I·)$ v 
sing concentrations of Mg9 +. 

tialS .. e potell · Stttv unt· 
Emaz of Mn(Il) gets shifted to P0 tions of s 

(Table 1) with increasing concentr~ i ~ d~~. 
and poly-valent cations. The. value 0 the ~i!ll of 
sharply before the suppresston <?f :lllaJtiflltJllluiSite 

o · which indicates that the neg~ttve the req tJ!.e 
01 v -E,~.e cvoLTslvs s c E Mn(Il) is susceptible to suppresston.bY .Aft_et ill 

Fig. 1. c-v curves of Mn(II) in the presence of increasing amounts of uni- and poly-':alent ca~~;j) yi~~on· 
concentrations of Mgu. suppression of the maxunUIIl. h" h is diull 

o 2 7 each case, a well-defined wave W tc 1. .oM, . o. X to-• M, 3. 1.1 X to-• M, 
4. 1.2 x to-• M, 5. 2.8 x to-• M, 6. 4.0 x 10-s- M. controlled. 

------------------------------------------------------------~M:n~~~~ 
TABLE 1-POLAROGRAPHJC CHARACTERISTICS AND KINETIC PARAMETERS FOR mE ELECTRODE RJtACTIONz!:I::0.1°• tJtf)· 

PRESENCE OF INCREASING CoNCENTRATIONS OF UNI• AND POLY•VALENT CATIONS AT CJ 0psNCJllC 
hco r r -71.45 em ; t • 3.1 sec ; m -2.2 mgJsec; milts t118 -2.03 mg!I/B sec-119 (IN 0.05 M I{ ' (lCto•) k•·" 

[Cation] 
M 

0.0 

0.8 
1.6 
2.0* 

11.6 

0.6 
. 0.7 

0.8* 
3.2 

0.5 
1.1 
1.3• 
4.8 

0.2 
0.3 
0.4'! 
5.4 

0.1 
0.4 
o.s• 
5.5 

0.1 
0.5 
o.8• 
2.3 

0.7 
1.1 
1.2!. 
4.0 

0.2 
. 0.7 

1.0 
1.2* 
1.5 

0.2 
0.7 
1.0* 
1.5 

0.6 
0.9 
l.Ql!t 
2.0 

x10~ 

-Erno.:c 
(S.C. E.) 

1.53 

1.52 
1.51 
No max .. 
1.52 
1.51 
No max .. 
1.52 
1.51 
No max .. 

x1o·· 
1.52 
1.51 
No max .. 
1.52 
1.51 
No max 

" 
1.52 
1.51 
No max .. 
1.52 
1.51 
No max .. 
1.53 
1.52 
1.52 
No max .. 
1.52 
1.51 
No max .. 
1.52 
1.51 
No max 

-E1tll 
(S.C. E.) 

1.489 
1.493 

1.489 
1.492 

1.495 
1.500 

1.497 
1.500 

1.490 
1.500 

1.480 
1.483 

1.490 
1.493 

1.490 
1.495 

1.490 
1.495 

ime~:~~ 
p.A 
15.71 

14.73 
8.90 

14.32 
7.78 

12.51 
7.92 

10.15 
8.76 

11.26 
7.92 

10.29 
8.34 

10.01 
9.17 

13.48 
12.10 

8.48 

13.62 
9.87 

10.29 
7.92 

7.51 
5.70 
Na"*" 

-
7.64 
5.84 
K"*" 

7.41 
6.25 
Bao+ 

7.64 
6.39 
Sro+ 

7.51 
6.81 
Cas+ 

7.23 
6.12 
Mg2+ 

7.78 
7.23 

La•"*" 

7.37 
6.95 
Nb•+ 

7.51 
6.67 
Prl+ 

1.493 6.95 
" 1.495 6.81 

! Concentration at which the maximum just disappears. 
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Slope D x to• "' em/sea 
mV cm'lsec 

41 
47 

40 
44 

41 
45 

40 
43 

40 
44 

39 
42 

40 
43 

40 
42 

40 
42 

41 
43 

6.85 
3.95 

7.11 
4.15 

6.85 
4.76 

7.11 
4.97 

6.85 
5.64 

6.36 
4.55 

7.37 
6.36 

6.60 
5.88 

-
6.85 
5.41 

5.88 
5.64 

0.80 
0.75 

-
0.80 
0.72 

0.81 
0.75 

0.84 
0.74 

0.85 
0.68 

-
0.85 
0.80 

0.83 
0.75 

o.86 
0.75 

-
0.87 
0.11 

-(),88 
0.78 

-8.62 
s.t3 

-7.22 
t.SS 

-2.80 
z.06 

-4.08 
2.63 

-sJ4 
4.41 

-6.30 
5.49 

-8.56: 
. 6.49 
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8 A. perusal of slope values (Table I) of log plots 
Phows that the slope values of 2-electron reduction 
. ro.cess of Mn(II) lie in the range 39-49 mV which 
Mdtcate~v-u that the polarographic reduction of 
sin n(II) ts quasi-reversible in the presence of increa­
Valg amounts of uni- and poly-valent cations. The 

u~s of ~inetic parameters ( o< and k, ,-,.) of the 
:uasr-reverstble electrode reaction of Mn(II) have 
of: calculated by Gellings' methoda. The values 
co ft •h are of the magnitude of 10- 9 cmfsec which 
el n rmu'18 the quasi-reversible nature of the 
thectrode reaction of Mn(II). It is observed that 
tr e/alue of ka.h decreases with increasing concen­
sha rons of uni- and poly-valent cations. This 
of ows that the quasi-reversible electrode reaction 
s~n(II) tend~ towards irreversibility with in~rea­
It . concentrations of uni- and poly-valent cattons. 
de ts- also evident from Table 1 that the value of < 
ca?eases with increasing concentrations of the 
el tons thereby showing that the quasi-reversible 
sif:?:.rode reaction of Mn(II) tends towards irrever­
thu11~· The variations in the values of k 8 -,.and oe. 
ne 8 • ead to the same conclusion. Further, a 
inJi.att~e shift in E1111 and a decrease in i" with 
cati eastng concentrations of uni- and poly-valent 
the 0~8 ~end support to the conclusion arrived at on 
and asts of the variations in the values of k, ,-,. 

"'· 
scal!j ~omparii~g the c?ncentrations (on the ~olarity 
the to the vartous unt- and poly-valent cattons at 
the ~ ~e Where the maximum gets just suppressed, 
and r r for the relative efficacies of various uni-

Poly-valent metal cations in the suppression of 

negative maximum of Mn(II) has been established 
as M 8 + >Mil+> M+ • 
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