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Oxidation of L-arginine by diperiodatonickelate(iv) (DPN) in aqueous alkaline medium is first order in [DPN], but fractional order
each in [L-Arg] and [OH™]. The rate of reaction decreases with the decrease in the dielectric constant of the medium. Added products
and variation of ionic strength have no significant effect on the rate of the reaction. A mechanism involving the formation of an
intermediate complex between oxidant and substrate has been proposed. The rate and equilibrium constants invelved in the mechanism
and the activation parameters for the slow step have been determined.

Studies of oxidation using diperiodatonickelate(rv) (DPN)
as an oxidant in alkaline medium are limited'? due to its
limited solubility and stability in aqueous media.
Mechanistically, oxidation with nickel(iv) may involve the
intervention of nickel(m). Indeed, stable nickel(ii) com-
plexes are known?, Since multiple equilibria involving dif-
ferent nickel(1v) periodate complexes prevail in an alkaline
solution?, it needs to know the active form of the oxidant in
the reaction. L-Arginine is one of the essential amino acids.
Amino acids have been oxidized by a variety of oxidants*
but not by DPN. In view of the biological importance of L-
arginine and to explore the mechanistic aspects of DPN in
alkaline medium, we have selected L-arginine for our
kinetic study.
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Fig. 1. Venfication of rate law (11) (conditions as in Table 2)

Results and Discussion

The reaction mixtures containing different quantities of
[DPN] and [L-Arg] in the presence of 0.2 mol dm= KOH at
250+ 0.1°and /=080 mol dm3 (Table 1) were kept
for 2 h in closed vessels. The remaining Ni'V was analyzed

Table 1 Stoichiometry of alkaline DPN oxidation of L-argimine
[OH =020, [103] =3 0x 107, /=080 mol dm™

Taken Found
10* x [DPN] 10%x [L-Arg] 10* x [DPN]
mol dm™ mol dm™ mol dm™
10 10 005
20 10 102
40 20 199
60 40 203

spectrophotometrically at 410 nm (g€ = 7500 dm* mol~'!
cm™) In the reaction products, Ni'! was detected and es-
timated as its dimethylglyoximato complex gravimetrical-
ly5, aldehyde®, by spot test, ammonia by Nessler’s reagent’
test, and carbon dioxide was qualitatively detected by bu-
bling N, gas through the acidified reaction mixture and
passing the liberated gas through a tube containing lime
water. The results indicated that one mole of DPN con-
sumes one mole of L-arginine according to equation (1),
R-|CH—CO0H + [Ni(OH)2(H3I0g)2]*” + 2 OH™ —

NH»
R-CHO + NHs + CO3 + H20+ 2HilO% + Ni(OH)2 (1)

NH
I

R = C-NHCH2CH2CH>-
|

NH3
It was further observed that the aldehyde undergoes no
further oxidation under the present kinetic conditions. Test
for the corresponding acid® was negative.
Reaction order : The order of the reactants were deter-
mined from the kg, vs concentration plots by varying the
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concentration of reductant, alkali and periodate in turn
while keeping others constant.

The [diperiodatonickelate(tv)] was varied in the range
(2.0-20.0) x 107% mol dm=. The linearity of plots of log
[DPN] vs time upto 70% of the reaction, indicated the
order in [DPN] as unity. This was also confirmed by con-
stant values of k. at varying [DPN] (Table 2). The [L-Arg]
was varied in the range (2.0-20.0) x 10~ mol dm™ at 25°
keeping all other reactants concentration constant. The
order in [L-Arg] was found to be less than unity (Table 2).
The effect of [OH"] was studied from 0.1 to 0.8 mol dm=
keeping all other reactants concentration constant. The rate
increases with increase in [OH-] with order less than unity
(=0.4). The effect of {IO7] on the reaction was also studied

as in Table 2 and it was found that added IOj retards the

rate of the reaction. Ionic strength effect on the reaction
was studied by varying [KNO,], which had no influence on
the rate. The effect of dielectric constant on the reaction
was studied by changing the t-butanol-water content in the
reaction medium keeping all other reactants concentration
constant. Earlier, the inertness of the solvent, t-butanol
with DPN was checked under the present experimental
conditions. It was observed that the decrease in dielectric
constant decreases the reaction rate. The plot of log k., vs
1/D gave a straight-line with negative slope. Added
products such as aldehyde, ammonia and Ni" did not affect
the rate. Added acrylonitrile induces no polymerization and
suggests the absence of free radical intervention in the
reaction.

Table 2. Effect of variation of [DPN], [L-arg]. [OH7] and [103] on the
oxidation of L-argining by DPN

Temp =25° [=0.80 mol dm™?

10°% [DPN} 10* x [L-Arg] le[OH ] 10° x [107]  10° X kobs
mol dm mol dm™ o ol dm™ mol dm'3 s

. Exptl.  Calcd.
20 - - . 50 S 20 30 470 - 478
30 50 . - 20 .30 473 478
50, - 50 20 . 30 479 4.78
100 50 20 7 30 475 4.78
200 50 20 30 475 478
5.0 2.0° 20 30 255 2.68
5.0 3.0 20 30 332 3.54
50 5.0 2.0 30 479 478
50 100 2.0 30 630 6.47
5.0 200 20 30 767 7.86
5.0 5.0 1.0 30 34l 3.40
5.0 : 5.0 2.0 30 479 4.78
5.0 5.0 4.0 30 575 6.0
5.0 5.0 6.0 30 690 6.57
5.0 .. 50 - .- 80 30 769 6.89
5.0 . 5.0 20 05 8.9 8.23
5.0 5.0 20 15 64l 6.39
5.0 5.0 2.0 20 581 5.74
50 50 20 30 479 4.78
50 - 5.0 2.0 50 362 3.58
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Effect of temperature : The rate constants (k) of the
slow step of the mechanism were obtained from the inter-
cepts of the plots of 1/ky, vs 1/[L-Arg] at four different
temperatures and were used for the calculation of activa-
tion parameters (Table 3).

Table 3. Activation parameters for the oxidation of L-aromme by DPN in
aqueous-alkaline medium

Ni'Y1=5.0% 107, [L-Arg] =5.0x 107, [OH] = 0.20, [103]=3.0x 10, .
/=0.80 mol dm™

(a) Effect of temperature :

Temp. °C kx10%s™
25 10
30 1.4
35 . 19
40 23

(b) Activation parameters with respect to slow step of Scheme | :

AH* (kI mol™)

45+2
AS* UK mol™) -36+4
AG* (k) mol™) S6+4

Mechanism : The water soluble Ni'V periodate complex
is reported’ to be [Ni(HIOg),(OH),16~. However, in an
aqueous alkaline medium and in high pH range employed
in this study, periodate is unlikely to exist as HIO¢ (as
present in the complex) as is evident from its involvement

in the multiple equilibria® (2) to (4) depending on the pH of
the solution

HslOs Mo 4105 + H:  Ki = 5.1 % 107 2)
HAI0§ X2~ H310F + B Kz = 49 x 107 3
H310% £ 110F + H: K3 = 2.5 x 10712 @)

Periodic acid (HsIOg) exists as H;IO; around pH 7. Thus,
under the alkaline conditions, the main species are ex-
pected to be Hy10Z and H,IO0%. At higher concentrations,
periodate also tends to dimerise. Hence, the soluble nick-
el(1v) periodate complex exists as [Ni(H;104),(OH),]*~ in
aqueous alkaline medium, a conclusion also supported by
earlier works?. .

The results of rate increase with alkalinity and the rate
decrease with increasing periodate concentration, suggest
that equilibria of different nickel(1v) periodate complexes
as given in eqns. (5) and (6) matter. Such type of equilibria
are well documented in literature’. It may be expected that
a lower nickel(iv) periodate complex such as a mono-
periodatonickelate(iv) (MPN) is more important in the
reaction than the diperiodatonickelate(iv) (DPN) The in-
verse fractional order in {IO3] might also be due to this
reason.

[Ni(H3106)2(OH)2J* + OH'—KL [Ni(OH)z(Hleﬁ)(H‘alO(‘)J +H20 (5)
[NI(H3106)(H7106)(0H)2]3- [Ni(OH)2(H2106)]” + H3103" 6)

Therefore, MPN might be the main reactive form of the
oxidant. Added acrylonitrile monomer did not undergo



Kembhavi et al. : Kinetics and mechanism of oxidation of 1.-arginine by diperiodatonikelate(iv) in aqueous alkaline medium

polymerization under inert atmosphere indicating the ab-
sence of free radical formation in the reaction mixture. L-
Arginine is known? to exist as zwitterionic form (R-CH
(NH;)*-COO") in aqueous medium. The same in highly
basic media exists in the deprotonated form (R-CH(NH,)-
COQO"). The fractional order in the substrate, L-arginine.
presumably results from a complex formation between the
oxidant and the substrate prior to the formation of products.
Indeed it is to be noted that the Michaelis-Menten plot of
1/kops vs 1/[L-Arg] shows an intercept in agreement with
such a complex formation. These results indicate a
mechanism of the type presented in Scheme I.

[Ni(H3106)2(OH)2l*™ + OH K=

[Ni(OH)2(H3106)(H2106)]* + H20 (5)
[Ni(H3106)(H2106)(OH)2)> o=
[Ni(OH)2(H2106]” + H3I0% (6)
[Ni(OH)2(H2106)]” +R-CH-COO"~ & complex (C) (€))]
NH»
5
Complex (©) qag, C=NH + Ni(OH)z + HIOF ®)
COOH
R _
C=NH + HzO _fast , R-CHO + NHj + CO2 ©

OOH
NH

where, R = C-NH-CH2>~CH»>-CH»>-

NH2
Scheme 1

Scheme 1 leads to eqn. (10), K,, K5 and K¢ being the con-
stants of the ditferent equilibria and k is the rate constant of
the decomposition of the complex, C. The probable struc-
ture of the complex (C) is

)
° OH ] 2-
O, ,0,1 ,0-—c¢
I Ni
o/ Vo | YN — cu-r
o] oH i
Hy
kobs =
- kKaKsKe [L-Arg] [OH"] (10)
[H310%"] + K.-g[OH"'][H3IO%"] + KaKs[OH™] + K4K5K(,[L—Arg][OH_]
or
H3108" H310%"
1 [HalO& '] [H31067) ! an

|
= + + -
kobs  kK4KsKe[OH JL-Arg] kKsKe[L-Arg] ~ kKg[L-Arg] ~ k

According to equation (11), other conditions being con-
stant, the plot of 1/kq, vs 1/[L-Arg], 1/[OH"] and [H;10%]
should be linear (Fig. 1.) From the slopes and intercepts the
values of K, Ks, K¢ and k could be derived as 1.16 £ 0.06
dm3 mol-!, 6.1 £ 0.3 x 104 dm3 mol-!, 5.0 £ 0.2 x 10*dm3

mol! and 1.0 + 0.05 x 10-2 5! respectively. The values of
K, Ks and k are in good agreement with the ecarlier
report'®. Using these constants, the k., values were calcu-
lated over different experimental conditions, and there is
reasonable agreement between the calculated and ex-
perimental values (Table 2).

The plot of log kg, vs 1/D gives a straight line with a
negative slope for reaction between negative ion and dipole
or between two dipoles or between two negative ions
whereas a positive slope, for a positive ion and dipoie in-
teraction!!. In the present study, it has been observed that
the plot of log kg, vs 1/D is a straight line with a negative
slope which agrees with the proposed Scheme 1. However,
the effect of ionic strength on the reaction is contrary to the
expectation which might be due to the high ionic strength
used in the reaction medium. The mechanism is also sup-
ported by moderate values of thermodynamic activation
parameters (Table 3). A small negative value of AS* sug-
gests that the complex is less ordered than the reactants'?
while the moderate values of AG* and AH* indicate that the
activated complex is highly solvated.

Experimental

All chemicals used were of reagent grade. Double-dis-
tilled water was used throughout. Stock solution of 1.-ar-
ginine (s.d. fine-chem) was prepared in double-distilled
water. Solutions of nickel(1v) periodate complex'? were
prepared in aqueous alkaline medium, and standardized by
the reported method’. All other solutions were prepared by
dissolving appropriate amounts of the samples in double-
distilled water. KOH and KNO; were used to maintain re-
quired alkalinity and ionic strength respectively.

Kinetic runs : Runs were performed under pseudo-first
order conditions where [L-Arg] was excess over that of
[DPN] which also contained required amounts of KOH and
KNO,. The progress of the reaction was monitored by
measuring the decrease in absorbance of DPN in a | cm
quartz cell using a Hitachi 150-20 spectrophotometer at
410 nm, where other constituents did not absorb sig-
nificantly. Becr's law for DPN in the medium employed
was verified at 410 nin, giving € = 7500 + 375 dm* mol™!
cm.

The effect of dissolved oxygen on the rate of reaction
was checked by preparing the reaction mixture and follow-
ing the reaction in an atmosphere of nitrogen. No sig-
nificant difference between the results obtained under
nitrogen and in presence of air was observed.
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