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Abstract
The kinetics and mechanism of homogenously Os(VIII) catalysed oxidation of L-alanine (L-ala) by alkaline sodium periodate in temperature range 30 to 45°C have been studied. The involvement of free
radicals was observed in the reactions. The oxidation products were acetaldehyde and IO3-, identified
by spot test and spectroscopic studies. The stoichiometry between [L-ala]: IO4- is 1:2. The reaction show
negligible effect of mercuric acetate and ionic strength of medium. The experimental results show first
order in oxidant [NaIO4] and negative effect of [OH-]. The order in [Os(VIII)] as well as L-alanine was
unity. A mechanism involving the formation of complex between L-alanine and Os(VIII) was proposed.
The reaction constants concerned in the different steps of mechanism were calculated at different temperature. The activation parameters for the slow step of mechanism were computed and discussed. The
thermodynamic quantities were also calculated for the reaction. Copyright © 2018 BCREC Group. All
rights reserved
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1. Introduction
From last few years, the study of transition
metals with high oxidation state has attracted
many researchers because such metals produce
stable complexes with appropriate polydentate
ligand. The application of transition metal ions
such as osmium, ruthenium and iridium, either
alone or in mixtures, acts as catalysts for differ* Corresponding Author.
E-mail: amrita.sri18@gmail.com (A. Srivastava)

ent redox processes [1]. The importance of
Os(VIII) as a catalyst has been noticed in some
redox reactions [2,3]. Osmium form stable compounds in +8 oxidation state. The OsO4
[Os(VIII)] also gives reduction up to +2 via +4
and +6 oxidation state in acid medium. However, if the medium is alkaline, it gives reduction up to +6 oxidation state only [4]. The exclusive nature and most favourable reduction potential, [5] of Os(VIII)/Os(VI) of +0.85 V in acid
medium and +0.30 V in alkaline medium helps
it to act as catalyst with different oxidants in
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oxidation of substrates whether they are organic or inorganic [6]. The literature survey reveals that the catalytic role of osmium(VIII) is
well recognized.
Oxidation reactions have its own importance
and are key alteration in organic synthesis [7].
Oxidation of amino acids plays a significant
role [8]. The dehydrogenation of amino acids by
flavoenzymes has involved researchers in last
few years. Oxidation of amino acids has been
done by variety of oxidizing agents [10]. The Lalanine (L-ala) is chemically known as (2S)-2aminopropanoic acid. In essence it occurs in
poultry, beef, pork and fish. Majority of animal
based protein sources have abundance of L-ala.
L-ala levels increases within body during muscle contraction. It is used by the body as a fundamental block of protein. L-ala has paramount
role in transfer of nitrogen from tissue sites in
the body to liver. It act as source of energy to
brings forth blood sugar in human body [11].
Periodate is very discriminating and immaculate reagent for oxidative cleavage of organic compounds containing amino, α-hydroxy,
oxo or carboxyl groups [12]. Oxidation with periodate causes denaturation of proteins and deterioration of enzymes and these findings have
been elucidated on the basis of reaction of essential amino acids with periodate [13]. The nature of substrate, the oxidant and experimental
conditions influence the mechanism of catalysis. It has been made known [14] that as catalyst metals act among one of these paths such
as oxidation of substrate, complex with reactants or free radicals formation. The authors
have experienced that osmium in microamount catalyzes the oxidation of L-ala by sodium periodate in alkaline medium. To comprehend the active species of oxidant and catalyst
and for shaping the suitable mechanism, the title reaction is investigated thoroughly to understand all mechanistic prospective. This
mechanism perceptive allows chemistry to be
interpreted.
2. Materials and Method
2.1 Materials and reagents
All the chemicals were of reagent grade and
double distilled water was used during the experiment. A solution of L-ala (E. Merck) was
prepared in double distilled water. The purity
of L-ala sample was confirmed by its melting
point 312 °C (Lit. m.p 314 °C). The necessary
concentration of L-ala was prepared from its
stock solution. The osmium solution was made
by dissolving OsO4 (Johnson Mathey) in 0.50
mol.dm-3 NaOH. The concentration was estab-

lished [15] by elucidating unreacted [Fe(CN)6]4with standard Ce(IV) solution in an acidic medium. For maintaining ionic strength and alkalinity of reaction, KClO3, and NaOH were used,
respectively. The standard solution of NaIO4
was equipped by dissolving its weighed amount
in double distilled water. This solution was
standardised against hypo solution which was
already standardized against copper sulphate
(B.D.H) solution. The improvement of reaction
was followed iodometrically. Other reagents
used were, A.R. grade and their solutions, were
also prepared in doubly distilled water. The reaction vessels were black coated from exterior
to avoid photochemical effects.
2.2 Kinetic measurements
The kinetic runs were carried out at 35 °C ±
0.1 °C. The reaction was initiated by mixing
the previously themostated solution of sodium
periodate to the thermally equilibrated reaction mixture containing required volume of solution of L-ala, Os(VIII), NaOH, and all other
reagents. Aliquots (5 ml) of the reaction mixture were taken out at definite intervals of
time and poured into a volumetric flask containing 5 ml of dil. H2SO4 and 5 ml of 4 % KI
solution. The amount of iodine liberated is
equivalent to unconsumed oxidant which was
estimated with standard sodium thiosulphate
solution using starch as an indicator. The initial rates were estimated from the slope of concentration vs. time graph in the initial stages
of the reactions by plane mirror method. The
rate constants were reproducible to within
±5%.
3. Result and Discussion
3.1 Stoichiometry and product analysis
To ascertain the stoichiometry of the reaction, different sets of experiments with various
ratios of [NaIO4]:[L-ala] were performed at 35
°C for 48 hours and keeping concentration of
all other reactants constant under conditions
[NaIO4] >> [L-ala]. The unconsumed amount of
periodate estimated in different sets shows
that 2 moles of NaIO4 was consumed to oxidize
1 mole of L-ala. In stoichiometry and product
analysis, scheme 1 is stated for reaction. Accordingly the following stoichiometric equation
can be formulated in Scheme 1.
The stoichiometric ratio propose that the
main product was acetaldehyde, which was recognized by chromatography (TLC), conventional method (spot test) [16] and also by 2,4dinitrophenyl hydrazine (DNPH) derivative
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(Brady’s test). The product was also confirmed
by its FT-IR spectrum showing a carbonyl
stretching at 1729 cm-1 and –CH stretching at
2730 cm-1 and –CH bending at 1370 cm-1
(Figure 1). Carbon dioxide was qualitatively detected by aerated N2 gas through the acidified
reaction mixture and passing a librated gas
through a tube containing lime water. Ammonia was recognized by Nessler reagent [17]. The
aldehyde was confirmed by preparing 2,4-DNP
derivative [18]. The product didn’t undergo oxidation further under these kinetic conditions.
3.2 Reaction orders
The reaction order have been determined
from the slope of log [conc.] vs. log dc/dt plots
by changing the concentrations of L-ala, alkali,
periodate, Os(VIII) and mercuric acetate in
turn while maintaining all other concentrations
and conditions constant. The order in periodate
was unity between the concentration range of
0.83×10-3 to 5.0×10-3 mol.dm-3 at fixed concentrations of Os(VIII), NaOH, and KClO3. Linear-

-

-

ity of the plots of dc/dt vs. time till 80 % completion of reaction indicates a reaction order of
unity in periodate (Figure 2). The first order
dependence was also confirmed from the plot of
log [NaIO4] vs. log dc/dt (r ≥ 0.99336, S ≤
0.0977) (Figure 6).
The effect of L-ala on the rate of reaction
was deliberated at constant concentrations of
alkali, Os(VIII) and periodate at a constant
ionic strength of 0.005 mol.dm-3. The L-ala concentration was wide-ranging between 0.13×10-2
to 2.0×10-2 mol.dm-3 at 35 °C while keeping
other reactant concentrations and conditions
constant (r ≥ 0.98286, S ≤0.0.2023) (Figure 5).
The value of k1 increases on rising the concentration of [L-ala] signifying a less than unit order dependency on [L-ala]. The effect of alkali
on the reaction has been considered in the
range of 0.83×10-3 to 5.0×10-3 mol dm-3 at fixed
concentrations of Os(VIII), L-ala, periodate and
Hg(OAc)2 at constant ionic strength 0.005
mol.dm-3 (Figure 6). The rate constants decreased with increase in alkali concentration,

-

-

3 +
-

-

2
L- alanine

Periodate Ion

Scheme 1. Scheme showing chemical reaction and stoichiometry of oxidation of L-ala by alkaline
sodium periodate

Figure 1. Effect of temperature on rate constant for oxidation of L-ala at 308 K. [NaIO4]
=1.0×10-3 mol.dm-3; [L-ala] = 1.0×10-2 mol.dm-3 ;
Os(VIII) = 2.6×10-6 mol.dm-3; [NaOH]= 1.0×10-3
mol.dm-3; [Hg(OAc)2] = 1.25×10-3 mol.dm-3

Figure 2. Plot between rate constant vs.
[NaIO4] for oxidation of L-ala at 308 K. [L-ala]
=1.0×10-2 mol.dm-3; Os(VIII) = 2.6×10-6
mol.dm-3; [NaOH] = 1.0×10-3 mol.dm-3;
[Hg(OAc)2] = 1.25×10-3 mol.dm-3
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demonstrating negative fractional order dependence of rate on alkali concentration.
3.3 Effect of added products
The effect of initially added products IO3and acetaldehyde were considered in concentration range 8.0×10-4 to 5.0×10-3 mol.dm-3 at fixed
concentration of oxidant, alkali, reductant, and
catalyst. It is found that both added products
did not affect the reaction rate.
3.4 Effect of ionic strength (I) and dielectric constant (D)
The ionic strength was studied by using
KClO3 in concentration range between 0.1 to
0.9 mol.dm-3 at constant concentrations of alkali, oxidant, reductant and catalyst at 35 °C.

Similarily, dielectric constant of the medium D
was varied using CH3COOH and H2O in different ratios. As result of experiment we come to
know that both had no noteworthy effect on the
rate of reaction.
3.5 Test for free radicals (Polymerisation
study)
The participation of free radicals for
Os(VIII) catalysed reactions was experienced.
The reaction mixture was tested with acrylonitrile monomer and was reserved for 2 hours in
an inert atmosphere. On diluting with methanol, reaction mixture gives a white precipitate
which indicates the union of free radicals. The
blank experiments of periodate or L-ala alone
with acrylo nitrile didn’t give any polymerisation under similar conditions. Primarily added

Figure 3. Verification of rate law (4) in form of
(5) for Os(VIII) catalyzed oxidation of L-alanine
by sodium periodate at 25 °C.

Figure 4. FT-IR spectrum of final product

Figure 5. Plot between rate log [Os(VIII)] vs.
log (dc/dt) and log [L-Ala] vs log (dc/dt) for oxidation of L-ala at 308 K.

Figure 6. Plot between log [OH-] vs.log (dc/dt)
and log [NaIO4] vs log (dc/dt) for oxidation of Lala at 308 K.
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acrylonitrile decreased the rate of reaction
which is a function of free radicals.
3.6 Effect of temperature
The consequence of temperature for Os(VIII)
catalysed oxidation was studied at 30, 35, 40,
and 45 °C. The rate constants, (k2), of the slow
step of Scheme 1 were obtained from the slopes
and the intercepts of the plots of [Os(VIII)]/k1
vs. 1/[L-ala] at four different temperatures. The
values specified in Table 2 were used to estimate the activation parameters. The energy of
activation analogous to these constants was
evaluated from the Arrhenius plot of log k vs.
1/T (Figure1) and other activation parameters
obtained are tabulated in Table 2.

tration increases the role of [OsO5(OH)]3- is
noteworthy. As in case of current work, the
concentration of OH- decreases, it is logical
that [OsO5(OH)2]2- was active species and its
formation is significant in reaction (Scheme 4).
Anionic structure of L-ala reacts with Os(VIII)
active species to construct a complex [C3],
which further react with one mole of periodate
in slow step to turn out a free radical of L-ala,
IO3- with regeneration of catalyst, Os(VIII). Additionally this free radical of L-ala react with
one mole of periodate in fast step to provide
products as given in Scheme 4. The probable
structure of the complex [C3] is given below:

3.7 Effect of [Os(VIII)]
The [Os(VIII)] concentration was wideranging from 1.31×10-6 to 7.88×10-6 mol.dm-3, at
set concentrations of NaOH, L-ala, periodate,
Hg(OAc)2, and ionic strength. The order in
[Os(VIII)] was establish to be unity from the
linearity of plots of log [Os(VIII)] vs. log (dc/dt)
(Figure 5).
In aqueous alkaline medium and at high
temperature, periodate exists as HIO64- [19].
Periodic acid exists as H5IO6 and as H4IO6around pH 7. Therefore in alkaline medium,
the main species exist as IO4-, H3IO62-, and
H2IO63- (Scheme 2). As the concentration increases, periodate also try to form a dimmer
[20]. In the majority of papers [21], on oxidation, periodate decreases and OH- enhances the
rate of reaction. But in present study, absolutely different results have been obtained.
Since OH- retards the rate of reaction (Table 1).
It is well-known that L-ala is present in
form of zwitterions [22] in aqueous medium
(Scheme 3). In extremely acidic medium, it exists in protonated form while in alkaline medium it is present as anionic form (Scheme 3).
The Os(VIII) exist as different complexes in
different OH- [23] concentrations, such as:
[OsO4(OH)2]2- and [OsO5(OH)]3-. As OH- concen-

Scheme 2: Various forms of periodate in different medium

The spectroscopic evidence for formation of
complex between catalyst and substrate was

Scheme 3: Scheme showing zwitterions of L-ala

Scheme 4. Detail scheme for the Os(VIII) catalysed
oxidation of L-alanine by alkaline sodium periodate
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OsVIII T  

obtained from UV-Vis spectra of L-ala (1.0×10-2
mol.dm-3), Os(VIII) (2.6×10-6 mol.dm-3), [OH-]
(1.0×10-3 mol.dm-3) and mixture of both. A hypsochromic shift of about 7 nm from 292 nm of
L-ala to 285 nm of mixture of Os(VIII) and Lala was observed. The Lineweaver-Burk plot
proved the complex formation between Os(VIII)
and L-ala, which explains fractional order in
[L-ala]. The rate law for Scheme 4 is derived
as:

Rate 

 

d IO 4
dt





Rate





 k 3 K 2 Os VIII

T L  ala  

IO   1  K OH   K L  ala 

4



1



(4)

Equation (4) proves that, the plots of
[Os(VIII)]/k vs. 1/[L-ala] and [Os(VIII)]/k vs.
[OH-] were linear (Figure 3). A van’t Hoff’s
plot was prepared for the deviation of k with
temperature [i.e. log k versus 1/T] (Figure 1)
and the values of the enthalpy of reaction ∆H,
entropy of reaction ∆S and free energy of reaction ∆G were calculated. These values are also
specified in Table 2. Insignificant effect of ionic
strength and dielectric constant in catalyzed
reaction might be due to contribution of neutral species in the reaction (Schemes 2). The
negative value of ∆S# suggests that the intermediate complex is more ordered than the reactants [24]. The observed modest enthalpy of
activation and an elevated rate constant for the
slow step point towards the fact that the oxidation most probably occurs via an inner sphere
mechanism. This conclusion is supported by a

(1)

 k K IO 4 Os VIII T L  ala 
Rate   3 2


 1  K 1 OH  K 2 L  ala  
k 

k



1
K1 OH 
1


k3 K 2 L  ala  k3 K 2 L  ala  k3

(2)
(3)

2

The rate law (3) can be rearranged to equation
(4), which is suitable for verification.

Table 1. Effect of Variation of [NaIO4], [L-ala], [OH-], [IO4-], and [Os(VIII)] on the Osmium(VIII) Catalysed Oxidation of L-alanine by sodium periodate in Aqueous Alkaline Medium at 298 K and I = 0.005
mol.dm-3
[NaIO4] × 103
(mol.dm-3)

[S]×102
(mol.dm-3)

Os(VIII) × 10-6
(mol.dm-3)

[NaOH]×103
(mol.dm-3)

[Hg(OAc)2]×103
(mol.dm-3)

0.83
1.00
1.25
1.67
2.50
5.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
0.13
0.17
0.25
0.50
2.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

2.6
2.6
2.6
2.6
2.6
2.6
1.31
3.94
5.25
6.56
7.88
2.6
2.6
2.6
2.6
2.6
2.6
2.6
2.6
2.6
2.6
2.6
2.6
2.6

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
0.83
1.25
1.67
2.50
5.00
1.00
1.00
1.00

1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
0.83
1.00
1.67

(-dc/dt) × 107
(mol.dm-3s-1)
Leucine
2.34
2.49
3.00
4.34
4.65
5.00
2.28
2.67
2.73
3.00
3.30
1.64
1.71
2.24
2.40
3.43
2.50
2.20
2.00
1.78
1.25
2.75
2.40
2.50

1.00
1.00

1.00
1.00

2.6
2.6

1.00
1.00

2.50
5.00

3.20
2.80
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K1×102
(Observed)

4.32
4.33
4.34
4.35
4.37
4.39
2.39
4.45
4.70
5.36
6.37
2.39
3.08
3.11
3.93
4.40
3.62
3.13
2.70
2.42
2.31
4.23
3.83
4.17
5.16
5.26
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former study [25]. The catalyst Os(VIII) forms
the complex (C3) with L-ala, which enhances
the reducing assets of the substrate than that
with no catalyst. Further, the catalyst Os(VIII)
modifies the reaction pathway by lowering the
energy of activation. The Os(VIII) catalyzed reaction, however, is logically fast in view of
speediness of Os(VIII) to act across the –COO
bond. Deviation in the rate within the reaction
series may be caused by change in the enthalpy
or entropy of activation.
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Appendix: Derivation of Rate Law for Scheme 1
[Os(VIII)T] is equal to sum of concentration of,

 

 

d IO4
 rate  k3 IO4 Complex
dt

(5)

Os VIII T  C1  C 2   C 3 

(6)

d C 1 
  k 1 C 1  OH
dt

(7)





  k C   k C L  ala   k C 
1

2

2

2

1

3

On applying steady state approximation to equation (7) we get,
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Similarly we have rate of formation of [C2],
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On applying steady state approximation to the above equation we get,
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From equations (8) and (10) we get,
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Putting the value of [C1] in equation (11) we get,
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Therefore from Equations (6), (12), and (13), we get total concentration of catalyst, i.e.,
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Therefore, from Equations (5) and (14) we get,
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The rate law is in agreement with all observed kinetics.

Copyright © 2018, BCREC, ISSN 1978-2993

(15)

