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The rates of Os(VIII)-catalysed ferrocyanide oxidation of a-amino acids such as glycine,
L-Ieucine, L-phenylalanine, DL-a-alanine and DL-valine have been measured spectrophotometri
cally. The reactions follow complex kinetics being first order with respect to both amino acid
and the catalyst. The effect of alkali is slightly positive at high concentration (> O·2M). Al
though the rate is independent of ferricyanide ion concentration, it shows specific ferrocyanide
ion catalysis. The energies of activation have been found within the range 12·9-14·3kcal mole-l.
A suitable mechanism involving the formation of an intermediate amino acid-ferrocyanide
"complex is proposed.

IDATION of ~-amino acids by a variety of
xidants has been studied in detail by several
nvestigators1-s. Lambert and Jones6 studied

the u catalysed oxidation of some amino acids by
alkali 'e ferricyanide and reported that the re
action was extremely slow even at high ionic
streng hs (4·SM KNOa). The strong catalytic effect
of Os III) on ferricyanide oxidations in alkaline
media" is well documented7-9• In this paper the
kineti s of Os(VIII)-catalysed oxidation of glycine,
L-leuci e, L-phenylalanine, DL-~-alanine and DL
valine ,are reported and a mechanism of the reaction
is sug ested. It has been observed that the pre
sence ,of a trace amount of Os(VIII) (10-6M) is
suffici nt to catalyse the oxidation of ~-amino acids
by al line ferricyanide to a reasonable rate.

Mateials and Methods

The reagents employed were glycine, DL-~-alanine,
L-leuci e, DL-valine, L-phenylalanine (all BDH sam
ples) otassium ferricyanide (recrystallized) and
sodiun hydroxide (both BDH, AR samples) and
osmiu tetroxide (Johnson Matthey grade). All
the s lutions were prepared in doubly distilled
water. Other reagents used were of AR grade.

The kinetics were followed by determining ferri
cyani spectrophotometrically at various intervals
of tim on a Bausch and Lomb spectronic-20 spectro
photo, eter at 420 nm and keeping the ferricyanide
ion co centration below 5·0x 10-4M.

Stoihiometry - The reaction mixture containing a
know excess of ferricyanide over amino acid was
kept 40° in the presence of 3,9 X 10-6M Os(VIII)
and 02M alkali for 12 hr. The amount of ferri
cyani left revealed I: 2 stoichiometry between
amino" acid and ferricyanide. The reaction may be
repres nted by the following equation:
RCH H2COOH+2Fe(CN)~-+20H-

= RCOCOOH+NHa+2Fe(CN):-+HP

Wherei.,Rrepresents H, CHa, (CH3)2CHCH2'(CH3)2CH

and C HsCH2 for glycine, ~-alanine, leucine, valine
and p enylalanine respectively.

Pro uct analysis - The presence of keto acids in
the re ction products was detected by various spot
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tests 10, and the results are in agreement with
earlier work on the oxidation of amino acids by
Os(VIII)11·12.

Results

Effect of varying [jerricyanide] - There was a
gradual increase in the rate of disappearance of
ferricyanide at high [amino acid], and absorbance
versus time plots represented curves with increasing
slope value. However, at different concentrations
of ferricyanide these curves were parallel to each
other, and the half-life periods in ferricyanide were
dependent on the initial [ferricyanide] (Table 1).
The oxidation rate appears to be independent of
[ferricyanide], the catalytic influence of ferrocyanide
formed is also evident. It was verified by carrying
out investigation in the presence of excess ferro
cyanide where the zero order plots were reasonably
linear curves (Fig. 1).
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Fig. 1 - Zero order rate plots in ferricyanide at 35° and
in the presence of 5 x 10-32\1 Fe(CN)~ - for (A) leucine,
(C) phenylalanine, (D) alanine and tE) valine {[Fe(CN)~-] =
5·0 x 10-32\1; [amino acid] = 4·0 x 10-32\1; [OH-J = 0'2M;

[OS04J = 3·9 x 1O-6M}
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TABLE 1 - EFFECT OF VARYING [REACTANTSJ ON RATE AT 35° IN THE PRESENCE OF 3-9 X to-8M OsO,

104 X 103 X10 X [owJ t! (min)
[Fe(CN):J

[amino acidJM
M

M LeucineGlycinePhenylalanineAlanineValine

3·0

4·02·02728374067
3,5

4,02·03132425074
4·0

4·02·03536516584
4·5

4·02·039415669101
5·0

4·02·043466274120
5,0

2-42·0647592103195
5,0

3·22·053596888153
5·0

5,62·03335456094
5·0

8·02·02628334570
5,0

4,00-4*49536582140
5·0

4·00·840406476-
5·0

4,01·235316269120
5·0

4,01·628266066105
5·0

4·02·026235662100
5,0

4,02·82117485480

*Effect of alkali on the rate of oxidation of glycine and leucine was studied at (J. = l'2M (NaCl04) while on the
rest of amino acids it was studied at (J. = 0·4M (NaCl04)·

TABLE 4 - EFFECT OF ADDED SODIUM PERCHLORATE AT 35°

TABLE 2 - EFFECT OF VARYING [OS04J ON THE REACTION
RATE AT 35°

TABLE 3 - EFFECT OF VARYING [Fe(CN)t-J ON THE
REACTION RATE AT 35°

{Fe(CN)l-J = 5·0 X 10-4M; [OWJ = 0'2M; [amino aci<l] =
4·0 X 10-3M}

Valine

tt (min)

Phenyl- Alanine
alanine

t1 (min)

70 - 105 125 208
53 63 81 93 150~ % ~ U lW
31 32 44 43 84
22 23 28 32 57

Leucine Glycine

Leucine Glycine Phenyl- Alanine Valine
alanine

43466275120

0·2

373451.65100

0·4

3332SO5294

0·6

2727484681

0·8

2625444568
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None 43466274120

3·0

23-303360
4,0

21-282854
5·0

2014242641

7·0

16-202339
10·0

14-182032

2·34
3-12
3,90
5·46
7,80

108 X
[OS04J

M

[NaClOJ
M

{[Fe(CN):-J = 5·0 X 10'4M; [OW] = 0'2M; [OS04J =
3·9 X 10-8M; [amino acid] = 4·0 X 10-3M}

{[Fe(CN)n = 5·0 x 10-4M; [OWJ = 0·2M; [OS04J =
3·9 X 10-4M; [amino acid] = 4·0 X 10-8M}

104 X t1 (min)
[Fe(CNW] _.~---------------

M Leucine Glycine Phenyl- Alanine Valine
alanine

Effect of varying [amino acid] - Studies carried
out at various initial concentrations of the amino
acids revealed that an increase in [amino acid]
resulted in a decrease in half-life period (tl/2) in
ferricyanide (Table 1). The plots of log (1Itl/2)
(proportional to pseudo zero order rate constant in
ferricyanidej versus log [amino acid] were linear
with slope values of .....,1 thereby establishing first
order dependence with respect to amino acid.

Effect of varying [OH-] - The effect of in
creasing [alkali] was less pronounced in oxidation of
phenylalanine, iX-alanine and valine. However, in
the case of glycine and leucine tl/2 decreased signi
ficantly with increasing [alkali] (Table 1).

Effect of varying [Os(VIII)] - There was a
marked catalytic influence of osmium tetroxide on
the reaction rate. The results in Table 2 show a
near proportional decrease in tl/2 in ferricyanide
with increasing in [Os(VIII)] indicating a direct
dependence on the [catalyst].

Effect of ferrocyanide ions - The oxidation was
found to be highly susceptible to ferrocyanide ions
which strongly accelerated the rate (Table 3). As
ferrocyanide is also a product of the reaction its
accelerating influence is encountered in every kinetic
run. The plot of [Fe(CN)~-]against 11tl/2 was almos~
linear with a positive intercept on Y-axis.

Effect of varying ionic strength - The effect of
varying ionic strength was studied by carrying out
the investigations in the presence of different
amounts of NaCI04• The results (Table 4) show a
slight positive salt effect.

Effect of varying temperature - The oxidation of
amino acids was studied at 30°, 35°, 40°, 45° and
50° and 1Itl/'}. values were obtained. The activa
tion energies (~Et) calculated from the Arrhenius
plots (log lit versus liT) were 12·9 ± 0-1, 13·8
± 0-1, 13·5 f 0,2, 14-6 ± 0-2 and 14·3 ± 0·2 kcal
mole-1 for the oxidation of leucine, glycine, phenyl
alanine, alanine and valine, respectively_

Discussion

Mechanism - The results show that the oxidation
of glycine, alanine, valine, leucine and phenyl-
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alanin proceeds by a common mechanism. It is
well k own that amino acids exist as dipolar ions
in aq . ous solution. These dipolar ions dissociate
to a ino acid anions and the pK values for
RCH ;COO- ~ RCHNH2COO-+H+ system are
reportd13 to be .....,9·60for all amino acids studied
here cept phenylalanine for which the value is
9·13 a 25°. Since studies were carried out in 0·2M
NaOH it may be assumed that the amino acids
were ompletely dissociated into their anions. At
the sa e time Os(VIII) in such media is reported14
to exi t as ROsOi. Now, as experimental results
show rst order dependence in catalyst and amino
acid, their interaction appears to constitute a
prima y rate determining reaction. It is mentioned
in lite· ature12,15 that Os(VIII) forms complexes with
amino. acid in alkaline solution which are sub
seque tly degraded to keto acids and ammonia.
It is so mentioned that liberation of ammonia is a
functi n of the rate of oxidation and, therefore, the
reacti n may be represented in general by Eqs. (1)
and ( ) (Scheme 1).

As Os(VIII)] present in the reaction mixture is
10-3 t mes that of amino acid, reactions (1) and (2)
repres nt nearly 0·1% oxidation of amino acids
only.. However, in the presence of ferricyanide a
fast i teraction between Os(VI) species and Fe(CN)~
takes lace to regenerate Os(VIII) as shown in step
(3) in Scheme 1.
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The rate law (6) predicts that Os(VIII)-catalysed
oxidation of amino acids by alkaline ferricyanide
will follow a first order dependence with respect to
amino acid and Os(VIII). The effect of ferrocya
nide on reaction rate would be proportional to
{constant +[Fe(CNH-]}. As has been mentioned in
the earlier part of discussion, the rate determining
reaction would involve interaction between nega
tively charged amino acid anion and HOs05 (step-1).
For this step a positive salt effect is expected.'
Our experimental results are in complete agreement
with the above facts.

SPectroPhotometric evidence for the formation of
jerrocyanide-amino acid comPlex - At 290 nm where
ferrocyanide absorbs fairly strongly, the addition
of amino acids in the presence of alkali caused about
30% reduction in the absorbance due to ferrocya
nide. This fall in absorbance is, however, not so
marked when [amino acid]: [Fe(CN)t-] ratio is
greater than unity. As amino acids have negligible
absorbance at this wavelength, the formation of a
transient [amino acid-Fe(CN)t-] complex which is
weakly absorbing in comparison to Fe(CN):- is
visualized.

It is reported in literature that Os(VIII)-catalysed
oxidations by ferricyanide either show a retarding
influence on the addition of ferrocyanide7•8 or show
a decrease in rate at the end of every kinetic mn18•

The slight deviation from linearity of the plots
shown in Fig. 2 could therefore be attributed to
the fall in [Os(VIII)] caused 'by the reverse of step
(3) at high [ferrocyanide].

A slight increase in the rate of oxidation of glycine
and leucine with an increase in [alkali] can be
explained on the basis of the fact that at high
[alkali] the uncatalysed oxidation of glycine and
leucine may become prominent resulting in an
increase i1'1the reaction rate. In the case of ala
nine, valine and phenylalanine the uncatalysed
oxidation even at high concentrations of alkali is
negligible and therefore, the rates are almost in
dependent of [alkali].

4.0 6.0 8.0 10.0 12.0

~e (eN>:] x 104

Fig. 2 - Plot of lit! versus [Fe(CN):-] for (A) leucine,
(C) phenylalanine, (D) alanine and (E) valine {[Fe(CN)~-]
= 5·0 x 10-'M; [amino acid] = 4·0 x 10-3M; [OH-] =

0'2M; COsO,] = 3·9 x 10-tlM}

... (1)
k_, (slow)

AA + OS (VIII) =---,. Complex (X)
k,

k (fast)
(X) ~ Oxidation products + Os(VI) ... (2)

k, (fast)
Os(VI) + 2Fe(CN)~- ) 2 Fe(CN):- + Os(VIII) ... (3)

k_. (fast)
Amino acid + Fe (CN):- ~Complex (Y) ... (4)

k.
k. (slow)

s(VIII) --~ Oxidation products + Os (VI)
+ Fe(CN)~- ... (5)

Scheme 1

ation of Fe(CNH- in step (3) poses problems
in th reaction as it is found to catalyse the rate of
oxida ion. It appears that Fe(CN)t takes part in
the I' action by forming complexes with amino acids
whic are again prone to oxidation by oxidizing
agent. Iron(II) complexes of amino acids are
repor ed in literature16 whereas iron (III) does not
appa ntly form complexes with amino acids above
pH 7 In some cases complexes of Fe(CN):- with
amin acids are also reported17.

It .s more probable for the Os(VIII)-catalysed
reacti n to proceed with the formation of mixed
ligan ferrocyanide-amino acid complex (step-4)
whic may get oxidized in a rate determining step by
Os(V II) (step-5). Os(VI) formed is then reoxidized
to o (VIII) by ferricyanide in a fast step (step-3).

Ap .lying the steady state condition with respect
to ( ), (Y) and Os(VI), the rate law equation for
the sappearance of Fe(CN):- may be obtained as:

dldt[e(CN)~-]= [Amino acid][Os(VIII)]
{[kl+k4kS/k.tX [Fe(CN):-]} ... (6)

wherJ k_1<{k2 and k-4,?>ks [Os(VIII)] have beentaker;! as suitable approximations.
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