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PHOTO-OXIDATION OF L(+) ASPARTIC ACID BY URANYL IONS
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The uranyl sensitized photodecomposition of L(+) aspartic acid has been carried out in acidic
medium. Malonic acid has been characterised as the product of photo-oxidation of L(+) aspartic acid
and a tentative mechanism for the photo-oxidation has been proposed.
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INTRODUCTION

A critical survey of the literature reveals that a great
deal of work on the oxidation of amino acids by different
oxidants has been carried out by many workers [1-8], but
the photo-oxidation of amino acids by uranyl ions has
so far received negligible attention [9-12]. Therefore,
the photo-oxidation of L(+) aspertic acid by uranyl ions
has been carried out in acidic medium and the results are
reported in the present communication.

EXPERIMENTAL

Stock solution of L(+) aspartic acid (SD), uranyl
sulphate (BDH) and sulphuric acid (SM 'GR') were pre-
pared in doubly distilled water and a reaction mixture
of the composition L(+) Aspartic acid: UO~+: H2S04:

H20 = 15:5: 1:29 vl» was prepared in a dark coloured
bottle. Concentrations of the reactants in reaction mixture
were;

[L(+) Aspartic acid] =
[UO~+]
[H2S04]

1.5 x 1O-2M
1.0 x 1O'3M
0.1 M

The reaction mixture was exposed to a 200 W (Sylva-
nia) tungstan lamp kept at a distance of 30 cm, a water
cell being used as the infrared filter. The progress of the
reaction was studied by the thin layer chromatographic
method at different time intervals, using n-butanol: acetic
acid: water (12: 3: 5) as the solvent system. In the initial
stage a single spot corresponding to L(+) aspartic and
(Rf = 0.42) was observed when the TLC plate was placed in
iodine chamber.
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As the reaction proceeds, a new spot (Rr = 0.60) was
also detected along with a spot of unreacted aspartic acid.
It indicated that some product has been formed. A slight
turbidity was observed and the residue filtreed correspond-
ed to the same product (Co-TLC).

RESULTS AND DISCUSSION

The product was separated by the preparative T.L.C.
method, dissolved in water and recrystallized.

This solid melts at 1350 and gave the characteristic
test for malonic acid [13]. It was further confirmed by
following the spectral data.

u.v. Amax.

KBR
i.r. vmax

207 nm. due to the presence of carboxy-
lic group.
2855, 1358 ern? are due to simple C-H
stretching and bending vibrations. 1702,
1700 cm-} are due to saturated aliphatic
carboxylic groups.
(singlet) indicates the presence of methy-
lene (-CH2 -) group.
(s) represents a carboxylic proton.
(0.25%) indicating the molecular weight
of the product.
(1.4%) indicates the loss of carbon mono-
oxide molecule (decarbonylation).
(100%) is due to [M - CH2 COOH] +
(0.42%) is due to loss of carboxylic group
from the parent ion.
(86-90%) may be observed by the loss of
carbon dioxide molecule from the parent
ion.
(96.22%) is due to the acetyl ion.

n.m.r.7.25

- 1.95 T

Mass ml e = 104

mle = 77

m/e = 45
mle = 59

m/e = 60

m/e = 43

On the basis of the chemical and spectral data the
product was confirmed as malonic acid.
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It was observed that the yield of the product increases
on passing oxygen in the reaction mixture during the period
of irradiation. Some control experiments were carried out
in the absence of uranyl salt, light and oxygen. It was found
that the reaction does not proceed in the absence of first
two and, therefore, it can be concluded that the presence
of uranyl salt and light is necessary for the oxidation of
aspartic acid. It was observed that the yield of the photo-
product increases by about 20-30 % on passing oxygen in
the reaction mixture. The increase in yield may be due to
the regeneration of U(VI) from U(IV) [14] and the acid
present will assist in the production of U(VI) from U(V)
[15] resulting in increase in the yield.

2 U02+ + O2 -+ 2UO~+

2UOt + 2H+ -+ UO~+ + U02+ + H20

(1)

(2)

The reaction was also carried out in the presence of
acrylamide where the formation of viscous mass (through
polymerization of acrylamide) indicates the formation of
free radicals in the reaction path.

The presence of carbon dioxide and ammonia (as
ammonium ions) was also detected by their usual tests with
lime water and Nessler's reagent.

On the basis of these observations a tentative mecha-
nism for the photo-oxidation of L(+) aspartic acid by
uranyl ions may be represented as follows:

NH3
./ +

HOOC - CH2 - CH
'COO-

+
/NH3

+ H+ -+ HOOC - CH2 - CH
"COOH

. . . . . . .. 3

HOOC - CH2 - CH
COOH·

hv
+ U02

2+ -+ a UO+ + H+
2 +

~H3
+ HOOC - CH2 - CH (4)

COO'
2 UO; + 2 H+ -+ UO~+ + H20 + U02+ (5)
2 U02+ + O2 -+ 2 UO~+ (6)

)'JHj
HOOC - CH2 - CH

"COO'
-+HoOC - CH2 - CH - NHj + CO2 (7)

HOOC -. CH2 CH = NHj + H20 + UO~+ -+ HOOC - CH2

- CH = NHt + H30+ + uot (8)
H20

HOOC - CH2 - CH = NH; 4--a HOOC - CH2 - CHO +
~3 ~

UO~+
HOOC - CH2 - CHO ~ HOOC - CH2 - COOH (10)

The formation of protonated imine in reaction [8] and
its hydrolysis to corresponding aldehyde is in confirmation
with the mechanism proposed earlier for the oxidation of
amino acids [7, 8, 16, 17] . The aldehydes have been report-
ed as the reaction products of oxidation of different amino
acids by various workers [1, 3, 7, 8, 18, 19] . In the present
work also, the aldehyde is formed by hydrolysis of proto-
nated imine in reaction [9]. It is further oxidised to malo-
nic acid by uranyl ions as reported in the case of formal-
dehyde and acetaldehyde by earlier workers [20,21]. How-
ever, the oxidation of malonaldehyde to malonic acid may
also be due to oxygen.
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