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Photodegradation of folic acid in aqueous solution
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Abstract

A study of the photodegradation of folic acid by ultraviolet radiation in aqueous solution has been made. Folic
acid is photolysed by an apparent first-order kinetics and the log k-pH profile shows a gradual decrease in rate in the
pH range 2.0–10.0. The profile indicates the appearance of three steps which reflect the participation of different ionic
species of folic acid (pKal

2.3, pKa2
8.3) in the photolysis reaction. The rate of photodegradation varies from

0.1550×10−3 min− l (pH 10.0) to 5.04×10−3 min− l (pH 2.5) in the pH range studied. The photolysis of folic acid
shows that it is degraded to pterine-6-carboxylic acid and p-amino-benzoyl-L-glutamic acid. A maximum yield of
these products is obtained at 3–8 h, depending upon the pH. An HPLC method has been used for the assay of folic
acid and its degradation products. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

Ultraviolet light converts folic acid into fluores-
cent material [1]. When folic acid is irradiated
with ultraviolet light it is first converted to 2-
amino-4-hydroxy-6-formyl pteridine (pterine-6-
carboxaldehyde) and a diazotizable amine
(p-aminobenzoyl-L-glutamic acid). On further ir-
radiation the aldehyde is converted to the corre-
sponding 6-carboxylic acid (pterine-6-carboxylic
acid) which is fluorescent and finally to the decar-
boxylated 2-amino-4-hydroxy pteridine [2]. Day
light, pH and heat have the most destructive
effects on the solution of folic acid for injections.

At pH 7.6 folic acid solutions exhibit optimum
stability [3–5]. The major degradation products of
folic acid in aqueous solution have been identified
as p-aminobenzoyl-L-glutamic acid and pterine-6-
carboxylic acid with traces of p-aminobenzoic
acid [6,7]. So far no quantitative information is
available on the extent of photodegradation of
folic acid at different pH levels. In the present
investigation the rate of photodegradation of folic
acid at various pH values and quantification of its
photodegradation products have been studied us-
ing a specific HPLC method [8]. The object of the
study is to understand the nature of these reac-
tions, and to determine the pH-rate profile to
assess its optimum stability in pharmaceutical
formulations.* Corresponding author.
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Table 1
Photolysis of folic acid at pH 5.5 concentration of folic acid and degraded products

Folic acid (M×105) Totalbp-Aminobenzoyl-L-glutamic acidTime (h) Pterine-6-carboxylic acid
(M×105)(M×105)

Y YbX Xa

– – 5.000 –5.00 –
0.046 0.353 0.2131 4.86 5.120.097

0.667 0.4022 4.81 0.290 0.136 5.34
0.5280.875 5.263 0.1744.56 0.371

0.224 1.131 0.6824 4.984.08 0.476
4.820.9055 3.63 0.619 0.290 1.500

a Moles equivalent to folic acid.
b Total moles equivalent to folic acid.

Fig. 1. Photolysis of folic acid solution at pH 5.5.
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2. Experimental

All the experimental work was carried out in
diffused light. The solutions of folic acid and its
degradation products were well protected from
light by wrapping the containers with aluminium
foil. Freshly prepared solutions were used for
each experiment to avoid chemical and photo-
chemical effects.

2.1. Materials

All reagents and solvents were analytical grade,
obtained from Merck. Reference standards were
obtained from Sigma. The following buffers were
used throughout: KCI–HCI, pH 1.0–2.0; citric
acid–Na2HPO4, pH 3.0–7.0; Na2B4O7–HCl, 8.5–
10.0; the ionic strength was 0.05 M in each case to
minimise any salt effect on photolysis.

2.2. Assay method

The assay of controls and photolysed solutions
was carried out using a previously reported HPLC
method [8].

2.3. Photolysis

2.3.1. Radiation source
Folic acid absorbs in UV region and therefore a

Philips 30W TW tube was considered suitable for
photolysis. It emits 88.7% of its radiation energy
at 254 nm, which corresponds to one of the
absorption maxima (256 nm) of folic acid [9]. The
number of quanta emitted by the radiation source
has been calculated as 6.420×1016 quanta s−1

[10].

2.3.2. Method
Solutions of folic acid were prepared in various

buffer systems at the required pH (2–10) and
transferred to a 100 ml pyrex beaker. The concen-
tration of folic acid solutions at pH 4.5 and above
was 5×10−5 M, but below this pH, the concen-
tration varied within the range of 0.2–0.6×10−5

M due to low solubility of folic acid in the pH
range 2.0–4.2. The beaker was placed in a radia-
tion chamber and irradiated with the Philips 30 W

TUV tube fixed horizontally at a distance of 30
cm. The temperature of the solution during irradi-
ation was maintained at 2592°C. Samples were
withdrawn at appropriate intervals for HPLC
analysis. Control solutions wrapped in aluminium
foil were placed in the dark and assayed for folic
acid content at the end of the reaction.

3. Results and discussion

3.1. Assay of photolysed solutions

Although HPLC is a versatile technique for the
determination of pharmaceutical compounds such
as folic acid and its photoproducts, some varia-
tions have been observed in the assay of folic acid
as evident from the deviations in the kinetic plot
(Fig. 3) in spite of the most careful experimental
performance regarding the photolysis technique
and the assay procedure. This may possibly be
due to factors such as minute light intensity varia-
tions during photolysis, sensitivity of the com-
pound to HPLC detection at various stages of the
reaction and fluctuations in the column perfor-
mance and pH of the mobile phase. However, the
Table 3
Apparent first-order rate constants (Kobs) for the photolysis of
folic acid solutions at pH 2.0–10.0

Correlation coefficient (r)k×103 min−1pH

4.25002.0 0.986585
5.03662.5 0.991830

3.2 0.9763393.6633
3.46003.5 0.976078
2.8166 0.9965574.0

0.9926632.32414.2
0.9805081.32334.5

0.7666 0.9719435.0
0.5666 0.9932905.5

0.9992480.46005.7
0.4800 0.9505956.0

0.9787110.43336.5
0.3833 0.9838786.7

7.0 0.9904010.4083
0.4566 1.0000407.5

0.9941120.44668.0
0.36668.5 0.993507

0.977790.23669.0
0.155010.0 0.994465
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Fig. 2. Log k-pH profile for the photolysis of folic acid.

data may be considered sufficiently accurate and
reliable for the purpose of kinetic treatment.

Some variation of methanol content or mobile
phase pH may be required to improve resolution
due to slight deterioration of the chromato-
graphic column being used. However, chromato-
graphic conditions described in the HPLC

method [8] provide the best resolution for folic
acid and its photodegradation products in a sin-
gle analysis. The minimum column efficiency re-
quired to carry out this method has been found
to be 6000 plates. After use, the column is
washed with 30 ml each of water, water:
methanol 50%(v/v) and methanol to avoid any
significant deterioration in column performance.
A typical chromatogram of a photolysed solu-
tion of folic acid (5×10−5 M) at pH 7.5 is
shown in Fig. 4, which clearly demonstrate the
separation of folic acid and its photodegradation
products, i.e. pterine-6-carboxylic acid and p-
aminobenzoyl-L-glutamic acid.

3.2. Kinetics of photolysis

A typical set of the assay data for the photol-
ysis of folic acid at pH 5.5 is reported in Table
1. The data were plotted as a function of time
(Fig. 1) to observe the behaviour of folic acid
on photolysis as well as the formation of photo-
products. It shows the folic acid is degraded,
with time, and pterine-6-carboxylic acid and p-

Fig. 3. Apparent first-order plot for the photolysis of folic acid
at pH 5.5 (citrate–phosphate buffer).
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Fig. 4. Chromatogram of folic acid (5×10−5M) solution
photolysed at pH 7.5 (citrate–phosphate buffer).

has been established. The apparent first-order rate
constants (kobs) were plotted against pH and the
profile is shown in Fig. 2, which demonstrates the
dependence of the rate of reaction on pH. The
shape of the curve represents three regions indi-
cating the involvement of different folic acid spe-
cies in the photodegradation process. The
participation of different ionic states of folic acid
in the photolysis at various pH values can be
explained by the change in spectral behaviour of
folic acid at pH 2.0–8.5 (citrate–phosphate
buffer). The absorption maxima occur at 288 nm
(pH 2.0), 280 nm (pH 7.0) and 285 nm (pH 10.0).

The pH-rate profile demonstrates that folic acid
in acid medium is highly susceptible to photolysis
because of the formation of predominantly proto-
nated species (pKa1

2.3) [11] which undergoes pho-
tolytic degradation. The rate of reaction is high
within pH 2.0–4.0 and as the pH of the medium
increases towards the neutral region, the molecule
becomes deprotonated and hence a gradual de-
crease in the rate of reaction. The curve within the
pH range 5.0–7.0, where the predominantly neu-
tral species is involved, is almost flat with little
change in the rate suggesting that the neutral
species is less susceptible to photolysis. The rate
of reaction again appear to slow down gradually
with a very low rate at pH 10.0, as the molecule
proceeds towards the alkaline region where it
exists in predominantly anionic form (pKa2

8.3)
[12]. This may be explained on the basis of the
existence of a mesomer stabilized anion [12] which
is much less susceptible to the photodegradation
process.

Thus the rate of photolysis of folic acid is
gradually decreased on moving from the acid to
the alkaline region and pH 6–7 appears to be a
better choice for maintaining the pH of folic acid
containing liquid vitamin preparations to achieve
optimum stability on exposure to light.
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