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Uranine is a diagnostic aid in ophthalmology and is used as an immunohistological stain. A photostability study on this important
compound using a crossed-beam thermal lens (TL) technique was carried out. The study is based on the photodegradation (PD)
behavior and rate regarding some experimental parameters such as the incident laser power, wavelength, modulation frequency,
and sample concentration. The effects of such parameters on the TL signal and PD rate are discussed in details. It has been found
that the PD rate is proportional to the power of the pumping laser and the concentration of the sample within the investigated
range. However, the modulation frequency is found not to influence the PD rate. The photochemical quantum yield has been
measured using potassium ferrioxalate actinometry and it was found to be very low.

Copyright © 2007 M. Zein El-Din et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

1. INTRODUCTION

Knowledge about drug photostability is vital from the med-
ical point of view. This phenomenon is defined as the light-
induced loss of potency of a drug product that may lead to
a therapeutically inactive drug. In turn, this may also lead to
adverse effects due to the formation of minor degradation
products during storage and administration [1]. In addition,
the drug can cause light-induced side effects after adminis-
tration to the patient by interaction with endogenous sub-
stances.

Sodium fluorescein, resorcinol phthalein sodium or ura-
nine, is a highly fluorescent chemical compound. It absorbs
visible light in the blue range with peak absorption and
excitation band occurring at wavelengths between 465 and
490 nm. The fluorescence emission occurs in the yellow-
green range from 520 to 530 nm. These fluorescent proper-
ties have made fluorescein useful in a variety of medical ap-
plications such as ophthalmologic diagnostic (e.g., corneal
trauma indicator, ophthalmic angiography, contact lens fit-
ting) in the form of strips and intravenous injection to deter-
mine circulation time [2, 3].

In 1965, the photothermal lens (PTL) effect has been
discovered by Gordon et al. [4] when they observed tran-

sient power and beam divergence changes in the output of
an He-Ne laser. Because of its high sensitivity and versatil-
ity, this technique has been widely used in spectroscopy, mi-
crovolume trace analysis and photodegradation, as well as
thermo-optical characterization of solid, liquid, and gas sam-
ples [5–7].

The PTL results from optical absorption and heating of
the sample in region localized to the extent of the excita-
tion source. This lens-like element arises from the temper-
ature dependence of the sample-refractive index. Moreover,
because of the fact that most materials expand upon heat-
ing and the refractive index is proportional to the density,
this lens usually has a negative focal length. This negative lens
causes beam divergence and the signal is detected as a time-
dependent decrease in power at the center of the beam [8].
The technique has been recently developed to be exploited in
other tasks such as the determination of fluorescence quan-
tum efficiency and thermo-optical coefficients of fluorescent
materials [9].

The present study is intended to investigate the photo-
stability, based on photodegradation (photobleaching) be-
havior, of sodium fluorescein in its aqueous solution using
a crossed-beam TL setup.
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Figure 1: Schematic diagram of crossed-beam TL spectrometer,
where L2 and L3 are convex lenses and L1 is a cylindrical lens, SC
is the sample cell, F is an interference filter, PD1,2 are photodiodes,
PM is the power meter, Ch is a chopper, M is a mirror, and LIA is a
lock-in amplifier.

2. MATERIAL AND METHODS

10−3 mol/L stock solutions of sodium fluorescein (uranine)
puriss (Fluka Chemie GmbH, Taufkirirchen, Germany) were
prepared in double distilled water. Different concentrations
were prepared to study the photodegradation. The photo-
chemical quantum yield was determined using potassium
ferrioxalate, 1,10-phenanthroline, and sodium acetate buffer
solution, puriss (FLUKA) by the conventional ferrioxalate
actinometry as described by Hachard and Parker [10], and
also by Murov [11]. UV-visible absorption measurements
were carried out using spectrophotometer (Perkin Elmer
Lambda 40). An argon-ion laser (Coherent Innova 400) with
a wavelength of 488 nm was used to irradiate the sample
within a (3× 1× 1 cm) quartz cuvette.

The experimental setup of the crossed-beam thermal lens
employed in the photostability study is shown in Figure 1.
The 488 and 514 nm excitation wavelengths from the argon-
ion laser were used as pump sources to generate the TL in
the investigated medium. The beam diameter was 2 mm be-
fore focusing and 400 μm in the focusing case. An He-Ne
laser light of wavelength 632.8 nm (Melles Griot, 10 mW)
was used as the probe beam. The pump beam is intensity
modulated at different frequencies using a mechanical chop-
per (SR-540). The two laser beams are focused into the sam-
ple cell and strike it perpendicularly, an interference filter was
placed in the path of the probe beam which allows only the
632.8 nm wavelength to reach the photodiode detector. The
detected signal was then processed using a dual-phase lock-in
amplifier (Stanford Research Systems SR-530) and was dis-
played on a CRO (not shown in Figure 1).

3. RESULTS AND DISCUSSION

Aquous solution of uranine gives a relatively low TL sig-
nal compared with other solvents. This is mainly due to its
small change in the temperature refractive index (dn/dT), be-
sides its high thermal conductivity (K). However, it has been
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Figure 2: The absorption spectra of irradiated sodium fluorescein
by argon laser light of λ = 488 nm at different exposure time inter-
vals and constant sample concentration of 133× 10−6 mol/L.

decided to use aquous solutions throughout the performed
measurements to simulate the conditions of the medical use
of such substance where water is normally the most used sol-
vent. Another reason is that water belongs to the class of non-
absorbing liquids. These liquids are highly transparent in the
visible region and their thermal properties are well known.
Therefore, the absorbed light energy is then due to the dis-
solved substance only [12].

Figure 2 shows the absorption spectra of 133 ×
10−6 mol/L of sodium fluorescein irradiated by the 488 nm
output of the argon laser. The figure demonstrates signifi-
cant decreases in the optical density with increased exposure
time without any changes in the maximum absorption band
(λmax = 481 nm). The decrease in the optical density at the
maximum wavelength may be due to the photodegradation
of the uranine dye.

The photochemical quantum yield (φc) of uranine was
measured using the potassium ferrioxalate actinometry
method [10, 11] for a sample irradiated by argon laser light
of λ = 488 nm. Some constants used are as follows: the
photochemical quantum yield (φ) of actinometer is 1.08
(at 488 nm, .0816 mol/L, 23◦C) and the excitation coeffi-
cient of ferrous 1,10-phenanthroline complex at 510 nm is
(∼ 1.11×104 l/mol.cm). The obtained photochemical quan-
tum yield was 2.2× 10−5.

The photostability based on the photodegradation (PD)
behavior and the rate regarding some parameters will be dis-
cussed according to the following.

3.1. Effect of the concentration

Figure 3 shows the concentration dependence of the pho-
todegradation (PD) rate. The trends obtained are completely
different from similar measurements reported on doped
polymers (methyl methacrylate PMMA) exposed to dye laser
light [7] which show inverse proportionality of PD rate with
concentration. This discrepancy can be ascribed mainly to
the different host matrix, whether liquid (in our case) or solid
(in the polymer measurements). The absorbing species in
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Figure 3: PD behavior of different concentrations represented in
TL signal.
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Figure 4: Variation of the rate of PD of Na-fluorescein with con-
centration.

the laser-exposed area will not be replaced after degradation
due to the static nature of such species in case of a solid
matrix. Consequently, the low concentration levels are log-
ically faster in PD than the high levels. On the other hand, in
case of solutions, the species in the exposed area are dynamic
in laminar flow due to laser-induced heating, that is, unde-
graded molecules replace the degraded ones. Thus at higher
concentrations, the released heat will be greater than that
in the case of lower concentrations which can be observed
evidently in the drop of the PD rate at lower concentration
(16 μmol/L), see Figure 4. Therefore, the convection currents
will be higher leading to an increase in the vertical laminar
flow of the solution within the sample cell, this in turn in-
creases the PD rate of the molecules.

Slight differences between the rates of PD over the se-
lected levels of concentration can be clearly observed as
shown in Figure 4. The PD rate at a concentration of
133 μmol/L is found to be 1.12 times greater than that at a
concentration of 66 μmol/L, 1.15 times greater than that at a
concentration of 33× 10−6 mol/L and 1.5 times greater than
that at a concentration of 16 μmol/L.

3.2. Effect of the pumping laser power

The variation of PD rate with the power of the pumping laser
is investigated at four power levels namely 220, 320, 420, and
520 mW. The other experimental parameters were fixed at
133 μmol/L sample concentration, 1.0 kHz modulation fre-
quency, and 488 nm laser wavelength. The observed varia-
tions in the thermal lens signal with time for such power lev-
els shown in Figures 5(a) and 5(b). This reveals a clear pro-
portionality between the incident power and PD rate. Fur-
thermore, the increase in laser power is accompanied with
an enhancement in the TL signal. These results are in a good
agreement with that of Kurian et al. [7].

3.3. Effect of the pumping laser wavelengths

The effect of the pumping wavelength on PD rate and TL sig-
nal is studied adopting two different lines of argon ion laser at
488 and 514 nm. The measurements are carried out while the
other parameters are kept constant at 220 mW laser output
power, 133 μmol/L sample concentration and 1 kHz chopper
frequency.

From the absorption spectra of Na-fluorescein Figure 2,
it is clear that its absorption band falls in the blue-green re-
gion peaking at 489 nm, which is very close to the argon laser
blue line at 488 nm and far from the 514 nm line.

So, the PD rate (the slope of the tangential to the curve)
in Figure 6 at 488 nm is higher by about 3.3 times than that
at 514 nm. In addition, the extreme signal of 488 nm higher
than that of 514 nm is due to relative higher absorbance
of Na-fluorescein at 488 nm than at 514 nm as shown in
Figure 7. Consequently, it is clear that the pumping laser fre-
quency has a major effect on PD rate and TL signal of Na-
fluorescein substance.

3.4. Effect of the chopper frequency

The effect of modulation frequency of the pumping laser
beam on the PD rate and TL signal of Na-fluorescein is inves-
tigated at five distinct chopping frequencies: 500 Hz, 750 Hz,
1 kHz, 1.25 kHz, and 1.5 kHz. Such measurements are car-
ried out at the same incident laser wavelength (488 nm)
and power (220 mW), as well as the solution concentration
(133 μmol/L). Figure 8 illustrates that within the range se-
lected, the modulation frequency of the pump laser has no
obvious effect on the PD rate of the sample molecules. This
denotes that the PD process of Na-fluorescein depends only
on the total incident energy per unit time on the sample,
which is the same for all the chopping frequencies [13].
On the other hand, as predicted, TL signal has inverse pro-
portionality with the modulation frequency as shown in
Figure 9.

4. CONCLUSION

The dual-beam thermal lens technique has been found to
be useful to study the photostability of sodium fluorescein
in aqueous solution using a crossed-beam technique. The
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Figure 5: Variation of the rate of photodegradation with the incident laser power over 30-minute exposure time (a) and the PD rate change
with the incident laser power (b).
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Figure 6: Variation of PD behavior of Na-fluorescein with wave-
length.
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Figure 7: Variation of TL absolute signal of Na-fluorescein with
wavelength of pump laser.

0 5 10 15 20 25 30 35

Exposure time (min)

0

0.2

0.4

0.6

0.8

1

1.2

N
or

m
al

iz
ed

T
L

si
gn

al
(a

.u
.)

500 Hz
750 Hz
1 kHz

1.25 kHz
1.5 kHz

Figure 8: Effect of modulation frequency on PD rate of Na-
fluorescein.
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Figure 9: Variation of TL absolute signal of Na-fluorescein with
modulation frequency.
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results clearly show that the rate of PD and TL signal am-
plitude of Na-fluorescein are found to increase with increas-
ing of pump laser power and the sample concentration.
The PD rate is independent of the pumping laser modula-
tion frequency. On the contrary, the TL signal behavior has
been found to be inversely proportional to the laser mod-
ulation frequency. With respect to wavelength effect, the
PD rate and TL signal amplitude are found to be higher
when the used wavelength is nearer to the peak absorption
band of the uranine. Hence, the effect in both measure-
ments was higher at the 488 nm laser wavelength than at the
514 nm.

The photochemical quantum yield (φc) was measured us-
ing potassium ferrioxalate actinometry method for sample
irradiated by argon laser of 488 nm wavelength. The resul-
tant photochemical quantum yield was 2.2× 10−5.
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