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Optical Limiting Behavior of Acid Blue 29

under a Low Power CW He–Ne Laser Irradiation
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Optical limiting performances of acid blue 29 are investigated under irradiation by a 35 mW contin-
uous wave He–Ne laser. The optical limiting behavior is investigated by using transmission measurement
through samples with different concentrations. Our results show that the optical limiting efficiency is concentra-
tions dependence. Induced self-diffraction patterns are observed at relatively high intensities starting from 15 mW.

PACS numbers: 42.65.Ky, 42.70.Nq, 42.70.jk, 84.30.Qi

1. Introduction

With the development of laser technology, much in-
terest in the development of optical limiting materials
has been made among large number of researches work-
ing on materials. Devices for human eyes protection and
solid-state sensors from intense laser beams are sought
[1–3]. Previous researches on optical limiting materials
were focused on optical nonlinear organic [4, 5] and semi-
conductor materials [6]. Since it was found that organic
materials have large nonlinearity and ultrafast response
time [4], the research on optical limiting organic materi-
als have become of great importance [5]. Nonlinear ab-
sorptive organic dyes are among the most widely studied
optical limiting materials [6]. The nonlinear absorption
in the dyes is due to reverse saturable absorption (RSA),
two-photon absorption (TPA) and saturable absorption
(SA) dependent on the change in the absorption (increase
or decrease) with increase in intensity.

Both TPA and RSA lead to increase in absorption of
the sample with increasing in intensity [7]. For a given
organic sample at fixed wavelength, either TPA or RSA
is the dominant mechanism leading to increase in absorp-
tion with intensity. RSA is observed when excited state
absorption (ESA) is greater than the ground state ab-
sorption, which results in decrease in the transmission
through the medium with increasing in the input inten-
sity. ESA and RSA are the most common mechanisms
for the nonlinear optical limiting behavior of organic ma-
terials [8, 9].

Recently, Geethakrishnan et al. studied the third-
-order nonlinear optical response of a triphenylmethane
dye (acid blue 7) using the Z-scan technique with
a continuous-wave (CW) He–Ne laser radiation at
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633 nm [10]. The nonlinear responses and optical lim-
iting performance of a dye type acid, called fast green
FCF, are investigated under irradiation of 35 mW He–Ne
laser [11]. The nonlinear optical absorption, refraction
and optical limiting behavior of an organic dye, neutral
red, were investigated under excitation with nanosecond
laser pulses at 532 nm [7].

In this paper, we present the results of our investiga-
tions on the optical limiting behavior of organic dye, acid
blue 29, under excitation of a low power CW He–Ne laser
irradiation. Acid blue 29 is dissolved in ethanol with four
concentrations.

2. Experimental techniques

The acid blue 29 was purchased from Aldrich and used
without any purification. Figure 1 shows the molecular
structure of acid blue 29 dye. The UV-visible absorption
spectrum of acid blue 29 was recorded using UV-3101 PC
Shimadzo Spectrophotometer.

Fig. 1. Molecular structure of acid blue 29 dye.

The acid blue 29 sample at four concentrations of
2× 10−4, 4 × 10−4, 6 × 10−4 and 8 × 10−4 M were pre-
pared as ethanol solution. The test cell used in this work
was 2 mm thick quartz cell.

The optical limiting measurements were performed
with a plane polarized Gaussian beam CW He–Ne laser
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of 35 mW output power. The laser beam waist at the
focus was measured to be 30 µm. The maximum applied
irradiance on the sample was 2800 W cm−2.

The optical geometry used for transmittance measure-
ment is shown in Fig. 2. An attenuator (Glan polar-
izer) was used to control the incident power on the sam-
ple. The laser beam was focused with 10 cm focal length
quartz lens, to increase the beam irradiance at the sam-
ple; 35 mm focal lens was located behind the sample cell
to collect the transmitted laser light. Lab-Master Ultima
Coherent power meter was used to measure the incident
and transmitted power of the laser beam. Laser–cam
IIID Coherent beam profiler was used to measure the
laser spot diameter behind the sample.

Fig. 2. The optical geometry of the experimental
setup.

3. Results and discussions

The optical absorption of the acid blue 29 dye in
ethanol with 10−4 M concentration shows linear absorp-
tion peak nearby 630 nm as shown in Fig. 3.

Fig. 3. The UV-vis absorption spectrum of acid
blue 29 in ethanol with 10−4 M concentration.

We have measured the laser spot size behind the sam-
ple at different concentrations by using a Laser–cam IIID
Coherent beam profiler. Figure 4 shows images of the
laser spot when the sample is placed at the focal of the
lens. As seen, the laser spot size increases with increasing
dye concentrations, which indicates induced divergence
on the beam passing through the sample. In other words,
the sample acts as a negative lens when laser beam passes
through it.

Moreover, induced self-diffraction patterns are in-
deed observed at relatively high intensities starting from

15 mW. Figure 4 shows laser spots taken for samples
2× 10−4, 4× 10−4, 6× 10−4, and 8× 10−4 M concentra-
tion, respectively, at far-field measurement using a 5 cm
focal lens. As shown the number of fringes is increased
with increasing concentration in which a linear relation
can be established by plotting the number of fringes as
function of concentration, as seen in Fig. 5. It is well
known that for Gaussian beam propagation through a
lens-like medium, the maximum variation of relative in-
dex ∆nmax is proportional to the number of fringes [12].
Thus one can expect a linear variation of ∆nmax with the
concentration of the acid blue from the measured data.
Further investigation of this phenomenon will appear in
forthcoming work.

Fig. 4. Laser spot recorded behind the sample at four
different concentrations: (a) 2 × 10−4, (b) 4 × 10−4,
(c) 6× 10−4, and (d) 8× 10−4 M.

Fig. 5. Number of fringes (N) as function of sample
concentrations.

For optical limiting measurements, the sample is lo-
cated at the focal plane of the lens and the input power
of the laser beam is varied. Figure 6 shows the results
of the transmission measurements in acid blue 29 dis-
solved in ethanol samples 2 ×10−4, 4 × 10−4, 6 × 10−4,
and 8 × 10−4 M concentration as a function of incident
power, varying from 1 mW up to 25 mW. It is seen clearly
at low incident powers that the output power varies lin-
early with input power. The linear transmittance obeyed
Beer’s law: I = I0e−αL, where I, I0, α and L are the inci-
dent energy, the output energy, the absorption coefficient
and the sample path length, respectively. At high input
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intensity, the linear transmission of 75%, 55%, 35%, 25%
at 2 × 10−4, 4 × 10−4, 6 × 10−4, and 8 × 10−4 M con-
centration began deviation from linearity at 23, 18, 8,
and 6 mW, respectively. One can observe an optical lim-
iting property with clamped output intensity. At high
concentration the output power reached a plateau at low
input power. The optical limiting responses of the low-
-concentration solution are generally much weaker than
those of more concentrated solutions, while high concen-
trated solution exhibits strong optical limiting. This in-
dicates that the number density of dye in the laser beam
is the main factor affecting the clamped level. From the
threshold intensity for optical limiting for each sample,
it can be seen that the optical power limiting threshold
is inversely proportional to the concentration. Also, the
data show that as the concentration increases, a reduc-
tion in linear transmittance as well as the clamping level
is observed. The observed results confirm previous find-
ings that the concentration effect is remarkable [6, 13].
Table summarizes the calculated values of linear absorp-
tion coefficient, linear transmission (T ), and the optical
limiting threshold at different four concentrations.

Fig. 6. Variation in output power with input power
through acid blue 29 dissolved in ethanol with four dif-
ferent concentrations.

Several mechanisms have been proposed for optical
limiting in organic dyes including RSA, nonlinear
scattering, multiphoton absorption, thermal defocus-
ing/scattering, nonlinear refraction and induced scatter-
ing [13, 14]. Our optical limiting measurements in acid
blue 29 show the participation of both mechanisms: RSA
and nonlinear refraction. The RSA contribution is ex-
pected from the nonlinear behavior of the measured out-
put power as a function of the input power, in these mea-
surements the total transmitted power through the sam-
ple is collected by means of a positive lens of 35 mm fo-
cal length. The discrepancy of the measured transmitted
power from the linear behavior observed above 6 mW
in Fig. 6 is related to the nonlinear absorption which
in turn originated from the RSA mechanism in the acid

TABLE

Table summarizes the calculated values of linear absorp-
tion coefficient, linear transmission (%T ), and ∆n the
optical limiting threshold at four concentrations.

Sample

concentrations

Linear

absorption

coefficient

α [mm−1]

Linear

transmission

[%T]

Power limiting

threshold

Wth [mW]

2× 10−4 M 0.06 75 23

4× 10−4 M 0.13 55 18

6× 10−4 M 0.23 35 8

8× 10−4 M 0.30 25 6

blue 29. The nonlinear absorption processes of organic
dye molecules have been described by a five-energy-level
model [6, 15], whereas the induced self-diffraction pattern
was observed at relatively high powers (15 mW), which
is entirely associated to the variation of the nonlinear
refractive index inside the sample. The detailed theoret-
ical analysis of both mentioned mechanisms in the acid
blue 29 will be the subject of a forthcoming paper.

However, it has been noticed that other mechanism
could be involved at higher intensities like induced scat-
tering that will be investigated later.

Finally, absorption spectra of the sample were acquired
before and after the laser irradiation and found that the
pattern and its intensity have almost no change, hinting
that the prepared sample processes photostability.

4. Conclusions

We have presented the measurements of the optical
limiting performance, in the acid blue 29 at 2 × 10−4,
4×10−4, 6×10−4, and 8×10−4 M concentrations exposed
to a low power CW He–Ne laser irradiation at 632.8 nm.
Power limiting threshold as low as 6 mW is measured
for solution concentration of 8 × 10−4 M. Induced self-
-diffraction patterns are observed for different solution
concentrations at relatively high intensities.
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