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The thermal lens and all optical switching effects of direct blue71dye were investigated using pump-probe laser beam z-scan 
configuration. The results have shown the influence of the power pump laser on the temporal evolution ofa thermal lens. The 
thermal lens parameters have been evaluated, such as: θ, tc, D, dn/dt, n2 and ∆n. Then, the all-optical switching process was 
investigated using the SXPM configuration. Our new results confirmed that the strong pump green beam can modify the 
probe's low laser beam by generating diffraction ring patterns, which confirms the possibility of using the direct blue71dye as 
nonlinear optical medium for modifying the probe laser beam signal from the “off” state to the “on” state through nonlinear 
optical processes. This is promising for use in light-manipulated logic circuits”, which is important for practical applications. 
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1. Introduction   

 

The organic dye molecules have gained much attention 

for their different applications in the photophysical and 

photochemical fields, such as nonlinear optics [1,2], solar 

cell systems[3], photonic devices [4], all optical switching 

[5], and electrochemical sensing [6]. It is well known, that 

organic dyes have many important features to be used as 

nonlinear mediums, they can absorb and emit light with a 

wide spectral range due to the delocalized π-electrons 

systems, as well as their large optical nonlinearity and fast 

optical response. These unique features make organic dyes 

ideal molecules to be used in the nonlinear optical field [7].  

Different experimental techniques were utilized to 

study the NLO properties of organic dyes using CW or 

pulse regimes laser beams. These techniques are classified 

as, the z-scan technique [8,9], the spatial self-phase 

modulation (SSPM) technique [10,11], the thermal lens 

(TL) technique [12-14], and all optical switching (AOS) 

[15]. However, the TL and AOS techniques utilized the dual 

pump-probe z-scan configuration to study this kind of 

absorbing medium [16-18].  

However, many articles have been reported on organic 

dyes to investigate their nonlinear optical properties, such 

as the Brilliant Green [19], acid green 5 [11], Eosin B [20], 

Alizarin Red S [21], Boron-dipyrromethene [22], Rose 

Bengal (RB) [23], Fluorescein–Rhodamine B dye mixtures 

[24] , and Acid Blue 29 [1,25].  

Here, we report the detailed study of the thermal lens 

and AOS effect of an aqueous solution of direct blue71 dye 

(DB71). Experimental results were acquired using the 

pump-probe laser beam z-scan technique. The thermal lens 

parameters of the DB71dye were deduced in addition to 

some results related to AOS effect. This study will lead to 

creating a deep understanding of the behaviors of the DB71 

dye as well as a way of further development of optical 

devices, which are based on organic dyes.  

 
 
2. Experimental techniques  
 
2.1. Samples preparation 

 

The DB71dye was purchased from Sigma-Aldrich and 

it was used without any processes, and then it was dissolved 

in deionized water with a concentration of 2×10-4 M. Fig. 1 

shows the molecular structure of DB71 dye. The UV-Vis 

absorption spectrum of the DB71dye dissolved in water was 

shown in Fig. 2 (using UV-1601PC Shimadzu 

spectrophotometer). The spectrum exhibits a strong 

absorption band with a maximum wavelength located 

around λ=590 nm due to π-π* electronic transitions.    

 

 
 

Fig. 1. Molecular structure of DB71 dye 
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Fig. 2. UV-Vis absorption spectrum of DB71dye dissolved in deionized water with concentration of 2×10-4 M (colour online) 

 
2.2. Thermal lens experimental setups  

 

Experimental thermal lens data was obtained using a 

typical dual beam pump-probe z-scan method, which is 

similar to the experimental setup, mentioned in our previous 

work [26]. We present brief details of the used setup. A 

continuous laser beam (λ=532nm, laser diode, Gaussian 

TEM00 beam) as an excited pump beam, and a low-power 

probe laser beam (λ=635nm laser diode, Gaussian TEM00 

beam) with power of 1 mW were directed to a 2 mm quartz 

cell containing the DB71solution. Then, the laser 

transmittance signals during thermal lens formation were 

detected by a silicon photo-detector, which was connected 

to a digital Tektronix oscilloscope to track the formation of 

the thermal lens in the nonlinear medium (DB71 dye). 

Adjustment of the pumped laser beam was performed using 

a pulses generator to obtain the exposure period to achieve 

the "on/off" status.   

 

2.3. All optical switching experimental setups 

 

The experimental data for the DB71dye was obtained 

using the similar scheme mentioned in our previously 

reported work [15,27]. Again, we give a very brief to 

illustrate the effect of all optical switching, when the 

pumping laser beam (green beam, λ=532nm) and the low-

energy probe laser beam (red beam, λ=635nm) are 

combined in a 2 mm quartz cell filled with DB71dye, the 

patterns of the diffraction rings of the green laser beam and 

the red laser beam appear as circular rings. Both green and 

red diffraction ring patterns were observed on a screen that 

was about 100 cm behind the cell. Next, a digital camera 

was used to take pictures of the red and green diffraction 

rings. The experiment setup was based on SXPM 

configuration. The two laser beams were guided by the 

positive lens (f=10 cm) and monitored by two silicone 

photodiode PD1 and PD2 detectors (Thorlab, DET-110), 

which were connected to a digital oscilloscope (Tektronix 

TDS 3054B). The pulse generator was utilized to control 

the green pumping laser beam to get the desired frequency. 

  
 
3. Results and discussion  
 

3.1. Thermal lens study 

 

The thermal lens effect of DB71 dye solution (with a 

concentration of 2×10-4 M) was studied using the double 

beam z-scanning technique (SXPM configuration), where a 

continuous laser diode with λ = 532nm as excitation beam 

was used and at the same time a red diode laser was used as 

a probe laser with a λ = 635nm.  Fig. 3 shows the 

experimental results for the study of thermal lens signals at 

two laser pumping powers, P=10 and 25 mW. The recorded 

thermal lens signals decrease with increasing pumping 

powers (P), and a decrease in time values (TC) occurs, which 

corresponds the previous reported work in the literature[28, 

29]. Also, the solid lines indicate to the results of the fitting 

processes of experimental data using the numerical 

integration of the theoretical thermal lens equation (1) [30]: 
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(1) 

 

The parameters in equation 1 are defined as: 

υ = (z/zp), where z is the distance of the sample from the 

beam waist position of probe beam and zp is Rayleigh range 

of probe beam, m= (ωp/ωe)2 , where ωp and ωe are the beam 

waists of the probe and the pump beams at the sample 

position.  

The thermal diffusion time: 
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where D is the thermal diffusivity.        

Also, the on-axis phase shift (ɵ) is: 
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where pe is the pump laser power, p is the wavelength of 

the probe beam, α is the linear absorption coefficient, L is 

the sample thickness, dn/dT is the thermo-optic coefficient, 

and k is the thermal conductivity of the solvent. 

The Peclet number (PE) presents the following rate 

[30]: 
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The results also showed that the DB71 dye 

solution has the behavior of a self-defocusing medium due 

to the formation of a negative thermal lens[27]. As a result 

of creating the thermal lens, the intensity of the transmitted 

laser beam was reduced, and over time, the final stable state 

is reached. Thus, the thermal lens effect signal is reduced 

before reaching the steady state. How much thermal lens 

signals were reduced, depends on the rate of thermal heating 

convection part. The geometrical values of m=32.52 and 

V=10.61 were calculated using constant geometrical 

experimental parameters, which were used in the process of 

fitting experimental data. Based on the fitting processes, all 

the calculated parameters obtained D, vx, TC, PE and θ were 

listed in Table 1 for the results of the DB71 dye solution. 

Also, it can be said that our experimental data correspond 

to the results of the theoretical thermal lens model used in 

the reference [30]. It can be said that the correlation factor 

between fitting and exp data is almost over %90.

Table 1. Summarizes thermal lens parameters tc, vx, D, θ and PE (m=32.52 and V=10.61) 

 

Power 

(mW) 

tc (s) 

×10-2 

PE θ vx(cm/s) 

×10-2 

D(cm2/s) ×10-5 

10 21.36 
0.52 1.14 

8.85 4.65 

25 8.00 0.48 1.23 20.00 12.20 
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Fig. 3. Time dependence of thermal lens signals of DB71 dye with a concentration of 2×10-4 M at laser pumping powers of 10 and 25 

mW (the symbols). Solid lines refer to the results of the experimental data fitting processes (colour online) 

 

 

3.2. All-optical switching study  

 

The all-optical switching effect was studied using a 

continuous red laser beam (λ=635nm) controlled by a 

continuous green laser beam (λ=532nm). Fig. 4 shows the 

observed red and green diffraction ring patterns. The power 

of the red laser beam was set at 1 mW, while the power of 

the green laser beam was gradually increased, starting from 

50, 75 and 100 mW. The pulse generator was operated to 

control the firing time of the green laser beam. At first, 

when t = 0, there is no radiation of green laser light, only a 

small red-light spot can be observed, and no spatial self-

modulation effect was observed with the 1 mW red laser 

beam. Then, by applying higher power such as 50 mW of 

green laser to be sent onto the NL medium cell (DB71 dye|), 

and a clear change in the shape of the red laser spot was 

detected, a new diffraction ring pattern was recognized. In 

addition, to the red diffraction rings, also green diffraction 

rings were observed behind the sample at the far field on the 

white screen. As the power of the green laser increased, 

there was an increase in the absorption rate of green laser 

photons (laser energy) by the molecules of DB71dye and 

this leads to a higher level of nonlinear in the DB71 dye 

solution. The resulting red and green diffraction ring 

patterns were then expanded in proportion to the increasing 

powers of the green laser, in the order of 50, 75 and 100 

mW. It can be seen that the number of rings and their sizes 

of both red and green laser light increased with increasing 

the powers of the green laser. In addition, the brightness and 

width of the diffraction ring gradually decrease towards the 

center. However, it can be said that the complete AOS effect 

was achieved using the DB71 dye solution. As, the red laser 

beam passes through the DB71 solution, the change of 

refractive presumption (Δn2) of the laser light increased by 

the green laser light will also cause a changing of the phase 

shift of the red laser light and it will be deflected and 

concentric diffraction rings are formed. 

The diffraction rings look like asymmetry (distortion) 

which means that the part of the thermal convection has 

contributed to the distortion (squeezing) process [31]. Also, 

by analyzing the diffraction rings of both laser radiations 

(Fig. 4), there is a linear relationship between the number of 

diffraction rings (red/green diffraction ring patterns) and the 

increasing powers of the green laser, as shown in Fig. 5. 

The nonlinear refractive index (n2) of the DB71 dye 

solution can be calculated using equation 5 [32]. 
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The slope (N/P) was extracted using the data in Fig. 5.  

The experimental values of α0, Slope (N/P), beam waist 

(w0) and n2 are tabulated in Table 2.  
 

Table 2. Summarizes the parameters of α0, (N/P), w0, and n2 at λ=532 nm using DB71 dye solution with concentration of 2×10-4M 

 

Laser 

wavelength 

Linear 

absorption 

coefficient 

α0 (cm-1) 

Slope 

(N/P) 

Beam 

waist 

w0 (cm) 

n2 

(cm2/w) 

 

λ= 532nm 

 

18.46 

 

0.04 

 

62.5×10-4 

 

2.6×10-9  

 

 
 

Fig. 4. Images of diffraction ring patterns for red laser light (635nm) and green laser light (532nm) at 50, 75 and 100 mW, using DB71 

dye with concentration of 2×10-4M (colour online) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Number of red and green ring patterns applying different powers of green laser of DB71 dye solution with concentration of 

2×10-4M (colour online) 
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To study the behavior of the AOS time response, two 

silicon photodiode detectors (PD1) and (PD2) were 

installed in front of the transmitted green and the red probe 

laser beams, and both of the detectors were connected to a 

digital oscilloscope, and it is assumed that both detectors 

record the two signals to monitor the effects of AOS. As 

mentioned earlier, the pulse generator was used to control 

the firing of CW green laser beam. When the green laser 

beam (λ=532nm) was stopped, the red laser beam 

(λ=635nm) was not deflected. Then, when the green laser 

light was turned on, the diffraction rings of the red laser 

light were reconfigured and the transmittance signals could 

be recorded using the PD2 detector. The variation data of 

the transmittance signals during the green laser light on and 

off were displayed as shown in Fig. 6. The transmittance 

signals were recorded during the operation of the green 

laser light at three frequencies 1 and 10 Hz, where the 

pumping laser power was fixed at 30 mW and a probe laser 

of at 1 mW. The signal curves were recorded in the red laser 

light (bottom) and the modified green laser light (top) 

representing the AOS process of the DB71 dye solution 

with a concentration of 2×10-4M.  

As the green laser signal passes through the DB71 dye 

solution, the output intensity of the red laser beam 

decreases, which was expressed as the off state due to the 

formation of a thermal lens inside the NL medium (DB71 

dye solution) [33]. As the green laser beam is turned off, the 

red laser beam produced increases. Switching times were 

seen in the microsecond domain. Cycles were repeated 

according to the applied frequency value. It has been 

observed that the time response to AOS process becomes 

very short with increasing frequency value on the pumping 

laser (Fig. 6). This means that the frequency value of the 

green laser beam increases, the intensity of the weak red 

laser beam decreases and also the time width decreases [34].  

 

 

 

 
 

Fig. 6. AOS effect: pump beam (upper curve) and probe beam (bottom curve), at frequencies of 1 and 10 Hz, pumping laser power 30 

mW using DB71 dye solution at a concentration of 2×10-4 M (colour online) 

 

4. Conclusion 
 

We observed the thermal lens effect using the pump-

probe z-scan configuration using DB71 dye solution. The 

thermal lens linearly increased with pumped laser powers. 

The effect of the pump laser power on the probe beam shape 

and its quality was observed. The results have indicated that 

the thermal lens effect parameters: tc, vx, D, θ and PE, 

increase with the pump laser power as a result of deforms 

the phase shift of the probe beam profile.  

 

 

 

The transit signal curves of strong laser and low laser 

power have been observed; the green laser was fired at a 

frequency of 1 and 10 Hz at a power of 30 mW to find the 

suitable time response of the AOS effect. The frequency of 

firing the green laser has a large influence on the time width 

of the optical time response. 
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