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Experimental results of thermal lens measurements for Tris(2,2'-bipyridyl)iron(II) tetrafluoroborate solution are re-

ported using the dual beam technique. The temporal evaluation of thermal lens was observed at input pump power of 

I=47 mW. The thermal lens effect was observed with increasing the pump power intensity as well. The evolution time 

of thermal lens and the fitting of the experimental transient curve were useful to evaluate the parameters of the 

Tris(2,2'-bipyridyl)iron(II) tetrafluoroborate solution.  
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Thermal lensing effect occurs when a Gaussian laser 

beam interacts with nonlinear absorbing medium as a 

result of local heating of an absorbing medium. The local 

heating produces a gradient re-distribution in the medium 

temperature, making a change of refractive-index which 

known as the thermo-optic coefficient (dn/dT). This 

makes the heated sample as artificial lens for the incom-

ing laser beam[1]. The evolution of thermal lens happens 

over short time as the laser beam becomes in thermal 

equilibrium state with the absorbing sample. Usually, in 

liquid the refractive-index varies with density decreases 

and increasing temperature. Then, the term dn/dT is 
negative, and the thermal lens is considered to be di-

verging lens[2]. That means in the case of the negative 

lens the laser beam will be spreading and the intensity of 

the beam will be dropped. By measuring the change in 

the laser intensity beyond the sample, some information 

related to the thermo-optic[3], and nonlinear optical prop-

erties of the studied materials can be obtained[4]. A theo-

retical model based on the laser-induced thermal lens 

effect in absorbing media was fully explained in Refs.[1, 

5—7]. The thermal lens technique is well known method 

to determine the thermo-optic coefficient (dn/dt) and 

other nonlinear parameters of the studied sample. These 

parameters may help as effective optical tools for evalu-

ating impure compounds[8]. An extensive works have 

been done to investigate the thermal lens effect of dif-

ferent materials utilizing the thermal lens technique using 

single laser beam with chopper to predict the time evolu-

tion of the thermal lens case[7]. Other researchers have 

used the dual pump-probe configuration to study the 

thermal lens properties in organic molecules[8-10].  

In addition to our recent work on the Tris(2,2'-bipyr- 

idyl)iron(II) tetrafluoroborate solution[11], we present the 

experimental investigation of thermal lens effect in the 

Tris(2,2'-bipyridyl)iron(II) tetrafluoroborate solution em-

ploying the dual beam (pump-probe) configuration. 

The Tris(2,2'-bipyridyl)iron(II) tetrafluoroborate was 

already prepared and characterized by earlier work[11]. 

Fig.1 shows the schematic diagram of the pump-probe 

experimental setup. It consists of modulated diode pump 

solid state laser “MGL-H-532/500” with a maximum 

power up to 500 mW used as an excitation pump source, 

and probe laser beam (TEM00 Gaussian) comes from the 

stabilize He-Ne (Thornlab), λ=632.8 nm with power of 

1 mW to scan the sample for investigating thermal lens 

effect. The angle between the incident probe laser and the 

pump beam was calculated to be (α≈1.4°). The probe 

beam waist is three times larger than that of the pump. The 

shape of the weak probe beam has a Gaussian profile; the 

distribution power of laser beam profile has been recorded 

by CCD camera. The probe beam signal is directed to the 

detector (silicon photo-detector from Thornlab DET-110) 

which is connected to digital oscilloscope. 
  

 

Fig.1 The thermal lens experimental setup
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A closed-aperture z-scan measurement was performed 

using a CW laser with a wavelength of 532 nm for the 

Tris(2,2'-bipyridyl)iron(II) tetrafluoroborate in ethanol 

with concentration of 10-3 M. Fig.2 shows the transmit-

ted intensity of the sample solution at different z-position 

(pure nonlinear refraction index curve). The feature of 

the recorded curve is a peak to valley configuration, 

which tells about the sample behavior; it is consider be-

ing self-defocusing materials. Thus, the sample behaves 

as a negative lens, which could diverge and makes dis-

tortion to the probe beam. Fig.2 indicates that the length 

between the peak-valley (�zp-v) is larger than 1.7×ZR, 

where ZR=4.176 mm. This refers that the thermal lens 

mechanism is applicable to our study[12,13]. However, the 

physical origin of the nonlinear refractive index could be 

thermal in nature due to the laser source which is a CW 

laser[14,15].  

 

 

Fig.2 The pure closed aperture z-scan data at 
λ=532 nm 

 

Fig.3 displays the 2-D probe laser spot passed through 

the sample without pump beam and the same laser spot 

with pump laser beam. This gives strong evidence to the 

formation of the thermal lens in the presence of pump 

beam at 17.4 mW.  

 

 

Fig.3 (a) The probe laser spot without pump laser beam; 
(b) The probe laser spot with pump beam in the sample 

 

In order to evaluate the thermal lens effect of the sam-

ple structure, we have recorded the thermal lens image 

for pure ethanol solvent and with sample solution at 

pump power 43 mW, and Fig.4 shows the difference be-

tween the two cases.  

 

Fig.4 The thermal lens images of probe laser (a) with 
solvent only and (b) with the sample solution  

 

On next step, we have recorded the thermal lens image 

as three dimensional profiles with different input pump 

laser powers at: 0 mW (without thermal lens effect), 

8.90 mW, 17.40 mW, 27.80 mW and 47.30 mW using 

CCD camera. This procedure will help us to recognize 

the mechanism of the development of the thermal lens 

image with change of the input pump power. The size of 

the top hollow regions was inspected as seen in Fig.5. It 

can be seen from the figure that the top hollow region in 

the middle of the probe laser beam is increased with the 

input laser pump power[9-16]. Our results have shown that 

the shape of the probe beam is changed from Gaussian at 

low pump beam power to a near-doughnut shape at 

higher pump beam powers. Therefore, the thermal lens 

medium can change the quality (Gaussian shape) of a 

probe beam which propagates through this medium.  

 

 

Fig.5 Three dimensional images of the thermal lens 
effect captured by the CCD camera at different pump 
powers 

 

Fig.6 shows the temporal evolution of thermal lens, 

when the pump power is 47 mW using a beam profiler. 

The thermal lens effect develops through a period of time 

controlled by the rise time of the pump beam and char-

acteristic of the thermal time constant of the medium[17]. 

We can characterize the temporal evolution of the ther-

mal lens as follows: At t=0 ms no thermal lens appears, 

from 500 ms to 3 000 ms, the thermal lens having sym-

metrical circular feature and the thermal conduction 

processes predominate. Then, at larger time than 

3 000 ms, the shape of the thermal lens starts to change 

as a hollow area, with the diameter of the hollow be-

comes larger the time. 
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Fig.6 The temporal evaluation of thermal lens at input 
pump power I=47 mW 

 

It should be mentioned here that the thermal lens tran-

sient experiment was done using the dual beam 

(pump-probe beams configuration). A mechanical chop-

per (with frequency of 0.5 Hz) was located in the laser 

beam way to modulate the pump laser beam for getting 

time resolved measurement.     

Fig.7 depicts the thermal lens transient signal for the 

studied sample using a weak probe laser beam at 1 mW 

and the pump power up to 50 mW. The inset in Fig.7 

shows the image of the pump laser beam transmission 

when the thermal lens is induced in the presence of the 

mechanical chopper. The fitting curve was obtained by 

applying the experimental data (Fig.7) to the thermal lens 

signal equation[18,19]: 
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where tc and θ are adjustable parameters could be ob-

tained by fitting the above formula, where
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The characteristic thermal time of the medium is  

determined with the following equation: 
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where ω0 is the beam radius inside the sample, and D is 

the thermal diffusivity (cm2/s):  
 kD

c�
�                                (3) 

where k is thermal conductivity, ρ
 
is the sample density 

and c is the specific heat of the studied sample.  

The phase distortion probe θ related to the 

thermo-optic coefficient as follows: 
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For the thermal nonlinearity and steady state case, the 

on-axis change in the refractive index �n can be given 

as[20] 
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and 

∆n=n2I,                                 (6) 

where n2 is the nonlinear refractive index and I is the 

laser intensity. 

Using the above equations, we have calculated the 

values of the following parameters θ, tc, D, dn/dt, n2 and 

∆n of the Tris(2,2'-bipyridyl)iron(II) tetrafluoroborate 

solution, and they are given in Tab.1. Our present results 

are in reasonable agreements with similar works[3, 21-23] as 

seen in Tab.1. 

 

 

Fig.7 Transient signal for the Tris(2,2'-bipyridyl)iron(II) 
tetrafluoroborate solution 

 
Tab.1 The calculated parameters of the Tris(2,2'-bipyridyl)iron(II) tetrafluoroborate solution

Sample Ѳ (rad) tc (s) D (cm2/s) dn/dt (k-1) n2 (cm2/W) ∆n×10-4 

Tris(2,2'-bipyridyl)iron(II) tetrafluoroborate (Our present results) 1.27 0.015 5×10-3 -2.11×10-6 -8.46×10-8 -1.69 

Zinc sulfide nanoparticles[21] - - - -4.83×10-5 -66.87×10-5 - 

Tm3+-doped telluriteglasses[22] 0.075 0.002 2. 62×10-3 -0.13×10-5 3.89×10-13 - 

PMMA base containing BCP[23] 2. 63 0.004 4.46×10-5 -5.54×10-5 6.24×10-7 -1.36 

Azomethine in chloroform[3] 0.95 0.031 3.92×10-5 -71.7 -32.6×10-8 - 
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We observed thermal lens effect using the dual 

pump-probe configuration. The thermal lens linearly 

increased with intensity. The effect of the pump laser 

power on the probe beam shape and its quality was ob-

served. Our work has shown that the thermal lens effect 

increases with the pump laser power as a result deforms 

the probe beam profile. The temporal evaluation time of 

the thermal lens was observed with the time at fixed in-

put pump power.  
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