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 
Abstract— The nonlinear optical properties of 3-[[(4-methyl 

-1-piperazinyl) imino]-methyl] –rifamycin VS (rifampin) in 

Tetrahydrofuran (THF) are studied by using z-scan and 

diffraction ring technique with continuous wave (CW) laser at a 

wavelength of 532 nm. The sample showed negative and large 

nonlinear refractive index values of the order of 10-7 cm2/W 

and reverse saturable absorption with high values of the 

nonlinear absorption coefficient of the order of 10-3 cm/W , and 

the thermooptic coefficients, dn/dT are found to be of the order 

of 10-6 K-1. The nonlinear refractive index was found to vary 

with the concentration. The transmitted beam profiles, the 

distribution of intensity corresponding to the sample positions 

and D- distribution of rings number of each pattern variation 

for the rifampin samples have been studied. These results 

indicate that the sample is a promising candidate for 

applications in nonlinear optical field. 

 
Index Terms— Nonlinear refractive index, Thermooptic 

coefficient, Nonlinear absorption, Diffraction ring. 

 

I. INTRODUCTION 

  In recent years, extensive studies have been carried 

out on organic nonlinear optical (NLO) materials due their 

very high nonlinearity, less dense, chemical stability and 

short response time to optical excitation properties 

irrespective of their poor mechanical and thermal properties 

[1]. Materials that possess nonlinear optical properties have 

been investigated extensively for their potential applications 

in optical fibers, data storage, optical computing, optical 

switching, and optical limiting [2-5]. Among the promising 

class of materials, organic dyes [6–9] play a vital role 

because of their good photo-thermal stability, dissolvability 

etc. The high nonlinear optical refractive index compares 

favourabl with that of some representative of third-order 

nonlinear optical materials, namely, CS2 [10], benzo congo 

red dye solution [11], oxazine (OX720) and oxazine 

(OX750) dyes in aqueous solution and in polyacrylamide 

hydrogel (PAA) matrix [10], photopolymerizable 

organosiloxane [12], and organic polymers [13]. Its potential 

application is to work as novel optical limiter for its 

nonlinear optics effect [14-16]. The extensive use of 

continuous wave lasers for various applications with power 

levels ranging from W to kW has induced a need to protect 

the human eyes and sensors [17-22]. In order to find the 

suitability of a material for nonlinear applications one needs 

to study its photo physical as well as its optical 

characteristics such as type of nonlinearity, its magnitude, 

response time etc . 
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We in the present work are presenting the study of nonlinear 

optical properties i.e. estimation of the nonlinear refractive 

index, n2, in rifampin via diffraction ring technique using a 

visible laser beam. The chosen sample is shown in Fig. 1. 

We report the results of the refractive nonlinearities studied 

by using the single beam Z-scan technique on low-cost of 

rifampin in Tetrahydrofuran (THF) solvent in their resonant 

region using a continuous wave 532 nm diode- pumped 

laser. To our knowledge, there is no previous work on the 

mentioned materials. The aim of our present work is to find 

the possibility of new applications of the rifampin in the 

field of the optical modulators. We present experimental 

evidences of observing diffraction patterns in rifampin at 

different concentrations with the calculations of the effective 

nonlinear refractive indices, n2, and variation of refractive 

indices. 

 

 
Figure 1. Chemical structure of rifampin 

 

II. EXPERIMENTAL  

A.  UV–visible Spectroscopic studies 

 

        In order to study the effect of different concentrations 

on nonlinear optical properties a UV–visible spectroscopy 

has been used to characterize the rifampin in the spectral 

range (225–700nm). The absorbance (A) spectra of solution 

samples with different concentrations are shown in Figs. 2 

measured using Cecil Reflected-Scan CE 3055 reflectance 

spectrometer. These measured was performed at room 

temperature. We can see from the Fig.2 that the absorbance 

of the sample increases with increasing the concentration of 

the sample this due to increase number of molecular per unit 

volume, so the absorbance will be increased. 
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Figure 2. UV-VIS absorption spectrum of rifampin at 

different concentrations. 

 

B. Z-scan measurement 

The Z-scan technique [23,24] was used to determine 

the nonlinear optical properties of the investigated sample.  

 

This technique is a simple and sensitive method for 

measurement of nonlinear refractive indices and nonlinear 

absorption of nonlinear optical materials. In this technique, 

the sample scans along the optical axis (designated the z 

direction) in the focal region of a single focused laser beam, 

and the transmission of the laser beam through an aperture 

placed in the far field was measured using a photo detector 

fed to a power meter. The experimental setup used is shown 

in Fig.3. A 1 mm quartz cell containing the rifampin solution 

was translated across the focus of the lens along the 

direction of the propagation of laser beam. 

 

 
Figure 3. Schematic diagram of experimental arrangement for 

the Z-scan measurement. 

 

A beam from continuous SDL laser operating at 532 nm and 

power of 3.34 mW is used to perform the measurement. The 

beam was focused on the sample using +5 cm focal length 

lens. Fig. 4 shows the closed aperture Z-scan data of pure 

sample in THF solvent at different concentrations (0.2 , 0.4 

and 0.6 mM). The laser beam waist o at the focus was 

measured to be 27.04 m and the Rayleigh length ZR = 4.31 

mm. Thus the sample thickness of 1 mm is less than the 

Rayleigh length and thus it could be treated as a thin 

medium. The intensity at the focus is as Io = 0.29 kW/cm
2
. 

 
Figure 4. Closed aperture Z-Scan data for rifampin solution. 

 

The sample was moved along the z-axis using a translation 

stage. An aperture of 5 mm diameter was mounted in front 

of the photo detector placed about 10 cm away from the 

beam focus. The intensity transmitted by the sample was 

measured as a function of the sample position along the z-

axis, there by obtained the closed aperture data. The 

measurements were repeated after removing the aperture in 

order to obtain the open aperture data. Fig.5 shows the 

measured Z-scan data for open aperture set-up for the pure 

rifampin in THF solvent at different concentrations. 

  

 
Figure 5. Open aperture Z-Scan data for rifampin solution. 

   The nonlinear absorption data obtained under the 

conditions used in this study can be well described by Eq.1 

[25-27] which describes a third-order nonlinear absorptive 

process, 

effLI

T






22                                             (1) 

For a purely refractive nonlinearity, the amplitude of the 

transmitted intensity changes as a function of the sample 

position. The nonlinear medium acts as a positive lens (for n2 

> 0) or a negative lens (n2 < 0) [28]. Thus, a prefocal 

transmittance maximum (peak) which is followed by a post 

focal transmittance minimum (valley) is the z-scan signature 

of negative nonlinear refraction. Positive nonlinear refraction, 

by the same analogy, gives rise to an opposite valley–peak 

configuration. The simplest way to do this is varying the beam 

size by translating the sample through the focal point [28,29].  

An easily measurable quantity ΔTp-v can be defined as the 

difference between the normalized peak and valley 

transmittances, Tp -Tv. The variation of this quantity as a 

function of 0 is given by[30]: 

         0)1(406.0 25.0  SVPT       0             (2) 

where S is the linear transmission of the aperture and is given 

by [32]:  

          ))/(2exp(1 22
aarS                                             (3) 

where 
ar = 2.5 mm is the radius of the aperture and 

a =6.28 mm is a beam radius at the aperture in the linear 

region. Because the laser beam used in the experiment has a 

Gaussian distribution, the relative plane distortion, 0 , 

suffered by the beam while traversing the sample of 

thickness, effL can be written as [32]: 

          )2(
020

In
eff

L                                           (4) 

where  /2k is the wave vector in vacuum and   is the 

laser beam wavelength, I0 is the intensity of the laser beam at 
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focus z= 0, ffeL is the effective thickness of the sample 

 /)1( L
eeffL
  and  is the linear absorption 

coefficient. The ratio of Figs. 4 and 5 scans is shown in 

Fig.6. The values of the linear absorption and nonlinear 

refractive index of rifampin in THF solvent at different 

concentrations are given in Table1. 

 

 
Figure 6. Pure nonlinear refraction curve for rifampin 

solution. 

 

In Z-scan measurement, the transmittance of the sample 

measured without an aperture gives information on purely 

nonlinear absorption coefficient where as the apertured scan 

contains the information of both the nonlinear absorption 

coefficient and nonlinear refractive index nonlinearities. The 

ratio of the normalized closed aperture and open aperture 

scans generates a Z-scan due to the purely nonlinear 

refractive index [33-36] and results are shown in Fig.6. 

 

Table1. The linear absorption coefficient and nonlinear 

optical parameters. 

 

In nonlinear optical phenomena the spatial self-phase 

modulation on the cross-section of the Gaussian beam 

emerges as a kind of wave front distortion. For a thin 

nonlinear medium, although the change in the radial size of 

the Gaussian beam caused by the self-focusing and 

defocusing is negligible, the spatial self-phase modulation 

induced by the self-action is rather appreciable. For a beam 

with a Gaussian profile the phase increment 0 has a bell-

shaped distribution of which the centre is at r = 0. If 

max0 )(   is much larger than 2π, a set of concentric rings 

will appear on the far-field observation screen as the 

Gaussian beam is transmitted through the nonlinear medium 

[37]. The spot of the transmitted beam was photographed at 

far away distance from the sample, when the sample was at 

different positions. Fig. 7(a)–(d) shows the distribution of 

intensity for rifampin  in THF solvent at 0.4 mM, when the 

samples was far from the focus (Z = -10 mm), at the focus (Z 

= - 4 mm),out of focus (Z = 0 mm) and away from the focus 

(Z = +10 mm). Fig. 7 (b) shows that the spot of the 

transmitted beam has minimum size only when the sample 

was at the focus, Fig. 7 (c) shows the spatial rings pattern 

(self-diffraction).  

 

 

 

   

 
 

Figure 7. The transmitted beam profiles and the distribution 

of intensity corresponding to the sample positions: (a) far 

from the focus (b) at the focus (c) out of focus and (d) away 

from the focus . 

Con. 

(mM)  

  

cm-1 0
 

2n  ×10-7 

 (cm2/W)  

dn/dT×10-5   

K-1 
β×10-3  

(cm2/W)  

0.2 1.62 1.41 4.45 18.83 3.42 

0.4 2.54 2.38 7.87 21.27 5.33 

0.6 3.58 3.93 13.63 26.21 7.43 
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III. DIFFRACTION RING TECHNIQUES  

   When a laser beam acts on a nonlinear medium, the 

reasons for which the refractive index change are various 

and the mechanisms behind the changes in the refractive 

index are not completely the same [38]. For the 

photorefractive effect, the change in the refractive index of 

the nonlinear media has nothing to do with the light  

 

intensity, and the light intensity affects merely the speed of 

the photorefractive process, while for the optical Kerr effect, 

the change in the refractive index is proportional to the light 

intensity.The experimental setup for the diffraction ring 

patterns are the same as mentioned, expect that’s the power 
meter detector is replaced by the transparent screen. We can 

estimate the induced refractive index change, Δn, and the 

effective nonlinear refractive index ,n2, for the preceding 

data as follows. Because the laser beam used in the 

experiment has a Gaussian distribution, the relative phase 

shift, φ, suffered by the beam while traversing the sample 

of thickness (L) can be written as [39]: 

        φ =kLn                                                                  (5) 

where k=2ππ/λλis the wave vector in vacuum and λλis the 
laser beam wavelength. The relationship between φ and 

number of rings, N, can be written as [40]: 

          φ=2πN                                                                    (6)                                                                 (6) 

The relationship between the total refractive index , n , and 

nonlinear part of the refractive index ,
2n , can be written as 

follows [41,42]: 

 2/00 2 Innn  and nnn  0                                         (7) 

Where 0n  is the background refractive index. A 1mm wide 

optical cell containing the solutions of rifampin in THF 

solvent is translated across the focal region along the axial 

direction that is the direction of the propagation laser beam. 

A semitransparent screen of 30 cm × 30 cm, a digital CCD 

camera and a detector to measure input power. The output of 

the CCD camera was fed into a computer for further 

analysis.  By the combination of equations (5-7) one can 

calculate nonlinear refractive index,
2n . The diffraction 

Ring experiments were performed using a 532 nm solid state 

laser beam, which was focused by +50 mm focal length lens. 

The laser beam waist 0  at the focus is measured to be 

27.04 μm and the input laser power is 25 mW. The change 

nonlinear index, n  and the nonlinear refractive index are 

given in table 2. As given in table 2, the number of rings N 

for 25 mW power, observed are 5, 7 and 9 respectively. The 

diffraction rings pattern for the rifampin in THF solvent are 

shown in Fig. 6. 

 

    
Figure 6. diffraction ring patterns for the rifampin  at 25 mW 

(a) 5 rings for 0.2 mM (b) 7 rings for 0.4 mM  and (c) 9 

rings for 0.6 mM. 

 

Table 2. Number of rings, nonlinear refractive index and the 

change nonlinear index.  

 

Con.  
(mM) 

N 
2n ×10

-7
 

 cm
2
/W) 

n  

×10
-4

 

0.2 5 0.230 0.502 
0.4 7 0.337 0.735 

0.6 9 0.458 0.998 

 

IV. CONCLUSION  

 The linear absorption and nonlinear refraction indices for 

3-[[(4-methyl-1-piperazinyl) imino]-methyl] –rifamycin VS  

in THF solvent were measured using open-and closed- 

aperture z-scan techniques, with cw irradiation. The closed 

aperture Z-scan experiments for sample shows peak–valley 

characteristic and it is concluded that thermal self 

defocusing is the most probable mechanism of nonlinearities 

in this sample and sign of nonlinear refraction is negative. 

We have measured the nonlinear refraction index n2 and the 

nonlinear absorption coefficient,β, for the solutions of 

rifampin for various concentrations using the Z-scan 

technique with 532 nm wavelength. The Z-scan 

measurements indicated that the sample exhibited large 

nonlinear optical properties. We have shown that the 

nonlinear absorption can be attributed to a saturation 

absorption process, while the nonlinear refraction leads to 

self-defocusing in this sample. All the solutions samples 

showed a large nonlinear refractive index of the order of 10
-7

 

cm
2
/W and 10

-3
cm/W, respectively. Furthermore, diffraction 

rings pattern as a result of nonlinear refraction was observed. 

The diffraction patterns were found to vary with the 

concentrations in our experiment. Experimental results of 

ring patterns suggest the possibility of using rifampin for 

various concentrations solvent in THF in all optical systems. 

These profiles demonstrate that a bright diffraction ring 

gradually becomes thicker from inner to outer side, and the 

light energy is mainly concentrated inside the outermost 

ring. Such behavior corresponds to that observed earlier for 

divergent Gaussian beams passing through self-defocusing 

media. Notice that, in general, self-defocusing media have a 

negative optical nonlinear birefringence n [43,44]. The 

number of rings depends on the concentration, that is, 

increasing the concentrations values increases the number of 

rings for the same input power. This means that, in the 

investigated samples, thermal effects have a large 

contribution to the negative nonlinear refractive index. The 

heat released in the rifampin solution by the focused 

Gaussian laser beam causes a migration of the solutes in the 

different concentrations from the hotter region to the colder 

one. All these experimental results show that the solutions of 

rifampin are a promising material for applications in 

nonlinear optical devices. 

REFERENCES 

[1] H. A. Badran,“ Thermal properties of a new dye compound measured by 

thermal lens effect and Z‑ scan  technique,” Appl. Phys. B, vol.119, 

no.2, pp. 319-326, 2015. 

[2] H. A. Badran, “ Thermal lens and all optical switching of new      

organometallic compound doped polyacrylamide gel,” Result in 

Physics, vol.4, pp.69-72, 2014. 

[3] A. I. Musa, H. A. Badran and Q. M. Ali,“ Self diffraction and nonlinear 

optical properties for 2,3-Diaminopyridine under cw 



                                                                              

International Journal of Engineering and Applied Sciences (IJEAS) 

 ISSN: 2394-3661, Volume-5, Issue-4, April 2018 

                                                                                           71                                                                          www.ijeas.org 

 

illumination,”IOSR Journal of Engineering, vol.4,  no.5, pp. 27-33, 

2014.  

[4] H. S.Shaker, W.A.Hussain and H.A. Badran, “Determination of the 

optical constants and optical limiting of doped malach- ite green thin 

films by the spray method,”Advances in Applied Science Research, 

vol.3, no.5,pp.2940-2946, 2012. 

[5] N.Al-Had S.Yakop and H.A.Badran,“Single-Beam Z-Scan  

Measurement of the Third-Order Optical Nonlinearities of Ethidium 

BromideInt,”Journal of Engineering Research and Applications, vol.4, 

no.3, pp.727-731, 2014. 

[6] H. E. Katz, K. D. Singer, J.E.Sohn, C.W. Dirk, L. A. King and H.M. 

Gordan,“Gratly enhanced second-order nonlinear optical susceptibilites 

in donor acceptor organic molecules” J.Am.Chem. Soc. vol.109, no.21, 

pp.6561-6563, 1987.  

[7] L. Brzozowski and E. H. Sargent,“Azobenzenes for photonic  network 

application: Third-order nonlinear   optical properties,”   J. Mater. 

Sci:Sci in Elec. vol.12, no.9, pp.483-489, 2001. 

[8] R.Rangel-Rojo, S.Yamada, H. Matsuda and D.Yankelevich,“ Large 

near-resonance third-order nonlinearity in an azobenzen- functionalized 

polymer film,” Appl. Phys. Lett. vol.72, no.9,  pp.1021-1023, 1998.     

[9] X.Yang, C.Zhang, S.Qi and K.Chun,“ All-optical Boolean logic gate 

using azo-dye doped polymer film,” Optik, vol.116, no. 6 , pp.251-254, 

2005  

[10] I. Golub, Y. Beaudoin, and S.L. Chin,”Nonlinear refraction in  CS2 at 

10.6 μm,” Opt. Lett. vol.13, no.6, pp.488-490, 1988.   

[11] Ketamm Abd AL-Adel and Hussain A. Badran,” Nonlinear optical 

properties and diffraction ring patterns of benzo congo red,” European J. 

of Applied Engineering and Scientific  Research, vol.1, no.2, pp.66-72, 

2012. 

[12] A.B. Villafranca and K. Saravanamuttu,” Diffraction rings due to 

spatial self-phase modulation in a Photo-polymerizable  medium,” J. 

Opt. A, Pure Appl. vol.11, pp.125202-125208,  2009.    

[13] S.A. Jenekhe,W. Chen, S. Lo, and S.R. Flom,“ Large third order 

optical nonlinearities in organic polymer superlattices,”  Appl. 

Phys. Lett. vol.57, no.2, pp.126-130, 1990.   

[14] Q. Sheng wen, Y. Xiu qin, L. Rui, C. Kuan, Z. Chunping, T.        

Jianguo, X. Jingjun and W. Qiang,“ Nonlinear optical  properties of 

mercury dithizonation in a polymer film,”J.Modern 

Opt.,vol.51,no.11,pp.1671-1677, 2004. 

[15] H. A. Badran, A.Y.Taha, Q. M. Ali and C. A. Emshary, “ Determination 

of optical constants and nonlinear optical coefficients of Violet 1-doped 

polyvinyl alcohol thin film,”  Pramana J. Phys. 86, pp.135-145, 2016. 

[16] H. A. Badran, A.Y.AL-Ahmad, M.F.AL-Mudhaffer and C. A.        

Emshary, “ Nonlinear optical responses and limiting behaviour of 

sulfadiazine-chromotropic acid azo dye,”Opt Quant Electron,  vol.47, 

no.7, pp.1859–1867, 2015. 

[17] E.Yildiz and H.Boztepe,“Synthesis of novel acidic mono azo  dyes and 

an investigation of their use in the Textile industry, ” Turk J. Chem. 

Vol.26, no.6, pp.897-904, 2002. 

[18] D.Mendez Paz, F.Omil and J. M. Lema, “ Anaerobic treatment of azo 

dye acid orange 7 under batch condition,”Enzyme and Microbial 

Technology, vol.36, no. 2-1, pp.264-272, 2005. 

[19] C. Gayathri and A. Ramalingam,“Studies of third-order optical 

nonlinearities and optical limiting properties of azo  dyes,” 
Spectrochimica Acta Part A, vol.69, pp.980–984, 2008. 

[20] H. A. Badran, A. I. Musa and Q. M. Ali,“ Thermal diffusivity of 

2,3-Pyridinediamine determination by thermal blooming,” Optik , 

vol.127, pp. 2659-2665, 2016. 

[21] Q. M. Ali, H. A. Badran, A.Y.Taha and C.A.Emshary,  “Physical origin 

of observed nonlinearities in Poly (1- naphthyl methacrylate): Using a 

singletransistor–transistor logic modulated laser beam,”Chin. Phys. B, 

vol.22, no.11  pp.114209-9, 2013. 

[22] H. A. Badran and Alyaa A. Jari,“ Measurements of third-order       

susceptibility of 3-[[(4-methyl-1-piperazinyl)imino]-  methyl]-  

rifamycin vs using z-scan technique, ”International Research  j of   

Natural and Applied Sciences, vol.4, no.7, pp.29-38, 2017. 

[23] H. A. Badran, Q. M. Ali and A. I. Musa,“Large third order optical 

nonlinearity and optical limiting properties of a 3,4-diaminopyridine,”J 

Mater Sci: Mater Electron. vol.26, no.8,  pp.5958-5963, 2015. 

[24] M. Sheik-Bahae, A. A.Said, T. H.Wei, D. J.Hagan and E.W.  Van 

Stryland,“Sensitive measurement of optical   nonlinearities using a 

single beam,”IEEE J. Quantum Electron vol.26 ,.  pp.760 -769, 1990. 

[25] H. A. Badran and A. A.Fregi, synthesis and study of nonlinear optical 

properties of a new azo dye by z-scan technique, International J. 

Semicond Sci Technol. Vol.2, no.1, pp. 26-36, 2012. 

[26] H. A. Badran, H. F. Hussain and K. I. Ajeel,“Nonlinear  characterization 

of conducting polymer and electrical study for application as solar cells 

and its antibacterial activity” Optik, vol.127, pp.5301-5309, 2016. 

[27] M. SH. Hussain, Q. M. Ali, H. A. Badran and C. A.Emshary,“ Synthesis, 

Characterization and Third-order nonlinear optical properties of schiff 

base dimer,” International J. of Industrial Engineering & 

Technology(IJIET), vol.3, no.4, pp.57-64, 2013.          

 [28] H. A. Badran and K.A. Al-Adel,“Optical Nonlinear Properties   and 

Optical Limiting Effect of Congo red dyeunder CW Laser,” Misan 

Journal for Academic Studies, vol.11, no.21, pp.1-9, 2012. 

[29] H.A.Sultan, H.A. Badran, A. Y. Al-Ahmad and C.A. Emshary,“        
Experimental and Theoretical Study of the Laser Induced Diffraction 

Pattern in the Acid Orange 10 Dye: Polyacrylamide Gel,” J. of Basrah 

Researches(Sciences) A, vol.39, no.2, p.1-12, 2013    

[30] H.A. Badran,“Investigation of the Nonlinear Optical Response of 

3-(Dimethylamino)-7-Aminophenothiazin-5-Ium Chloride Dye,”IOSR 

Journal of Applied Physics, vol.1, no.5, pp.33-37,  2012.  

[31] H. A.Badran, K.I.Ajeel and H.G.Lazim,“Effect of nano particle  sizes on 

the third-order optical non-linearities and nanostructure of copolymer 

P3HT:PCBM thin film for organic photovoltaics, ”  Materials Research 

Bulletin,76, pp. 422- 430, 2016. 

[32] H. A. Badran, A.Y.Taha and A.F.Abdulkader,“Preparation  and Study 

of the Electrical and Optical Properties of a New Azo        

Dye(4-Acetaminophenol–[2-(4-Azo)]-4-Amino Dipheyl Sulfone)”J. of 

Ovonic Research,vol.8, no.6   pp.161-170, 2012. 

[33] H. A. Badran, H.A. Sultan andQ.M. Ali,“ Surface  morphology and 

thermal figure of merit of a new compound    thin film,” J  Mater Sci: 

Mater Electron. vol.27, no.7, pp. 6735–6744, 2016.  

[34] A.Y. AL-Ahmad, M. F. AL-Mudhaffer, H.A.Badran and C. A.         

Emshary,“Nonlinear optical and thermal properties of BCP: PMMA   

films determined by thermal self- diffraction,”Optics & Laser 

Technology, 54, pp.72-78, 2016.  

[35] Q. M. Ali, A. Y.Taha, M. F. Al-Mudhafer and H. A. Badran,        

“Third-order optical nonlinearities and optical-limiting  properties of 

phloxine b dye doped pmma films investigated by z-scan 

technique,”Rom.J.Phys. vol.58, no.7-8, pp. 962-  969, 2013. 

[36] H. A. Badran,R.C.A.Hall, H. S. Shaker, A.I.Musa and Q.M.Ali, “An 

all-optical switch and third-order optical nonlinearity of         

3,4-pyridinediamine,”Appl. Phys. B, vol.123, pp.31-39, 2017. 

[37] H. A. Badran and N. Al-huda S.Yakop,“Study of the optical  limiting 

properties of Ethidium Bromide under CW laser         illumination,”Inter. 

J. of Engineering Research and  Management (IJERM), vol.1, no.8, 

pp.67-69, 2014. 

[38] F. A. Al-Saymari, H. A. Badran, A. Y. Al-Ahmad and C. A.  

Emshary,“Time dependent diffraction ring patterns in       bromothymol 

blue dye doped PMMA film under irradiation   with continuous 

wavegreen laser light,” Indian J Phys. vol87, no.11, pp.1153–1156, 

2013.   

[39] K. A. Al-Adel and H. A. Badran,“Nonlinear optical properties and 

diffraction ring patterns of benzo congo red,” European j. of Applied 

Engineering and Scientific Research, vol.1, no.2,  pp.66-72, 2012. 

[40] K.A. Al-Adel and H. A. Badran,“ Nonlinear Optical   Properties and 

Diffraction Ring Patterns of Acid black 1,” Archives of Applied Science 

Research, vol.4, no.6, pp.2499-2506, 2012.  

[41] H. A. Badran, Q. M. Ali, A.Y. Taha and C.A. Emshary,“ Laser        

-induced optical nonlinearities in Orange G dye: polyacrylam-  ide gel,” 
Can. J. Phys. 89, pp.1219-1224, 2011. 

[42] H. A. Badran, A. A. Al-Fregi, R. K. Fakher Alfahed, A. S.         

Al-Asadi,“Study of thermal lens technique and third-order nonlinear 

susceptibility of PMMA base containing 5',5'' dibromo-o 

cresolsulfophthalein,” J Mater Sci: Mater Electron, vol.28 , no.22, 

pp.17288–17296 , 2017. 

[43] H.A.Badran, K.Abd. AL-Aladil,H.G.Lazim, A.Y Al-Ahmad. ,“         
Thermal blooming and photoluminescence characterizations of  sol–gel 

CdO–SiO2 with different nanocomposite,”J Mater Sci: Mater Electron, 

vol.27, no.3, pp.2212–2220, 2016. 

[44] H. A. Badran,“ Z-Scan Measurement for the thermo-optic       

Coefficient and transmitted beam Profile of 1.8- Dihydroxy-        

Naphthalin-3, 6(Disulfonic Acid-[2-(4-azo)]-N-5-Methyl-3                        

-Isoxazolyl)-Benzene Sulfonamide,”Advances in Physics Theories and 

Applications, vol.26, pp.36-44, 2013. 

 


