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Abstract: In this study two forms of preparedRhodamine B (RhB) dye atconcentration(10-5) M in a solvent methanol at room temperature, 

were measured using a UV-Visible spectrophotometerto determine the linear index of refraction and the linear coefficient of absorption. 

The results show that the index of refraction increased when acids were added, but decreased when bases were added. The nonlinear 

optical properties of the samples, such as the nonlinear index of refraction and the nonlinearcoefficient of absorbance, were calculated by 

using two sections of the Z-Scan technique. The first was a closed aperture that was mounted ahead of the detector to determine the 

nonlinear refractive index. The aperture ahead of the detector was removed (open aperture) to measure the coefficient of nonlinear 

absorption in the second part. The two cases were carried out with a continuous wave (CW) diode laser with a wavelength of 457 nm and 

an input power of 112 mW.  The results show that two molecular forms of the RhB dye solution a negative refractive index (-n2), which led 

to self-defocusing and two-photon absorption for an open aperture Z-Scan, indicating that the laser dye in this study can be used in 

nonlinear optics and optical limiter applications. 

Keywords: Nonlinear Optical Properties, Rhodamine B, cationic, zwitterion 

Introduction 

Nonlinear optical organic materials have been studied extensively in the hunt for materials  substantial 

and fast optical nonlinearities. Organic materials with significant third-order nonlinearities can have a 

refractive index that is intensity dependent andshows nonlinear transmission. Such materials have the 

potential to be useful in a variety of photonic applications [1]. 

Intensity-dependent contributions to the refractive index can be caused by a variety of physical causes. A 

strong light field in a liquid can cause anisotropic molecules to orient, causing the medium to become 
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anisotropic and the average refractive index to change. Nonlinearity in liquids thatcontain isotropic 

molecules may be the result molecular of redistribution or electronic pinning [2]. 

The xanthene family of dye compounds are generally utilized in dye lasers to produce tunable lasers, and 

there is much interest in learning more about them. RhB is affected by a variety of parameters, including 

solvents, concentration, andpH value. The carboxyl group is involved in a classic acid–base equilibrium, 

in which the acid and basic forms are brightly colored. Due toits high fluorescence quantum yield, it is 

often utilized as an active medium in tunable lasers [3]. 

Linear absorption, saturation of absorption (SA) and reverse saturable absorption (RSA) are the three 

primary absorption processes in dyes [4]. The wavelength, intensity, and excited-state duration are all 

important factors in absorption. [21-41]The xanthene family includes the RhB dye which is one of the  

most  commonly used  dyes  in  various spectroscopic studies. Our basic aim in the present study is to 

examine the  nonlinear absorption behavior of  in  the  visible region. To our knowledge, this is the first 

time that the data of nonlinear absorption in RhB dye at 457 nm in methanol solvents containing two 

acids and two bases, using the usual Z-Scan approach has been published [5]. 

Theoretical part  

The Z-Scan method is based on a material’s intensity-dependent absorption coefficient(α) and refractive 

index(n). The following relationships are typically used to characterize them [6,7]: 

 

 

The linear absorption coefficient is αo,the linear refractive index is noand the laser beam intensity is I.The 

formula |Δn|=n2 Io, where Io is the incident laser beam intensity [6],relates the change in refractive index 

to n2. Using the relation, the nonlinear absorption coefficient (β) can be estimated from open-aperture Z-

Scan data. [8,9]: 

 

Where ΔT  is the difference in normalized transmittance between the curve peak at the focal point (Z=0) 

and the base line,  and Leff is the sample's effective length (thickness) and is given by: 

(1) 

(2) 

(3) 
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Where L is the actual sample length. 

The differencebetween the normalized peakand valley transmittancesis ΔTP–V=Tp–TV. The relation is used 

to compute the variation of ΔTP–Vas a function of the on-axis nonlinear phase shift at the focus |ΔØo| is 

calculated using the relation [10,11]: 

 

Where S is the aperture linear transmittanceand is given by: 

 

Where ra is the apertureradius and ωa  is the beamradius at  the entranceof the aperture. The  nonlinear 

refractive index(n2) is calculated from the relation: 

 

 

Materials used 

Many studies have focused on the  xanthene family, of which RhB dye is a member, due to their higher 

gain and differences in many aspects (e.g., different solventsanddifferent concentrations).TheRhBdye’s 

(C28H31N2O3Cl) molecular weight is 479.02 g/M  [12].  

 

Solutions preparation  

In a number of (250 ml) glass bottles containing (100 ml), a mass of (0.000099 mol) RhB dye was added. 

The mixture was agitated with a magnetic stirrer at room temperature to obtain a homogenous solution. 

Organic dye solutions of concentration (10-5) M in a methanol solvent were produced. The powder was 

weighed using a four-digit sensitivity electronic balance (BL 210 S, Germany). The concentration was 

calculated using the equation below [14]. 

 

 

(4) 

(5) 

 (6) 

(7) 

(8) 

(4) 
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Where W denotesweight of the dissolvedin material(g), Mw denotesmolecularweightof the 

material(g/mol),V denotesvolumeof the solvent(mL) and C denotes the concentration(M).  

Effect of solution pH and ionic strength on dye  

The number of drops was insufficient as a measure, for the volume of additive had a significant impact on 

the laser output power and efficiency. As a result, the pH value was chosen as a parameter due to its ease 

of change and great reproducibility.   

The cationic form of RhB dye solutions was generated by adding trace of HCl (37 percent M) to (18 mol) 

of dye solution once, and another time by adding 18 drops of CH3COOH (99 percent M) to (18 mol) of 

dye solution. To produce the zwitterionic form, a drop of NaOH (25-30 percent M) was added to (18 mol) 

of dye solution, followed by 15 drops of NH3 (20 percent M) for adjustments across the range (pH=10). 

To obtain a homogenous solution, a mixing magnetic stirrer at room temperaturewas used. Fig.1 shows 

the chemical structure of the two types of RhB dye [13]. 

 

 

 

 

 

Fig.1 : Molecularform of Rhodamine B dye [13]. 

UV-Visible spectrophotometer 

Shimadzu offered a UV-Visible spectrophotometer(UV-1800) to measure the absorption and transmission 

spectra of the RhB dye over a wavelength range of 190-1100 nm. 

Z-Scan technique 

The Z-Scan measurements were split into two sections: a closed aperture and open aperture. Each 

component was powered by a continuous wave (CW) diode pump solid state blue laser with a wavelength 

of 457 nm and a power of 112 mW. The nonlinear refractive index was measured using a closed-aperture 

Z-Scan, while the nonlinear absorption coefficient was measured using an open-aperture Z-Scan. The 

beam was focused using a convex lens (f =15 cm), and the beam waist was measured at (0.025) cm at the 
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focus. The focus point’s laser intensity was (20.408x103) mW/cm2, and the sample was moved along the -

axis. As a function of sample position, the transmittance through the sample was recorded. 

 

Results and discussion 

In reaction to pH, the charge of RhB can shift from a zwitterion to a cation. Due to the change from the 

zwitterion to the cationic form of the dye, a progressive shift in the absorption spectra to lower energies 

(red shift) and an increase of the absorptivity (hyperchromic shift) is observed as the pH is dropped 

(pH=1)., However, as the pH rises (pH=10), the zwitterion form causes a progressive shift in the 

absorption spectra to higher energies (blue shift) and a decrease in absorptivity (hypochromic shift). The 

absorption spectra for concentrations (10-5) M of RhB dye were measured using a UV-Visible 

spectrophotometer before and after addition. The spectra in Fig.2 shows  two bands, onein the UV region 

called the B-band at about (300-350) nm, which is attributed to electron transitions from the highest 

occupied molecular orbital (HOMO) a2u to the lowest unoccupied molecular orbital(LOMO) eg. The 

second band is the Q-band, which occurs in the visible region at wavelengths between 520-580 nm and is 

caused by electron transitions from the (HOMO)  to (LUMO) . The electronic transition from π to π* is 

related to the high-energy peak in the Q-band. Adding bases causes a drop in absorbance, while adding 

acids results in an increase in absorbance, linear absorbance index, refractive index, and transmittance, as 

well as a decrease in transmittance. Thisis consistent with Beer- Lambert law [15,16]. 

 

 

 

 

 

 

 

Fig.2 : Absorption spectra of two molecular forms of RhB dye solution at concentration (10-5 M). 
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The investigated nonlinear absorption coefficient. The results reveal that the open-aperture Z-Scan 

technique was used to quantify two molecular forms of the RhB dye solution at concentrations of (10-5) M 

in the methanol solvent. Fig.3 shows an open-aperture Z-Scan of samples in  solvent at 457nm and 112 

mW. This is a well-known phenomenon(two photon absorption) [15]. 

 

 

 

 

 

 

 

Fig.3 : Open-aperture Z-Scan data of two molecular forms of RhB dye  solution at concentration 

(10-5 M). 

At various distances from the a long way discipline of the pattern point, the transmittance conduct starts 

off evolved to act linearly (-Z). The transmittance curve begins offevolved declining withinside the close 

to discipline till it processes the minimal value (Tmin) on the pivot point (Z = zero mm). In the a long 

way discipline of the pattern position (+Z), the transmittance starts offevolved to increase a linear 

conduct. The two-photon absorption reasons the depth to extrade on this situation because the pattern 

passes via the middle of the beam. The variable transmittance values decided with the aid of using open 

aperture Z-scanning have been used to calculate the absorption coefficient [16]. 

The closed-aperture Z-Scan technique was used to measure the nonlinear refractive index of two 

molecular forms of RhB dye solution in the methanol solvent at a concentration of (10-5) M. Fig.4 shows 

the normalized transmittances of Z-Scan readings as a function of distance. 



Nat. Volatiles & Essent. Oils, 2021; 8(4): 8139-8151 
 

8145 
 

 

 

 

 

  

 

 

 

Fig.4 : Closed-aperture Z-Scan data of two molecular forms of  RhB dye solution at concentration 

(10-5 M).                   

 

From (-15)to (15) mm, the nonlinear effect zone is expanded. The closed aperture Z-Scan data shows a 

transmittance peak followed by a valley curve,  indicating that the refraction nonlinearity is negative 

(n2<0 ), resulting in the self-defocusing lensing in these samples [17]. 

To explain the Z-Scan behavior in the preceding pictures, the transmitted beam intensity is high and the 

transmittance remains relatively constant as the sample moves away from the focus. As the sample  

becomes closer to the beam focus, its intensity drops, causing self-lensing in the sample, which in turn 

causes the beam to collimate on the aperture in the far field, lowering the measured transmittance. Due to 

the self-lensing induced in the material by the intense laser beam, the fraction of light landing on the 

detector will fluctuate if the beam experiences any nonlinear phase shift as it travels through the focus 

region owing to the sample. As the sample is translated, the signal recorded by the detector will exhibit a 

peak and valley [18,19]. The difference in transmittance between the peak and valley can be used to 

calculate the size of the phase shift. The self-defocusing increases the beam divergence after the focal 

plane, resulting in a broadening of the beam at the focus and thus lowering the measured transmittance.  

Furtherfrom the focus (Z > 0), nonlinear refraction is modest, leading to a Z-independent transmittance 

[20]. 
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Table1: The linear and nonlinear optical parameters of two molecular forms of RhB dye solution 

at concenteration (10-5). 

 

We can see from this table that the values of nonlinearparameter for (n2) are decreasedand (β) increase 

with adding bases and increasing the values of linear parameters (no and αo) with adding acids.  

5. Conclusions 

The cationic form has higher nonlinear indices of refraction than pure RhB dye, while pure RhB dye has a 

higher nonlinear index of refraction than the zwitterion form. Due to their diverse noncovalent 

interactions with distinct functional groups, systems are the crucial building blocks in supramolecular 

assembly. A notable example of this is applying π–π interactions in supramolecular assembly.  

The experimental statistics of the nonlinear optical residences of molecular varieties of RhB dye answer 

at concentrations (10-5) M confirmed that the pattern has self-defocusing phenomena and a terrible 

nonlinear refractive index, with a -photon absorption coefficient, which shows that the pattern may be 

utilized in nonlinear optical devices . In addition, the statistics we located approximately the crucial 

optical residences confirmed that we are able to use this laser dye in optical limiter applications 
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