
Study of Third-Order Nonlinear Optical Properties of
Basic Violet 3 Dye in Polar Protic and Aprotic
Solvents
jeyaram s  (  jeyaram.msc@gmail.com )

surya group of institutions https://orcid.org/0000-0002-1332-4237

Research Article

Keywords: Basic violet 3 dye, TONLO, polar protic and aprotic solvents, saturable and reverse saturable
absorption

Posted Date: June 9th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-573986/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

Version of Record: A version of this preprint was published at Journal of Fluorescence on August 9th,
2021. See the published version at https://doi.org/10.1007/s10895-021-02796-z.

https://doi.org/10.21203/rs.3.rs-573986/v1
mailto:jeyaram.msc@gmail.com
https://orcid.org/0000-0002-1332-4237
https://doi.org/10.21203/rs.3.rs-573986/v1
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s10895-021-02796-z


Study of third-order nonlinear optical properties of basic violet 3 

dye in polar protic and aprotic solvents 

S Jeyaram 

Department of Physics, School of Engineering and Technology, Surya Group of Institutions, Vikravandi, 

Villupuram-605652, Tamilnadu, India. 

 

Email 

jeyaram.msc@gmail.com 

 

Abstract 

The present work aims to study of third-order nonlinear optical (TONLO) behavior of basic 

violet 3 dye dissolved in polar protic and aprotic solvents, namely, ethanol, 1-propanol, 

acet0one and dimethyl sulfonate (DMSO), respectively. The polarity of the solvent used to 

have a substantial impact on the linear and TONLO properties of the dye sample. The dye 

exhibit self-defocusing nonlinearity due to thermally induced nonlinear refractive index and 

nonlinear absorption coefficient reveals the character of both saturable and reverse saturable 

absorption (RSA). The order of magnitude of nonlinear refractive index (n2) and nonlinear 

coefficient of absorption (β) of dye sample was determined to be 10–7 cm2/W and 10–3 cm/W, 

respectively. The real and imaginary factors of the TONLO susceptibility of basic violet 3 

dye were measured to be the power of 10–5 esu. The results are revealed that the possibility of 

utilizing the dye sample in various photonics and optoelectronics applications. 

Keywords: Basic violet 3 dye: TONLO: polar protic and aprotic solvents: saturable and 

reverse saturable absorption. 

 

 

 

 

 



 

 

Introduction 

Nonlinear optics is an exciting filed of physics that plays a major role in modern 

telecommunication technology [1]. Nonlinear optics has grown after the discovery of second 

harmonic generation by Franken and his co-workers [2]. An intense light beam can modify 

the physical and chemical properties of materials which lead to applications in photonics and 

optoelectronics [3]. Nonlinear optical (NLO) materials have been widely used in two-photon 

microscopy, optical switching, data storage, optical communication, and eye and sensor 

production [4-6]. The uses of photonic materials in optical switching and computing have 

been the advantage to increase the speed of an information process. The materials used for 

NLO study are not limited, and covers a wide range such as organic [7], inorganic [8], 

semiconductor [9], metal nanoparticles [10], natural pigments [11, 12], etc. The interest for 

studying NLO properties of organic materials has gained in popularity due to their merit of 

large nonlinearity and hyperpolarizability, good photo-thermal stability, quick response time, 

modification of chemical structure, high damage threshold, ease of processing, etc [13]. 

Organic dyes are one among them; exhibit a large TONLO susceptibility due to π-conjugated 

electrons with donor-acceptor configuration [14-17]. Basic violet 3 is a triarylmethane dye 

and seems to have a bright blue purple color. This dye can be produced by condensation of 4-

dimethylaminobenzaldehyde with dimethylaniline, followed by oxidation of the leuco base. 

Basic violet 3 dye is one of the oldest types of synthetic dye which is widely used as a 

biological stain in veterinary medicine, papermaking, leather, food, cosmetic industries, 

textile, and printing [18].  

Molecular surrounding environment has had an influence on the physical and chemical 

behavior of organic materials [19]. The interaction between solute and solvent is divided into 

specific (hydrogen bonding) and non-specific (dielectric enhancement) interactions and the 

effect of solvent on solute molecules can be determined by using solvatochromism and 

solvent polarity index [20]. Polar solvents have a large dipole moment and are classified as 

polar protic and aprotic solvents. Polar protic solvents are hydrogen bond donating, which 

possess O-H or N-H bonds. Polar aprotic solvents are hydrogen bond accepting, because they 

do not have O-H or N-H bonds. Among the various experimental methods, Z‒scan technique 

[21] is a single beam technique that concurrently evaluates the real and imaginary 

components of the TONLO susceptibility, as well as the sign and magnitude of nonlinear 



index of refraction and nonlinear coefficient of absorption of the sample can be obtained from 

simple experimental calculations. During beam propagation, the phase distortion transferred 

to amplitude distortion is the principle of Z‒scan technique. TONLO susceptibility (χ(3)) of 

basic violet 3 dye in protic and aprotic solvents is determined from real and imaginary factors 

of the TONLO susceptibility. The real part of TONLO susceptibility is directly proportional 

to nonlinear refractive index, while the imaginary part of TONLO susceptibility is directly 

related to nonlinear coefficient of absorption. Therefore, n2 and β are the essential parameters 

to calculate the TONLO susceptibility, which is determined from closed and open aperture 

Z‒scan technique. A circular aperture is employed in closed aperture technique and placed at 

far-field with a linear aperture transmittance of S = 0.40. The aperture was replaced with a 

convex lens to gather the total transmittance of the sample is known as open aperture (S=1) 

technique. This paper reports the TONLO characteristics of basic violet 3 dye dissolved in 

protic and aprotic solvents using a continuous wave laser working at 635 nm wavelength.  

Experimental 

Materials 

Sigma Aldrich provided the basic violet 3 dye (C.I: 42555) and the solvents utilized in the 

present study. Fig. 1 depicts the chemical structure of basic violet 3 dye. The UV-Visible 

absorption spectrum of basic violet 3 dye in polar protic and aprotic solvents is shown in Fig. 

2 (concentration: 10‒5 M). The linear absorption coefficient of basic violet 3 dye is highly 

dependent on solvent polarity and exhibit a large linear absorption coefficient at high polarity 

solvents (DMSO). A low polarizability of polar solvent shows a minimum value of linear 

absorption coefficient (1-propanol), which exhibits a considerable nonlinear refractive index. 

Furthermore, the maximum absorption peak of the dye sample in polar protic and aprotic 

solvents was observed towards the red region with the increase of solvent polarity, suggesting 

a positive solvatochromism. When the solute is dissolved in various solvents, the size of 

electronic ground and excited states of the solute are changes is described as positive 

solvatochromism which corresponds to bathochromic shift or red shift of the sample [22]. 

The spectral parameters and linear absorption coefficient of basic violet 3 dye in polar protic 

and aprotic solvents are tabulated in Table 1. 

 

 



Methods 

Fig. 3 depicts the closed and open aperture experimental setup employed in this study. A 

single beam Z‒scan technique consists of a solid state diode laser operating at 635 nm 

wavelength with 5 mW power. The beam was focused by a convex lens with focal length of 5 

cm. The sample is moved between –Z and +Z positions using a micrometer translational 

stage. The transmittance of the sample was measured by a power meter at far-field. The thin 

sample approximation was validated in the present study, because the measured Rayleigh 

length is greater than sample length. 

Results and discussion 

When a high-intensity laser beam interacts with the material, the phase and amplitude of the 

beam was affected. The intensity-dependent nonlinear index of refraction index and nonlinear 

coefficient of absorption are defined as [14], 𝑛 = 𝑛0 + 𝑛2𝐼                                                                                                                                           (1) 𝛼 = 𝛼0 + 𝛽𝐼                                                                                                                                            (2) 

where n, n0, n2, α, α0, β and I are refers to refractive index, linear refractive index, nonlinear 

refractive index, absorption coefficient, linear absorption coefficient, nonlinear absorption 

coefficient and intensity of the light, respectively.  

 Fig. 4 (a-d) illustrates the nonlinear absorption coefficient of basic violet 3 dye in 

polar protic and aprotic solvents and exhibits the signature of both saturable and reverse 

saturable absorption (RSA). In ethanol solution, the basic violet 3 dye tend to RSA due to low 

polarity, while other solvents, such as 1-propanol, DMSO and acetone, the sample shows 

saturable absorption (SA) owing to high polarity [23]. Either SA or RSA is the characteristics 

property of materials induced by increases or decreases of transmittance of light at the focal 

point (Z=0). From Fig. 4 (b-d), the transmittance of basic violet 3 dye in 1-propanol, DMSO 

and acetone are increases at the focal point are the signature of SA and hence the normalized 

transmittance trace shows a peak at the focus. Furthermore, the open aperture transmittance 

traces exhibit a symmetric structure with respect to the focal point, indicating an intensity 

dependent absorption effect. SA arises at high input intensities and causes a significant 

increase in photon absorption before relaxing to the ground state [19]. The absorption cross 

section of ground state is greater than that of the excited state indicates the existence of SA in 



dye molecule. On the other hand, Fig 4 (a) shows the RSA behavior of basic violet 3 dye in 

ethanol, where the excited state absorption cross-section is greater than ground state 

absorption cross-section. The RSA behavior of basic violet 3 dye is explained using a five-

level model which is same as that of our previously published work [14]. The model 

comprises of singlet and triplet states with different energy states such as S0, S1, S2, T1 and T2 

respectively. Transition between singlet ground state (S0) and excited singlet state (S2) by 

absorption of two photons is known as two-photon absorption. Transition between first 

singlet state (S1) and first triplet state (T1) via intersystem crossing is described as saturable 

absorption. Transition from first singlet state (S1) to excited singlet state (S2) or first triplet 

state (T1) to excited triplet state (T2) is known as excited-state absorption (ESA) or reverse 

saturable absorption (RSA). RSA is the most important nonlinear absorption process in 

organic dyes, and it might be improved if electrons from S1 were moved to T1 via an 

intersystem crossing from where T2 would occur. Due to continuous absorption of laser 

irradiation at a wavelength of 635 nm, the ESA also contribute to the absorption process [14]. 

Therefore, the observed nonlinear absorption of basic violet 3 dye in ethanol solution is ESA 

assisted RSA. 

The normalized transmittance from open aperture Z–scan method using the fitting curve is 

given by 

 𝑇(𝑧, 𝑠 = 1) = ∑ [−𝑞𝑜(𝑧)]𝑚(𝑚 + 1)3/2∞
𝑚=0   𝑞𝑜(0) <  1                                                                                    (1) 

𝑞0(𝑧) = 𝛽𝐼𝑜𝐿𝑒𝑓𝑓(1 + 𝑍2 𝑍02⁄ )                                                                                                                           (2) 

where Zo and Leff and are the diffraction and effective length of the sample. 

The nonlinear refractive index of basic violet 3 dye in protic and aprotic solvents is 

determined from closed aperture Z–scan technique. The nonlinear refraction in closed 

aperture method includes the parameters of nonlinear coefficient of absorption. As a result, 

separating the closed aperture data from open aperture data yields the samples pure nonlinear 

refraction data. The pure nonlinear refraction curve of basic violet 3 dye in polar protic and 

aprotic solvents is shown in Fig. 5 (a-d). The normalized transmittance trace shows a peak 

followed by a valley is the character of self-defocusing or negative nonlinear refractive index. 

The self-defocusing effect is the result of thermal nonlinearity which arises from continuous 

absorption of laser radiation at 635 nm wavelength. The heat is generated inside the sample 



by light absorption, which causes a change in refractive index. The peak-valley difference is 

higher than 1.7 times ZR is the confirmation of thermal nonlinearity and obtained the result is 

a cubic nonlinearity [14].The normalized transmittance of basic violet 3 dye is determined 

from the closed aperture Z–scan data using the relation, 

𝑇(𝑧) = 1 − ∆∅𝑜 4𝑋(𝑋2 + 1)(𝑋2 + 9)                                                                                                  (3) 

where X=Z/Z0. The nonlinear refractive index can be determined using the relation is given 

by 

𝑛2 = ∆∅0𝜆2𝜋𝐼0𝐿𝑒𝑓𝑓 (𝑐𝑚2𝑊 )                                                                                                                          (4) 

where ∆∅0, λ and I0 be the on-axis phase shift, wavelength and intensity of the input beam. 

The on-axis phase shift related to peak-valley difference is given by, 

∆∅0 = ∆𝑇𝑝−𝑣0.406(1 − 𝑆)0.25                                                                                                                       (5) 

where S is the linear aperture transmittance.  

The nonlinear refractive index (n2) of basic violet 3 dye in polar protic and aprotic 

solvents is tabulated in Table 2. From the table, it is clear that the n2 of basic violet 3 dye in 

1-propanol has higher than that of other solvents. The real and imaginary components of 

TONLO susceptibility of basic violet 3 dye in polar protic and aprotic solvents is given by, 𝑅𝑒[𝜒(3)](𝑒𝑠𝑢) = 𝜀0𝑐2𝑛02104𝜋 𝑛2 (𝑐𝑚2𝑊 )                                                                                                  (6) 

𝐼𝑚[𝜒(3)](𝑒𝑠𝑢) = 𝜀0𝑐2𝑛02𝜆1024𝜋2 𝛽 (𝑐𝑚𝑊 )                                                                                                    (7) 

where 0 is the permittivity of free space and c is the velocity of light in vacuum. The χ(3) of 

basic violet 3 dye was calculated by using the relation,  

𝜒(3) = √(𝑅𝑒(𝜒3)2 + (𝐼𝑚(𝜒3)2 (𝑒𝑠𝑢)                                                                                              (8) 

The TONLO parameters of basic violet 3 dye in polar protic and aprotic solvents are 

tabulated in Table 2. From Table 2, the TONLO susceptibility (χ3) of basic violet 3 in 1-

propanol has higher than that of other solvents. The value of TONLO susceptibility of basic 



violet 3 dye in the present study was compared with some reported materials [24-27] and it is 

worth noting that, the obtained results are higher than that of reported materials. 

TONLO behavior of basic violet 3 dye is highly depends on the solvent polarity 

parameter. The solvent polarity parameters and several intermolecular interactions are 

induced and lead to significant effects in the solute molecules. The nonlinear absorption 

transmittance curve in Fig. 4 (a-d) shows a switchover from RSA to SA is due to increase of 

polarizability of polar solvents. Therefore, increasing the solvent polarity/polarizability, basic 

violet 3 dye tend to saturable absorption. Also, the solvent hydrogen bond donor and acceptor 

play a significant role in the present study. By increasing the solvent hydrogen bond donor, 

the solute molecules tend to RSA. Furthermore, a large value of solvent hydrogen bond 

acceptor exhibits a large TONLO susceptibility (1-propanol > ethanol > DMSO>acetone). 

The observed results are in good agreement with previously published work [23].  

Conclusion 

TONLO behavior of basic violet 3 dye in polar protic and aprotic solvents was examined by a 

5 mw power CW laser working at 635 nm wavelength. The linear and TONLO properties of 

dye sample were greatly dependent on solvent polarity and exhibit large third-order 

susceptibility when it is dissolved in polar protic solvent. The closed aperture Z–scan traces 

of basic violet 3 dye in polar protic and aprotic solvents exhibits self-defocusing nonlinearity, 

while the open aperture Z–scan traces displays the behavior of both saturable and reverse 

saturable absorption. TONLO susceptibility (χ3) of basic violet 3 dye was measured to be the 

order of 10–5 esu and exhibit a large nonlinear optical susceptibility by dissolving the dye 

sample with polar protic solvents such as 1-propanol and ethanol. The results are suggested 

that, the dye sample studied here is a potential candidate for applications in photonics and 

optoelectronics. 
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Table 1. Linear and spectroscopic parameters of polar protic and aprotic solvents 

 

Solvent 

 

Linear 

refractive 

index 

 (n0) 

Dielectric 

constant 

(ε) 

 

Hydrogen 

bond donor 

   (α) 

Hydrogen 

bond 

acceptor 

(β) 

Polarizability 

 (π*) 

Linear absorption 

coefficient 

   (α0/cm) 

Polar Protic      

 

Ethanol 

 

1.361 24.5 0.86 0.75 0.52 0.430 

 

 1-Propanol 

 

1.385 20.60 0.78 0.83 0.54 0.195 

Polar aprotic      

 

DMSO 

 

1.479 46.68 0.00 0.76 1.00 0.633 

 

Acetone 

 

1.359 21.01 0.08 0.48 0.62 0.370 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

                  

 

 

 

 

   Table 2. TONLO properties of basic violet 3 dye in polar protic and aprotic solvents 

 

Solvent 

 

n2 X 10–7 

(cm2/W) 

β X 10–3 

(cm/W) 

 

Re χ(3) X 10–5 

(esu) 

 

 

Im χ(3) X 10–5 

(esu) 

 

 

χ(3) X 10–5 

(esu) 

 

 

Ethanol 

 

–1.56 

 

4.11 

 

0.73 

 

0.97 

 

1.21 

 

1-Propanol 

 

–2.59 

 

–3.80 

 

1.26 

 

–0.09 

 

1.26 

 

DMSO 

 

–2.09 

 

–3.93 

 

1.16 

 

–0.11 

 

1.16 

 

Acetone 

 

–1.59 

 

–5.55 

 

0.75 

 

–0.13 

 

0.77 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

Fig. 1 Molecular structure of basic violet 3 dye 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 UV-Visible absorption spectra of basic violet 3 dye in protic and aprotic solvent 

  



 

 

 

 

 

 

 

 

 

 

Fig. 3 Schematic of (a) closed and (b) open aperture Z–scan method 

 

 

 

 



 

 

 

 

 

 

Fig. 4 Open aperture Z‒scan curve of basic violet 3 dye dissolved in (a) Ethanol                    

(b) 1-propanal (c) DMSO (d) Acetone. 
 

 



 

 

 

 

 

Fig. 5 Closed aperture Z‒scan curve of basic violet 3 dye dissolved in (a) Ethanol (b) 1-

propanal (c) DMSO (d) Acetone. 

 

 

 



Figures

Figure 1

Molecular structure of basic violet 3 dye



Figure 2

UV-Visible absorption spectra of basic violet 3 dye in protic and aprotic solvent



Figure 3

Schematic of (a) closed and (b) open aperture Z–scan method



Figure 4

Open aperture Z฀scan curve of basic violet 3 dye dissolved in (a) Ethanol (b) 1-propanal (c) DMSO (d)
Acetone.



Figure 5

Closed aperture Z฀scan curve of basic violet 3 dye dissolved in (a) Ethanol (b) 1-propanal (c) DMSO (d)
Acetone.


