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ABSTRACT 

Malachite green doped PVA films have been prepared on glass substrates using spin-coating technique. 

Functional groups are identified and the impacts of functional groups are studied by analyzing the vibrational spectrum. 

Optical properties of the prepared films are tested by recording the UV-Vis spectrum and PL spectrum. Polarizability, 

first and second order dynamic hyperpolarizability calculations are performed theoretically for malachite green and the 

results confirms the optical nonlinearity property.      
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1. INTRODUCTION 

Recently, because of the high optical nonlinearity and fast response time, researchers are much interested to 

prepare the nonlinear optical (NLO) films for opto-electronic applications. Among the available nonlinear optical 

materials, organic materials received much attention. Organic materials with delocalized -conjugated systems have 

shown high optical nonlinearity. Recent studies on dye doped polymeric films have shown large coefficients of third-

order optical nonlinearity. By using this dye doped polymeric materials one can fabricate the optically controlled devices 

Malachite green (MG) is organic dye and the structure consist of electropositive group (-NH3) and the electropositive 

group (chlorine). This structural arrangement may provide path for the charge transfer which will be useful to get high 

value of optical harmonic generations. Hence it is planned to coat MG doped polyvinyl alcohol (PVA) films for nonlinear 

optical applications. 

2. MATERIALS AND METHODS 

In order to maintain the cleanliness of the glass substrates, it was immersed in chromic acid for a day and 

continued that it was cleaned with distilled water. These chromic acid treated substrates were engraved with diluted HCl 

and it was another time washed with distilled water. In the view of making the surface of the substrates more conductive, 

it was dried in air, this step also helps to coat the film with uniform thickness. The cleaned substrate was held in the spin 

coater firmly in position by atmospheric pressure. MG dye and PVA with the ratio of 1:20 were dissolved in 30 mL of 

distilled water and was stirred well to obtain a clear solution for 1 hr at 60 °C. The prepared solution was ultrasonified 

for 30 min. In dirt free surroundings, this solution was permitted to drop with the help of a plunger on the center of a 

stationary glass substrate. The speed of rotation was set to 3000 rpm with rotation time of 30 s. Because of the centrifugal 

force the drop gets spread and the evaporation of solvent left the smooth continuous MG doped PVA film. 

3. RESULTS AND DISCUSSION 

3.1. Vibrational analysis: FTIR spectra were recorded in a range of 4000-400 cm-1 using a Spectrum RXI instrument. 

The recorded spectrum is shown in Fig.1 and their vibrational assignments are tabulated in Table. 1. Generally, PVA 

shows its characteristic bands near 3400 cm-1 with strong intensity in the FTIR spectrum due to the OH stretching 

vibrations. In the present investigation, this band is observed in the range of 3700 – 3100 cm-1 with medium intensity. 

Primary amine also shows its vibrational peaks in the above mentioned region. Usually, C-O stretching vibration of PVA 

traces its peak at 1100 cm-1. This peak is observed at 1155 cm-1 for the title compound. It is very hard to identify the CN 

mode vibrations in FTIR spectrum. Investigation on the position of CN vibrational band will provide the information 

about the nature of bond.  (C=N) bond vibrations show a peak near to 1173 cm-1but single bond ( CN) show a peak 

in the range of 1120-1140 cm-1. This vibrational band appears at 1155 and 1070 cm-1 and confirms the presence of single 

bond CN group. Similarly, Stretching vibration of C-NH2 bond sketches the peak at 1300 cm-1 and in the present study, 

this vibrational peak is observed at 1335 cm-1. 

3.2. Optical studies: Position of ring mode vibrations are gets affected by the substitutions. Here, for the title compound 

the peaks observed in FTIR at 708 and 637 cm-1 are assigned to ring breathing.  

3.3. UV-Vis spectrum studies: To tailor the materials for optical applications, materials should have high optical 

transmittance, low cutoff wavelength.The absorption spectrum of crystal violet was recorded in the range of 200-1100 

nm by using PerkinElmer Lamda 25 spectrometer and is shown in Fig.3. An absorption peak arises at 323 nm due to 

the presence of amine group which leads charge transfer from n to * bond. The peak observed at 434 nm is traced due 

to the charge transfer between n to * transition. As a result of  to * charge transition a band is observed at 633 nm. 
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3.4. Photoluminescence studies: To investigate the optical behavior of the coated film, the film was subjected into 

photoluminescence measurements. PL measurements were made at room temperature using a Horiba Jobinyvon 

Fluorolog-3 Spectrofluorometer. It is absorbed from the Fig. 2 that the film has a emission peak at 677 nm. Excited state 

malachite green molecule has conformers and the tranisition from the torsional motion of malachite green to ground 

state gives the emission peak at 677 nm. From this emission peak the bad gap was calculated by using the following 

formula, 

Energy band gap Eg= 

max

hc


 ,          Eg = 1.832641064 ev 

Polarizability and hyperpolarizability: 

Computational Details: The nonlinear properties of an isolated molecule in an electric field Ei() can be represented by 

the Taylor expansion of the total dipole moment i induced by the field  

Taken at zero field, 
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For calculating the first, second and third polarizability, the geometry of the MG is treated as a isolated molecule 

(gas). The optimization has been carried out in the PM7 level using MOPAC software. The calculated values of dynamics 

polarizibility with function of energies () are tabulated in Tables 1a, 1b and 1c.  

Table 1 & 3 reveal that the MG molecule has non-zero value of polarizability and second order 

hyperpolarizability which are responsible for the third order nonlinear optical properties as third harmonic generation 

(THG). These values confirm the suitability of the coated films for photonic applications.  
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       Figure.1. FTIR Spectra  

                                                                         Table. 1. Vibrational assignment of MG doped PVA films 

 

Observed wavenumber (cm-1) Assignments 

3700-3100 s OH stretching 

2933 s CH stretching 

1898 s CO stretching 

1627 β NH, s C-C 

1478 vs β NH, s C-C 

1433 vs β NH, s C-C 

1335 vs β (OH), s (C-O)  C-NH2 

1271 vs  (C-O), β (OH) 

1155 vs s (CN) 

1070 vs s (CN) 

980 vs δ CH (out-of-plane) 

762 vs δ CH (out-of-plane) 

708 vs Ring breathing C-C-C- 

637 vs δ CO (in-plane), Ring breathing 

C-C-C- 
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Figure.2.UV-Visible Spectrum                         Fig. 3. Photoluminescence spectrum 

Table.1a.First order hyperpolarizability 

ESU x 10-30  = 0ev x10-30 = 0.25ev x 10-30 = 0.50ev x 10-30 

αxx 2.873066868 343.8615 2.892543066 

αyy 2.544468063 304.3777 2.55641775 

αzz 2.117153365 253.1270 2.122553238 

α Total 2.511562765 2.514601379 2.523838018 

Table.1b.Second order hyperpolarizability 

ESU x 10-30  = 0ev x10-30 = 0.25ev x 10-30 = 0.50ev x 10-30 

βxxx 0.1359414589 0.1414913453 0.1603019523 

xyy -0.43978011 -0.4618156821 -0.3772404773 

βxzz -0.908223795 0.2981178802 0.327170723 

βyyy 3.08914612 3.1664997358 3.42092167 

βyxx 7.96585326 8.149271733 8.74931034 

βyzz -0.024819672 0.2778036893 0.05371269427 

βzzz -0.157164849 -0.1496363909 0.1236902404 

βzxx 1.689041811 1.724615597 1.83984702 

βzyy -0.265648280 0.2775575557 0.171514676 

β Total 11.16858518 11.94881352 12.40950323 

Table.1c.Third order hyperpolarizability 

ESU x 10-36  = 0ev x10-36 = 0.25ev x 10-36 = 0.50ev x 10-36 

γ xxxx 123558.07420 130964.06562 159448.79710 

γ yyyy 34323.22753 135761.19483 40898.31411 

γ zzzz 3964.39050 4057.89784 4366.72178 

γ xxyy 43550.10609 46170.92217 56205.63320 

γ xxzz 13978.8286 1187.03929 237.75914 

γ yyzz 2119.37794 2104.33644 1952.09297 

γ Total 202053.0079 153081.2275 157733.7412 

4. CONCLUSION 

Malachite green dye doped PVA films have been deposited on glass substrate with constant spinning speed by 

using spin coating method. The vibration analysis validates the presence of dye in the vertebrae polymer PVA. The 

colored nature of the prepared films was confirmed in UV-VIS spectrum analysis and the nature of the electronic 

transitions was also studied by investigating the PL spectrum. Theoretical hyperpolarizability calculations suggest the 

uses of prepared compound for the frequency conversion applications. 
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