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Abstract

Objectives: To evaluate the optical properties of the trimethoprim (TMP)
single crystal. Methods: 5-(3, 4, 5- trimethoxybenzyl) pyrimidine-2-4-diamine
known as trimethoprim (TMP), a single crystal is a well-known antibiotic
drug, was grown by the slow evaporation method. Findings: The TMP unit
cell parameters were confirmed by single crystal X-ray diffraction. Functional
groups of TMP crystal was confirmed by Fourier transform infrared spectral
analysis. The optical spectrum shows the wide transparency window of TMP
which is the prerequisite for NLO material. The band gap is calculated as 4.10
eV from Tauc's plot. The various optical constants like extinction coefficient,
refractive index and reflectance were calculated from the transmittance
spectrum data. The optical and electrical parameters like optical conductivity,
electrical conductivity and susceptibility of the single crystal of TMP were
determined from the UV spectrum. The fluorescence spectrum shows the
presence of a sharp intense peak at 690 nm indicates red emission and a
weak peak observed at 480 nm indicates blue emission. The Vickers hardness
study shows the grown crystal belongs to the soft type single crystal with
Meyer's index (n) of 2. The yield strength of the crystal was calculated. Dielectric
constant and dielectric loss are measured as a function of frequency. The laser
damage threshold of the TMP crystal was measured using an Nd: YAG laser
with a wavelength of 1064 nm. Novelty: The various studies show that the
TMP crystal possesses excellent optical properties and can be used for opto-
electronics device fabrication.
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1 Introduction

Crystals play an important role in semiconductors and optoelectronics, which study the potential and relevance of crystals in
many technological applications such as photonics and optoelectronics. Organic materials are expanding as a result of their
exciting nonlinear efforts in optical applications. Optical applications depend upon physical characteristics such as refractive
index, birefringence, thermal stability, and physicochemical properties)). Many of these applications require materials with
strong second-order optical nonlinearity, high optical transmittance with low cut-off wavelength, high laser damage threshold
value, and easy growth with big dimensions. The development of new types of optical crystals with desirable physical and
chemical properties is critical in optoelectronics, photonics laser processing, and other applications®.

This enables the creation of materials with specialized properties that may be tuned for specific uses. The 5-(3, 4, 5-
trimethoxybenzyl) pyrimidine-2,4-diamine (TMP) is a well-known antifolate drug used mainly in the treatment of urinary
tract infections. Several multi-component crystal phases of trimethoprim include cocrystals, some of which have been reported
including salts with mefenamic acid®, sulfamethoxazole ¥, and malic acid®. Pharmaceutical compounds and conformers
could be formed due to non-covalent intermolecular interactions such as vander waals and hydrogen bonds®. The literature
survey revealed the biological and co-crystal importance of trimethoprim but only a few studies have been reported related to
the optical importance of trimethoprim. Since no studies were found to be reported on the optical, mechanical, and dielectric
properties of this well-known drug, aroused by curiosity we have reported here the optical properties, mechanical behavior,
and dielectric properties of the drug trimethoprim. We hope the article will serve as a reference for future experimental and
analytical efforts with single crystals to improve their mechanical behavior and optoelectronic qualities, with a final objective
of advancing optoelectronic technology.

2 Methodology

5-(3, 4, 5- trimethoxybenzyl) pyrimidine-2,4-diamine was dissolved in 20 ml ethanol. The clear solution obtained was allowed
to evaporate slowly. Pale yellow crystals were harvested after a week. Figure 1 shows the grown crystal. The chemical structure
of the grown crystal is shown in Figure 2.

Fig 1. Crystals of TMP
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Fig 2. Chemical structure of TMP
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3 Result and Discussion

3.1. Single Crystal X-Ray Diffraction

Single crystal X-ray diffraction (XRD) is a non-destructive tool to analyze the crystal structure of compounds, which can be
grown as single crystals. XRD is employed for finding unit cell parameters and crystal systems. The grown TMP single crystal
was subjected to single-crystal X-ray diffraction analysis using a BRUKER Q8 QUEST Duo X-ray diffractometer to determine
the cell parameters. The crystal is triclinic with the cell parameters of a = 7.76 (3) A, b=10.07(3) A, c=1836 (7) A, a =
85.57(11) °, = 89.39(11) °, v = 68.48(10) °. The calculated volume of 1329 (13) A.

3.2. FTIR Analysis

Fourier transform infrared spectrum of TMP single crystal was recorded in a Perkin-Elmer Spectrometer in the range of 4000
cm-1to 400 cm-1. The purpose of the FTIR study is to confirm the presence of functional groups. Strong NH stretching bands in
the spectra of aromatic amines have been assigned as in 3470.08 cm™ ). The band at 2931.67 cm™ is due to the C-H stretching.
The band at 1977.91 cm™! is due to the C=N stretching. The peaks at 1636.04 cm™ are due to NH, Symmetric stretching
vibration ”). The asymmetric CH5 bending 1463.18 cm™! methyl group. The bands at 1334.70 cm'! is assigned to C-N stretching
vibration. A band at 1128.78 cm™! is assigned to the C-O stretching vibration. The band at 800.68 cm ! is assigned to the aromatic
C=C stretching vibrations”). The FT-IR spectrum of TMP is shown in Figure 3.
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Fig 3. FTIR spectrum of TMP

3.3. UV-Visible NIR Analysis

When a UV-visible ray passes through the growing crystal, the absorption of light energy causes the electrons to move from
the ground state to a higher energy state. The optical transmittance spectrum of TMP single crystal was recorded using Perkin
Elmer Lambda 35 spectrophotometer in the wavelength range of 190 nm to 1100 nm. The transmittance spectrum is shown
in Figure 4. The cut-off wavelength of the TMP crystal was observed at 280 nm. The spectrum reveals 98% transparency in
the UV, an entirely visible range, and no major absorption, indicating that the TMP crystal is suitable for optoelectronic device
construction and second harmonic generation.

3.3.1. Optical Band Gap Energy (E,)
The optical band gap energy is proportional to the atomic and electronic band structures of the formed crystals®. Optical band
gap energy is determined by their optical absorption coefficient and incident photon energy. The optical absorption coefficient
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Fig 4. Optical transmittance spectrum of TMP with the plot of huversus (cchv)?

() was calculated using equation®.

o (2.3036)10 1
T 9T

Where T is the transmittance and t is the thickness of the crystal. The optical band gap energy (E,) is related to absorption
coeflicient («) and photon energy (hv) through the Tauc’s relation 10

ahv = A(hv—E,)'/?

Where A is optical constant, E ; is the optical band gap energy, h is the Planck’s constant and v is the frequency of the incident
photon. Experimentally, the optical band gap (E ;) of TMP crystal was found to be 4.10 eV from the Tauc’s plot. The value of the
wide band gap indicates its suitability for photoconductivity applications. The band gap of the grown TMP crystal was computed
by plotting hv versus (ahv)? and is shown in Figure 4. According to the Plank-Einstein relation, the energy of a photon (E) is
proportional to its frequency, and hence theoretically, the optical band-gap energy of a TMP crystal can be calculated using the
following relations,

_he

E
A

Where ) is the lower cut-off wavelength (280 nm). The band gap of the grown crystal is found to be 4.42 eV.

3.3.2. Determination of Optical Constants
The total energy outflow of the applied electromagnetic radiation when it transmits throughout the material is calculated by
the extinction coefficient (K) which is interrelated to the absorption expression !,

ad

K==
47

Where « is the optical absorption coefficient, A is the wavelength. The extinction coefficient values can be calculated from the
UV-visible spectrum. The plot of wavelength versus extinction coefficient (K) and refractive index is shown in Figure 5. The
reflectance refers to the portion of an incident light which is reflected when it is incident on the surface of the crystal. The
reflectance (R) in terms of absorption coeflicient («) and the thickness of the crystal (t) can be determined using the below
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relation 2,

Rels V/1—exp(—at)+exp(at)
1+ exp(—at)

The refractive index is the measure of the speed of light. It is a key parameter for optical device design. The measurement of
refractive index n can be determined from reflectance data using the equation !,

(R+1)+v—3R2+10R—3
2(R—1)

The calculated refractive index (n) value using the above equations for the grown TMP is 2.72. The refractive index can be
determined from the reflectance (R) data using,

(n—1)
(n+1)?

The calculated value of reflectance (R) is 0.2134. Reflectance as a function of wavelength is graphically illustrated in Figure 6.
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Fig 6. Wavelength versus R of TMP
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3.3.3. Optical Conductivity

Optical conductivity explains charge distribution and the formation of induced and electronic states in the material. The
equationis used to compute optical conductivity .

anc
Top = 47

Where c is the velocity of light, « is the optical absorption coeflicient and n is the refractive index. The plot of wavelength versus
optical conductivity and electrical conductivity is shown in Figure 7. The calculated optical conductivity value is 0.02670 for
TMP. The higher value of optical conductivity (10°-10'?) shows very good photo response of the TMP crystal. It is indicated
that TMP exhibits a good optical response.

3.3.4. Electrical Conductivity

Electrical conductivity refers to how easily an electric charge or heat passes through a material. The value of the electrical
conductivity of a material is related to the optical conductivity value of the crystal using the following equation,

2\

“N%p
a

o, =
The plot of photon energy versus optical conductivity and electrical conductivity is shown in Figure 7. The optical conductivity
of TMP increases with increase in photon energy as shown in the Figure 7, indicates the very good optical response of the
material. The calculated electrical conductivity value is 854.9347 for TMP.

3.3.5. Electric Susceptibility
The electric susceptibility (x.) values are estimated using the calculated extinction coefficient and refractive index values of
TMP crystal by the below relation ('),

£,.=€o + 4wy =n® - K

X =n% - k*- gy /4m

Where ¢, is the permittivity in free space. The complex dielectric constant is given by €. The real and imaginary part of the
dielectric constant from the extinction coefficient is given as.

EC:5§+52»2
€,.=n"-k
€; =2nk

Where €,.and ¢; are real and imaginary parts of dielectric constant. The electric susceptibility is calculated as x, = 5.8214.
The real ¢,. and imaginary ¢, values of dielectric constant are 7.4158 and 3.0991*10°.
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3.4. Fluorescence Analysis

The electronic structure of materials can be examined contactlessly and nondestructively using the fluorescence spectrum.
It is the light that a substance spontaneously emits when it is excited optically!®. The excitation and emission spectrum of
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Fig 8. Emission spectrum of TMP

grown TMP crystal was recorded in the range of 260 nm to 900 nm by means of the Perkin Elmer model LS-45 fluorescence
spectrometer. Figure 8 shows the emission spectrum of TMP. The TMP crystal was excited at 360 nm. The emission spectrum
reveals that the TMP crystal shows the presence of a sharp intense peak at 690 nm, red emission, and a weak peak observed at
480 nm blue emission. The higher wavelength range shows an increasing drop in intensity. The presence of crystal imperfections
is indicated by the emission band. The presence of a single sharp peak shows good crystalline perfection 14,
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Fig 9. Load P versus hardness number H,,

3.5. Microhardness Analysis

Microhardness study was carried out in the TMP crystal for various loads from 10-100g with a constant time of indentation (10s)
using a Shimadzu MHV-G21 microhardness tester fitted with diamond pyramidal indenter. The diagonal length was measured
for each instance, and the average was determined. The Vickers hardness parameter (H,,) is calculated using the formula !>

18544z P

,U ¥E kg/mm?
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Where P is the applied load and d is the average diagonal length of indentation. For an applied load above 100g, the crystal
begins to crack. A graph was plotted between H,, versus load (P) as shown in Figure 9. This shows that the hardness decreases
with the increase of load (ISE). Meyer’s index number was calculated from Meyer’s law which relates the load and indentation
diagonal length as 1)

P = A=kd"Where A is an arbitrary constant

logP=log K+ nlogd

Here, K, is the material constant, and ‘n’ is the Meyer’s index (or) work hardening coefficient, which characterizes the material
category. Figure 10 shows the plot of log P versus log d fitting data using least-squares fit method and the value of n was found
to be 2. In the present study, the values of the work hardening coeflicient of the grown crystals are greater than 1.6 and hence
the grown crystals of this work belong to the soft material and hence they will allow the light to pass through easily ).

I I I ! 1 1
13 14 15 16 17 18 19 20

logd

Fig 10. Log D versus log P
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Fig 11. Variation of dielectric constant anddielectric loss with frequency

3.6. Dielectric Analysis

The dielectric studies on TMP crystal have been carried out using Jognic’s Model 2816B LCRZ Meter. The dielectric constant of
the crystal has been measured from an LCRZ meter. The presence of all polarizations, including space charge, orientation, and
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electric and ionic polarizations, can be responsible for the high dielectric constant value at low frequencies!”). The material

absorbs the electrical energy, which then dissipates as heat. This dissipation of energy is called dielectric loss!®. The plot of
frequency versus dielectric constant and dielectric loss is shown in Figure 11. The dielectric loss of the crystal has been calculated
using the equation, €’ = € tan J, Where, ¢ is the dielectric constant tan ¢ is the dispersion power factor. Due to its low dielectric
loss and dielectric constant at high frequencies, this material is very useful in optical applications ).

3.7. Laser Damage Threshold Analysis

Laser damage threshold analysis was used to assess optical crystals’ capacity to tolerate laser irradiation ?”), The laser damage
threshold (LDT) value is an important requirement for nonlinear optics and laser applications since it represents the maximum
performance of the optical device ®). The LDT result is primarily determined by several characteristics, including pulse width,
laser wavelength, repetition rate, sample surface quality, energy, irradiance, beam size and beam placement. The LDT of the
grown TMP single crystal was investigated by using Nd: YAG laser at the wavelength of 1064 nm. The pulse repetition rate and
pulse width of 10 HZ and 6 ns were used for the laser damage threshold measurement. The crystal was placed at the focus of a
biconvex lens (the focal length of 10 cm). The surface damage threshold of the grown crystal was calculated using the relation,

Power density (Pd) = W
Tm(w,

Where E is the input pulse energy (m]) of the laser beam when microscopic damage appeared, 7 is the pulse width (ns) and w,,
is the radius of the beam waist. The laser damage threshold value was found to be 64 m]J (7.4 w/m?) or (74 Gw/cm?). The laser-
induced damage occurs in the crystal due to its optical behavior, material defects, impurities, and surface roughness behavior.
However, the direct comparison of LDT results is not accurate, because of the various testing conditions like wavelength, pulse
width.

4 Conclusion

The pale yellow crystal of 5-(3, 4, 5-trimethoxybenzyl) pyrimidine-2,4-diamine (TMP) was grown by the slow evaporation
method. The single-crystal XRD diffraction studies show that the grown crystal belongs to a triclinic crystal system. Various
functional groups present in the TMP single crystal was identified by FTIR spectral measurements. The UV-visible NIR
transmittance spectrum shows a lower cut-off wavelength of 280 nm. The lower cut-off wavelength and very good transmittance
in the UV, the entire visible region, and the near-infrared region indicate the suitability of the TMP crystal for NLO applications.
The band gap energy is calculated as 4.10 eV from the tauc’s plot. The optical parameters like optical conductivity, electrical
conductivity, and susceptibility of the crystal TMP are calculated from the UV-visible NIR spectrum. Fluorescence spectral
analysis shows the presence of a sharp intense peak at 690 nm indicates red emission and a weak peak observed at 480 nm
indicates blue emission. Vickers hardness test shows the crystal belongs to soft type material. The hardness parameter includes
Meyer’s index that has been calculated. Dielectric measurement was carried out to analyze the dielectric constant and dielectric
loss of different frequencies. The laser damage threshold value was found to be 74 Gw/cm?. All the studies suggest that the TMP
crystal can be considered for optoelectronic and photonic applications.
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