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Abstract:  In present investigation, L-Cysteine doped ammonium dihydrogen phosphate (ADP) 

crystal has been grown by slow evaporation technique. The functional groups of grown crystal 

were identified using the Fourier transform infrared (FT-IR) spectral analysis. The  UV-visible 

studies were carried to assess the high optical transparency and wide range of transmission of 

doped L-Cysteine crystal in the range of 200-900 nm. The imperative optical constants like 

refractive index and optical conductivity has also been evaluated in the visible region. 
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1. INTRODUCTION 

The ammonium dihydrogen phosphate (ADP) is an 

inorganic material widely used as second, third and 

forth harmonic generator for Nd: YAG and Nd: 

YLF lasers. Studies of ADP crystals are gaining 

more interest because of their unique nonlinear 

optical, dielectric, piezoelectric and anti ferroelectric 

properties [1-3]. Many researchers have investigated 

pure and doped ADP crystals to study the 

enhancement in electrical, nonlinear and 

ferroelectric properties. The improved optical 

transmission and electrical conductivity of ADP 

doped with L-alanine crystals has been reported by 

Ferdousi et al [4]. Effect of L-lysine on growth and 

various properties of ADP has been reported by 

Rajesh et al [5]. Effect of L-arginine and glycine on 

growth and various properties of ADP have been 

reported by Pattanaboonmee et al [6]. Structural, 

optical, dielectric and mechanical study of L-proline 

doped ADP has been reported by Hasmuddin et al 

[7]. Brahim et al [8] has reported growth and 

detailed analysis of MAS NMR, FT-IR and Raman 

spectroscopic studies of different mole% LC doped 

ADP crystal and also reported its tetragonal 

structure by powder XRD.  However, to the best of 

our knowledge no report is available in the literature 

on the linear- nonlinear optical, electrical, 

mechanical and thermal properties of 1wt. % LC 

doped ADP crystal. Therefore, in the present 

communication we have reported the effect of LC 

on optical coefficient of ADP crystal. 

 

 

2. SYNTHESIS AND CRYSTAL GROWTH: 

The amino acid LC was added in three different 

mole percent in the super saturated solution of AR 

grade ADP. The homogeneous solutions were 

prepared by constant stirring for 6 hours. The 

solutions were then filtered and kept for slow 

evaporation at room temperature. The good quality 

transparent seed crystals were harvested within 7-8 

days. 

3. RESULTS AND DISCUSSION 

The FT-IR spectrum of LC doped ADP crystal was 

recorded using the Bruker α-ATR 

spectrophotometer in the range of 600-4000 cm-1 to 

confirm the incorporation of LC in ADP crystal. The 

recorded transmittance FT-IR spectrum of grown 

crystal is depicted in Fig. 1. In the spectrum the 

broad band around 3610 cm-1to 2530 cm-1 was due 

to the O-H vibrations of P-O-H group and N-H 

vibrations of NH4.The band at 2302 cm-1 was 

observed due to hydrogen bond. The peak at 1502 

cm-1 was due to N-H vibrations. The strong band at 

1260 cm-1 was observed due to the combination of 

the asymmetric stretching vibration of PO4 with 

lattice. The peaks at 1095 cm-1 and 967 cm-1 

represents P-O-H vibrations. These peaks are same 

as that of pure ADP with slight shift in wave 

numbers from lower to higher, due to the presence 

of LC in ADP [4, 7]. The additional peaks at 1743 

cm-1 was observed due to C=O stretching and the 

peak at 650 cm-1 was observed due to C-S 

stretching [8]. 
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Fig.1.FT-IR spectrum of LC doped ADP crystal 

 

3.1 UV-Vis Spectrophotometry 

The UV-visible study of LC doped ADP crystal was 

undertaken in the range of 200-900 nm using 

Shimadzu UV-2450 spectrophotometer. The 

transmittance spectrum of grown crystal shown in 

Fig.7.4 reveals the large transmission range of 

doped ADP crystal which is extending to the UV 

region. This might be due to prominent n to π* 

transitions offered by nitrogen and hydrogen bonds 

in organic compound LC [11]. The transparency of 

LC doped ADP crystal is more than 89% in entire 

visible region which confirms its suitability for SHG 

transmission devices [12].The dependence of 

absorption coefficient on incident photon energy 

helps to evaluate the band gap of material using the 

relation (αhν)2= A (hν-Eg) [12]. 

 
Fig.2UV- vis. Transmittance spectrum 

From the recorded transmission spectra, the linear 

optical constants of LC doped ADP crystal as a 

function of photon energy is plotted (Figs. 3-9). For 

understanding the interaction of light with matter, it 

is very essential to study the refractive index and the  

 

Fig.3Reflectance as a function of photon energy. 
 

extinction coefficient. The refractive index of the 

material at 900 nm is 1.46. Also the extinction 

coefficient shows exponential decay as the photon 

energy decreases. Refractive index being the 

measure of percentage of intensity of light reflected, 

the reflectance shows an increasing value along the 

photon energy. 

 

Fig. 4 Plot of extinction coefficient vs. hυ 

 
 

Fig. 5 Refractive index as a function of photon 

energy. 

 
Fig. 6.Dielectric constant as a function of photon 

energy. 
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Fig. 7.Dielectric constant as a function of photon 

energy. 

Fig. 8.Optical conductivity as a function of vs. 
hυphoton energy. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9.Electrical conductivity as a function of 

photon energy. 
 

From figures 36 and 4, it is clear that the reflectance 

and the extinction coefficient depend upon the 

absorption coefficient. The internal energy of the 

device depends on this absorption coefficient. The 

high transmission, low absorbance and low 

reflectance in the UV-vis. region make the material 

a prominent one for antireflection coating in solar 

thermal devices and NLO applications [15]. The low 

extinction value and electrical conductivity show the 

semiconducting nature of the material. The high 

magnitude of optical conductivity (1010s-1) 

confirms the presence of very high photo response 

nature of the material [15]. This makes the material 

more prominent for device applications in 

information processing and computing. 

4. CONCLUSION 
The amino acid LC doped ADP was grown by slow 

evaporation technique. The dopant LC promoted the 

transmittance of ADP up to 89%, and has 

appreciable changes in optical coefficients which  

indicate that LC doped ADP crystal is suitable for 

optical applications. 
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