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Chapter-4: Effect of L-Arginine on Structural, Electrical and 

Optical Properties of Potassium Dihydrogen Phosphate (KDP) 

Crystals 

1. Introduction:  

Single crystal growth is significant in today’s world of rapid technological and scientific 

progress, and the use of crystals presently has no limits. As a result, single crystal growth and 

its characterizations are most relevant for advancing material science research [1]. The two 

well-known non-linear materials, potassium dihydrogen phosphate (KDP) and ammonium 

dihydrogen phosphate (ADP), have appropriate structural qualities, high laser damage 

thresholds, massive non-linear optical coefficients, and robust mechanical properties [2]. 

Because of its electro-optic effect, KDP is commonly used to obtain phase and amplitude 

modulations. KDP’s ability to produce higher-power second and third harmonics is one of the 

most promising materials for Nd: YAG and Nd: glass laser excitation. Non-linear optical 

(NLO) materials in single crystal form have been in high demand for rapid high-density data 

storage, data retrieval, and transmission. These single crystals have various applications, 

including high-energy lasers, initial confinement fusion study [3], electro-optic switches, 

colour light, frequency transfer, and so on [4]. Electro-optic phase modulators are used in signal 

processing devices to produce optical parametric frequency conversion, amplitude modulation, 

and switching. 

There have been quite a large number of organic and inorganic materials synthesized 

for NLO applications; however, they have several drawbacks, including poor optical 

efficiency, low optical transmittance, low laser damage levels in some cases, and inability to 

be in large crystal forms. Due to the weak Van der Waals forces of hydrogen bonds, which 

bind them together, organic crystals have low mechanical properties. Because of their crystal 

structures, many NLO materials have a high anisotropic response to electromagnetic radiation. 

The reliability of non-linear performance can be improved by doping the NLO material 

appropriately when an organic material having a non-linear -conjugate is mixed with an ionic 

salt, a new favourable NLO material; so-called semi-organic is formed. Besides being a 

distinctive ferroelectric material with hydrogen bonding, KDP is a widely used electro-optic, 

piezoelectric, and display application material. Recent findings indicate that such habit-

modifying additives can be used to alter crystal morphology and growth rates. This can aid in 

the selection of the best crystal size and cut. However, controlling crystal habit and its 

modification, or the ratio of crystal dimensions along the crystallographic axes x, y, and z, is 
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quite challenging. Certain additives can be used to improve crystal morphology and alter 

growth rates; however, these additives must have the ability to bind to particular crystal planes. 

Filterability, handling, and compaction have also become essential aspects of industrial 

crystallization, as habit alteration often results in changes in the overall shape and size of the 

crystal [5].  

NLO properties are found in amino acids with characteristics of concern, such as (i) 

zwitterionic nature, (ii) the molecular chirality and (iii) the lack of tightly conjugated bonds. 

When amino acid-based dopants are augmented with KDP, optical and other properties 

improve significantly. In this present study, we have doped KDP with L-Arginine. Electrical 

properties, optical properties, second harmonic generation efficiency and other properties of 

KDP have been observed to be modified with the doping of L-Arginine in several reported 

studies [6,7]. Amino acids also have significant hyperpolarizabilities in both donor and 

acceptor molecules [8,11]. Because of their low dielectric constants, amino acid doped salt 

materials are ideal for microelectronics. Ferroelectric materials fulfil this criterion. An 

additional advantage of amino acid doped KDP crystals is their ability to withstand repeated 

exposure to high power density laser radiation without inducing strain and subsequent 

inhomogeneities in the refractive index. We have grown pure KDP and L-Arginine (1 mol% 

and 2 mol%) doped KDP crystals using the slow evaporation solution method. Powder X-ray 

Diffraction (XRD) analysis, Dielectric Measurements, Fourier Transform Infrared 

spectroscopy (FTIR), Ultraviolet-Visible (UV-Visible) spectroscopy and relative Second 

Harmonic Generation (SHG) efficiency analysis were performed to study different changes in 

the grown crystals. The crystal growth using the slow evaporation technique and the effect of 

L-Arginine doping are presented and discussed in the following sections.  

 

2. Experimental:  

The slow evaporation technique was used to grow pure and L-Arginine (1 mol% and 2 

mol%) doped KDP crystals. A detailed discussion of the evaporation method of the solution 

growth process has been given in chapter-3. 
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Figure 1. Grown crystals of pure KDP and L-Arginine doped KDP 

 

3. Results and Discussion: 

3.1     Powder X-Ray Diffraction (XRD) Analysis: 

The XRD plots of pure KDP and L-Arginine (1 mol% and 2 mol%) doped KDP crystals 

are shown in figure 2(a). The powdered samples were scanned in 0.019° angular increments 

over a 2 range of 10° to 80°. There is no phase shift in the crystal due to doping, as seen in 

the XRD plot. In addition, pure and doped KDP crystals have sharp prominent diffraction 

peaks, indicating excellent crystalline perfection [12]. The powder XRD patterns of pure KDP 

and L-Arginine doped KDP demonstrate that they belong to the tetragonal system with space 

group (14̅2d). The XRD peaks of doped crystals show that it is in a single phase. Figure 2(b) 

depicts the shifting of specific prominent peak resulting from the inclusion of the dopant. 

However, this shift is considered negligible. The shift could be due to tension on the lattice 

caused by amino acid absorption in the KDP lattice. Due to the addition of dopants, there is a 

slight change in lattice parameter values, and as a result, some of the significant peaks are 

observed to be shifted. FullProf suite software was used to index and analyze XRD patterns, 

and the derived cell parameters are listed in table 1. Also, there are small deviations in 

calculated values of lattice parameters of doped crystals from pure KDP crystal. These results 

suggest that the presence of dopants do not affect the crystal’s basic structure. In addition, the 

relative intensity of peaks was found to vary in doped KDP crystals. This is a sign of a change 

in molecular conformation due to doping, no matter how slight it is. Table 2 depicts the change 

in structural parameters of pure KDP and doped KDP crystals. 
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Table 1. Lattice parameters of pure & L-Arginine doped KDP crystals 

 

 

 

 

 

 

 

Figure 2(a). Powder XRD plots of pure and L-Arginine doped KDP crystals    

     

 

Figure 2(b). Peak (101) shifting of pure, and L-Arginine doped KDP crystals 

Crystals  a (Å) b (Å) c (Å) Volume  Symmetry  

Pure KDP (Reported) 7.448 7.448 6.977 387.033 

Tetragonal 
Pure KDP  7.453 7.453 6.975 387.456 

KDP + Ar 1% 7.449 7.449 6.975 387.062 

KDP + Ar 2% 7.452 7.452 6.974 387.414 
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Table 2. Structural parameters of pure and doped KDP crystals 

Sample FWHM 2θ  
Crystallite Size 

t (nm) 
Strain  

(lin-2
 m-4) 

Dislocation 

Density δ  

(lin m-4) 

Pure KDP  

0.09 17.34 1.55 2.22E-02 2.87E-02 

0.1182 23.81 1.19 2.89E-02 4.86E-02 

0.0822 30.64 1.74 1.98E-02 2.29E-02 

KDP + Ar 1% 

0.0958 17.37 1.46 2.37E-02 3.26E-02 

0.0953 23.83 1.48 2.33E-02 3.16E-02 

0.0666 30.66 2.15 1.61E-02 1.50E-02 

KDP + Ar 2% 

0.0857 17.32 1.63 2.12E-02 2.61E-02 

0.1093 23.85 1.29 2.67E-02 4.15E-02 

0.1565 30.71 0.91 3.77E-02 8.27E-02 

 

3.2     Dielectric Analysis: 

Dielectric investigations of pure KDP and L-Arginine doped KDP crystals were 

conducted in the frequency range of 100 Hz to 100 kHz and in the temperature range of 323 K 

- 373 K. Z-view software was used to evaluate the data obtained. Impedance spectroscopy is a 

prominent analytical tool in materials research and development because its results may 

correlate to ion transfer mechanisms, dielectric characteristics, defects, conductance in solids, 

etc. Furthermore, the material’s dielectric characteristics provide a significant tool for studying 

the lattice dynamics of a crystal. On the other hand, complex modulus spectroscopy is more 

advantageous in studying electronic transport in crystals. The movement of hydrogen within a 

framework and defects such as proton migration and additional hydrogen bonds cause protonic 

conduction in KDP. The complex impedance spectroscopy, conduction mechanism, modulus 

spectroscopy and dielectric spectroscopy of pure and varied weight percentage L-Arginine 

doped KDP crystals as a function of frequency and temperature are investigated and presented 

in this section. The dielectric constant and dielectric loss were calculated using the formulae, 

                                  𝜀′  =
−𝑍′′

𝜔𝐶𝑜(𝑍′2
+𝑍′′2

)
                                                                      (1) 

                                              𝜀′′  =
𝑍′

𝜔𝐶𝑜(𝑍′2
+𝑍′′2

)
                                                                     (2)  

where, 𝑍′ is the real part of the complex impedance and is given as 𝑍′ = |𝑍| cos 𝜃 and 

𝑍′′ is the imaginary part of the complex impedance and is given as 𝑍′′ = |𝑍| sin 𝜃.                                     

The variation of the dielectric constant with an angular frequency of the applied field at 

different temperatures for pure and various L-Arginine doped KDP crystals is shown in figures 
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3(a-b). At low frequencies, the value of the dielectric constant is high, and it decreases as 

frequency increases. Various polarization mechanisms, namely, electronic, ionic, orientational 

and space charge polarization, explain the high dielectric constant at lower frequencies [13]. 

The sudden plummeting nature of the dielectric constant at high frequency is due to dipoles 

that cannot comply with applied a. c electric field variations. Moreover, as the temperature 

rises, the dielectric constant increases in the lower frequency region as more dipoles orient 

themselves along the field, resulting in an increased value of dipole moment [14,15].  

Due to the discharge of space charge, the dielectric constants of all crystals converge at 

higher frequencies. The magnitude of the dielectric constant of 2 mol% L-Arginine doped KDP 

crystal is more significant than that of 1 mol% L-Arginine doped KDP and pure KDP crystal, 

as shown in figures 3(a-b). The behaviour of the highest dielectric constant of 2 mol% L-

Arginine doped KDP crystal may be explained based on interfacial polarization with Koop’s 

phenomenological theory or Maxwell-Wagner two layers model [16,17]. This model states that 

the dielectric materials are usually composed of many well-conducting grains separated by 

poorly conducting thin grain boundaries. Charge carriers can quickly move from the grain 

interior and congregate at grain boundaries when an external electric field is applied, leading 

to large polarization and a high dielectric constant value. 

            

Figures 3. (a) The dielectric constant of pure KDP and L-Arginine (1 mol%) doped KDP 

crystals and (b) The dielectric constant of pure KDP and L-Arginine (2 mol%) doped KDP 

crystals 

  Figures 3(c-d) show how dielectric loss varies with applied field angular frequency at 

various temperatures for pure and L-Arginine (1 mol% and 2 mol%) doped KDP crystals. The 

same behaviour as the dielectric constant with frequency and temperature is observed with the 

dielectric loss for all crystals. Therefore, the lattice charge defect of the space charge 

polarization could explain the considerable value of the dielectric loss at low frequencies. 
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Moreover, when comparing the magnitudes of the dielectric losses of pure and L-Arginine 

doped KDP crystals, it is observed that pure KDP crystals have a high value of dielectric loss 

than doped KDP crystals. Hence, we can say that pure KDP crystal experiences more energy 

loss in terms of heat than in L-Arginine doped KDP crystals. 

          

Figures 3. (c) The dielectric loss of pure and L-Arginine (1 mol%) doped KDP crystal and 

(d) The dielectric loss of pure and L-Arginine (2 mol%) doped KDP crystal 

      Additionally, the electro-optic coefficient (reff) of material is proportional to its 

dielectric constant. Therefore, the doped KDP crystals with a large dielectric constant might be 

employed to make more efficient electro-optic modulators [18]. While others having low 

dielectric constant can find an interlayer dielectric application in the microelectronic industry 

[19].  

3.2.1 Impedance Spectroscopy: 

Nyquist plots [real part of complex impedance (𝑍′) versus imaginary part of complex 

impedance (𝑍′′)] of pure and L-Arginine doped KDP crystals are shown in figures 4(a-c). Z-

view software was used to examine the impedance results. For each temperature, a single semi-

circular arc is seen. Due to temperature-dependent relaxation processes, the centre of each 

semicircle is below the axis. This means that all crystals (pure and doped) indicate non-Debye 

behaviour. A tail or spike is observed at lower frequencies because of the polarization of 

electrodes/electrolytes [20-22].  

The magnitude of the real part of complex impedance (𝑍′) for all crystals decreases as 

frequency and temperature increase, indicating an increase in a. c conductivity, as seen in 

figures 5(a-c). Additionally, when the frequency increases, the 𝑍′ at all temperatures merges 

and becomes constant for all crystals, possibly due to the discharge of space charges [23]. The 
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variation of the imaginary part of complex impedance (𝑍′′) with respect to applied frequency 

and temperature for pure KDP and L-Arginine doped KDP crystals is shown in figures 6(a-c). 

 

 

                            Figure 4(a). Nyquist plot of pure KDP crystal 

 

Figures 4. (b) Nyquist plot of L-Arginine (1 mol%) doped KDP crystal and (c) Nyquist plot 

of L-Arginine (2 mol%) doped KDP crystal  

In each plot, there is only one peak. As the temperature rises, the maximum peak value 

lowers, the peak itself broadens and simultaneously, the peak maximum moves to higher 

frequency values. These results indicate that the crystal exhibits relaxation phenomena. The 

shifting of relaxation peaks indicates an increase in the rate of charge carrier hopping [24]. The 

relaxation time () is the amount of time it takes for a charge carrier to recuperate from an 

external electric field perturbation. By fitting the semicircles of the Nyquist plot, the values of 
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grain boundary resistance, relaxation time capacitance is presented in table 3. The following 

equation [25] was used to calculate the relaxation time : 

                                      𝜏 =
1

2𝜋𝑓𝑚𝑎𝑥
                                                              (3)                                 

where, 𝑓𝑚𝑎𝑥 is the frequency at 𝑍′′max 

The value of capacitance was calculated using the formula, 

                                                   max RC = 1                                                                                   (4)  

where, R is the bulk resistance or grain resistance obtained from the Nyquist plot and 

C is capacitance. 

 

                     Figure 5(a). 𝑍′ versus log ω of pure KDP crystal 

        

Figures 5. (b) 𝑍′ versus log ω of L-Arginine (1 mol%) doped KDP crystal and (c) 𝑍′ versus 

log ω of L-Arginine (2 mol%) doped KDP crystal 
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Table 3. Nyquist parameters of pure and L-Arginine doped KDP crystals 

Temperature KDP KDP + Ar 1% KDP + Ar 2% 

Rg 

() 

Cg 

(10-10) F 

 (ms) Rg 

() 

Cg 

(10-10) F 

 (ms) Rg 

() 

Cg 

(10-10) F 

 (ms) 

323 K 1.17E+09 2.957 1.2642 8.78E+07 38.099 1.0041 2.49E+07 134.052 1.0041 

333 K 3.36E+08 9.629 0.7976 3.51E+07 81.700 0.3175 7.44E+06 421.100 0.6336 

343 K 7.65E+07 40.961 0.6336 1.25E+07 196.384 0.0797 2.07E+06 1101.234 0.0399 

353 K 2.61E+07 98.106 0.1264 5.77E+06 395.119 0.0399 6.08E+05 3432.333 0.0159 

363 K 7.06E+06 339.060 0.0633 2.20E+06 929.118 0.0126 3.26E+05 6021.320 0.0079 

373 K 2.50E+06 931.990 0.0503 1.01E+06 2028.759 0.0126 1.56E+05 12597.861 0.0079 

 

 

Figure 6(a). Variation in the imaginary part of impedance (Z′′) with frequency (f) for 

pure KDP crystal 

          

Figures 6. (b) Variation in the imaginary part of impedance (𝑍′′) with frequency (f) for           

L-Arginine (1 mol%) doped KDP crystal and (c) Variation in the imaginary part of 

impedance (𝑍′′) with frequency (f) for L-Arginine (2 mol%) doped KDP crystal 
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3.2.2 A. C Conductivity Mechanism: 

The crystal’s A. C conduction has been studied at temperatures ranging from 323 K to 

373 K and frequencies ranging from 100 Hz to 1 MHz. A. C conductivity analysis provides 

comprehensive information on the time-dependent movement of charges resulting in 

conductivity and dielectric relaxation. It also offers helpful information on the electric field 

distribution in the system and field-induced perturbations [26]. Complex A. C conductivity can 

be written as, 

                                      𝜎∗ (𝜔) =  𝜎𝑎𝑐 
′ (𝜔) + 𝜎𝑎𝑐

′′ (𝜔)                                                 (5) 

where, 𝜎𝑎𝑐 
′ (𝜔) is the real part and 𝜎𝑎𝑐

′′ (𝜔) is the imaginary part of complex A. C 

conductivity, respectively.  

However, the real part of the complex A. C conductivity {𝜎𝑎𝑐 
′ (𝜔)} is given as [27], 

                                     𝜎𝑎𝑐 
′ (𝜔) =  (

𝑍′

𝑍′2
+𝑍′′2) 

𝑡

𝐴
                                                           (6) 

where, A is the cross-sectional area of the crystal used, t is the thickness, 𝑍′ is the real 

part and  𝑍′′ is the imaginary part of the complex impedance. 

The a. c conductivity variation with the angular frequency of applied field at different 

temperatures for pure and various L-Arginine doped KDP crystals is shown in figures 7 (a-c). 

Due to the polarisation of the electrode and crystal interface, the conductivity value is lower at 

lower frequencies; however, it increases at higher frequencies and exhibits a highly dispersive 

behaviour, as seen in the figures. The increase in a. c conductivity with frequency and 

temperature could be due to trapped bound charge carriers in the crystal. 

KDP behaves like an ionic conductor, the a. c conductivity behaviour with respect to 

frequency can be explained with the help of the Jump Relaxation Model (JRM), introduced by 

Funke [28]. According to this approach, conductivity in the low frequency range is due to ions’ 

successful forward and backward hopping within localized regions. In contrast, the rate of 

successful hopping of ions may decrease beyond the low frequency range. Thus, dispersive 

conductivity is caused by a shift in the ratio of successful to unsuccessful hops. 

 



 

81 
 

 

                              Figure 7(a). A. C Conductivity of pure KDP crystal 

                        

Figures 7. (b) A. C Conductivity of L-Arginine (1 mol%) doped KDP crystal and (c) A. C 

Conductivity of L-Arginine (2 mol%) doped KDP crystal 

From the figures, the a. c conductivity of pure and L-Arginine doped KDP crystals rises 

linearly with temperature, indicating a thermally activated electrical conduction process within 

the crystal. When comparing the magnitudes of a. c conductivity of pure and doped crystals, 

implies that doping L-Arginine in KDP crystal increases the a. c conductivity, with the highest 

conductivity observed in L-Arginine (2 mol%) doped KDP crystal as compared to the 

conductivity of pure KDP crystal and L-Arginine (1 mol%) doped KDP crystal. 

 In general, KDP electric conductivity is ionic, wherein proton migration from localized 

sites has been observed. Within a KDP crystal molecule, two types of proton jumps are 

observed, intrabond and interbond, resulting in a vacancy (L-defect) and a doubly occupied 

bond (D-defect), respectively. These defects are responsible for conduction in KDP. L-

Arginine molecules may occupy the interstitial position in the KDP crystal lattice up to a certain 
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amount of doping. In this circumstance, a hydrogen network of KDP molecules in a crystal 

might yield a significant number of hydrogen vacancies. Because conduction in KDP is 

protonic and primarily due to anions [(H2PO4)-] rather than cations [(NH4)
+], more hydrogen 

vacancies are produced, increasing the L-defect. This could be the reason for the higher a. c 

conductivity value in doped crystals compared to that of the pure KDP crystal. When the L-

Arginine molecule is doped into the KDP crystal, the L-Arginine molecule will occupy the 

interstitial place due to its bigger size. Because it is a proton donor, it will donate hydrogen to 

KDP and subsequently combine with the KDP unit cell. However, due to low doping 

concentration, this occurs with relatively minor lattice distortion. When L-Arginine donates a 

proton to KDP, repulsion occurs between two protons that are each one from KDP and L-

Arginine, due to which the hydrogen of KDP is removed as the bond between NH4+ and PO4
3- 

is broken, and a hydrogen vacancy (L-defect) is formed. During this process, L-Arginine will 

join with KDP crystal at its defect sites. As a result, defects created by L-Arginine doping in 

KDP crystal may become a reason for the change in specific properties. 

3.2.3 Jonscher’s Plots: 

The Jonscher power law (JPL) can be used to characterize most disordered materials at 

frequencies less than 10 MHz and temperatures more than 150 K [29]: 

                                          𝜎′
𝑎𝑐(𝜔) =  𝜎0  + 𝐴𝜔𝑠                                                         (7) 

where,  = 2f is the angular frequency of the applied voltage, 𝜎0 = d. c conductivity, 

A is a constant, s is a material property having a value between 0 to 1 [29]. 

Figures 8 (a-c) show Jonscher plots for pure and L-Arginine doped KDP crystals, which 

depicts highly dispersive behaviour due to the presence of a. c conductivity only. The slopes 

and intercepts of the plots in figure 7 were used to compute the values of s and A, listed in 

tables 4 and 5. If s  1 in Jonscher’s equation, it indicates sudden hopping motion caused by 

translational motion [28]. In ionic conductors, the value of ‘s’ can typically vary from 1 to 0.5, 

indicating appropriate long-range routes and diffusion-limited hopping. By fitting equation (7), 

the value of exponent ‘s’ and 𝜎0 are obtained at all temperatures. From table 4, it is observed 

that the value of d. c conductivity increases with the increase in dopant concentration as well 

as with increasing temperature. It is observed in table 5 that the ‘s’ parameter value decreases 

linearly with temperature for pure, L-Arginine (1 mol% and 2 mol%) doped KDP crystals, 

implying a Correlation Barrier Hopping (CBH) conduction mechanism [30]. 
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                 Figure 8(a). Jonscher’s plot of pure KDP crystal 

 

                       

Figures 8. (b) Jonscher’s plot of L-Arginine (1 mol%) doped KDP crystal and (c) Jonscher’s 

plot of L-Arginine (2 mol%) doped KDP crystal 

 

Table 4. d.c conductivity values of pure and L-Arginine (1 mol% and 2 mol%) doped KDP 

crystals 

Temperature 

K 
d.c conductivity 

Pure KDP KDP + Ar 1% KDP + Ar 2% 

323 
0.8901 x 10-7 3.98 x 10-7 1.553 x 10-6 

333 0.92 x 10-7 1.256 x 10-6 7.0 x 10-6 

343 
5.854 x 10-7 4.536 x 10-6 2.8586x 10-5 

353 
1.8236 x 10-6 1.015 x 10-5 0.9725 x 10-4 

363 
0.7 x 10-5 2.8075 x 10-5 1.783 x 10-4 

373 
1.885 x 10-5 5.8 x 10-5 3.1053 x 10-4 
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Table 5. Jonscher’s plot parameters for pure and L-Arginine (1 mol% and 2 mol%) doped 

KDP crystal 

 

In this model, carriers conduct through barriers that separate the localized sites. In this 

model, the charge carriers are assumed to hop between defect centres over the potential barrier 

Wm that separates them. The separation R of the defect states is associated with the barrier 

height. The CBH model predicts that when the temperature rises, the value of ‘s’ decreases and 

its value is given by,  

                                          𝑠 = 1 −
6 𝑘𝛽𝑇

[𝑊𝑚 − 𝑘𝐵𝑇 𝑙𝑛(1/𝜏𝑜)]
                                                  (8) 

where, 𝜏𝑜 is the characteristic relaxation time of the carriers, = 10−12 s, 𝑘𝐵 is Boltzmann 

constant, T is the temperature and 𝑊𝑚 is the binding energy, defined as the amount of energy 

required to completely remove an electron from one site and transfer it to another. 

For a small value of T, 𝑊𝑚 ≫ 𝑘𝐵𝑇 𝑙𝑛(1/𝜏𝑜) and then equation (8) becomes [31], 

                                                      𝑠 = 1 − 
6𝑘𝐵𝑇

𝑊𝑚
                                                           (9) 

From the slope of the linear plot of 1-s versus T, the binding energy Wm was calculated. 

The variation of 1-s with temperature for pure and L-Arginine doped KDP crystals is shown in 

figure 9. The slopes of the above mentioned linearly fitted plots are used to calculate the 

binding energies of all crystals for the CBH conduction mechanism. 

Temperature 

K 
A  s - parameter 

Pure KDP KDP + Ar 1% KDP + Ar 2% Pure KDP KDP + Ar 1% KDP + Ar 2% 

323 0.325E-08 0.4012E-08 1.663E-08 0.6252 0.6472 0.6556 

333 0.3369E-08 0.8145E-08 2.56E-08 0.6021 0.6315 0.6456 

343 0.3519E-08 1.25E-08 4.256E-08 0.5821 0.6215 0.6402 

353 0.4021E-08 1.43E-08 4.863E-08 0.5624 0.6198 0.6324 

363 0.5023E-08 1.725E-08 6.125E-08 0.5325 0.5925 0.6283 

373 0.543E-08 1.985E-08 1.384E-07 0.5089 0.5842 0.6205 
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Figure 9. Binding energy plot of pure and L-Arginine (1 mol % and 2 mol%) doped KDP 

crystals 

The value of binding energy for pure KDP crystal is 0.2238 eV, for L-Arginine (1 

mol%) doped KDP crystal, it is 0.3858 eV, and for L-Arginine (2 mol%) doped KDP crystal, 

it is 0.7693 eV. The a. c conductivity was calculated using the CBH model [32]: 

                                    𝜎𝑎𝑐 =
𝜋2

12
 . 𝑒2𝑘𝐵𝑇𝜔𝛼−5[𝑁(𝐸𝑓)]

2
[𝑙𝑛

𝑓𝑜

𝜔
]

4

                                (10) 

where, 𝑒 is the electron charge, [𝑁(𝐸𝑓)] is the density of states at the Fermi level, 𝑓𝑜 is 

the photon frequency (=1013 Hz), 𝛼−1 =  1010 𝑚−1 is localized wave and  is the angular 

frequency.  

 

                         Figure 10(a). Density of states at Fermi level of pure KDP 
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The density of states at the Fermi level [𝑁(𝐸𝑓)] is obtained by graphing the above 

equation over the angular frequency range. The variation of density of states at Fermi level, 

[𝑁(𝐸𝑓)] versus angular frequency for pure and L-Arginine doped KDP crystals is shown in 

figures 10 (a-c). With increasing frequency, the density of states [𝑁(𝐸𝑓)] of pure KDP and L-

Arginine doped KDP crystals decreases.  

    

Figures 10. (b) Density of states at Fermi level of L-Arginine (1 mol%) doped KDP crystal 

and (c) Density of states at Fermi level of L-Arginine (2 mol%) doped KDP crystal 

 

           However, it is observed that at low frequencies, the value of  [𝑁(𝐸𝑓)] is seen to increase 

as the temperature rises. The relatively large values [𝑁(𝐸𝑓)] of show that charge transport is 

dominated by hopping between pairs of sites. The barrier height for charge carrier hopping 

between different localized sites will be reduced due to this increase, allowing them to bounce 

between these localized sites more easily [33]. The high density of states at the Fermi level in 

the region of 1039-1041 (eV.m)-1 indicates that the CBH conduction mechanism is extremely 

suited for these respective materials and the temperature zone studied. 

Figures 11(a-c) demonstrate the variation of loga.c versus 1000/T for pure and L-

Arginine doped KDP crystals at different frequencies. It can be observed that with the CBH 

conduction mechanism, the conductivity decreases as the reciprocal of temperature increases. 

Such behaviour indicates that conductivity is a thermally induced process for various localized 

states in many materials [34]. The Arrhenius type behaviour of a. c conductivity is suggested 

by the linear fitting of such curves as given by, 

                𝜎 = 𝜎𝑜 . 𝑒𝑥𝑝 (
𝐸𝑎

𝑘𝐵𝑇
)                                                                          (11) 
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where, 𝜎 is the a. c conductivity, 𝐸𝑎 is the activation energy, 𝜎𝑜 is the pre-exponential 

factor, 𝑇 is the temperature and 𝑘𝐵 is the Boltzmann constant. 

The activation energies of pure and L-Arginine doped KDP crystals were estimated 

from the slopes of linear fitted curves of log σa.c versus 1000/T. Table 6 summarises the results 

obtained. 

Table 6. Activation energies of pure and L-Arginine doped KDP crystals 

Frequency 
Activation Energy (Ea) (eV) 

Pure KDP  KDP + Ar 1%  KDP + Ar 2%  

100 1.2382 1.0444 1.0302 

1000 1.1775 0.8444 1.0188 

10000 1.1300 0.6676 0.8099 

100000 0.7133 0.4504 0.5724 

1000000 0.0310 0.1118 0.1943 

 

 

                      Figure 11(a). Activation energies plot for pure KDP crystal 
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Figures 11. (b) Activation energies plot for L-Arginine (1 mol%) doped KDP crystal and (c) 

Activation energies plot for L-Arginine (2 mol%) doped KDP crystal 

 

Table 4 shows that the activation energies for pure KDP and L-Arginine (1 mol% and 

2 mol%) doped KDP crystals decrease as the frequency increases, implying that the electronic 

charge carriers easily jump across different localized states in the material [35]. 

3.2.4 Complex Modulus Spectroscopy: 

Modulus analysis is a distinct way to investigate the electrical characteristics and 

enhance any other effects that may be present in the sample due to variable relaxation time 

constants. Figures 12 (a-c) shows the complex modulus plane plots in the temperature range 

323 K - 373 K. The following formulae determine the values of the real and imaginary 

components of the modulus: 

                                                    𝑀′ = 𝜔𝐶𝑜𝑍′′                                                    (12) 

                                                      𝑀′′ = 𝜔𝐶𝑜𝑍′                                                         (13) 
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where, 𝐶𝑜 =
𝜀𝑜𝐴

𝑑
 is the capacitance of parallel plate capacitor with air as a dielectric 

medium, A is the area of electrodes/plate used, and d is the crystal’s thickness.  

The complex modulus plots of pure and L-Arginine (1 mol% and 2 mol%) doped KDP 

crystals at various temperatures are shown in figures 12 (a-c). All crystals whose centres do 

not lie on the real axis exhibit one semicircle, suggesting non-Debye type relaxation inside 

crystals. Here, the first semicircle at lower frequency comprises of grain contribution. Figures 

13(a-c) illustrate the change of the real part of complex modulus versus applied angular 

frequency for pure and L-Arginine (1 mol% and 2 mol%) doped KDP crystals at various 

temperatures. These figures show that at lower frequencies, the 𝑀′ is nearly zero, indicating 

that there is no electrode-crystal polarization active in that frequency range. As the frequency 

increases, 𝑀′ also increases, implying dispersive behaviour. 

 

Figure 12(a). Variation in real (𝑀′) and imaginary (𝑀′′) parts of complex modulus for pure 

KDP crystal 
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Figures 12. (b) Variation in real (𝑀′) and imaginary (𝑀′′) parts of complex modulus for L-

Arginine (1 mol%) doped KDP crystal and (c) Variation in real (𝑀′) and imaginary (𝑀′′) 

parts of complex modulus L-Arginine (2 mol%) doped KDP crystal 

Thus, charge carriers can flow along a long path at low frequencies under the influence 

of an applied electric field. Still, due to the lack of strong enough restoring force in this range, 

the value of 𝑀′ is much lower for the temperature range under consideration [36]. The plots of 

the imaginary part of complex modulus (𝑀′′) versus applied angular frequency for pure KDP 

and L-Arginine (1 mol% and 2 mol%) doped KDP crystals are shown in Figures 14 (a-c). Each 

crystal has a single wide, asymmetric peak that corresponds to the grain effect within the 

crystals. As the temperature increases, the peaks shift to the higher frequency side due to ionic 

conductor behaviour [37], the peak frequency at which (𝑀′′) becomes maximum, known as 

the relaxation frequency.  

 

Figure 13(a). Variation of the real part of complex modulus (𝑀′) with angular frequency for 

pure KDP crystal 
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Figures 13. (b) Variation of the real part of complex modulus (𝑀′) with angular frequency 

for L-Arginine (1 mol%) KDP crystal and (c) Variation of the real part of complex modulus 

(𝑀′) with angular frequency for L-Arginine (2 mol%) KDP crystal 

  

Figure 14(a). Variation of the imaginary part of complex modulus with angular frequency for 

pure KDP crystal 

The stretch exponent parameter () can be used to validate the relaxation process in 

pure and doped KDP crystals. It is calculated using the following relation [38]: 

                                                           𝛽 =  
1.196

𝐹𝑊𝐻𝑀
− 0.047                                                    (14) 

where, FWHM is Full-Width Half Maximum of  𝑀′′ versus log ω curve, obtained 

from curve fitting (Gaussian type).      
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Figures 14. (b) Variation of the imaginary part of complex modulus with angular frequency 

for L-Arginine (1 mol%) doped KDP crystal and (c) Variation of the imaginary part of 

complex modulus with angular frequency for L-Arginine (2 mol%) doped KDP crystal 

There are two case possibilities for  parameter: (1) If it is a non-Debye relaxation, the 

values  will fall between 0 to 1 depicting dipole-dipole interaction, and (2) If it is Debye type 

relaxation, the value of  will be unity which means there will be negligible dipole-dipole 

interaction, and it will be ideal dielectric relaxation. Here, for all the crystals studied, one 

relaxation peak is obtained for each temperature. Hence, the β-parameter for the grain 

relaxation was calculated separately, and the values obtained are summarized in table 7. It is 

seen that the stretch exponent parameter () deviates from unity for all crystals, indicating the 

presence of a non-Debye type relaxation mechanism in pure and L-Arginine doped KDP 

crystals.                  

Table 7. The calculated values of stretch exponent parameter () for pure KDP and L-

Arginine (1 mol% and 2 mol%) crystals 

Temperature 
Stretch exponent parameter () 

Pure KDP KDP + Ar 1% KDP + Ar 2% 

323 0.5568 0.5768 0.6246 

333 0.9104 0.5934 0.6813 

343 0.9245 0.6159 0.7222 

353 0.9363 0.6358 0.7710 

363 0.9628 0.6901 0.5881 

373 0.9237 0.7313 0.6347 
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3.3 Fourier Transform Infrared (FT-IR) Spectroscopy: 
 

FTIR spectroscopy was used to investigate the effects of incorporating the amino acid 

L-Arginine with various functional groups on KDP. The spectra of pure and L-Arginine (1 

mol% and 2 mol%) doped KDP crystals are shown in figure 15. The corresponding modes and 

functional groups of pure and doped KDP crystals are shown assigned in Table 8. Due to KDP 

bands overlapping amino acid vibrations, some frequencies are slightly shifted, and a few KDP 

bands tend to get broader. When comparing doped KDP crystals with pure KDP crystals, the 

absorption corresponding to NH stretching of NH3+, C-N-H stretching of CH2, and CH are 

present in doped KDP crystals, which shows that L-Arginine was successfully doped in KDP. 

The NH3+ stretching vibrations of amino acids emerge in the 2700-3300 cm-1 range, coinciding 

with the OH stretching vibrations of KDP. The unification of dopants in KDP is revealed by 

the functional groups of amino acids found in doped KDP crystals [39]. The spectra of L-

Arginine doped KDP crystals indicate symmetric stretching of C–H, C= O, and COOH groups. 

Here, the dopant L-Arginine is expected to create L-defects by combining an unoccupied H-

vacancy with the hydrogen atom of KDP. As a result of this, the basic vibration of hydrogen is 

rehabilitated.  

Table 8. Functional groups of pure and L-Arginine (1 mol% and 2 mol%) doped KDP 

crystals 

Bond Assignments 
Wavenumber (cm-1) 

Pure KDP  KDP + Ar 1%  KDP + Ar 2%  

O-H vibration  3321 3325 3325 

NH3 asymmetric stretching - 3398 3245-3397 

N-H stretching  - 2921 2920 

O-H asymmetric stretching 2927 2925 2921 

O-P-OH symmetric stretching  1704 1678 1678 

O-H bending 1630 1631 1631 

O=P-OH stretch 1614-1695 1631 1631-1678 

O=P-OH stretching 1652 1656 1657 

NH3 bending - 1453 1452 

P-O-H bending  1448 1453 1452 

C-COO- symmetric stretching  - 1416 1416 

C-N-H stretching - 1302 1300 

P=O stretching 1295 1098 1099 

P-O-H stretching 909 910 911 

NO3 stretching - 774 774 

COOH rocking  - 676 669 

COO- bending - 617-669 617-669 

HO-P-OH bending 533 536 536 

NH2 bending - 534 534 
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Figure 15. (a) FTIR spectrum of pure KDP crystal, (b) FTIR spectrum of L-Arginine (1 

mol%) doped KDP crystal and (c) FTIR spectrum of L-Arginine (2 mol%) doped KDP 

crystal 

Using the equation below, correlating absorption frequency and force constant, we 

determined the force constant of O–H vibration [40]: 

                                         𝜐 =  1330√𝐹 (
1

𝑀1
+

1

𝑀2
)                                                         (15) 

where, F is the force constant (N.m-1), 𝜐 is the Absorption frequency (cm-1), 1330 = 

(NA x 10)1/2/2C, NA= Avogadro number and M1 and M2 are the Molecular masses of 

molecules. Table 9 shows the calculated values of the force constant of O-H vibrations. As a 

result of the inclusion of L-Arginine into the KPD lattice, the values of force constant are 

reformed. 
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Table 9. The calculated values of Force Constant of O-H vibration of pure and L-Arginine 

doped KDP crystal 

Sample 
Absorption 

Wavenumber (cm-1) 

Force Constant 

(Nm-1) 

Pure KDP  3321 591.14 

KDP + Ar 1% 3398 618.86 

KDP + Ar 2% 3397 618.50 

 

3.4 Ultraviolet-Visible (UV-Vis) Spectroscopy: 

 
The absorbance spectra of pure and L-Arginine (1 mol% and 2 mol%) doped KDP 

crystals are shown in figure 16(a). In the visible region, the spectra indicate a high level of 

transparency. With increasing L-Arginine doping concentration in KDP, the optical 

transmittance increases uniformly. Using the following expression, the absorption coefficient 

() was determined from the absorbance data: 

                                           𝛼 =
2.303 𝑙𝑜𝑔10(

1

𝑇
)

𝑑
                                                               (16) 

where, T is the transmittance and d is the thickness of the crystal. 

 

The optical energy bandgap (Eg) was calculated using the following equation from the 

transmittance and optical absorption coefficient  near the absorption edge. 

                                         𝛼ℎ𝑣 = 𝐴(ℎ𝑣 − 𝐸𝑔)
2
                                                           (17) 

where, 𝑣 is the frequency, ℎ is Planck’s constant, A is constant, and Eg is the Optical 

bandgap. 

The Tauc’s plot is used to calculate the optical energy bandgap (Eg) of pure and L-

Arginine (1 mol% and 2 mol%) doped KDP crystals by extrapolating the straight-line region 

of the plot on the X-axis, as illustrated in figures 16(b-c). 
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Figure 16(a). Absorbance spectra for pure and L-Arginine (1 mol% and 2 mol%) doped KDP 

crystals 

 

  

Figures 16. (b) Tauc’s plot of L-Arginine (1 mol%) doped KDP crystal and (c) Tauc’s plot of L-

Arginine (2 mol%) doped KDP crystal 

                  

The optical band gaps of pure KDP, L-Arginine (1 mol%) doped KDP and L-Arginine 

(2 mol%) doped KDP crystals are 3.41 eV, 5.76 eV and 5.87 eV. It is observed that L-Arginine 

doped KDP crystals have large bandgap values, which makes them suitable for optoelectronic 

device fabrication [41]. The crystals with a large bandgap are required for nonlinear optical 

applications because the energy bandgap of the crystal demonstrates the ability of the dielectric 

medium (crystal) to be polarized under the effect of intense radiation. The following equation 

is used to compute the refractive index of pure and L-Arginine doped KDP crystals [42]. 

                                          𝜂 =  
1

𝑇
+ √

1

𝑇
− 1                                                                   (18)  



 

97 
 

where, η is the refractive index and T is the transmittance. 

The variation of refractive index with wavelength for pure and L-Arginine (1 mol% and 

2 mol%) doped KDP crystals is shown in figure 17. As the wavelength increases, the refractive 

index of all the samples decreases. Such crystals can be good candidates for antireflection 

applications. 

 

Figure 17. Variation of refractive index with wavelength for pure and L-Arginine (1 mol% 

and 2 mol%) doped KDP crystals 

The ordinary and extraordinary refractive indices of KDP are computed using the 

following expression [43]: 

                          𝜂𝑜 = 2.25881 +
11.86370 𝜆2

𝜆2−400
+

0.01041

𝜆2−0.01209
                                           (19)    

                                      𝜂𝑒 = 2.13338 +
2.93795 𝜆2

𝜆2−400
+

0.00873 

𝜆2−0.01203
                                             (20) 

  where, 𝜂𝑜 is the ordinary refractive index and 𝜂𝑒 is the extraordinary refractive index 

and 𝜆 is the wavelength. 

 The calculated values of the 𝜂𝑜 and 𝜂𝑒 for KDP are found to be 1.5128 and 1.4656, 

respectively. Here, 𝜂𝑜 > 𝜂𝑒 which correlates to the negative uniaxial aspect of the KDP crystal 

and can be used in birefringence applications. The extinction coefficient measures how much 

light is lost per unit distance of the participating medium due to scattering and absorption. The 

extinction coefficient can be calculated using the following relation: 

                                                       𝐾 =
𝜆

4
                                                                    (21) 

where,  is the absorption coefficient and 𝜆 is the wavelength. 
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The variation in extinction coefficient K as a function of photon energy (ℎ𝑣) for pure 

and L-Arginine (1 mol% and 2 mol%) doped KDP crystals is shown in figure 18. The extinction 

coefficient of all crystals increases as photon energy increases. This could be due to scattering 

and absorption behaviour differences based on photon energy and scattering centre type. When 

compared to pure KDP crystal, the magnitude of the extinction coefficient for L-Arginine (1 

mol% and 2 mol%) doped crystal is slightly higher. This result agrees with the refractive index 

and transmittance measurements. 

The amount of electromagnetic radiation that penetrates a substance is measured by the 

skin depth (δ). It is defined as: 

                                                        𝛿 =  
1

𝛼
                                                                   (22) 

where, δ is the Skin Depth and  is the Absorption coefficient. 

 

Figure 18. Extinction Coefficient of pure and L-Arginine (1 mol% and 2 mol%) doped KDP 

crystals 

The variation of skin depth (δ) with photon energy (eV) for pure and L-Arginine (1 

mol% and 2 mol%) doped KDP crystals is shown in figure 19. A sudden increase of skin depth 

was observed in the low photon energy range with a sharp peak. In addition, when the doping 

concentration of L-Arginine in KDP increases, the peak shifts into the higher photon energy 

region. However, the magnitude of the skin depth decreases with the concentration of L-

Arginine in KDP crystal.  

The optical conductivity is a measurement of its frequency response when a substance 

is irradiated with light. It is given as [44,45],  



 

99 
 

                                             𝑜.𝑝 =
𝛼ɳ𝑐

4𝜋
                                                                         (23) 

where, c is the speed of light (vacuum), η is the refractive index and  is the absorption 

coefficient. 

 

Figure 19. Variation of Skin depth (δ) w. r. t photon energy for pure and L-Arginine (1 mol% 

and 2 mol%) doped KDP crystals 

Figure 20 shows the variation of optical conductivity with photon energy for pure and 

L-Arginine doped KDP crystals. It is observed that with an increase in photon energy, the 

optical conductivity also increases. Also, with doping concentration, the optical conductivity 

increases, which suggests that the higher the optical conductivity, the higher the conversion 

efficiency of the crystal. 

 

Figure 20. Optical Conductivity of pure and L-Arginine (1 mol% and 2 mol%) doped KDP 

crystals 
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3.4.1 Wemple-DiDomenico Single Oscillator Model Analysis: 

Wemple and DiDomenico proposed a single oscillator model [46] in 1971 for the 

interband transition of electrons in the Brillouin zone that acts as an individual oscillator and 

identifies the valence electrons of atoms contributing to one such oscillator. This model is 

useful for investigating the dependence of the refractive index below the bandgap energy region 

(interband absorption edge) for nonlinear optical applications. This dependence of refractive 

index on photon energy below interband absorption edge is given as, 

                                         𝜂 = 1 +
𝐸𝑜𝐸𝑑

(𝐸𝑜
2−𝐸2)

                                                                  (24)  

where, η is the refractive index, 𝐸𝑑 is the dispersion energy, 𝐸𝑜 is the single oscillator 

energy, and E is the photon energy. 

Figure 21 represents the refractive index dispersion with photon energy below the 

absorption edges of pure and L-Arginine doped KDP crystals. The intercept and slope of the 

plot mentioned above were determined using linear fitting. The following equations were used 

to determine the values of 𝐸𝑜  and 𝐸𝑑: 

                   𝐸𝑜 =  √
𝐼𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡

𝑠𝑙𝑜𝑝𝑒
      and           𝐸𝑑 =

𝐸𝑜

𝐼𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡
                                                           (25) 

Table 10 shows the calculated values of 𝐸𝑜 and 𝐸𝑑. It is observed that the value for the 

single oscillator increases with the increase in L-Arginine concentration; however, a reverse 

trend is observed in the case of dispersion energy. The average bond strength of any material 

is related to its single oscillator energy (𝐸𝑜) which is known as cohesive energy. It is the 

difference in the average energy of free atoms and atoms of the crystal. Furthermore, the L-

Arginine (2 mol%) doped KDP crystals have the highest dispersion energy compared to the 

other concentrations, favouring the incorporation of L-Arginine to a greater extent. Thus, 

crystals with this concentration may have superior nonlinear optical properties. 

Table 10. Dispersive parameters of pure and L-Arginine (1 mol% and 2 mol%) doped KDP 

crystals 

Sample  Ed (eV) Eo (eV) 

Pure KDP 3.88 6.15 

KDP + Ar 1% 3.65 6.34 

KDP + Ar 2% 3.20 6.46 
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Figure 21. Wemple-DiDomenico model plots for pure and L-Arginine (1 mol% and 2 mol%) 

doped KDP crystal 

3.4.2 Urbach Energy (Absorption band tail): 

An inorganic substance's composition and optical bandgap can be determined using its 

optical absorption spectrum [47]. The optical absorption spectra of materials are divided into 

three regions: (1) Weak absorption region {presence of defects and impurities} (2) Absorption 

edge region {structural perturbation and disorder in the system} (3) Strong adsorption region 

{giving the optical bandgap energy}. The Urbach tail is the part of the absorption coefficient 

curve that is exponential at the optical band edge. The Urbach empirical rule describes the 

relationship between absorption coefficient () and photon energy at the optical bandgap edge 

and is provided by the equation: 

                                           𝛼 =  𝛼𝑜 exp(
ℎ𝑣

𝐸𝑢
)                                                               (26)  

where, ℎ𝑣 is the photon energy, 𝐸𝑢 is the Urbach energy (exponential absorption edge 

width) and 𝛼𝑜 is a constant. 

The logarithm on both sides of equation (27) is used to obtain a straight-line equation 

as given below: 

                                          𝑙𝑛(𝛼) = 𝑙𝑛(𝛼𝑜) +
ℎ𝑣

𝐸𝑢
                                                         (27) 
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The 𝐸𝑢 value was calculated using the slopes of the straight-line plots shown in figure 

22. 𝑙𝑛(𝛼) versus photon energy (eV) was plotted for obtaining the values of 𝐸𝑢. The calculated 

values of 𝐸𝑢 are listed in table 11. 

 

Figure 22. Urbach energy plot for pure and L-Arginine (1 mol% and 2 mol%) doped KDP 

crystal 

 

With a rise in doping percentage, the Urbach energy of the L-Arginine (1 mol% and 2 

mol%) doped KDP crystal decreases. The band tail expands as the disorder level increases 

because of the increased band to tail and tail to tail transitions. This condition is said to induce 

state redistribution and the formation of one-to-one tail states at the expense of band states [48]. 

Table 11. The calculated values of Urbach energy (Eu) for pure and L-Arginine (1 mol% and 

2 mol%) doped KDP crystals 

Sample  
Urbach Energy (Eu) 

(eV) 

Pure KDP  0.6391 

KDP + Ar 1%  0.1651 

KDP + Ar 2%  0.0364 
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3.5 Photoluminescence (PL) Analysis: 

The photoluminescence emission spectra and excitation spectra of pure and L-Arginine 

(1 mol% and 2 mol%) doped KDP crystals are shown in figures 23(a-b). Photoluminescence 

analysis is useful in examining the quality of impurity amalgamation and the quality of the 

crystals. One of the optical processes that may be investigated using photoluminescence 

emission at a certain wavelength is the recombination of electronic transitions. The wavelength 

of PL excitation used was 247 nm. The crystal structure of pure KDP has various intrinsic 

lattice defects, the most basic of which are the unoccupied hydrogen vacancy (L-defect) and 

the double hydrogen bond (D-defect) [49]. As seen in table 12, the spectrum shows two 

emission peaks at different wavelengths. The centre, which is based on a hydrogen vacancy 

(L-defect) associated with a heterovalent impurity, is responsible for the excitation in the 

crystal’s transparency region. Compared to pure KDP, the intensity of the PL emission spectra 

of L-Arginine (1 mol%) doped KDP is lower. This is because the dopant will destabilize the 

orientational L-defect in the vicinity of impurity atoms for charge compensation when the 

amino acid molecule is introduced in the KDP lattice matrix, implying that when the amino 

acid molecule is introduced in the KDP lattice matrix, the dopant will destabilise the 

orientational L-defect in the vicinity of impurity atoms. The electric studies of pure and L-

Arginine doped KDP confirm the assumptions mentioned above. 

Furthermore, it is found that the dopant creates hydrogen vacancies in the lattice of 

KDP, resulting in higher conductivity than pure KDP. As seen in table 13, the Stokes shift 

increases as the doping concentration of L-Arginine is increased. This behaviour is because L-

Arginine has two charges, NH3+ (positive) and COO- (negative), due to which a dipole is 

created, and the KDP lattice surrounds it. The dipole moment of L-Arginine changes when it 

reaches the excited state under the influence of electromagnetic radiation, but the KDP lattice 

cannot adjust to it quickly enough. As a result, when the system’s vibrations relax, its dipole 

moments realign with the applied optical field. As a result, as the doping concentration of L-

Arginine increases, it becomes more difficult for the KDP lattice to realign, resulting in an 

increase in Stokes shift in ascending order of doping. 
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Table 12. PL Emission peaks for pure and L-Arginine (1 mol% and 2 mol%) doped KDP 

crystals 

Sample  
Emission Wavelength 

(nm) 

Pure KDP 370.89 468.86 

KDP + Ar 1% 369.45 468.71 

KDP + Ar 2% 369.21 468.24 

 

   

Figure 23. (a) PL Emission spectra of pure and L-Arginine (1 mol% and 2 mol%) doped 

KDP crystals and (b) PL Excitation spectra of pure and L-Arginine (1 mol% and 2 mol%) 

doped KDP crystals 

 

Table 13. Variation in Stokes shift for pure and L-Arginine (1 mol% and 2 mol%) doped 

KDP crystals 

Sample  
Energy 

Absorption (eV) 

Energy Emission 

(eV)  

Stokes Shift 

(eV) 

Pure KDP 4.9953 3.3446 1.6507 

KDP + Ar 1% 4.9973 3.3576 1.6397 

KDP + Ar 2% 5.0030 3.3598 1.6432 

 

3.6 Relative Second Harmonic Generation (SHG) Efficiency: 

The study of the NLO characteristics of KDP and L-Arginine doped KDP crystals 

reveals that the efficiency of SHG in doped KDP crystal samples is greater than in pure KDP 

crystals, as indicated in table 14. As the concentration of L-Arginine molecules increases, so 

does the intensity of radiation conversion. The efficiency of SHG increases proportionately 

with the increase in L-Arginine content in the crystal. The increased SHG efficiency of L-

Arginine doped KDP crystals is attributed to NH3+ and COO- groups in L-Arginine. These 
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optically active amino groups are responsible for the increase in non-centro symmetry, due to 

which the SHG efficiency increases. From the table, it may be possible that L-Arginine has a 

catalytic effect on the NLO properties of KDP. The increase in SHG efficiency is also likely 

attributable to the entry of the molecules and the formation of extra hydrogen bonds between 

the molecules and the crystal’s growing face. Achieving second-order effects requires a 

favourable alignment of the molecule inside the crystal structure [50], which appears to be 

aided by doping. It has also been observed that changing the molecular orientation by inclusion 

complexation can substantially improve the SHG [51]. 

Table 14. Relative SHG efficiency of pure and L-Arginine (1 mol% and 2 mol%) doped 

KDP crystals 

Sample Relative SHG Efficiency 

Pure KDP - 

KDP + Ar 1% 3 

KDP + Ar 2% 2 

 

4. Conclusion: 

The pure and L-Arginine (1 mol% and 2 mol%) doped KDP crystals were successfully 

grown at room temperature with a slow evaporation technique. The obtained crystals were 

highly transparent. Powder XRD analysis revealed crystalline perfection and no substantial 

peak shifting, suggesting that the dopant L-Arginine atoms/molecules are accommodated 

adequately in the KDP crystal structure. The dielectric constant and dielectric loss decrease 

with applied angular frequency for all crystals due to electric dipole’s inability to comply with 

the applied field and lattice defects produced within crystals. The a. c conductivity of doped 

KDP crystals is observed to be enhanced compared to pure KDP crystals suggesting the 

generation of defects in the lattice. From Jonscher’s plots, we observed that L-Arginine doped 

KDP crystals follow the Correlation Barrier Hopping (CBH) conduction mechanism. Based on 

the conduction process taking place, we calculated the values of binding energy (Wm) and 

density of state at Fermi level [𝑁(𝐸𝑓)]. The incorporation of L-Arginine in the KDP lattice is 

confirmed by amino acid functional groups in the doped KDP spectra. Minor structural changes 

in the KDP crystalline matrix are caused by L-Arginine doping, evidenced by small shifts in 

vibrational frequencies in doped KDP crystal’s FT-IR spectra. The bandgaps of L-Arginine (1 

mol% and 2 mol%) doped KDP crystals are greater than those of pure KDP crystals. These 

findings suggest that the materials are suitable for the manufacture of optical devices. Doping 
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KDP crystal with L-Arginine (1 mol% and 2 mol%) successfully changed the transmittance 

cut-off, extinction coefficient, and refractive index in the visible area, critical for UV-tunable 

lasers, holographic data storage, and photonic devices. The huge magnitude of optical 

conductivity (1010 s-1) confirms the presence of a very high photo responsive nature of the 

material. Crystals with low Urbach energy (Eu) values have a high degree of crystalline 

perfection. The PL emission spectra of pure and doped KDP crystals show that L- and D-

defects exist in doped and pure crystals. In the PL emission spectra, electron and hole 

recombination at various photon energies has been observed. The Nd: YAG laser was used to 

examine the NLO properties of pure and doped crystals. The SHG efficiency of L-Arginine 

doped KDP (1 mol%) crystal was 3 times that of pure KDP, suggesting that it might be used 

in frequency conversions and other applications. 
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