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Phosphite Single Crystal 
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Abstract: The main objective of this study is to grow and characterize optically transparent single crystals of Creatininium phosphite by slow evaporation 
technique at room temperature. Single crystal X-ray diffraction analysis confirms the lattice parameters and the centro symmetrical nature of the 
synthesized crystal. The optical constants such as band gap energy and refractive index of the grown crystal were evaluated by UV-visible transmittance 
spectral study. The HOMO, LUMO energy and the energy gap were calculated and analysed. Photoluminescence spectral study confirms the emission 
behaviour of the gown crystal. The theoretical non linear optical parameter such as dipole moment, polarizability, hyper polarizability and second order 
hyper polarizability were calculated and analyzed. Third order optical nonlinearity was confirmed by Z-scan technique. Second Harmonic Generation 
was confirmed by Kurtz Perry powder technique. Mechanical property of the grown crystal was analysed by using vickers microhardness analysis. 
 
Index terms: Monoclinic, band gap, nonlinear susceptibility, polarizability, mechanical property 

———————————————————— 

 

1.  INTRODUCTION  
In the recent years researchers have paid much attention to grow 

higher order optical nonlinear materials for their technical 

applications in the field of photonics, optical transformation 

processing, optical memory storage, electro optic switches and 

high speed information processing [1], [2], [3], [4]. While 

analyzing the NLO materials, the inorganic materials possess 

excellent thermal and mechanical properties but poor optical non 

linearity because of the absence of π electron delocalization. 

Whereas organic materials have high optical nonlinearity but their 

use is limited by low optical transparency, poor mechanical 

strength and low laser damaged threshold [5]. To avoid these 

difficulties, a new class of materials called semiorganic materials 

has been investigated because of their interesting non linear 

optical properties, stable physiochemical properties and good 

mechanical and thermal behavior in the field of device 

fabrication. By considering this, the aim of fabricating 

semiorganic materials with higher order optical nonlinearity has 

been increasing to incorporate them in all signal processing 

devices. While analyzing the structural geometry of compounds, 

the centrosymmetric materials fall under the category of higher 

order nonlinear optics [6], [7], [8]. To investigate third order NLO 

property of the transparent solids, Z-scan technique has been 

employed to determine the magnitude and sign of both real and 

imaginary parts of the nonlinear susceptibility [9]. Recently many 

complexes related to Creatinine were reported because of their 

strong coordination capacity due to the presence of several donor 

groups in its main tautomeric forms. Creatinine is a nitrogeneous 

organic compound found in our muscle tissue and it is excreated 

as a metabolic waste [10] 
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Recently many studies indicate that Creatinine is a good proton 

acceptor molecule and it has been complexed with some acids 

like succinic acid, 4-nitrobenzoic acid and fumaric acid to 

produce efficient NLO materials [11], [12], [13]. While analyzing 

the title compound, eventhough it is a centrosymmetric compound 

it obeys Second harmonic generation also. Due to its chemical as 

well as biological importance creatinine was taken as a base 

material to synthesize the title compound with phosphorus acid 

and its various physiochemical properties have been investigated 

in this article. 

2. EXPERIMENTAL PROCEDURE 

Commercially purchased creatinine (AR grade) and phosphorus 

acid (AR grade) were taken as starting material to synthesize the 

title compound. Calculated amounts (1:1) of Creatinine and 

phosphorous acid were dissolved in double distilled water at room 

temperature. The solution thus obtained is stirred well for about 6 

hours to attain homogeneity. After stirring, the resultant solution 

is filtered by using whatmann filter paper. The final saturated 

solution was covered and kept in a dust free environment for 

crystallization. Good quality single crystals have been harvested 

after a period of 15 days from the mother solution and the grown 

crystal is shown in fig. 1.  
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3. RESULTS AND DISCUSSION 
 
3.1 Structural analysis 
The single crystal X-ray diffraction of the synthesized single 

crystal has been carried out by using Bruker APEXII CCD 

diffractmeter with Mo Kα radiation(λ=0.71073Å). The grown 

crystal belongs to the centrosymmetric space group P21/c with 

monoclinic crystal system. The lattice parameters were found to 

be a=8.8083 Å, b= 6.6316 Å, c=15.068 Å and V= 863 Å
3
. These 

lattice parameter values matches well with the reported values 

[14]. The optimized geometrical parameters of creatininium 

phosphite was calculated at B3LYP/6-311G(d,p) level and the 

values are given in the table 1. The calculated values were 

compared with experimental values. From the table most of the 

C-C, C-N, C-O, P-O bond lengths were in agreement with the 

experimental value. The deviation present in calculated C-H bond 

length (approximately 1.09 Å) and the experimental C-H bond 

length (0.97 Å) is due to the solid state effects. The experimental 

N-H bond length (approximately 0.860 Å) shortening than the 

computed value due to the presence of intermolecular hydrogen 

bonding between oxygen and the N-H group within the unit cell. 

The possibility of intramolecular hydrogen bonding between 

Creatinine and phosphorus also observed. It is evidented from the 

lengthing of N10-H11 and N13-H15 than the other N-H bond, which 

is due to the formation of N-H….O hydrogen bonding between 

N10-H11, N13-H15 and O17, O18 respectively. The N10-H11….O17 

(2.59 Å) and N13-H15…..O18 (2.5716 Å) values are within the 

hydrogen bond limit (2.72 Å). It confirms the possibility of N-

H….O hydrogen bonding within the molecule. 

 
 
 
 
 
 

TABLE 1  
Optimized geometrical parameters  

Bond Length 
Calculated 

(Å) 
Experimental 

 (Å) 

C1-N10 1.4109 1.374 

C1-O16 1.1922 1.201 

C2-C1 1.528 1.503 

C2-H3 1.0928 0.970 

C2-H4 1.0934 0.970 

C5-N12 1.3342 1.322 

C5-N13 1.324 1.294 

C6-H7 1.0933 0.959 

C6-H8 1.0886 0.960 

C6-H9 1.092 0.960 

N10-C5 1.3596 1.359 

N10-H11 1.0225 0.860 

N12-C2 1.4661 1.452 

N12-C6 1.4615 1.440 

N13-H14 1.008 0.860 

N13-H15 1.0201 0.860 

P21-O17 1.5394 1.498 

P21-O18 1.5357 1.483 

P21-O19 1.5823 1.557 

P21-H22 1.4003 0.996 

O19-H20 0.9671 0.820 

 

3.2 UV-Visible spectral analysis 
UV-visible transmission spectrum of Creatininium phosphite 

single crystal was recorded in the range of 190-1200nm by using 

Perkin Elmer Lambda-25spectrometer (fig.3). This spectrum 

provides useful information about electronic transitions of the 

compound and band gap energy of the grown crystal. From the 

transmittance spectrum, the grown crystal possesses good optical 

transparency of about 90%. The optical cut off wavelength of the 

synthesized material was found to be 300nm which corresponds 

to π- π* transition.  

 
The optical absorption coefficient (α) near the absorption edge is 

given by Tauc’s relation [15], [16]. The plot of (αhʋ)
2
 versus hʋ 

has been used to determine the optical band gap of the 

synthesized material. Band gap energy can be estimated by 

extrapolating the linear portion near the onset of the absorption 

edge onto the photon energy (hʋ) axis. The optical band gap 
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energy of Creatininium phosphite is found to be 4.15 eV. 

Extinction coefficient of the material is termed as a measure of 

the fraction of light lost due to scattering and absorption per unit 

distance of the penetrating material and it can be evaluated by 

using the relation K= λα/4π. From the calculated values, we can 

infer that during the wavelength ranges from 300 nm to 1100 nm 

the extinction coefficient remains constant. The linear refractive 

index of the grown crystal was calculated by using the reflectance 

data as 1.92 from 300 nm to 1100 nm. The susceptibility (χc) can 

be evaluated as 2.6864 at λ=1100 nm by using the relation χc =  n
2
-

1 [17]. The real and imaginary part of the dielectric constant can 

be calculated by the relation ԑr = n
2
- k

2
 and ԑi = 2nk [18]. The 

values of ԑr and ԑi at λ=1100 nm are calculated as 3.584 and 

2.1059x10
-5

.   From, the electrical susceptibility calculations, it is 

concluded that the grown material can be polarized easily when 

the incident light is more intense and the optical study of the 

synthesized material reveals that the grown crystals has good 

optical quality and is applied in the field of photonics and 

optoelectronic devices. 

 

3.3 Frontier Molecular Orbital Energy and Molecular 
Electrostatic Potential 
The highest occupied molecular orbitals (HOMO) and the lowest-

lying unoccupied molecular orbitals (LUMO) are named as 

frontier molecular orbitals (FMO) and it plays an important role 

in the optical and electric properties, as well as in quantum 

chemistry [19]. The HOMO indicates the ability to donate an 

electron whereas LUMO as an electron acceptor and it denotes 

the ability to obtain an electron. The energy gap between HOMO 

and LUMO confirms the kinetic stability, chemical reactivity, 

optical polarizability and chemical hardness–softness of a 

molecule [20], [21]. In the present study the molecular HOMOs 

and LUMOs have been computed using Gaussian 09 software 

program. The HOMO and LUMO plots are given in figure 4. 

From the figure, it shows that the HOMO is largely localized on 

phosphite molecule and LUMO is delocalized on the imidazole 

ring of creatinine.  

 
The HOMO–LUMO gap (∆E) is an important parameter for 

predicting the nonlinear optical properties (NLO) of molecular 

systems and a low ∆E value indicates more ease of electronic 

transition and hence better NLO properties of a molecule. We make 

comparison with urea, a well known molecule used for comparative 

purpose to predict the NLO of molecular systems [22]. The ∆E 

value of the crystal is calculated as 4.451 eV, which is lower than 

the normal value. From this point of view, the calculations predicted 

that the synthesized compound can be used as an effective material 

in NLO application. The important consequence of MEP lies in the 

fact that it concurrently displays molecular size, shape and 

electrostatic potential regions in terms of color grading (figure 5) 

and is very useful in the field of molecular structure with its 

physiochemical property relationship [23], [24], [25], [26].  

 
The different values of the electrostatic potential at the MEP surface 

are represented by different colors; red, blue and green which 

represent the regions of most negative, most positive and zero 

electrostatic potential, respectively. The color code of these maps is 

in the range between -0.0743e (deepest red) to 0.0742e (deepest 

blue) in compound, where blue indicates the strongest attraction and 

red indicates the strongest repulsion. Figure 5 shows that the 

positive regions are accumulated at the creatinine group and the 

most of the negetive region are accumulated at the phasphite ion 

region, and so the charges are transfered from positive to negative 

inside the molecule. This leads an effective charge transfer 

interaction and increasing behaviour of the NLO activity of the 

synthesized creatininium phosphite single crystals. 

 
3.5. Photoluminesence spectral analysis 
The emission spectrum of Creatininium phosphite single crystal 

was recorded by Perkin Elmer LS 45 flourescence 

spectrophotometer in the range of 300-600 nm and is shown in 

the fig. 6. The excitation wavelength used is 300 nm. From the 

plot, emission peak of maximum intensity was observed at 416 

nm and it is observed due to the shift of phosphite ions from their 

excited state to ground state. The emission intensity at 416 nm 

indicates that the grown crystal is in violet fluorescence emission 

region [27]. The high intense beam of the PL emission peak 

reveals the more crystalline perfection and the absence of 

additional peaks indicates the purity of the synthesized material. 

From the PL emission behaviour the synthesized material might 

have been used to design violet LED’s. 
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3.6 Non linear optical analysis 
 
3.6.1 Dipole moment, Polarizability and 
Hyperpolarizability analysis 
Density functional theory has been used as an effective tool to 

investigate the non-linear optical (NLO) materials. The electric 

dipole moment μ polarizability α, the hyper polarizability β and first 

order hyperpolarizability γ of the of title compound are calculated 

by finite field method using B3LYP/6-311++G(d,p) basis set 

available in Gaussian 09 package. The dipole moment μ, of the 

grown crystal is calculated using DFT level and the total dipole 

moment of the synthesized material was found to 3.845 Debye. The 

static polarizabilities of the title compound is calculated, which is 

found to be 1.6326x10
-23

 e.s.u,.  The dynamic polarizabilities are 

found to be 6.61428x10
-24 

e.s.u.  From the above result the static and 

dynamic polarizability of the grown crystal material is 

comparatively larger than the NLO reference material [28], [29], 

[30]. The first order hyperpolarizability of the grown crystal is 

calculated at DFT level and is found to be 3.1123x10
-30

e.s.u. 

respectively. The β values of the grown crystal is large than the 

reference material. The increase of polarizability corresponds to the 

increasing of charge transfer interaction inside the molecule [31]. 

The theoretical second order hyperpolarizability was calculated 

using Gaussian 09 software and the calculated average second order 

hyperpolarizability of the grown crystal was found to be 

2.14914x10
-39

e.s.u [32], [33], [34]. 

 

3.6.2 Z-Scan analysis 
Z-scan technique is used to investigate the non linear optical 

properties and the limiting perfection of the compound, for which 

a laser pulse of 532 nm, 8 ns duration and 128 µJ are used. The 

two main parameters required to determine the third order non 

linear susceptibility (χ
(3)

) were non linear absorption coefficient 

(ß) and the sign and magnitude of non linear refraction (n2) [35], 

[36]. These two parameters were determined simultaneously by 

using Z-scan technique. Closed aperture Z-scan experiment can 

be performed to determine the non linear refractive index and the 

non linear absorption coefficient was determined by using open 

aperture z-scan experiment. An open aperture Z-scan trace of the 

title compound was shown in the fig 7. The nonlinear optical 

absorption coefficient (β) is related to intensity dependent 

absorption coefficient α(I)=α0/(1+(1/Is)), where Is is the 

saturation intensity. 

 
In the case of open aperture measurement, the normalized 

transmittance as a function of position along the z axis can be 

represented as  

                       T(Z,S=1)=∑
           

        
 
    for |q0|<1                  (1)                                                             

where q0(z,0) = ßI0(t)Leff and Leff = (1-e
-αt

 )/α is the effective 

thickness with the linear absorption coefficient α, I0 is the 

irradiance at the focus. For Creatininium phosphite single crystal 

the measured transmittance forms a valley at the focus which is 

known as reverse saturable absorption and the respective ß value 

is 0.2561 x10
-12 

m/W, which is known as positive type of non 

linear absorption. The third order non linear susceptibility of the 

compound is calculated as 3.7347x10
-14 

esu. The comparatively 

high value of nonlinear absorption coefficient illustrates that the 

synthesized material has potential for optical limiting applications 

and this material does not obey closed aperture measurement. 

 
3.6.3 Second Harmonic Generation analysis 
The Second Harmonic Generation efficiency (SHG) of the 

synthesized crystal was evaluated to confirm the nonlinear optical 

property by using Kurtz and Perry powder technique. The 

powdered sample of grown creatininium phosphite and KDP 

crystal were made as pellet and loaded in Q switched high energy 

Nd:YAG laser with wavelength 1064 nm. To measure the SHG 

output, an input beam of 0.701 J and pulse width of 10 ns was 

passed through the sample. The green light emission from the 

sample confirms the second order NLO property. The output 

energy of the grown crystal is found to be 7.21 mJ and KDP is 

8.91 mJ. The SHG efficiency of the grown crystal is 0.81 times 

that of KDP. In contrast to theory, the synthesized material 

crystallized in centrosymmetric space group, but displays 

significant SHG output. Table 2 gives the earlier reported 

centrosymmetric materials exhibiting SHG efficiency [37], [38], 

[39]. The reason behind is due to the strong inter molecular 

hydrogen bonding and effective charge transfer interactions 

between donor and acceptor system as evidenced from Frontier 

Molecular Orbitals. The theoretical hyperpolarizability 

calculations also confirm the second order nonlinearity of the 

synthesized material. 
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Table 2: SHG efficiency of various centrosymmetric materials 

 

S.No Sample Space group 
SHG with 

KDP 

1 Benzimidazolium salicylate P21/𝑐 0.7 

2 Glycine picrate P21/𝑎 2.34 

3 Guanidinium trifluoroacetate Pbcn 0.87 

4 R,S-serine P21/𝑎 0.02 

5 
Diimidazolium dipicrate 
monohydrate  

P21/𝑚 0.2 

6 
Creatininium phosphite (present 

work) 
P21/𝑐 0.81 

 

3.7. Optical Limiting studies 
An important application of non linear optics is optical limiting 

behaviour and the materials obeying this property are used in 

developing devices for human eye protection and solid state 

sensors from intense laser beams. This behaviour is due to two 

photon absorption and when excited state aborption is greater 

than ground state absorption, the material show RSA behaviour. 

The optical limiting materials are transparent at low input fluence 

and opaque at high input fluence [40]. The efficiency of optical 

limiting materials are derived from the optical limiting threshold 

(OLT) and the optical limiting curves (fig 8) are extracted from the 

open aperture Z-scan curves using the relation 

                            Iz=
  

   
  

    
                                   (2)               

where I0= E/πω0
2
τ, E is the energy of the pulsed laser. From the 

plot of input fluence versus normalized transmittance, the OLT 

value can be calculated. The intensity used for this measurement 

is 1.12 GW/cm
2
. The OLT value of the synthesized material was 

found to be 9.394 J/cm
2
. The low OLT value of the title compound 

reveals the suitability for developing optical limiting devices. 

 
3.8 Microhardness analysis 
The mechanical behavior is an important point in selecting the 

bulk crystal for cutting, polishing and grinding during device 

fabrication. The hardness measurement was carried out by using 

Vickers microhardness tester fitted with diamond pyramidal 

indenter. The indentation load varies from 25g to 100g with 

constant time of 10 secs. The Vickers hardness number Hv was 

determined by using Hv = 1.8544P/d
2
 Kg/mm

2
, where P is the 

applied load (Kg) and d is the average diagonal length of the 

indentation respectively. The hardness number and load were 

related in the fig. 9. For an indentation load above 100g, cracks 

were initiated on the crystal surface due to the release of internal 

stress initiated by indentation. 

 
Meyer’s index value (n) is calculated from the plot of log P vs log 

d and it is found to be 2.5 from the slope. The grown material 

belongs to soft material category.  

 

The yield strength (σy) is calculated by using σy = 
  

   
   

       
         

       
}

n-2 
for n>2 [41]. The elastic stiffness constant 

(C11) was obtained from Wooster’s emprical relation C11=(Hv)
7/4

 

[42].  The values of yield strength (σy) and elastic stiffness 

constant (C11) were calculated by using the above relations and 

the calculated values are depicted in table 3. These values give an 

idea about the tightness of bonding between the neighboring 

atoms and good mechanical strength of the synthesized material.   

 

TABLE 3 

Yield Strength and Elastic Stiffness of grown Creatininium 

phosphite single crystal 
Load 

P 

(g) 

Hv  

(Kg/mm2) 

Hv  

(GPa) 

Yield  

Strength 

(GPa) 

Elastic 

Stiffness 

(GPa) 

25 52.9 0.5191 0.3168 0.3174 

50 59.85 0.5869 0.3582 0.3935 

100 78.5 0.7698 0.4698 0.6326 
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4. Conclusion 
An optically good quality single crystal of creatininium phosphite 

was grown by slow evaporation technique at room temperature 

and the synthesized crystals are appeared to be highly transparent 

and colourless. Single crystal X-ray diffraction study reveals that 

the grown crystal belongs to monoclinic crystal system with 

centrosymmetric space group. The optimized geometry of the title 

compound was analyzed and compared with experimental values. 

The optical parameters such as optical band gap (Eg), refractive 

index (n) and susceptibility (χc) have been calculated as a function 

of wavelength. The emission behaviour, fluorescence nature and 

the purity of the synthesized title compound have been analysed 

by using photoluminescence spectral analysis. The theoretical non 

linear optical parameters were calculated and analyzed. The 

second order nonlinearity has been confirmed by using Kurtz 

Perry powder technique. The third order nonlinearity was 

confirmed by Z scan analysis. The optical limiting property of the 

material has also analyzed. The mechanical behaviour has been 

studied by using Vickers microhardness measurement and it 

reveals that the grown crystal belongs to the class of soft 

materials. 
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