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At room temperature, a semi-organic single crystal of glycine coupled with ammonium bicarbonate (GABIC) was developed using a 

standard approach. Spectroscopic examination confirmed its composition and X-ray diffraction revealed a monoclinic structure. FT-IR 

spectroscopy identified functional groups, whereas UV-visible and fluorescence spectra exhibited the optical and electrical properties, 

including an optical band gap of 4.49 eV. Several optical metrics were measured, including the extinction coefficient and reflectance. 

Vickers microhardness tests validated its classification as a soft material and mechanical parameters such as hardness number and fracture 

toughness were measured. Scanning electron microscopy was used to analyse surface morphology and dielectric measurements were also 

measured. The laser-induced damage threshold of the GABIC crystal was evaluated using a Q-switched Nd:YAG laser, demonstrating its 

ability to withstand high optical intensities. Nonlinear optical analysis conducted through the open-aperture Z-scan technique yielded a 

nonlinear absorption coefficient () of 0.95 × 1010 m W–1, confirming the strong potential of GABIC for optical limiting applications. The 

incorporation of glycine significantly influenced the spectral response of crystal, enhanced its optical transparency and improved its 

mechanical stability, thereby contributing to its multifunctional performance in advanced photonic and optoelectronic systems. 
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INTRODUCTION 

 Single-crystal growth plays a crucial role in advancing 

modern science and technology, particularly in the production 

of electronic devices [1,2]. Consequently, researchers are 

continuously striving to develop single crystals rapidly and 

cost-effectively. Nonlinear optics (NLO) is a dynamic inter-

disciplinary field dedicated to the development of single 

crystals exhibiting nonlinear optical properties and investi-

gating their applications across diverse technologies. These 

include second harmonic generation (SHG) [3,4], amplitude 

[5] and phase modulation [6], laser technology [7,8], optical 

switching [9], phase matching, telecommunications [10], as 

well as optical communication and storage devices [11,12]. 

The quest for sophisticated single crystals with exceptional 
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qualities has accelerated over the past 40 years due to their 

wide range of applications in microelectronics [13], semicon-

ductors [14], photonics [15] and sensors [16]. Glycine stands 

out among amino acids due to its exceptional chemical versa-

tility, which enables it to interact with both cations and anions 

due to its dual acid-base nature.  

 The majority of naturally occurring amino acids have 

NLO qualities, with glycine having the most basic structure but 

being extremely important due to its optical properties [17,18]. 

Glycine, a structurally versatile amino acid existing in three 

polymorphic crystalline forms, has been widely employed to 

enhance both linear and nonlinear optical properties, with its 

crystal growth behaviour being strongly governed by reactor 

configuration, solution chemistry and external growth condi-

tions [19], making amino acids particularly suitable for the 
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development and investigation of nonlinear optical crystals 

[20,21]. 

 This study reports the growth of glycine ammonium 

bicarbonate (GABIC) single crystals using the slow evapor-

ation solution growth method. The formed crystals were exten-

sively analysed using various techniques, including X-ray 

diffraction (XRD), UV-Vis-NIR spectroscopy, laser damage 

threshold (LDT) analysis, Fourier transform infrared (FT-IR) 

spectroscopy, fluorescence studies, dielectric measurements 

and scanning electron microscopy with energy dispersive X-ray 

spectroscopy (SEM-EDX). Moreover, the structural integrity, 

optical transmittance, defect analysis and mechanical proper-

ties were evaluated using Vickers microhardness testing. 

EXPERIMENTAL 

 Crystal growth and material synthesis: The glycine-

ammonium bicarbonate (GABIC) crystal was synthesised at 

room temperature using a 1:1 molar ratio of NH4HCO3 and 

glycine dissolved in deionised water. The solution was mag-

netically agitated for 4 h to ensure uniform mixing and the 

saturated solution was filtered into a beaker before being treated 

using the slow evaporation solution growth method to obtain 

high-quality and transparent crystals. Fig. 1 shows the image 

of the synthesized GABIC crystals. 

 

 

Fig. 1. Photograph of GABIC crystal 

 

 Instrumentation: The Bruker Enraf Nonius CAD4 diff-

ractometer was used for single-crystal X-ray diffraction (XRD). 

The UV-visible spectrum of the GABIC crystal was acquired 

at room temperature with a Perkin-Elmer Lambda 35 spectro-

meter in the 200-1100 nm range. Fourier transform infrared 

(FT-IR) spectrum was collected using a Bruker Tensor 27 

spectrometer at ± 2 resolution in the mid-IR band (4000-400 

cm–1). Fluorescence spectrum was examined at room temp-

erature with a Varian Cary Eclipse fluorescence spectrometer. 

Dielectric characteristics were evaluated using an HIOKI 

3532-50 LCR HiTester at frequencies ranging from 5 Hz to 50 

MHz. Surface morphology was studied at various magnifica-

tions using a Quanta FEG-250 scanning electron microscope. 

An Nd:YAG Q-switched laser with a pulse width of 20 ns was 

used to determine the laser damage threshold. The Z-scan 

technique was performed using a Q-switched Nd:YAG laser 

operating at its second harmonic wavelength of 532 nm. 

RESULTS AND DISCUSSION 

 Single crystal X-ray diffraction: The synthesised crystal 

was subjected to single-crystal X-ray diffraction (sXRD) 

investigation with a Bruker Enraf Nonius CAD4 diffractometer, 

revealing a monoclinic structure. Table-1 shows the lattice 

properties as compared to the starting material. While the 

doped crystal maintains the same general structure as the base 

molecule, the addition of the dopant has caused slight struct-

ural changes, as shown by the modest variation in lattice 

characteristics between the GABIC crystal and pure glycine 

[22]. Despite the similarities in the crystal systems of both the 

parent and synthesised crystals, the introduction of the dopant 

has resulted in slight variations in the lattice constants (Table-1). 

 FTIR studies: The produced crystals were crushed into 

a fine powder with a mortar and pestle and examined using 

FT-IR spectroscopy. The presence of glycine in the NH4HCO3 

crystal was subjectively confirmed using spectra taken in the 

4000-400 cm–1. Glycine ammonium bicarbonate (GABIC) 

crystal FT-IR spectrum is shown in Fig. 2, and a comparison 

of the functional group distribution in GABIC single crystal 

with pure glycine and other comparable crystals is presented 

in Table-2.  The -OH stretching band at 3167 cm–1 shows sensi-

tivity to hydrogen bonding in the crystal lattice, whereas the 

-CH stretching at 1333 cm–1 validates the zwitterionic form 

of glycine. Moreover, the -CH3 stretching vibrations of amino 

acids are appear at 1450 cm–1. The existence of these distinc-

tive vibrations of doped crystals indicates that glycine impu-

rities were successfully incorporated into the crystal structure. 

 Optical studies: The crystal formed by reacting glycine 

with NH4HCO3 exhibits low UV transmission, making it an 

excellent candidate for UV shielding applications. Furthermore, 

its strong transmission in the visible region suggests suita-

bility for second harmonic generation (SHG) applications. 

 Fig. 3a presents the transmission and absorption curves for 

UV light, demonstrating that the crystal achieves over 90% 

optical transparency in the visible spectrum. This high transp-

arency highlights its potential for nonlinear optical uses. The 

optical transmission spectrum, recorded with a UV-visible 

spectrometer, covers the range from 200 to 1100 nm. The crystal 

shows a cutoff wavelength at 240 nm and maintains good  

 

TABLE-1 

LATTICE PARAMETER FOR GROWN CRYSTAL 

Crystal a (Å) b (Å) c (Å) α = β  Cell volume (Å) Crystal system 

Pure glycine 5.012 11.971 5.457 90º 111.71 308.620 Monoclinic 

GABIC 5.102 11.971 5.458 90º 111.70 309.698 Monoclinic 
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Fig. 2. FT-IR spectrum of glycine ammonium bicarbonate (GABIC) 

 

transmittance throughout the visible range, making it ideal for 

the optical window applications. 

 The transmission data were thoroughly analysed to deter-

mine key optical parameters including transmittance, absorp-

tion, reflectance, absorption coefficient, optical band gap and 

refractive index. The optical absorption coefficient () was 

calculated using the following equation: 

  
1 1

log
t T

 
 =  

 
  (1) 

where T represents transmission and t is the crystal thickness.  

For high photon energies (h) near the absorption edge, the 

crystal’s absorption coefficient () follows the equation below, 

where T represents transmission; and t represents crystal thick-

ness: 

  Αhν =A(hν-Eg)1/2 (2) 

 After initially viewing (h)2 and h, the crystalline 

material’s band gap was calculated, as shown in Fig. 3b. 

 This was accomplished by extending the linear region at 

the energy level, yielding a correctly calculated band gap of 

6.3 eV. Because of its large band gap, the glycine-ammonium 

bicarbonate crystal is an excellent choice for optoelectronic 

applications [26]. The band gap (Eg) and extinction coefficient 

(K) are important optical factors in determining crystal mate-

rial potential. The equation below expresses the relationship 

between the extinction coefficient (K) and reflectance (R): 

  K
4


=


  (3) 

  
1 1 exp( xt) exp( t)

R
1 exp( t)

 − − + 
=

+ −
  (4) 

 The development of optoelectronic devices can be optim-

ised to acquire materials appropriate for device manufacture 

by adjusting these parameters. The change in reflectance (R) 

and extinction coefficient (K) with increasing photon energy 

is shown in Fig. 3c-d [27]. Therefore, GABIC crystal is a 

viable option for optical applications due to its low reflec-

tance and extinction coefficient, which indicate that it has 

good transmittance [28,29]. 

 The Urbach relation (eqn. 5) was used to determine the 

absorption coefficient () [30]. The increase in  value with 

incident photon energy (h) prior to the absorption edge 

indicates the crystalline structure of the GABIC crystal.  

 The Urbach equation is given as: 

  
0

u

h
h exp

E

 
  =   

 
 (5) 

where h denotes Planck’s constant, Eu denotes the Urbach 

energy, which stands for depth-of-tailed levels that stretch 

beyond prohibited electronic territory. High crystallinity in 

the crystal is shown by the linear part of the plot between log 

 and photon energy (h), which has a slope of 4.124 (Fig. 

3e). By using the reciprocal of the slope value, the Urbach 

energy (Eu) was calculated to be 0.2248, however, its low value 

indicates that the grown GABIC crystal possesses minimal 

structural disorder and a low density of defects [31]. 

 Fluorescence studies: The fluorescence spectrum recor-

ded in the range of 235-900 nm (Fig. 4) exhibited prominent 

blue emission peaks at 449.64 and 484.71 nm, while a comp-

aratively weaker emission observed at 520.69 nm, attributed 

to the metal-related interactions, confirmed the presence of 

greenish luminescence. These transitions are equivalent to –∗ 

electronic transitions. Furthermore, the peaks at 660.03 nm 

TABLE-2 

COMPARISON OF IR BANDS IN GABIC AND DOPED CRYSTALS 

Pure glycine [23] 
Glycine ammonium 

bicarbonate crystal (GABIC) 

Glycine doped 

ZnSO4·H2O crystal [24] 

Glycine doped LAHCL 

crystal [25] 
Assignments 

696 697 694 – Carboxylate group 

– 892 894 891 Stretching C-C 

– 1033 1033 1051 C-C-N 

1112 1112 1111 – NH3
+ group 

– 1131 – 1131 Wagging NH2 

1311 1333 1327 – CH stretching vibration 

1492 1443 1442 1459 CH3 bending 

1554 1519 – 1519 NH3
+ symmetric deformation 

– 1590 – 1596 COO– assymtric stretching 

2126 2123 – –  

– 2826 – 2831 CH2 symmtric stretching 

– 3168 3170 3170 O-H stretching 
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and 668.32 nm correspond to red light emission indicating a 

low-energy transition level impacted by the surrounding env-

ironment. This effect causes high fluorescence emission in the 

red area. 

 Vicker micro hardness analysis: Vickers microhard-

ness testing was used to assess the mechanical properties  

of the crystals and all static indentation measurements were 

taken at room temperature at the interval period of 10 s.  

The tests were conducted on defect-free crystals with smooth 

and flat surfaces. The crystal was securely fastened to the 

base of the microscope to provide the stability during the 

indentation procedure. Indentations were precisely produced 

with loads ranging from 25 to 100 g. As the applied pressure 

increased to 100 g, cracks appeared around the indentation 

point, illustrating the material’s response to increased stress 

(Fig. 5).  

 The Vickers microhardness (Hv) was determined using 

the following formula: 

  
2

v 2

1.8544P
H (Kg/mm )

d
=  (6) 

where Vickers hardness (Hv) was measured in G Nm–2, pene-

tration force (P) was measured in N and indentations diagonal 

length (d) was measured in m.  

 

Fig. 3. (a) Absorbance and transmittance curves, (b) photon energy (eV) versus (αhν) (eV)2, (c) photon energy (eV) versus extinction 

coefficient (K), reflectance (R), (d) variation of absorption coefficient (α) with reflectance (R), extinction coefficient (K) and (e) plot 

eV versus ln (α) 
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Fig. 4. Fluorescence spectrum of GABIC crystal 

 

 
Fig. 5. Plot of the Vickers hardness number and the applied load 

 

 Fig. 5 depicts the relationship between Vickers hardness 

number and applied load. A linear correlation between log P 

and log d was observed (Fig. 5), yielding a Meyer’s index 

value of n = 3.18, and since n > 2, the grown crystal can be 

classified as mechanically soft. 

 The yield strength (y) was derived from the hardness 

value using eqn. 7 [32]: 

  2v
y

H
(N/m )

3
 =   (7) 

 Using Wooster’s law, the elastic stiffness constant (C11) 

was calculated empirically. 

  C11 = (Hv)7/4 (8) 

 In addition to material toughness, fracture toughness 

(Kc) quantifies a material’s ability to resist crack propagation 

under continuous stress. This property plays a crucial role in 

determining the mechanical stability of the material. The 

fracture toughness was calculated using eqn. 9: 

  c 2/3

P
K

( C) −
=


  (9) 

 The crack length (C), measured from the indentation 

center to the crack tip, corresponds to the Vickers indenter 

constant, which is set at 7. 

 Another essential mechanical characteristic is brittle-

ness, which defines the material’s tendency to fracture under 

stress without significant plastic deformation. The brittleness 

index (Bi) was calculated using eqn. 10: 

  v

c

H
Bi

K
=  (10) 

 The parameters, such as yield strength (σy), brittleness 

index (Bi), stiffness constant (C11) and fracture toughness (Kc), 

are listed in Table-3 under various loads (P) [33]. 

 Dielectric studies: A dielectric characteristics of the 

material provide information about the polarisation mech-

anisms, the behaviour of electric field at the atomic level and 

the general quality. The polarisation effects are reflected in the 

movement of charges within the material. Eqns. 11 and 12 

was used to calculate the dielectric loss (′′) and dielectric 

constant (′): 

  
0

C d

A


 =


 (11) 

  tan  =    (12) 

where d represents the thickness of crystal; C is the capaci-

tance; and A is the surface area. The relationship among the 

electronic, ionic, orientational and space-charge polarizations 

accounts for the observed decrease in dielectric constant with 

increasing frequency. These two depict the relationship between 

the two frequencies (Fig. 6a-b). Furthermore, the ′ decreases 

significantly as the frequency increases. In addition to the 

impurity dipoles, thermally generated charge carriers are 

responsible for the majority of the surge in high frequency. 

Similarly, dielectric loss reduces with frequency, as shown in 

Fig. 6b. At lower frequencies, the dielectric loss increases due 

to space-charge polarization, which is strongly affected by 

the purity and structural perfection of the crystal, while its 

overall magnitude is governed by the frequency-squared 

dependence of dielectric loss. 

 SEM studies: The surface morphology of GABIC crystals 

was examined using a scanning electron microscope (SEM), 

as shown in Fig. 7. The incorporation of NH4HCO3 into the 

glycine matrix resulted in the significant changes to the surface 

structure, producing smooth and defect-free crystal surfaces. 

However, the doping process slightly reduced the mechanical  

 

TABLE-3 

CALCULATED PARAMETER OF GABIC CRYSTAL 

Load P (g) Hv (kg mm–2) N σy (GPa) C11 (GPa) Kc (kg m–3/2) Bi × 105 

25 18.14 3.18 24.26 18.14 8.26 8.41 

50 31.40 3.18 33.20 31.40 11.52 22.14 

100 45.75 3.18 41.16 45.75 23.70 48.52 
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strength of the material. Despite this, the high-quality surface 

morphology makes GABIC crystals suitable for various opto-

electronic applications. The accompanying energy dispersive 

X-ray (EDX) analysis further confirmed the successful incor-

poration of ammonium ions into the glycine crystal lattice, as 

evidenced by the presence of characteristic elemental peaks.  

 Laser damage threshold (LDT) studies: A key factor 

restricting the practical use of optical crystals is their optical 

damage threshold. To evaluate this, the experiments were 

conducted on sample crystals using a Q-switched Nd:YAG 

laser with a pulse width of 10 ns and a repetition rate of 10 

Hz. A laser damage threshold of 37.04 GW/cm2 was achieved 

by gradually increasing the focus along the optical axis while 

guiding the beam. The current findings verified that this thre-

shold exceeds the energy levels required to cause fractures on 

the crystal surface. Analysis of both the laser beam energy 

and resulting damage confirmed that this threshold surpasses 

the energy required to induce surface cracks. Remarkably, 

this number exceeds that reported for the different nonlinear 

optical (NLO) materials, listed in Table-4, emphasizing its 

importance. 

 Z-Scan evaluation and optical limiting studies: Proposed 

by Sheik-Bahae et al. [40], the Z-scan method is widely emp-

loyed to characterize third-order optical non-linearities, parti-

cularly the nonlinear absorption coefficient of materials. This 

technique involves exciting the sample molecules with a 

Gaussian laser beam propagating along the Z-axis. 

 In this experiment, a Q-switched Nd:YAG laser opera-

ting at the second harmonic wavelength of 532 nm with an 

average pulse energy of 200 J was used. A convex len focused 

the laser beam, defining the focal point (where fluence is 

highest) as Z = 0. The GABIC sample was diluted in ethanol 

 

Fig. 6. (a) Dielectric constant vs. log frequency for GABIC and (b) dielectric loss vs. log for GABIC 

 

 

Fig. 7. Morphological analysis of GABIC crystal 
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to achieve a linear transmittance of approximately 70% and 

placed in a 1 mm thick quartz cuvette. The sample was then 

moved precisely along the Z-axis, toward and away from the 

focal point, using a computer-controlled stage, while the trans-

mitted intensity was recorded at various positions. Depending 

on its position relative to the focus, the sample transmitted 

more or less, which is attributed to light-induced nonlinear 

effects [41,42]. 

 The transmittance data at each Z-position were also 

analysed following the method proposed by Sheik Bahae et 

al. [40]. The experimental Z-scan results were fitted to estab-

lished nonlinear optical models to extract the relevant non-

linear optical coefficients. The equation used to determine the 

material’s nonlinear absorption coefficient is shown as:  

  0

S

dI
I I

dz (1 I/I )

 
= + 
 + 

  (13) 

where I is the laser intensity;  is the effective nonlinear 

absorption coefficient; and 0 is the linear absorption coeffi-

cient of the material. The open-aperture Z-scan curve (Fig. 8a) 

shows a decrease in transmittance as the sample approaches 

the focal point, characterised by a pronounced valley indi-

cative of reverse saturable absorption. The experimental data 

best fit a two-photon absorption (2PA) mechanism. Here,  

represents the effective 2PA coefficient, accounting for both 

genuine and sequential two-photon absorption contributions. 

The nonlinear parameters, including the saturation intensity 

(Is) and , were calculated from the best-fit curve. For the title 

compound, these values were estimated as Is = 62 × 1011 W 

m2;  = 0.95 × 10–10 M W–1. 

 Optical absorption and emission studies revealed that 

GABIC exhibits a strong UV absorption band at 240 nm and 

multiple visible emission peaks at 450, 485, 521, 660 and 668 

nm. When excited with a green laser, these emissions act as 

a two-photon absorption state at 240 nm and a near-resonant 

state at 521 nm, enabling successive two-photon absorption 

including excited-state absorption. This means GABIC under-

goes sequential two-photon absorption, where the first photon 

excites electrons to the green emission state and the second 

photon further elevates them to the UV band. This unique 

nonlinear absorption, driven by excited-state absorption, is 

the foundation of the compound’s optical limiting behaviour. 

 To further analyse the optical limiting properties, the 

energy flux, expressed as input fluence, was examined. Fig. 8b 

displays the energy distribution of the photon beam as a 

function of normalised transmittance, derived from the Z-scan 

measurements. Eqn. 14 was to determine the fluence (F(z)): 

  
2in

3/2

E
F(z) 4 ln(2) / ω(z)

  
=   

  
  (14) 

where Ein represents the laser energy and F(z) denotes the 

input fluence [43]. The optical limiting curve clearly demons-

TABLE-4 

COMPARISON OF LASER DAMAGE THRESHOLD (LDT) VALUE OF GABIC CRYSTAL WITH OTHER REPORTED CRYSTALS 

Crystal LDT values (GW cm–2) Ref. 

Glycine ammonium bicarbonate 37.04 Present work 

L-Methionine hydrogen phthalate 23.12 [34] 

L-Alanine sodium nitrate 14.51 [35] 

L-Proline cadmium chloride 4.747 [36] 

2-Amino-5-nitropyridinium nitrate (2A5NPN) 4 [37] 

Potassium titanyl phosphate (KTP) > 1.5-2.2 [38] 

2-Amino-5-nitropyridine 4-chlorobenzoic (2A5NP4CBA) 6.2 [39] 

 

 

Fig. 8. (a) Normalized transmittance with an open aperture as a function of Z position and (b) optical limiting curve for GABIC 
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trates the nonlinear optical behaviour of the system. Effective 

optical limiting performance requires materials with a low 

onset optical limiting threshold, which corresponds to the 

energy level at which nonlinear effects begin to manifest. For 

GABIC, the onset optical limiting threshold was determined 

to be 3.26 × 1012 W m–2. The characteristics of the optical 

limiting curve suggest that the strong excited state absorption 

(ESA) behaviour of GABIC crystals and contributes signifi-

cantly to its optical limiting capabilities. This nonlinear 

optical power limitation phenomenon restricts the output light 

intensity, making the material an effective optical limiter. 

Such materials are essential for protecting the photosensitive 

components from laser-induced damage. 

Conclusion 

 High-purity glycine ammonium bicarbonate (GABIC) 

single crystals were successfully grown at room temperature 

using the slow evaporation method. XRD analysis confirmed 

that the crystal retained the monoclinic structure of the start-

ing material, with only minor changes in cell parameters resul-

ting in a slight volume variation. The optical spectral analysis 

revealed an optical band gap of 5.16 eV and enhanced optical 

constants. Fluorescence studies further demonstrated the high 

crystalline quality of the grown GABIC crystal, with a promi-

nent blue emission peak observed at 449.69 nm. Mechanical 

stability and structural integrity were assessed via Vickers 

microhardness testing. The third-order nonlinear absorption 

coefficient was determined using the open-aperture Z-scan 

technique, while optical limiting experiments confirmed the 

suitability of GABIC crystal for such applications. Moreover, 

laser damage threshold (LDT) measurements validated the 

robustness of GABIC crystal, highlighting its promise for 

diverse optoelectronic applications. 
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