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ABSTRACT

In this study, the metal cation potassium-doped organo-cadmium compound

has been prepared from the chemical reaction between amino acid and metal

complexes by slow evaporation technique. The resultant compound belongs to

monoclinic crystal system with two ligancies and a two-fold configuration. The

presence of potassium metal via the organo-cadmium compound has been

estimated using energy-dispersive X-ray analysis. The optical characteristics

and bandgap edges calculations show that it is a good insulator for energy

storage applications. The integration of potassium causes disruption within the

parent compound’s host lattice, resulting in an increase in static permittivity.

Furthermore, the influence of potassium increases Fermi velocity, Fermi tem-

perature, and plasma energy, according to theoretical studies. Potassium also

improves thermal stability and magnetic properties. Using a Neodymium-

doped Yttrium Aluminum Garnet (Nd-YAG) laser, the crystal’s nonlinear

optical property was investigated.

1 Introduction

Nowadays, the developments of new organometallic

compounds with excellent optical and dielectric

properties are attracted toward the researchers due to

its biocompatibility and sensor applications [1].

Organometallic species belong to the general class of

coordination compound and they have synthesized

with a wide variety of organic substrate [2].

Nonlinear optical organometallic crystals with higher

Second Harmonic Generation (SHG) efficiency and

Ultra Violet (UV)-Visible transparency are necessary

for numerous device applications [3, 4]. In this

regard, amino acid organometallic crystals are

important candidates for NLO applications because

of its non-centrosymmetric and zwitterionic struc-

ture. The material’s superior optical, thermal, and

magnetic stabilities lead to their extensive use in a
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number of device applications [5]. Because of its

higher melting temperature, higher density, and

lower strength, potassium acetate, an essential

macromineral, has been used in the paper and textile

industries as a de-icer, fire extinguisher, preservative,

acid regulator, catalyst, and softening agent [6]. L-

threonine cadmium acetate monohydrate (LTCA), a

biocompatible solid-state material, has wide indus-

trial applications such as binder, additives, resist

humid atmosphere [7–9].

Organometallic compound L-threonine cadmium

acetate monohydrate (LTCA) has been successfully

crystallized by slow evaporation technique at room

temperature and its detailed structural parameters

are reported [10]. Initial interest in the structural

property of the compound was extended to investi-

gate various properties like optical, dielectric, ther-

mal, and a nonlinear optical property which was

reported earlier [11]. LTCA crystal experiences lower

UV cutoff wavelength and good dielectric material

and exhibits diamagnetic behavior. Followed by this,

we recently reported the effect of zinc and lead as a

dopant on the structural, optical, and magnetic

properties of L-threonine cadmium acetate crystal

[12]. In the present work, our aim is to give a brief

description of potassium (K)-doped LTCA crystal

with improved optical, thermal, dielectric, magnetic,

and nonlinear optical properties.

2 Materials and methods

2.1 Synthesis

Potassium-doped L-threonine cadmium acetate

monohydrate has been prepared from biomass as the

L-threonine and metal organic frame as the cadmium

acetate dihydrate in a stoichiometric proportion. This

is followed by doping 0.3 mol percentage of potas-

sium cation by the treatment of potassium acetate.

Deionized water is utilized as a solvent during the

series of chemical reactions. The resulting solution is

mechanically stirred and then continuously heated to

40 �C until it becomes dry. After cooling, a homoge-

nous solution was prepared by thoroughly dissolving

the mixture in the solvent. The prepared solution was

filtered and allowed for slow evaporation. After

25–35 days, a good-quality crystal of potassium-

doped LTCA was harvested as shown in Fig. 1.

2.2 Characterization

The X-ray diffractometer system with the X’Pert pro

family of multipurpose PAN analytical diffractome-

ter was used to determine the crystal structure of the

grown potassium-doped crystal. Continuous scan-

ning was employed in the 10–70� range with a scan

time of 10.16 s. The crystalline planes were deter-

mined using the INDEX software package. The lattice

parameters and crystallographic axes were computed

using a Bruker Kappa APES II single-crystal X-ray

diffractometer with MoKa (k = 0.71073 Å) radiation.

Elemental confirmations were carried out using the

EDAX analysis OXFORD XMX N model.

The transmittance spectrum has been recorded

using UV spectrophotometer (ELICO) for the grown

crystal. The optical bandgap (Eg) of K? ion-doped

LTCA at the lower cutoff wavelength (k) is evaluated
using the relation [13],

Eg ¼ hc

k
ð1Þ

where h is the Planck’s constant and c is the velocity

of light. Furthermore, the position of the valance and

conduction band [14] of the potassium-doped com-

pound can be determined using the relations as

follows;

EðCBÞ ¼ v � Ec�0:5Eg ð2Þ

EðVBÞ ¼ EðCBÞ þ Eg ð3Þ

v represents the absolute electronegativity of the

compound, calculated as the arithmetic mean of

electron affinity and first ionization energy. Ec

denotes the energy of free electrons on the hydrogen

scale, i.e., 4.5 eV, where E(CB) is the band edge

Fig. 1 Grown K? ion-doped LTCA

  181 Page 2 of 9 J Mater Sci: Mater Electron          (2023) 34:181 



position of the valance band, E(VB) is the band edge

position of the conduction band.

Refractive index is considered as the most impor-

tant optical property of the crystal. In order to

determine the refractive index of the crystal, the

absorption coefficient (a), extinction coefficient (K),

and reflectance (R) were evaluated using the follow-

ing relations [15–17];

a ¼
2:303� log 1

T

t
ð4Þ

K ¼ ka
4p

ð5Þ

R ¼ exp �atð Þ þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

exp �atð ÞT� exp �3atð ÞTþ exp
p

ð�2atÞT2

exp �atð Þ þ exp �2atð ÞT
ð6Þ

where t is the thickness of the crystal and T is the

transmittance value.

Therefractiveindex; n ¼ �ðRþ 1Þ þ 2
ffiffiffiffi

R
p

R� 1
ð7Þ

Furthermore, the electrical susceptibility (vc) is

obtained using the following relation [18],

vc ¼ n2 � K2 � e0
4p

ð8Þ

e0 is the dielectric constant in the absence of free charge

carriers. From the calculated bandgap, the electronic

polarization (al) can be calculated using the relation,

al ¼ 1�
ffiffiffiffiffiffiffiffiffi

Eg

4:06

r

" #

� M

q

� �

0:396� 10�24cm3 ð9Þ

Dielectric measurements such as capacitance value

and dielectric losses were measured using an LCR

impedance analyzer in the range of 1 kHz to 2 MHz.

Using the dielectric results, some theoretical calcula-

tions were performed for K?-doped LTCA crystal to

find the Penn gap, Fermi gap, polarization, etc.,

[19, 20].

The valence electron plasma energy is

�hxp ¼ 28:8
p

Zq=Mð Þ ð10Þ

where Z is the total number of valence electrons, q is

the density, and M is the molecular weight of the

potassium-doped LTCA crystal. Penn gap (Ep) and

Fermi gap (EF) determines the conductivity of elec-

trons [21] and the velocity of electrons taking part in

the ordinary conduction process, respectively.

Ep ¼
�hxp

e1 � 1ð Þ1=2
ð11Þ

EF ¼ 0:2948 �hxp
� �4=3 ð12Þ

Fermi velocity (VF) and Fermi temperature (TF)

were obtained using the following relation:

VF ¼
ffiffiffiffiffiffiffiffi

2EF

m

r

ð13Þ

TF ¼ k

EF
ð14Þ

where m is the mass of the electron and k is the

Boltzmann constant. Polarizability (P) is calculated

using the Clausius Mossotti relation [21],

P ¼ 3M

4pNaq
½ e1�1

e1þ 2
� ð15Þ

The polarizability, P, using Penn gap analysis is,

P ¼ �hxpð Þ2S0
�hxpð Þ2S0 þ 3Ep2

" #

� M

q

� �

� 0:396� 10�24cm
3

ð16Þ

where S0 is the constant for a particular material and

is given by

S0 ¼ 1� EP

4EF

� �

þ 1

3

EP

4EF

� �2

ð17Þ

To fully understand the thermal stability and

chemical degradation of the produced crystals,

thermo gravimetric (TG/DTA) measurements were

carried out. The measurements were made using a

Perkin Elmer STA 6000 thermal analyser instrument.

Magnetic behavior of the crystal was identified using

vibrating sample magnetometry (VSM) analysis. One

of the crucial aspects of nonlinear optics is the second

harmonic generation (SHG). The efficiency of the

SHG was assessed using a modified Kurtz and Perry

method.

3 Results and discussion

The host organometallic compound L-threonine cad-

mium acetate monohydrate has been crystallized by

reacting L-threonine with cadmium acetate dihydrate

as follows:
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Cd CH3COOð Þ2�2H2O þ C4H9NO3

! ½Cd C2H3O2ð Þ C4H8NO3ð Þ H2Oð Þ�H2O

LTCA molecules experience hydrophilic nature, in

which the solvent inclusions are considerable in an

organometallic compound. K? ion-doped LTCA

crystallized in the chemisorption reaction of potas-

sium acetate and L-threonine cadmium acetate

monohydrate.

½Cd C2H3O2ð Þ C4H8NO3ð Þ H2Oð Þ�H2Oþ K CH3COOð Þ
! ½Cd C2H6Oð Þ C4H9NO3ð Þ H2Oð Þ�K

The powder X-ray diffraction spectrum of K? ion-

doped LTCA (Fig. 2) confirms that the molecules are

found to be in crystalline nature due to the presence

of sharp peaks. Compared to the XRD pattern of pure

LTCA, K? ion-doped LTCA shows the only variation

in the peak intensities, which is mainly due to the

interaction of potassium ions on the crystal system.

Furthermore, the sharp peak was recorded at

2h = 16.73� with maximum intensity of 916 counts in

the (0 0 2) plane.

Single-crystal XRD study reveals that K? ion-

doped LTCA belongs to monoclinic crystal system

with a = 5.846 Å, b = 8.898 Å, c = 10.758 Å, a = 90�,
b = 91.84�, c = 90�, volume = 559 Å3, and space

group P21. Compared to pure LTCA [11], a = 90�,
b = 90� a,nd c = 91.916�, K? ion-doped LTCA shows

the distinction in the lattice parameters and

crystallographic axes due to the perturbation arising

in the host monoclinic crystal lattice. As a result, the

variation in the secondary bond length and bond

angles arises. In LTCA molecular structure, the metal

cadmium was bounded with acetate, threonate, and

water environments; in addition to that, incorpora-

tion of potassium tends to produce potassium metal

linkage through acetate within the molecules [10].

Due to doping, K? ions replace the cation in the

crystal lattice of LTCA leading to the formation of K?

ion-doped LTCA. Such replacement causes distortion

in the crystalline lattice. Furthermore, the calculated

ionic radius of a cation (rc) and anion (ra) presents in

the complex is 0.95138 Å and 20.3145 Å , respec-

tively. The ratio of cation to anion radius rc/ra is

found to be 0.0468; as a result, the K? ion-doped

LTCA crystal exhibits linear two-fold configuration

with two ligancies [22].

Moreover, X-ray diffraction shows small variation

in lattice parameters on adding dopants, and the

dopant inclusions are further confirmed by ele-

mental analysis. Elemental analysis of K? ion-

doped LTCA was carried out using EDAX analysis.

Energy peaks correspond to different elements

present in K? ion-doped L-threonine cadmium

acetate are shown in Fig. 3. From the energy peaks,

it was confirmed that K?metalions were success-

fully incorporated in the crystal lattice of L-thre-

onine cadmium acetate. The composition of

elements and percentage of atoms present in the

doped compound are given in Table 1. The

potassium/cadmium (K/Cd) stoichiometric ratio

obtained from the table is 0.3467 and the calculated

Fig. 2 XRD pattern of pure and K? ion-doped LTCA Fig.3 EDAX spectrum of K? ion-doped LTCA
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stoichiometric applied in the preparation process

of potassium-doped LTCA is 0.3478.

Figure 4 depicts the optical transmission spectrum

for a crystal of 3.14 mm thick L-threonine cadmium

acetate that has been doped with K? . Table 2 dis-

plays the estimated optical parameters. From the

spectrum, it was confirmed that the crystal has lower

cutoff wavelengths of 230.35 nm. Pure LTCA shows

around 60% of transmittance [11]; after doping, the

transmittance percentage increases and the lower

cutoff wavelength of potassium-doped compound

shifts near the UV region which is mainly due to the

mesmeric effect arising between the pi bond and the

lone pair of electrons in the orbital. Good percentage

of optical transmittance of K?-doped LTCA crystal

can be used in energy conversion devices, optical

filters, and optoelectronic device applications. The

delocalization of electron orbital in K? ion-doped L-

threonine cadmium acetate is mainly considered for

nonlinear optical response [23, 24]. Higher transmit-

tance percentage leads to higher electron affinity of

potassium metal compared to cadmium crystal elu-

cidate that the synthesized crystal can used as filter

the UV light in the wavelength range between 250

and 1100 nm [25].

The calculated valance and conduction band edge

shows that the energy bandgap is found to be higher

in the order of 5.092 eV which is considered as

insulators. Dielectric materials have wide industrial

applications in optoelectronic industry and capaci-

tors. Monoclinic crystal with greater refractive index

of potassium-doped crystal is mainly suitable for

prism fabrications.

In order to study the dielectric properties of the

synthesized crystal, the calculated static permittivity

as a function of frequency measured is shown in

Fig. 5. Organometallic compound shows very inter-

esting dielectric properties due to the presence of

organic frame which can be utilized as temporary

batteries in automobiles. As the frequency applied for

K?-doped LTCA crystal increases, the static permit-

tivity decreases initially then increases and the max-

imum value of dielectric constant experienced at

lower frequency. Therefore, the organometallic com-

pound can be used as energy storage materials at the

lower-frequency region. In the crystal system, polar-

izations are mainly due to electronic, ionic, and ori-

entation. Electronic polarization is due to the

displacement of positive charge nucleus and elec-

trons in opposite direction when the field is applied.

Ionic polarization is caused due to the shift of Cd2?,

K?, C2H3O2
-, and C4H8NO3

- ions. The static per-

mittivity decreases with increase in frequency and a

sudden drop of frequency at 104 Hz is due to the

property that dipoles cannot orient themselves

because of the acetate molecules present in the

dopant. The orientation polarization arises due to the

presence of H2O molecules present in the crystal. Due

to the asymmetric charge distribution, secondary

bonds arise between the amino and acetate group

present in the crystal.

Frequency-dependent dielectric loss of K? ion-

doped LTCA is shown in Fig. 6. It was noticed that,

as the frequency increases, dielectric loss decreases

up to 10 kHz and then increases for 313 K.The max-

imum value of dielectric losses was experienced at

Table 1 Elemental

Composition of K? ion-doped

LTCA

Element Series Unn (wt%) C norm (wt%) C atom (at %) C error (wt% sigma)

C K 39.97 31.39 47.89 2.13

N K 1.70 9.27 12.13 3.12

O K 10.66 30.64 35.10 1.64

K K 0.73 0.68 0.32 0.20

Cd L 22.63 28.01 4.57 1.34

Fig. 4 Transmission spectrum of K? ion-doped LTCA
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lower frequency. The dielectric loss increases with

increase in temperature is ascribed due to the pres-

ence of space charge polarization near the grain

boundary interfaces [26, 27]. It was interesting to

report that the value of dielectric constant and

dielectric loss decreases and attains lower minimum

and then increases. In K? ion-doped LTCA, the

lowest minimum position shifts toward the higher-

frequency range and experiences high static permit-

tivity and low dielectric loss; this is mainly due to the

influence of potassium (1.51 Å) with higher ionic

radii and high degree of reactivity compared to the

LTCA crystal lattice with cadmium (0.95 Å). Thus,

potassium-doped crystal experiences polar dielectric

nature having finite dipole in the absence of electric

field. This property can be utilized for high-power

electrical applications such as display, energy storage

in high-frequency electronic circuits and dielectric

filters [27].

Using the dielectric measurements, the theoreti-

cally calculated parameters are tabulated (Table 3). It

was confirmed that due to doping plasma energy,

Fermi gap, Fermi voltage, and Fermi temperature

increase which proved that the material has higher

electronic energy. Due to the doping of K? ions,

polarization of the potassium-doped LTCA com-

pound decreases, which leads to lower activation

energy because of the larger covalent radius of

potassium compared to pure cadmium [28, 29]. Thus,

for the greater value of plasma energy and the Fermi

gap, the prepared K?-doped crystal with organic

ligands modifies the dielectrical properties of the

crystal which are highly recommended for dielectric

filters.

Figure 7 depicted the recorded TG/DTA curve;

there is no change in the weight loss up to 120 �C;
therefore, the grown crystal can be exploited for

optical and dielectric application up to 125 �C. Pure
LTCA material is thermally stable up to 105 �C, as the
doping temperature increases nearly 15 �C. From the

TG/DTA curve, the initial weight 11.06% of the

sample occurred due to two water molecules in the

Table2 Calculated optical parameters of K?-doped crystal

Absolute

electronegativity (v)
E(CB)

(eV)

E(VB)

(eV)

Extinction

coefficient

Reflectance Refractive

index

Electrical

susceptibility

Electronic

polarization (cm3)

7.026 - 0.02 5.072 0.2347 1.30 5.41 2.2462 2.132 � 10–23

Fig. 5 Frequency Vs dielectric constant of K? ion-doped LTCA

Fig. 6 Frequency Vs dielectric loss of K? ion-doped LTCA

Table 3 Calculated values of K? ion-doped LTCA crystal

Parameters Value

Plasma energy (eV) 29.19687

Penn gap (eV) 4.39162

Fermi gap (eV) 26.5038

Fermi velocity (m/s) 3.05 9 106

Fermi temperature (K) 30.7290 9 104

Polarization (cm3) Penn analysis 4.386 9 10-23

Polarization (cm3) Clausius–Mossotti equation 4.381 9 10-23
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cadmium acetate dihydrate. The second stage of

weight loss was found to be about 8% corresponding

to the decomposition of carbon molecule. The major

weight loss of about 36% is due to the liberation of

C4H7NO3. This is followed by the liberation of CH6

corresponds to the final weight loss of about 6%.

The magnetic nature of the grown crystal is studied

from the field Vs moment graph (Fig. 8). Pure [11]

and K? ion-doped LTCA shows diamagnetic behav-

ior due to the completely filled electron in s-shell.

When an external magnetic field is applied, they are

slightly repelled by an external magnetic field with

saturated magnetization of 552.21E-6 emu, negative

coercivity of 227.45G, and retentivity of 16.647E-6

emu. The main application of diamagnetic

organometallic material is to stimulate microgravity

environments in a sensors, actuators, and

accelerometers [30].

The second harmonic output of potassium-doped

LTCA was obtained by irradiating a pulsed laser

beam. The source of Nd-YAG laser with a pulse

width of 6 ns, pulse energy of 0.70 J, and repetition

rate of 10 Hz. The powdered form of Potassium

Dihydrogen Phosphate (KDP) was used as a refer-

ence and the SHG conversion efficiency of KDP is

8.94 mV and K?ion-doped LTCA is 5.26 mV. It was

found that the SHG conversion efficiency of potas-

sium-doped LTCA was found to be 59% (for pure

40% compared to KDP). The increase in SHG effi-

ciency is due to the variation in the electronic con-

figuration of the K? on and Cd2? metal ion. Due to

partially filled electron in potassium, when the laser

pulse interacts with the sample, they are easily

polarized hence the efficiency increases.

4 Conclusion

Organometallic compounds provide a diverse plat-

form for the development of dielectric materials for

energy storage batteries, gate transistors, filters, and

potential biological uses. K? ions integrated LTCA

single crystal with a monoclinic crystal structure

formed by a simple slow evaporation crystal growth

technique. The asymmetric unit of polymeric struc-

ture experiences a linear two-fold configuration with

two ligancies. The presence of potassium dopants

was confirmed using EDAX analysis. Doping

enhances the optical transmittance percentage of the

crystal, making it acceptable for NLO and device

construction. Dielectric studies reveal that doping

potassium metals with a more covalent and ionic

nature improves ionic polarization. The calculated

dielectric parameters proved that the hybrid metal

organic frame tuned by the K? ion plays an impor-

tant role in the use of solid-state bioelectrical mate-

rials for various engineering applications such as

dielectric filters. TG/DTA study witnessed that the

potassium doping increases the stability of the crystal

nearly15 �C. Magnetic studies confirm the diamag-

netic nature of the grown crystal. The SHG conver-

sion efficiency of potassium-doped LTCA crystal was

found to be 59%. The expanded structural motif

increases the impact of the potassium-doped LTCA

compounds’ linear and nonlinear optical, magnetic,

thermal, and dielectric properties.

Fig. 7 TG/DTA curve of K? ion-doped LTCA

Fig. 8 Field Vs Moment graph of K? ion-doped LTCA
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