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Abstract
A bimetallic compound  Zn2+ [Cd  (C2H3O2)  (C4H8NO3)  (H2O)], fabrication and its analysis is the major focus of this article. The 
bimetallic single crystal namely Zinc L-threonine Cadmium Acetate, has been crystallized by the simple method of slow evaporation 
technique. X-ray diffraction technique identified that, the prepared bimetallic single crystal with asymmetric units of a polymeric 
structure belongs to the class of monoclinic crystal system with a = 5.87 Å, b = 8.87 Å, c = 10.81 Å, α = γ = 90°, β = 91.84°, space 
group  P21  and. volume 563Å3. The optical nature of the crystal specifically its transparency has sufficiently increased nearly cent 
percentage due the presence of organic ligand’s present in the L-threonine amino acids. The impacts of zinc on the thermal stabil-
ity and different stages of chemical degradations are studied with the aid of Thermo gravimetric and differential thermal analysis. 
Thermal stability increases nearly 5% with the addition of zinc concentration. The dielectric studies support the finding that the zinc 
doping increases dielectric constant by five times compared to the L-threonine cadmium acetate crystal. Second harmonic generations 
efficiency increases almost 20% in each 0.2 mol% of the zinc addition. Magnetic properties are also elucidated and the effect of zinc 
has been analysed and the materials are identified as a paramagnetic nature due to the partially filled electron in the d-shell of  Zn2+ion.

Keywords Paramagnetic · Bimetallic · Organocadmium · Red shift

1 Introduction

Organometallic compounds with immense group of chemical 
substance which are important to the materials research. Metal 
with organic moiety have a notable structural, optical magnetic 
and dielectric properties mainly due to one or several organome-
tallic fragments are connected to a conjugated system [1]. Metal 
with organic moiety belongs to the general class of coordination 
compound and a host of such compounds with majority metals 
have synthesized with a wide variety of organic substrate [2]. 
Organocadmium compounds react only with acids; the reac-
tions are limited due to the fact that only primary alkyl cadmium 
compounds are stable. Cadmium has relatively large polarisable 
ion due to completely filled 4d shell results to high affinity for 
electron donors [3]. L-Threonine cadmium acetate monohydrate 
compound has been identified as an excellent material with the 

wide applications in the field of medicine, chemical precursor, 
corrosion preventers in electronic products and optoelectronic 
device fabrications [4–6]. Zinc acetate is a semiconductor ele-
ment has the advantage of wide band gap, large free exciton 
binding energy, high carrier mobility, high transparency, wide 
range resistivity and excellent photoelectric, piezo electric, ther-
moelectric properties it was utilized as a preservation, dye mor-
dant, additives, light industry, radiation protection, gas sensors, 
Infra Red (IR) detectors and photodiodes. The main important 
application of zinc is used in nuclear power plants as a plating 
inhibitor on primary water piping [7]. L-threonine is a neutral 
amino acid, which is dipolar in nature with isoelectric point 5.60 
[8].

The synthesized and the characterization of L-threonine 
cadmium acetate monohydrate had been reported previously. 
The structure has identified as a typical layered supra molecu-
lar organization. Within the layered structure, each cadmium 
ion has liked with six oxygen coordination environments. 
The cadmium sites are connected through common faces, 
which involves longer cadmium–oxygen distances (2. 475 Å) 
and through common edges of cadmium–nitrogen distance 
(2.274 Å) [9, 10]. The physical and the chemical properties 
of the materials had tuned by adding the compounds such 
as univalent potassium ions [11] and the bivalent lead ions 
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[12] which is highly suitable for prism fabrication with good 
magnetic behaviour. With the objective that like other metals 
like lead and potassium, zinc also alter the materials physico 
chemical properties especially its non linear optical response. 
The research gap identified here is that, nobody reported the 
effect of zinc on the L- threonine cadmium acetate crystal. 
Now it is decided to study the effect of zinc  (Zn2+) ions on 
the optical, electrical and magnetic properties of L-threonine 
cadmium acetate and the results are reported in this paper.

2  Experimental Methods

Zinc L-threonine Cadmium Acetate single crystals were crys-
tallised by incorporating 0.2, 0.4 and 0.6 mol% of zinc acetate 
dihydrate into the equal molar solution of L-threonine and 
cadmium acetate. L-threonine cadmium acetate solution is 
prepared by taking the one molar L-threonine and one molar 
cadmium acetate which was completely mixed with 50 ml 
of distilled water. The saturated solution has been formed by 
continuous stirring and heating about ten hours at an ambient 
pressure. To the saturated solution X molar (X = 0.2, 0.4 and 
0.6 mol%) zinc acetate dehydrate was added separately and 
mixed continuously using the magnetic stirrer. After the con-
tinuous stirring the solution was heated  40o C about an hour 
thus the homogeneous solution is obtained. At this condition 
the solvent evaporates and solid mixture obtained. The synthe-
sised solid mixture was re-crystallized twice and then the solu-
tion was kept in the constant temperature bath at a temperature 
35 ± 2 ֠ C. Nucleation takes place after 9 days and good quality 
ZLTCA single crystals synthesized within a period of 40 days. 
The photograph of ZLTCA single crystals are shown in Fig. 1. 
The chemical reaction takes place during the crystallization 
process is as follows:
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3  Result and Discussion

The effect of zinc addition on the lattice structure of 
LTCA has identified for 0.4  mol% of zinc ions added 
L-Threonine Cadmium Acetate single crystals were carried 
out with aid of Bruker Kappa APES II single crystal X-ray 
diffractometer using MoKα (λ = 0.71073 Å) radiations. The 
computed X-ray diffractometer results elucidates the unit 
cell parameters that, ZLTCA crystal belongs to monoclinic 
crystal system category and the lattice parameters are 
a = 5.87 Å, b = 8.87 Å, c = 10.81 Å, α = γ = 90°, β = 91.84°, 
space group  P21  and. volume 563Å3. LTCA also belongs to 
the same monoclinic crystal system but while adding the 
zinc which in turn brings changes in the lattice parameters, 
crystallographic axis and volume of the unit cell [9, 10].

The crystalline nature and phase identifications of the fab-
ricated single crystals were analysed by identifying the crys-
talline planes of the diffraction pattern. The powder X-ray 
diffraction pattern of grown ZLTCA crystalline powder has 
been recorded with PAN alytical X’Pert Pro powder X-ray 
diffractometer operating at 40 kV and 30 mA, using copper 
target. The intensity data’s are recorded by the continuous 
scanning with the scan step time of 10.16 s and scan size of 
0.05°. The miller indices of all the obtained diffracted peaks 
are indexed by means of INDEXING software package given 
in Fig. 2. From the XRD diffraction pattern of all the three 
crystals, it was noticed that the predominant peaks corre-
spond to (0 0 2) and (0 0 3) plane with the small variation in 
the degree of the peak positions. The sharp peaks of ZLTCA 
confirm the good crystalline nature of the crystallised mate-
rial. Furthermore it was also noticed that the addition of 
 Zn2+ leads to a change in the intensity of peaks with a slight 
shift in the peak positions.

Using the miller indices, the unit cell parameters of 0.2 
and 0.6 mol% zinc added L-threonine cadmium acetate 
crystals were computed using the ‘UNIT CELL’ software 
package and are tabulated in Table 1. In comparison with 
the LTCA spectra [10], zinc doped L-threonine cadmium 
acetate shows variation in the diffracted peak intensity which 
arises due to the influence of zinc ions on the crystal system. 
Thus a fractional mole percentage of zinc addition creates 

Fig. 1  Photograph of ZLTCA 
single crystals
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changes in the internal structure of the crystal system; 
this was proved by the slight change in lattice parameters. 
Therefore from the analysis it was concluded that, there is 
no change in the crystal system of zinc cadmium threonine 
and remain in the monoclinic system, but the zinc atoms 

were successfully incorporated into the lattice of LTCA the 
same behaviour was already reported in the case of lead and 
potassium [11, 12].

Optical properties of the grown crystals are interrelated 
with the materials atomic structure, electronic band struc-
ture and electrical properties [13]. The optical transmittance 
spectrum of the ZLTCA crystals was recorded in the spectral 
range between 190 and 1100 nm using ELICO model UV 
spectrophotometer and is displayed in Fig. 3. It was observed 
that 0.2, 0.4 and 0.6 mol% of zinc L-threonine cadmium 
acetate crystals experiences a lower cut-off wavelength of 
230 nm, 239 nm and 240 nm respectively. Thus zinc concen-
tration improves the optical transmittance and also the cut 
off wavelength of the light extends towards the red region. 
The increase in transmittance percentage with respect to the 
concentration may be attributed due to fact that the addi-
tion of zinc leads to change in the bond length between the 
π → π* transition.

The optical band gap calculation at the lower cut off 
wavelength (λ) determines the materials category and was 
calculated using the relation contains Plank’s constant (h) 
and velocity of light (c) [14]:

The grown 0.2, 0.4 and 0.6 mol% of zinc L-threonine cad-
mium acetate crystals have optical band gaps of 5.184 eV, 
5.384 eV and 6.41 eV respectively at the particular lower 
cut off wavelength. Band gap calculation reveals that all the 
three crystals are best dielectrics. Due to its higher transmit-
tance percentage and the red shift ZLTCA crystals can be 
used as optoelectronic devices. Moreover the monoclinic 
crystal system with higher transmittance percentage can be 
recommended for the prism fabrication.

The FTIR spectrum of ZLTCA crystalline powders were 
recorded with Perkin Elmer spectrometer using potassium 
bromide pellet technique and the recorded spectrums are 
given in Fig. 4. In this study, the vibrational analysis of the 
ZLTCA were performed based on the vibrations of threonine 
ions consist of amino group  NH3+, a carboxyl group  COO−, 
methyl group  CH3

+, hydroxyl groups and the acetate ions 
present in zinc and cadmium. The vibrational bands/peaks 
and their assigned peaks are depicted in Table 2. The ligands 
act as a absorbent and stabilize the functional head group 

(1)Eg =
hc

λ

Fig. 2  Powder X-ray diffraction pattern a 0.2  mol% ZLTCA b 
0.4 mol% ZLTCA c 0.6 mol% ZLTCA 

Table 1  Computed lattice parameters

Crystal name Unit cell parameters Crystal system Space group Volume (Å3)

0.2 mol%  Zn2+ added LTCA a = 5.8415 Å, b = 9.0188 Å, c = 10.8152 Å
α = γ = 90°, β = 94.1164°

Monoclinic P21 568.3078

0.6 mol%  Zn2+ added LTCA a = 5.8331 Å, b = 8.87496 Å, c = 10.8503 Å
α = γ = 90°, β = 93.3331°

Monoclinic P21 552.8371
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and more hydrocarbon large groups they play a vital role in 
the control of nucleation and growth [15–18].

The broad vibrational band observed around 3400  cm−1 
is assigned to the symmetric stretching mode of water 
molecules but in LTCA [11] the broad band observed at 
3431  cm−1. Small peak around 2900  cm−1 is identified as 
C-H asymmetric stretching vibrations of  CH3 group present 
in the threonine amino  acid. The broad band around 2300 
to 2500   cm−1due to O = C = O group. Combinations of 
overtone bands exist in the frequency range between 2085 
and 2144  cm−1.  CH3 asymmetric stretching and bending 
vibrations are confirmed by the strong peak at 1570  cm−1 
and 1350  cm−1, 1415  cm−1 respectively. In LTCA the same 
peaks are observed at 1417 and 1354  cm−1 due to  CH3 
asymmetric bending vibrations. The peak located near 
1114 to 1190  cm−1 is attributed due to rocking of  NH3. In 
plane and out of plane  CH3 rocking modes appears near 
1080 and 1001  cm−1 respectively, same rocking vibrations 

are found in LTCA at 1083 and 1001  cm−1. The medium 
band near 1040 is identified as CN stretching and 900  cm−1 
is due to CC stretching of ZLTCA whereas the same band 
observed at1039  cm−1 in LTCA with CN stretching. Addi-
tional peaks located near 840  cm−1, 760–795  cm−1, 550 
and 620  cm−1are assigned as CCN stretching, COO tor-
sion, COO rocking and in plane OCO rocking respectively 
which is mainly due to the addition of the zinc acetate. In 
addition to the above, OCO symmetric bending and  NH3 
torsion vibrations are identified due to the medium peaks 
present in the spectrum near 670 and 490  cm−1. Further-
more the addition of zinc acetate leads to small change 
in the position of various bands and peaks the additional 
peaks such as CCN stretching, COO torsion, COO rocking 
and in plane OCO rocking arises due to the acetate mol-
ecules present in the compound.

The TG/DTA curve of zinc L-threonine cadmium 
acetate crystal is illustrated in Fig. 5. The first stage of 

Fig. 3  UV Transmittance spec-
trum of ZLTCA crystals

200 400 600 800 1000 1200
0

20

40

60

80

100

LTCA + 0.6 M % Zn

Wavelength (nm)

Tr
an

sm
itt

an
ce

 (%
)

0

20

40

60

80

100

LTCA + 0.2 M % Zn

LTCA + 0.4 M % Zn

Tr
an

sm
itt

an
ce

 (%
)

Tr
an

sm
itt

an
ce

 (%
)

0

20

40

60

80

100



Transactions on Electrical and Electronic Materials 

decomposition is dehydration and the first stage of weight 
loss around 11% observed which corresponds to loss of 
two water molecules. The second stage of weight loss 
about 7% is due to the liberation of two carbon molecules. 
Both the weight losses are experienced for all the three 
samples. Further, as can be discerned from the TG curve, 
third stage of decomposition occurs around 200 °C cor-
responds to the weight loss of 38, 36 and 35% respectively 
for 0.2, 0.4 and 0.6 mol% of zinc added L-threonine cad-
mium acetate. Final weight loss of 10 and 11% observed 
for the 0.2, 0.4 and 0.6 mol% of zinc added LTCA respec-
tively. It is noted that there is good agreement with cal-
culated and observed weight loss. TG weight loss curve 
coincides with the obtained TGA curve. For 0.2 mol% of 
zinc added LTCA the exothermic peaks at 128.20, 202.72, 
298.52 and 623.59 °C corresponds to the liberation of two 
molecules of water, two molecules of carbon,  C4H13NO3 
and  CH3O respectively. Exothermic peak at 130.01, 195.93 
and 316.13° C for 0.4 mol% of zinc added LTCA corre-
sponds to the decomposition of  2H2O, 2C and  C4H9NO3 
respectively. Furthermore, 0.6 mol% of zinc shows exo-
thermic peak at 124.94, 204.95, 294.77 and 583.81 due to 
the  2H2O, 2C,  C4H7NO3 and  CH9O liberation. From the 
thermal analysis it was confirmed that the thermal stability 

of the zinc added materials enhances, the thermal stability 
of parent compound is 105° C whereas the stability of zinc 
added LTCA is 130 °C. As the zinc concentration increases 
the thermal stability of the material is increases which are 
mainly due to the role of zinc atoms in the materials.

To understand the dielectric properties of the grown crys-
tal, the effect of frequency on dielectric constant and dielec-
tric loss was studied and the variations are plotted as shown 
in Figs. 6 and 7 respectively. Dielectric constant graph 
witness that for all the three crystals, dielectric constant 
increases with increase in temperature but decreases with 
increase in frequencies. Higher values of dielectric constant 
experienced at higher temperature and lower frequencies.

For 0.2 mol% of ZLTCA crystal, dielectric constant 
decreases with increase in temperature. Same behav-
iour was experienced in the case of two frequencies like 
1 kHz and 10 kHz. Maximum value of dielectric constant 
obtained at lower temperature and frequencies. For other 
frequencies such as 100 kHz, 1 MHz and 1 MHz dielec-
tric constant and dielectric losses are almost same for 

Fig.  4  FTIR spectrum of ZLTCA 

Table 2  Spectral assignment of ZLTCA 

Wavenumber  (cm−1) Assignment

0.2 mol% 
Zn + LTCA 

0.4 mol% 
Zn + LTCA 

0.6 mol% 
Zn + LTCA 

3403.45 3419.23 3441.62 O–H stretching of  H2O
2934.37
2976.13

2933.53
2976.74

2936.16
2977.99

C-H asymmetric stretching

2380.56 2386.21 2493.90 O = C = O stretching
2085.25 2097.29 2144.17 Combination and overtone 

bands
1576.74 1573.80 1575.57 CH3 asymmetric stretching
1416.06
1352.23

1415.24
1351.92

1455.87
1353.86

CH3 asymmetric bending

1188.50
1114.89

1190.75
1139.11
1115.49

1187.90
1139.2
1115.33

Rocking of  NH3

1082.82 1080.37 1082.90 Out of plane  CH3 rocking
1040.68 1038.58 1041.03 CN stretching
1001.58 1001.84 1001.87 In plane  CH3 rocking
944.36
902.32

945.78
902.24

945.10
901.88

CC stretching

846.07 849.83 843.92 CCN stretching
793.19
760.72

790.11
760.12

792.84
760.5

Torsion of COO

675.19 675.16 675.88 OCO symmetric bending
622.72 621.40 623.65 Out of plane OCO rocking
523.25 555.57 555.35 COO rocking
485.85 485.32 – NH3 torsion
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Fig. 5  TG / DTA curve a 
0.2 mol% of zinc LTCA b 
0.4 mol% of zinc LTCA c 
0.6 mol% of zinc LTCA 
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Fig. 6  Dielectric constant a 
0.2 mol% of zinc LTCA b 
0.4 mol% of zinc LTCA c 
0.6 mol% of zinc LTCA 
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Fig. 7  Dielectric loss a 
0.2 mol% of zinc LTCA b 
0.4 mol% of zinc LTCA c 
0.6 mol% of zinc LTCA 
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all the temperatures. As the frequency increases, dielec-
tric constant decreases. Dielectric loss of 0.2 mol% of 
ZLTCA crystal increases with increase in temperature 
and decrease with increase in frequency. For 0.4 mol% 
ZLTCA crystal, dielectric constant and dielectric loss 
increases with increase in temperature and decrease with 
increase in frequency. The maximum value of dielectric 
constant obtained at 373 K temperature and 1 kHz fre-
quency.0.6 mol% of ZLTCA crystal maximum value of 
dielectric constant at 373 K temperature and 1 kHz fre-
quency. The dielectric constant and dielectric loss of the 
crystal increases with increase in temperature and decrease 
with increase in frequency. The synergistic effect of the 
zinc ions can boost the electrochemical property of the 
material which can be utilizes as a super capacitor appli-
cations [19]. For the lower frequency, the higher value of 
dielectric constant arises due to the fact that large numbers 
of space charge polarizations. As the input frequencies are 
increases the polarisation decreases. Further increases in 
frequency, eliminates the polarization near grain bounda-
ries and then the dielectric constant enhances because of 
the zinc and the cadmium ions [20].

The second harmonic generations (SHG) of ZLTCA 
crystals were determined by modified technique of Kurtz 
and Perry [21]. The second harmonic output was gener-
ated by irradiating the powder sample by a pulsed laser 
beam. The LASER source is generated at a wavelength of 
1064 nm from Neodymium-doped Yittrium Aluminium 
garnet (Nd-YAG) laser with a pulse width of 6 ns and pulse 
energy of 0.70 J and repeatation rate of 10 Hz. The SHG 
output voltage of reference Potassium Dihydrogen Phos-
phate (KDP) is 8.94 mV and the relative SHG efficiency 
of the doped samples are tabulated in Table 3. From the 
table it was known that the SHG efficiency of the ZLTCA 
enhances as the concentration of zinc increases. This is 
attributed due to two reasons: the variation in the elec-
tronic configuration of cadmium and zinc metals.  Cd2+ 
and  Zn2+ ionic configurations are  3d10 and  4s2 respec-
tively. Secondly zinc has lesser ionic radius compared to 
cadmium [22] as a result the zinc addition increases the 
SHG efficiency. Due to the lower electron affinity of the 
ZLTCA, the material can be considered as a good candi-
date for NLO phenomenon [23–25].

The magnetic field versus moment curve for the ZLTCA 
samples are depicted in Fig. 8 and their corresponding 
magnetic parameters are tabulated in Table 4. The Field 
Moment (M-H) curve confirmed that the ZLTCA shows 
paramagnetic nature due to the partially filled electron in 
the d-shell of  Zn2+ion and the total spin is non zero value. 
When an external magnetic field is applied, the electron 
spins to align the direction parallel to the applied field.

From the table, it is noted that the saturation mag-
netization increases for all the zinc doped samples due 
to the incorporation of the zinc. The ZLTCA materials 
possess permanent dipoles, in the absence of external 
magnetic field the dipoles orient themselves. Thus the 
net magnetization of ZLTCA in any direction is zero. 
When the magnetic field is applied, it attracts the mag-
netic lines of forces which tend to enhance the saturation 
magnetization value. Magnetic properties changes due 
to the addition of zinc (0.74 Å) with lower ionic radius 
compared to cadmium (0.95  Å) metal. The magnetic 
moment of the ZLTCA material is calculated as 8.944 
Bohr Magneton, since zinc and cadmium compounds 
have no unpaired electrons paramagnetic nature arises 
because of the carbon, hydrogen, nitrogen and oxygen 
present in the compound.

4  Conclusion

A bimetallic compound zinc-cadmium admixed L-thre-
onine single crystals were crystallized by evaporation 
method at the ambient temperature and pressure. The 
polymeric structure of the compound with the monoclinic 
crystal system is suitable for optical device fabrications 
especially for prism fabrication. The poor absorption abil-
ity might be used as a corrosion resistant semiconduc-
tor material and sunscreen applications due to its high 
percentage of transmittance. Thermal stability increases 
due to the addition of the zinc metal. Dielectric studies 
reveal that, metals with more electropositive character of 
zinc improves the dielectric property which again toler-
ance to the semiconductor nature of the material. The 
static permittivity enhances due to the hopping agent of 
 Zn2+ and  Cd2+. The dielectric property tuned by the  Zn2+ 
doping can be used as a gate dielectrics for organoic tran-
sistor, organic capacitors and a corrosion inhibitor for 
optical device fabrications. The M-H curve depicts that 
the magnetic behaviour changes by adding zinc, crystal 
shows paramagnetic nature this can be used as a biocom-
patibility in various tissue engineering applications that 
permits to image biomedical application, magnetic image 
experiments, switching and magnetic storage.

Table 3  Comparison of SHG efficiency of ZLTCA with KDP

Crystal Output power (mV) SHG efficiency (%)

KDP 8.94 100
0.2 mol% Zn + LTCA 4.25 47.5
0.4 mol% Zn + LTCA 5.63 62.9
0.6 mol% Zn + LTCA 7.37 82.4
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Fig. 8  Field Moment graph 
a 0.2 mol% of zinc LTCA 
b 0.4 mol% of zinc LTCA c 
0.6 mol% of zinc LTCA 
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