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Abstract
Here in, we reported the comparative study of l-Alanine Cadmium chloride (ACC) and Manganese l-Alanine Cadmium 
chloride (MnACC) crystal on its growth, structural, mechanical, optical and dielectric properties for NLO applications. 
Initially ACC and MnACC single crystals were grown at the ambient temperature by solvent evaporation solution growth 
technique. Both crystals are members of the monoclinic crystal system, according to an X-Ray Diffraction investigation. 
The crystals were identified as belonging to the soft material category by Vickers micro hardness investigations, which also 
measured the crystal’s yield strength and tensile strength. Optical studies exhibit lower cut off wavelength and the linear and 
non linear transmittance enhances in the visible region. Dielectric natures of the samples were studies and the activation 
energy at 100 Hz was found to be as 0.16 eV and 0.26 eV for l-Alanine Cadmium chloride (ACC) and Manganese l-Alanine 
Cadmium chloride respectively. The effects of manganese on the functional groups are analyzed using Fourier Transform 
Infra Red (FTIR) analysis.
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1  Introduction

Information technology and industrial applications are sig-
nificantly impacted by Non Linear Optical (NLO) mate-
rials, which play a significant role in the field of nonlinear 
optics. But over the past decades, there has been a significant 
improvement in our knowledge of the nonlinear polarization 
mechanisms and its structural properties. This evolution has 

been greatly aided by the recent discovery of technology for 
the manufacturing and growth of optical materials [1, 2]. A 
metal with modest activity and too brittle is manganese, it pro-
vides benefits such as adding stiffness, hardness and strength 
to the binding metals. The addition of manganese with the 
metal complex makes the materials well resistant to rusting, 
mechanical shock and corrosion. About 1% of manganese is 
included in steel, which improves workability, wear resist-
ance and strength. In addition to being a rubber additive and 
an oxidizing agent, manganese oxide is also used to make 
ceramics, glass, fertilizers and ceramics [3]. High optical non-
linearity can be seen in semi organic NLO crystals made of 
inorganic materials and amino acids. Individually, majority 
of the amino acids experiences NLO characteristic. An amino 
group, a carboxyl group, a hydrogen atom, and a characteris-
tic R group (side chain) are all bound to a carbon to form an 
amino acid. Amino acid shows optical activity from this tet-
rahedral arrangement of four distinct groups centered on car-
bon. At neutral pH, amino acids primarily exist as dipolar ions 
(or zwitterions) rather than un-ionized molecules in solution. 
When an amino acid is in dipolar state, the carboxyl group is 
dissociated and the amino group is protonated. Alanine is the 
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simplest amino acid, which just has a methyl group as a side 
chain [4, 5].

The team Kathleen et al. [6] condensed the pure compound, 
namely (ACC) first and the team Dhanuskodi et al. [7] sub-
sequently reported the crystals optical phenomena. Likewise, 
Kalaiselvi et al. [8] reported the parent compound's optical 
response. The injection of the impurities has impacted the 
parent compound's characteristics widely. When potassium is 
doped with the principal compound described by K.C. Bright 
et al. [9], the dielectric characteristics are improved. By includ-
ing impurities like cobalt and nickel, the magnetic character-
istics of the primary compounds are altered [10, 11]. When 
copper is added to the l-Alanine cadmium chloride lattice, the 
linear optical characteristics increase [12]. Trying to improve 
the physical properties of the host materials, manganese a hard 
metal but easily oxidized was incorporated as dopants with 
the ACC. Small addition of manganese is used to deoxidize 
the metal alloy and enhances its mechanical properties. As 
notable research has not made on the fabrication and charac-
terization of manganese added l-Alanine Cadmium chloride 
crystals (MnACC), the present work elucidated the growth of 
MnACC crystal using simple solvent evaporation technique 
and their structural properties are analyzed with the aid of 
single crystal and powder X-Ray Diffraction. Furthermore the 
grown MnACC materials mechanical (micro hardness), linear 
(UV–Vis–NIR), non linear optical (SHG), dielectric properties 
were compared with the ACC crystal.

2 � Experimental Methods

l-Alanine and Cadmium chloride were combined in an equi-
molar ratio to create ACC, which then underwent the follow-
ing reaction to generate adduct:

To generate a homogenous mixture, the calculated 
amounts of the reactants were thoroughly dissolved in dou-
ble-distilled water and vigorously agitated for about two 

CH3CHNH2COOH + CdCl2 → CH3CHNH2COOH ⋅ CdCl2

hours. In order to avoid probable breakdown, the mixture 
was then heated below its optimal temperature of 333 K 
and evaporated to dryness. After that, it was completely 
dissolved in twice-distilled water to create a saturated solu-
tion. The solution was thoroughly filtered to remove any 
suspended contaminants before being allowed to crystallize 
naturally at room temperature (303 K) for around four weeks 
with a pH of 5.0. In four weeks, well-defined single crystals 
with high transparency of 6 × 5 × 4 mm3 were formed.

To generate MnACC crystal, a homogenous mixture was 
formed by the combination of reactants such as l-Alanine, 
Cadmium chloride and Manganese chloride and solvent dis-
tilled water. The calculated equal molar quantities of reac-
tants l-Alanine, cadmium chloride and one molar percent-
age of manganese chloride as a dopants were thoroughly 
dissolved in double-distilled water and vigorously agitated 
for about two hours. In order to avoid probable breakdown, 
the mixture was then heated below its optimal temperature 
of 333 K and evaporated to dryness. After that, it was com-
pletely dissolved in twice-distilled water to create a saturated 
solution. The solution was thoroughly filtered to remove any 
suspended contaminants before being allowed to crystallize 
naturally at room temperature (303 K) for around four weeks 
with a pH of 5.0. In three weeks, well-defined single crystals 
with high transparency of 9 × 6 × 4 mm3 were formed shown 
in Fig. 1.

3 � Result and Discussion

3.1 � Structural Analysis

Phase investigation of the crystalline planes was done using 
Philips X’pert Pro powder X-ray Diffractometer. The X-ray 
scanning’s were made using CuKα radiation with the applied 
tube voltage of 40 kV and tube current 30 mA. The phase 
identification was performed using X’pert High score soft-
ware with the ICDD-PDF-2 data base and all the diffracted 
peaks were indexed as shown in Fig. 2. The sharp peaks 

Fig. 1   Grown crystals a ACC, 
b MnACC​
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confirm the crystalline nature, single phase and purity of 
the grown crystals.

The structural property of the crystals were fetched 
using a computer controlled Enraf Nonius–CAD4 single 
crystal diffractometer with Mo-Kα radiation of wavelength 
0.71073 Å. The computed unit cell parameter reveals that 
both the crystal belongs to monoclinic crystal system and the 
detailed unit cell parameters are depicted in Table 1. Fur-
thermore the manganese concentration in the crystal was 
estimated with the aid of Atomic Absorption Spectroscopy 
(AAS). The study affirms that the concentration of Mn2+ 
ions inculcated in the ACC crystals is 227 ppm. Thus the 
structural analysis using X-rays witness that the manganese 
chloride has not made any changes in the crystal system but 
shows slight variations in lattice parameters.

3.2 � Mechanical Studies

In order to analyze the effect of manganese on the mechani-
cal properties of the crystal, micro hardness studies of ACC 
and MnACC crystals were performed out by admitting the 
crystal into Leitz micro hardness tester with the applied load 
from 0.025 to 0.100 kg on the selected (101) plane. The 
micro hardness number (Hv) was calculated [13] by applying 
the load (P) and the average diagonal length (d) using the 
relation (1) and the plot is shown in Fig. 3.

The plot of Vickers’s micro hardness number and applied 
load elucidates that, as the applied load increases the micro 
hardness number also increases in both crystals. Again for 

(1)Hv =
1.8544 P

d2
kg mm−2.

MnACC crystals, the micro hardness number is found to 
be greater than that of ACC crystal due the effect of man-
ganese into well defined lattice of ACC. Thus the addition 
of manganese improves the micro hardness of the parent 
compound.

Using the Mayer’s formula, the relation between load (P) 
and the diagonal length (d) of the crystal was studied and the 
work hardening coefficient (n) is obtained from the slope of 
log d vs. log P. The Mayer’s formula is:

The slope of the straight line in Fig. 4 gives work hard-
ening coefficient values 3.5466 and 3.5945 for ACC and 
MnACC crystals are respectively. According to Onitsch [14] 
and Hanneman, if n lies between 1–1.6 the materials belongs 
to the category of soft material [15]. Hence the micro hard-
ness test witnessed that both the crystals belong to the cate-
gory of soft material. Using the experimental data, the other 
mechanical parameters such as yield strength, ultimate ten-
sile strength and elastic stiffness constant values calculated 
are shown in Table 2.

(2)P = kdn
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Fig. 2   Powder XRD pattern

Table 1   Unit cell parameters

Parameters ACC​ MnACC​

a (Å) 16.33 16.29
b (Å) 7.31 7.27
c (Å) 8.00 7.98
α, β, γ α = γ = 90°, 

β = 116.44°
α = γ = 90°, 

β = 116.49°
Cell volume(Å3) 854 845.83
Space group C2 C2

Effective number of atoms 4 4
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Fig. 3   Variation of micro hardness number with applied loads



	 Chemistry Africa

1 3

Yield strength (σy) of the crystal determines the point at 
which the material undergoes plastic deformation. Using Hol-
lomon’s equation [16], the elastic limit of the material can be 
calculated using the relation

(3)�y = Hv(0.002)
n

Ultimate tensile strength (σu) of the crystal is the maxi-
mum load applied to the crystal can withstand before 
rupture.

Elastic stiffness constant (C11) of the material was evalu-
ated from the Wooster’s empirical formula [17] and gives the 
information about the stiffness between the atoms.

When manganese is added to the ACC crystal, its 
mechanical parameters such as micro hardness, work hard-
ening coefficient, ultimate tensile strength and elastic stiff-
ness constant increases slightly meanwhile the yield strength 
value decreases. Yield strength in the crystal determines the 
stress level that indicates dislocation motion between the 
crystalline planes. Therefore manganese boosts the mechani-
cal properties and reduces the dislocation motion between 
the crystalline planes.

3.3 � Optical Studies

The UV–Vis–NIR spectrum was recorded using UV–Vis 
spectrophotometer in the wavelength range 200–2500 nm 
and is depicted in Fig. 5.

The absorbance spectrum confirms that the addition of 
manganese ions decreases the absorbance percentage of the 
grown crystals due to the fact that manganese ions are easily 
oxidized when combines with ACC. Thus it improves the 
transparency of the MnACC crystals. The crystal experi-
ences lower cutoff wavelength of 220 and 240 nm for ACC 
and MnACC respectively near the UV region and exhibits 
absorption in the range of blue light. This is mainly due 
to the transitions of p → p* and charge transfer between 
metal–organic ligands. The lower cutoff wavelength 

(4)�u = Hv n
n

(5)C11 =
(

Hv

)1.75
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Fig. 4   log d vs. log P plot

Table 2   Mechanical properties

Parameters ACC​ MnACC​

Vickers’s micro hardness number (Kg/mm2) 48.33 56.17
Work hardening coefficient 3.5466 3.5945
Yield strength (GN/m2) 43 39
Ultimate tensile strength (MPa) 434 552
Elastic stiffness constant (1014 Pa) 88.6 115.2
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Fig. 5   UV–Visible absorbance spectrum
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(200–400 nm) is the necessary condition of the crystal 
capable for blue light by second harmonic generation from 
diode laser [18, 19]. Furthermore blue shift in the lower 
cut off wavelength around 240 nm experiences due to the 
electronic transition between carboxylate and nitrate bonds 
[20]. Due to the lower electron affinity of manganese, the 
material is which is considered as a required phenomenon 
of NLO properties.

The SHG measurements of the grown crystals were per-
formed using the Kurtz and Perry powder technique. The 
input LASER energy source is allowed to incident on the 
capillary tube 4.3 mJ/5.3 mJ per pulse in order to optimize 
energy level to eliminate chemical decomposition. The SHG 
efficiency of ACC and MnACC crystals was 0.57 and 0.88 
times of KDP. The SHG efficiency of ACC is very much 
changed by the manganese and best performance is obtained 
for elements with smaller ionic radii (0.8A) compared to 
cadmium (0.96 A). This is due to the change in polarizability 
of the manganese ions present and hence the materials can 
be used as an efficient frequency conversion material.

3.4 � Dielectric Studies

Capacitance and dielectric loss measurements were carried 
out using Agilent 4284 A, Precision model LCR meter in the 
frequency range of 100 Hz–1 MHz at the temperature range 
of 30–110 °C. The grown crystals were cut, polished and 
graphite coated for better electrical contact of the material.

From the plot (Fig. 6), it was observed that the dielec-
tric constant of ACC and MnACC crystals decreases with 
increase of frequency. The peak value of dielectric constant 
observed at lower frequency, which happens mainly due to 
the contribution of all types of polarization namely elec-
tronic, ionic, oriental and space charge polarization [12]. 
Because of its higher space charge polarization in the low 
frequency region the maximum value of dielectric constant 
experienced after the application of frequency space charge 
polarization cannot withstand therefore the polarization 
decreases [21].

When an a.c voltage was applied to the prepared sample, 
fraction of the electrical energy absorbed and the remain-
ing dissipated in the form of heat energy, the corresponding 
energy loss is called dielectric loss. When it comes to heat 
generation and high voltage applications, the dielectric loss 
was considered to be a highly crucial parameter. The dielec-
tric loss as a function of frequency for pure and Mn2+ ions 
doped ACC crystals are given in the following Fig. 7.

The variations in dielectric loss with frequency indicate 
that the loss gets smaller as the frequency rises. As a result 
of materials with fewer dipoles per unit volume than a mate-
rial with a greater dielectric constant, the material with a 
low dielectric constant will have the lowest loss. At higher 
frequencies, the value of dielectric loss reduces. Manganese 
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doping increases dielectric constant and decreases dielec-
tric loss. Thus the crystal should be satisfactory to possi-
ble application in microelectronics [22]. The crystals NLO 
application owing to the low value of dielectric loss at 
higher frequencies, which again indicates that the crystal 
has improved optical quality with fewer defects.

Measurement of AC conductivity provides precise infor-
mation regarding localized charges. The crystal's disloca-
tions give rise to the localized electronic states that are 
present there. The dielectric constant and dielectric loss 
values of ACC and MnACC are used to compute the AC 
conductivity shown in Figs. 8 and 9. The slope of the 1000/T 
and ln σac curve gives the value of Eac/KB and hence the 
activation energy of pure and Mn doped ACC is 0.16 eV 
and 0.2551 eV at 100 Hz and 0.1247 eV and 0.2084 eV at 
1000 Hz.

It was evident that when the frequency of applied ac volt-
age is low, more energy is required to activate the atoms 
or molecules, whereas when the frequency is higher, less 
energy is required for the same system to activate the atoms 
or molecules. The value of ac activation energy at frequency 
100 Hz is greater than that at frequency 1000 kHz. Addition-
ally; MnACC crystals have higher activation energies than 
the ACC crystals. This demonstrates how crystal defects or 
impurities will raise the activation energy of doped crystals.

3.5 � Functional Group Identification

The FTIR spectra of ACC and MnACC crystals were ana-
lyzed in the range of 400–4000 cm−1 following KBr pellet 
technique and the corresponding FTIR spectra’s are given 
in Figs. 10 and 11.

The broad envelope in the higher energy region 
3044–3250 and 3425–3500 cm−1 in ACC and 3076–3228 

and 3400–3525 in MnACC is due to NH3+ symmetric and 
antisymmetric stretching vibrations. The absorption peak at 
1616 cm−1 in ACC and 1595 cm−1 in MnACC is assigned 
to NH3+ bending degenerate mode [23]. The region of 
absorption bands from 3044 to about 2500 cm−1 in ACC, 
3076–2599 cm−1 in MnACC is due to multiple combina-
tions of overtone bands. The strong absorption peak at 
1412 cm−1 in ACC and 1417 cm−1 in MnACC corresponds 
to COO− symmetric stretch [24]. The COO− bending and 
rocking frequencies occur in the normal positions at 762, 
622 and 536 cm−1 in ACC and for Mn doped ACC which 
is at 766, 631 and 544 cm−1. Also the absorption at 1343 
and 1001 cm−1 in ACC, 1347 and 1012 cm−1 in Mn doped 
ACC are due to CH3 symmetric bending and rocking mode. 
The absorption peaks at 923 and 841 cm−1 in pure, 923 and 
848 cm−1 in MnACC are assigned to C–C–N symmetric 
stretching vibrations. These vibrations prove that the pres-
ence of expected functional groups in the compound. It is 
observed that there are slight shifts, broadening and narrow-
ing of absorption peaks in FTIR spectrum Manganese doped 
ACC crystals and this may be due to the incorporation of 
dopant ions into the crystal lattice.

4 � Conclusion

Good quality single crystals namely, Here L-Alanine Cad-
mium chloride (ACC) and Manganese L-Alanine Cad-
mium chloride (MnACC) single crystal was successfully 
grown by solvent evaporation crystal growth technique. 
X-Ray Diffraction studies reveal that the synthesized crys-
tals appear under the monoclinic crystal system. Increas-
ing hardness with the application of the load exhibits the 
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material as a soft category with high tensile strength. 
Compared to ACC, MnACC shows high transparency and 
NLO response. Dielectric constant and loss decreases with 
respect to the applied frequency. Activation energy was 
found to be increasing due to the addition of manganese. 
Due to the addition of manganese, the FTIR spectrum 
shows slight shift, broadening and narrowing of absorp-
tion peaks. Thus the crystals with good tensile, optical and 
dielectric properties are identified as a potential candidate 
for Liquid Crystal Displays.
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Fig. 10   FTIR spectrum of ACC​
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