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Abstract
A semiorganic nonlinear optical (NLO) single crystal of bis(thiourea) manganese chloride (BTMC) is grown successfully by 
slow cooling technique using water as solvent at temperature 45 °C. The optically good quality crystal of BTMC was grown 
with dimension up to 8 × 8 × 2 mm3 in a period of 2–3 weeks. The grown crystal crystallizes in orthorhombic crystal system 
which was confirmed by single crystal X-ray diffraction analysis. The various functional groups of BTMC were identified 
through FT-IR spectroscopic analysis. The lower cut-off wavelength of 280 nm was revealed from optical transmittance 
spectrum of UV. The mechanical behavior of BTMC crystal was analyzed by Vicker’s microhardness study and also the 
various mechanical parameters were determined. Vickers micro hardness test revealed, the titular crystal belongs to harder 
material category. The SHG efficiency is estimated from Kurtz-Perry powder method and it found to be 0.33 times than the 
reference material. The dielectric behavior, photo conducting nature and surface properties have been analyzed for grown 
BTMC crystal. The presence of synthesized elements was confirmed by EDAX study. The third order nonlinear optical 
susceptibility � (3) of the material is measured using Z-scan technique and it is found to be 5.1202 × 10−14 esu.

1 Introduction

Nowadays, nonlinear optical (NLO) single crystals are 
focusing by modern technology like electronic industry, 
photonic industry and fiber optical communication because 
of their capable for frequency conversion [1]. Single crystals 
are in solid form with highly periodic arrangement of atoms 
which allow the transmission of light without any scattering. 
Hence, single crystals with perfection are acting a major role 
in recent science and technology applications.

Material researches are given more concentration on the 
materials which are exhibiting large NLO property with 
higher stability. Choosing of material not only depends on 

lasing condition but also on conversion efficiency, transpar-
ency and mechanical stability. The materials have been syn-
thesis and formed as inorganic, organic and semi-organic 
NLO materials. Generally, organic crystals possess high 
optical nonlinearity but poor mechanical strength, thermal 
stability and low laser damage threshold whereas an inor-
ganic possess better mechanical strength and high thermal 
stability although they show relatively low nonlinearity 
due to the shortfall of extended π-electron delocalization 
[2].The problems can be overcome by new type of com-
pound called semiorganic. Literature elucidate that semior-
ganic material shows the properties of high non-linearity of 
organics with better mechanical and thermal stability of the 
inorganic [3–11]. Hence, semi-organic materials are made 
an attention by material researchers. Particularly thiourea 
based semiorganic NLO crystals possess high SHG effi-
ciency which was got from recently reported semi-organic 
materials. [12–16]. Thiourea  (NH2CSNH2) based crystals 
are capable for frequency doubling because thiourea mol-
ecule is an attractive inorganic matrix converter with large 
dipole moment which able to form an extensive network 
of hydrogen bonds. The reality of reaction is that the cen-
trosymmetric thiourea molecule mixed with inorganic salt 
yield non-centrosymmetric complex which is the key factor 
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for NLO properties [17–19]. Metal complex of thiourea have 
low UV cutoff wavelength hence they have obtained great 
attention in the field of optical storage industry. Literature 
pointed out that the significant of thiourea based semiorganic 
compounds owing to their high NLO properties. In recent 
years, there are many thiourea based materials are reported 
with high second harmonic efficiency (SHG) than the com-
mercial material potassium dihydrogen phosphate (KDP). 
The SHG efficiency of reported materials are bis(thiourea) 
ammonium nitrate (1.52 times > KDP) [3], bis(thiourea) 
cadmium formate (2 times > KDP) [20], bis(thiourea) zinc 
acetate (2 times > KDP) [21], bis(thiurea) zinc chloride (1.75 
times > KDP) [22] and bis(thiourea) strontium chloride 
(BTSC) (1.54 times > KDP) [23].

With this attractive property of thiourea leads to do 
research work in thiourea complex. Therefore, in the pre-
sent work we concentrate on thiourea complex semiorganic 
crystal of bis(thiourea) manganese chloride (BTMC). This 
work is differed from earlier work in terms of growth tech-
nique hence we adopted the slow cooling technique to grow 
crystal with bulk size, transparency, defect less. Also, the 
motivation of this work was to improve the SHG efficiency, 
mechanical stability and optical transparency. In addition, 
the important optical parameters, mechanical parameters 
were determined. The obtained results from spectroscopic 
analysis, optical, mechanical, electrical, surface, second and 
third order NLO properties are discussed in this manuscript. 
The BTMC crystal has good transparency with UV cut off 
wavelength 280 nm, SHG efficiency 1.33 times KDP, good 
mechanical stability, third order nonlinear absorption coeffi-
cient (3.4460 14 × 10−9 m/W) and third order on linear opti-
cal susceptibility (5.1202 × 10−14 esu) which are shows the 
novelty of the grown crystal BTMC. Therefore, authors are 
strongly suggests that the grown BTMC crystal should be a 
commercial candidate for device applications.

2  Experimental procedure

2.1  Synthesis

Bis(thiourea) manganese chloride (BTMC) was synthesized 
using thiourea (AR grade) and manganese chloride (AR 
grade) in double distilled water at room temperature. The 
thiourea and manganese chloride was taken in 2:1 molar 
ratio and mixed together using magnetic stirrer for more 
than 7 h to obtain the homogenous saturated solution. The 
following chemical reaction was taken to obtain the BTMC 
crystal (Fig. 1).

2.2  Growth of BTMC

The saturated solution (pH 5) was then filtered using 
Whatmann filter paper to remove the suspended particles. 
The filtered solution was taken in a beaker and covered 
with thin perforated polythene paper with more number 
of minute holes. This solution was then kept in constant 
temperature bath (accuracy ± 0.01) at 45 °C to controlled 
evaporation of solution. The temperature was maintained 
for 3 days after that the temperature was reduced 0.3 °C/

Fig. 1  Reaction scheme of 
BTMC single crystal

2CS[NH2]2       +    MnCl2          →               Mn[CS(NH)2]2Cl2

Fig. 2  Photograph of as grown crystal of BTMC
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day. The defect free, colorless, good quality crystal of 
BTMC was harvested in a period of 2–3  weeks with 
dimension 8 × 8 × 2 mm3 by slow cooling method. The 
as grown crystal of BTMC is shown in the Fig. 2. The 
optimized growth conditions of BTMC are given in the 
Table 1.

3  Results and discussion

3.1  Single crystal X‑ray diffraction analyses

The well developed BTMC crystal is chosen for single 
crystal X-ray diffraction analyses. The harvested BTMC 
crystal exists in orthorhombic crystal system. The cell 
parameters were measured as a = 5.48 Å, b = 7.68 Å, 
c = 8.53 Å, � = � = � = 90◦ and the cell volume is found 
to be 359.47 Å3. The obtained parameters are well matches 
with reported values [1].

3.2  FT‑IR spectral analyses

The various essential functional groups present in the 
BTMC crystal are identified using FT-IR analysis. Figure 3 
shows the recorded FTIR spectrum. The FT-IR spectrum 
was recorded in the wave number range between 4000 
and 400 cm−1 is shown in the Fig. 3. The peak observed 
at 3369 cm−1 and 3270 cm−1 are the characteristic of the 
titular compound which are due to  NH2 stretching and N–H 
symmetric stretching vibrations. This implies that the exist-
ence of thiourea molecule in the grown crystal. The peaks 
at 2921 cm−1 is due to C–H stretching vibration. The  NH2 
bending vibration was observed around at 1604 cm−1. The 
N–C–N stretching vibration was validated at 1468 cm−1. 
The peak at 1405  cm−1 have been confirmed the C=S 
stretching vibration. The  NH2 rocking vibration was identi-
fied at 1080 cm−1. The C–H deformation was observed at 
667 cm−1. The C–Cl stretching produced at broad intense 
signal at 552 cm−1. The (N–C–S) deformation was observed 
at 521 cm−1. The observed wave number and corresponding 
assignments of BTMC crystal are compared with thiourea 
and details assignments are given in the Table 2.

3.3  UV–Visible spectral analyses

The optical property of BTMC crystal was analyzed using 
UV–Vis NIR analysis in the wavelength range of about 
200–1100 nm and the recorded transmittance spectrum 
is shown in the Fig. 4. It is observed from transmission 
spectrum that the lower cut-off wavelength of the BTMC 
is 280 nm which implies that the suitability of crystal for 
device fabrications and other NLO application. The UV 
cut off wavelength BTMC crystal compared with other 
bis(thiourea) metallic compound are given in the Table 3.

Table 1  Optimized growth condition of BTMC

Bis (thiourea) manganese chloride

Molecular formula Mn[CS(NH)2]2Cl2

Solvent used Double distilled water
Molar ratio of thiourea and manganese 

chloride
2:1

Technique Slow cooling
Growth temperature 45 °C
Size 8 × 8 × 2 mm3

Period of growth 2–3 weeks
pH 5

Fig. 3  FTIR spectrum of BTMC 
crystal
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3.4  Determination of optical parameters

Generally, the optical properties of the materials related to 
their atomic structure, electronic band structure and electrical 
properties. An accurate measurement of optical properties in 
terms of optical parameters such as absorption coefficient (α), 
band gap (Eg), reflectance (R), refractive index (n), extinc-
tion coefficient (K) and electrical susceptibility are essential 
towards the application point of view. Therefore, from the 

optical transmission spectrum the optical parameters are 
determined.

The optical band gap can be calculated by using the fol-
lowing equations and these equations are proposed by Ashour 
et al. in the year of 1995 [29].

where, T is the transmittance and t is the thickness of the 
crystal,  Eg is the optical band gap and α is the optical absorp-
tion coefficient (α).

The band gap of BTMC crystal was estimated by plotting 
(αhυ)2 versus hυ as shown in the Fig. 5a. The value of band-
gap was found to be 5.1 eV. The wide band gap of the BTMC 
crystal confirms the large transmittance in the visible region 
[30] and this crystal can be suitable for the optoelectronic 
devices like laser diode [31]. Extinction coefficient (K) can be 
obtained from the following equation

The extinction coefficient as a function of absorption coef-
ficient (α) is shown in Fig. 5b. The transmittance (T) is given 
by 

The reflectance (R) in terms of the absorption coefficient can 
be obtained from the above equation. Hence,

The refractive index (n) can be determined from reflectance 
data using the equation.

(1)
� =

2.3026 log
(

1

T

)

t
and h� = A

(
h� − Eg

)1∕ 2

(2)K =
��

4�

(3)T =
(1 − R)2 exp (−�t)

1 − R2 exp (−2�t)

(4)
R =

exp (−�t) ±
√
exp (−�t)T − exp (−3�t) + exp(−2�t)T2

exp (−�t) + exp (−2�t)T

(5)n =
−(R + 1) ± 2

√
R

(R − 1)

Table 2  Comparison of FTIR assignments of thiourea and BTMC 
crystal

Wavenumber  (cm−1) Assignment

Thiourea BTMC

3380 3369 NH2 asymmetric stretching
3279 3270 N–H symmetric stretching
3090 2921 C–H Stretching vibration
1620 1604 NH2 bending
1477 1468 N–C–N stretching
1414 1405 C=S stretching
1082 1080 NH2 rocking
740 722 C–N stretching
– 552 C–Cl stretching
494 521 N–C–S deformation
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Fig. 4  Optical transmission spectrum of BTMC crystal

Table 3  Comparison of UV 
cut-off wavelength BTMC and 
bisthiourea metallic compound 
crystals

S.No. Name of the sample UV cut-off wavelength (nm)

1 Tetrakis(thiourea)zinc(II) picrate 290 [24]
2 poly bis(thiourea) silver(I) nitrate 329 [25]
3 Calcium bis-thiourea chloride 290 [7]
4 bis thiourea cadmiumiodide 324 [26]

Bis(thiourea) zinc formate 300 [27]
5 Bis(thiourea) zinc chloride 290 [28]
6 Bis(thiourea) manganese chloride (BTMC) 280 * Present work
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The absorption coefficient versus reflectance is shown in 
the Fig. 5c. Figure 5d represents the variation of refrac-
tive index as a function of wavelength. The refractive index 
(n) decrease with increase in wavelength indicates that the 
grown sample absorbs at lower wavelength region. The 
relation between n and K values with respect to wavelength 
exposes the interaction of photon with electron. The refrac-
tive index ‘n’ is 1.42 at 1000 nm and the refractive index is 
strongly dependent on wavelength.

The electrical susceptibility ( �c ) can be calculated 
using the following relation,

hence, susceptibility = 1.02.
Since electrical susceptibility is greater than 1, the 

material can be easily polarized when high intense light 
incident on the material.

(6)�c = �r − 1 (or) �c = n2 − 1
(
i.e, �r = n2

)

3.5  Micro hardness test

The mechanical behaviour of a material can be analyzed by 
microhardness test in terms of measuring hardness number 
 (Hv), elastic stiffness constant  (C11), yield strength (σy), frac-
ture toughness  (kc), Brittleness index  (Bi) and tensile strength 
(Y) [32]. Generally mechanical properties of materials mainly 
depend on the crystal structure, number of bonds per unit vol-
ume and the composition of crystalline solid [33–35]. Particu-
larly, materials could be utilized for device application may 
depend on mechanical stability. Therefore, it is necessary to 
analyse the mechanical behavior of grown crystal. Hence, 
BTMC crystal was subjected to Vickers’s microhardness test. 
The Vicker’s hardness  (Hv) of each load was calculated using 
the expression,

(7)Hv = 1.8544 ×
P

d2

(
kg∕mm2

)

Fig. 5  a Tauc’s plot of BTMC crystal b Plot of extinction coefficient versus absorption coefficient of BTMC crystal c Absorption coefficient ver-
sus reflectance of BTMC crystal d Plot of refractive index versus wavelength of BTMC crystal
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where, p—applied load in (g), d—diagonal length (mm), 
1.8574 is a constant related to geometrical factor of diamond 
pyramid indenter. The plot between  Hv and (P) are depicted 
in Fig. 6. From the plot, it is viewed that the hardness num-
ber  (Hv) increases with increase in load (P). This type of 
behaviour is called reverse indentation size effect (RISE) 
[36]. The maximum hardness value obtained as 86.2 kg/mm2 
at 100 g. In order to know the category of the materials, the 
work hardening coefficient could be calculated. The n can 
be calculated by plotted the graph between log p versus log 
d. The graph of log p versus log d is shown in the Fig. 7 and 
from the graph n has been calculated as 1.1734 by linear 
fit method. According to Onitsch, if an ‘n’ lie between 1 
and 1.6, then the grown crystal belongs to a harder material 
and it is more than 1.6 called soft materials [37]. Since, the 
calculated value of ‘n’ is less than 1.6, therefore the grown 
crystal comes under the category of hard material. 

3.5.1  Yield strength

The yield strength refers to the maximum stress that can be 
applied on a crystal at which the crystal gets deform perma-
nently. The yield strength can be estimated using the follow-
ing relation. A graph had been plotted in between applied 
load P and yield strength (σy) shown in Fig. 8.

where n’ = n+2.

3.5.2  Elastic stiffness constant

Stiffness constant (or) elastic stiffness constant explains about 
the bonding nature of atoms [38]. It can be calculated using 

(8)�y =
Hv

3
(0.1)n−2

(
kg/mm2

)
,

Wooster’s empirical formula. The variation of stiffness con-
stant with applied load is shown in the Fig. 9.

The higher the value of stiffness constant  C11 denotes that 
the binding forces between ions are quite stronger.

3.5.3  Fracture toughness

Fracture toughness gives information about, the ability of a 
material to resist fracture. This parameter may decide many 
design application of the materials. The fracture toughness 
can be estimated using the following relation.

(9)C11 = H7∕4
v

(10)Kc =
P

�c3∕2

(
kg∕m3∕2

)
for c ≥

d

2
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Fig. 6  Plot between hardness versus load graph
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where, β—indenter constant, for Vickers’s diamond pyramid 
indenter (β = 7). The average of two crack length for each 
indentation is considered as crack length (l).

3.5.4  Brittleness index

The Brittleness is a property that deals with the mechani-
cal behaviour of a crystal and controls fracture without any 
considerable deformation. The value of the Brittleness index 
 (Bi) is estimated using the following relation [39].

The mechanical parameters like hardness number  (Hv), yield 
strength (σy), elastic stiffness constant  (C11), Fracture tough-
ness  (Kc) and Brittleness constant  (Bi) were determined for 
various load P and the estimated values are tabulated in 
Table 4.

3.6  Dielectric studies

The variation of dielectric constant (ε′) versus logarithm of 
the applied frequency is shown in the Fig. 10. The dielectric 
constant is high at the low frequency area and decreases with 

(11)Bi =
Hv

Kc

(
m

−
1

2

)

frequency. Dielectric constant (ε′) is 170 at 100 Hz at the 
temperature 308 K. The large value of ε′ at low frequencies 
is assigning to the presence of space charge polarization 
which depends on pureness and perfection of the sample. 
Displacement of ions from an equilibrium position is equiva-
lent to the placing of the dipole at the state with the ion 
in equilibrium [40]. The plot of dielectric loss decreasing 
with the increase in temperature. The plot between log f 
and dielectric loss is shown in Fig. 11. This is clear from 
the plot the dielectric loss is strongly based on the applied 
frequency [41]. This indicates the grown BTMC crystal has 
lesser defects and good optical properties suit for electro-
optic applications. 

3.7  Photoconductivity studies

The dark currents as well as the photocurrent measurements 
on the BTMC single crystal were recorded using a Keithley 
485 Picoammeter in the field applied from 5 to 50 V. The 
dark current was recorded with the sample unexposed by 
radiation and photo current were measured in the presence of 
radiation. A plot is plotted as a function of dark current and 
photo current with the applied field. From the plot (Fig. 12), 
it is observed that the photo current is always less than the 
dark current. The photoconductivity analysis reveals the 
BTMC crystal exhibits negative photoconductivity [42]. The 
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Table 4  Mechanical parameters 
of BTMC crystal

Load P
(g)

Hv
(kg/mm2)

D
(μm)

Yield 
strength 
(σy)
(kg/mm2)

Elastic
stiffness con-
stant  (C11)

Fracture tough-
ness  (Kc)
×104 kg/m3/2

Brittleness index 
(Bi)
m−1/2

25 41.5 33.39 0.929 679.98 5.235 793.62
50 64.9 37.89 1.451 1483.98 8.659 749.45
100 86.2 46.69 1.927 2438.58 12.663 680.71
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negative photoconductivity exhibited by the crystal because 
when the crystal subjected to radiation (exposing the radia-
tion by halogen lamp with a power of 100 W) the number 
of charge carriers or their lifetime decrease. Due to this the 
current produced by the crystal is less in the presence of 
radiation than the absence of radiation.

3.8  SEM analysis

A careful study of surface feature of a crystal can expose the 
growth condition. The surface morphology of the crystal 
can be viewed by scanning electron microscope (SEM). The 
SEM pictures were taken in three magnifications × 292, × 684 

and × 728 which are shown in the Fig. 12a–c respectively. 
It is observed from Fig. 13a, the surface of the crystal has 
layered pattern whereas the magnification increased to × 684 
(Fig. 12b), the surface shows that the pits are randomly dis-
tributed and the alignment of pits orientated in the particu-
lar direction. From the Fig. 12c (magnification × 728), it is 
observed that the surface has dendrites pattern which means 
surface has treelike structure. The development of dendrite 
structures on the surface of the crystal due to rise in growth 
temperature hence the concentration of the solution increase 
rapidly due to faster evaporation of solvent. This caused in 
a higher degree of supersaturation and faster growth in the 
later stages [43, 44].

3.9  EDAX analyses

The elements presence in the grown crystal is analyzed using 
Oxford INCA EDAX analyser. The real concentration of Mn 
in BTMC is 1.29% consistent with nominal composition. 
The presence of chlorine (4.44%), sulphur (12.74%) and 
nitrogen (81.51%) are identified by scanning several points. 
The EDAX spectrum of BTMC crystal having the peaks 
endorsed to Cl, S, N and Mn at different energies exposed 
in the Fig. 14. The presence of elements in the sample in 
atomic and weight percentage are given in Table 5.

3.10  Etching study

In view of applications of crystals, the surface must be a 
good quality without any defects. The defects in the crystal 
surface which leads to change the properties of the crys-
tal [45, 46]. Therefore, the analysis of the surface is most 
important for the crystal. The one of the methods to analy-
sis of the crystal surface is etching with suitable solvent. 
The Etch pattern of BTMC crystal is shown in Fig. 15. The 
grown crystal of BTMC is subjected to etching with etch-
ants (water) for 20 s at room temperature. The surface of the 
crystal has been changed from smooth to rectangular etch 
pits which shows the layer growth of the crystal.

3.11  Second harmonic generation (SHG) studies

The intense of second harmonic generation (SHG) effi-
ciency of BTMC crystal was determined as per the prin-
ciple of Kurtz and Perry technique [47]. This analysis was 
carried out using Nd: YAG laser as source with a funda-
mental wavelength of 1064 nm with a laser pulse width of 
8 ns on the BTMC crystal powder. The radiation of laser 
should fall on the grown sample then the sample absorbed 
the laser radiation and emits the high intense green radia-
tion. This implies the confirmation of SHG efficiency of 
BTMC crystal. By analyzing the SHG output from the 
sample, the output power was found to be 31.92 mV for 
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the input energy of 1 mV. The similar practice is repeated 
for the reference KDP crystal and the obtained output was 
24 mV for the same input. Comparing the result the BTMC 
crystal was 1.33 times greater than the KDP crystal.

3.12  Z‑scan studies

To determine the third order nonlinear parameters like 
nonlinear refractive index  (n2) and nonlinear absorption 
coefficient (β) the grown crystal of BTMC was subjected 
to Z-scan technique. The Z-scan study was carried out 
using a He–Ne laser with an output of power 100 mW is 
used as a source with wavelength of 532 nm with a beam 
diameter 2.8 mm. A Gaussian filter is use to convert the 
input beam as a polarize Gaussian beam and focus the 
beam using a convex lens of focal length of 10.3 cm on 

Fig. 13  SEM photographs a magnification × 292, b magnification × 684 and c magnification × 728 of BTMC crystal

Fig. 14  EDAX spectrum of BTMC crystal

Table 5  Elemental analysis of BTMC crystal

Elements Weight % Atomic %

N K 64.10 81.51
S K 23.10 12.76
Cl K 8.83 4.44
Mn K 3.97 1.29
Total 100.00 100.00
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the sample of thickness of 1 mm. The sample holder can 
able to move along positive and negative directions of Z 
axis in the path of laser beam. The transmitted intensity of 
the sample was recorded using a photo detector along with 
a graph on a computer using an appropriate software of 
Z-scan. The recorded graph is consisting of two ways 
namely closed aperture and open aperture. In closed aper-
ture method, a pre-determined aperture with fixed radius is 
places in front detector. The incident beam intensity was 
depends upon the radius of the aperture.

In open aperture method, the laser beam intensity will 
be maximum on the sample material because the beam 
is focused directly on the sample without any aperture 
in order to find out the nonlinear absorption co-efficient 
(β). The BTMC crystals Z-scan graphs of open and closed 
aperture are shown in Figs. 16a,b.

The refractive index and absorption co-efficient of the 
sample is depends up on the intensity of the laser beam. 
The alteration in transmittance between peak and valley 
was a self-focusing method for closed aperture [48].The 
nonlinear absorption co-efficient in open aperture can be 
calculated [49].

The nonlinear refractive index  (n2) is calculated using 
the following equation.

where Δφ is the axis phase shift, k is the wave number,  I0 
is the monochromatic source intensity at the focus and  Leff 
is the thickness of the sample. The axis phase shift Δφ is 
calculated using the following equation.

here ΔTp-v is the difference value between the normalized 
and valley transmittance peak of the closed aperture. The 

n2 =
Δ�

kI0Leff

(
m2

/
W
)

||Δ�|| =
ΔTP−v

0.406(1 − S)0.25

linear transmittance aperture S is calculated using the fol-
lowing formula [50].

where  ra is the radius of the aperture and ωa is the beam 
radius at aperture. The wave number k is calculated using 
the following equation.

here λ is the monochromatic source wavelength. The inten-
sity  I0 is calculated using the following the equation.

S = 1 − exp
−2r2

a

�2
a

k =
2�

�

I0 =
P

A

Fig. 15  Etch pattern of BTMC crystal -15 -10 -5 0 5 10 15
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Fig. 16  a Open aperture of BTMC crystal. b Closed aperture of 
BTMC crystal
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where P is the power of the laser source, A is the area of the 
monochromatic. The area A of the monochromatic beam is 
obtained from the following equation.

where r is the radius of the beam on aperture, the beam 
diameter is obtained using the following equation.

where f is the focal length of the lens and the calculated 
diameter is found to be 2.493 × 10−5. The effective thickness 
 Leff is calculated using the following equation.

where α is the linear absorption co-efficient, L is the thick-
ness of the sample (1 mm). The nonlinear absorption co-
efficient β is calculated using the following equation.

The third order NLO susceptibility � (3) can be calculated 
using the above parameters. To calculate the third order 
NLO susceptibility � (3) for real and imaginary parts the fol-
lowing equations are used [49].

where ε0 is the permittivity of free space 8.854 × 10−12 
 C2N−1m−2, c is the velocity of light in vacuum,  n0 refractive 

A = �r2

d =
4

�
�f

Leff =
1 − e−�L

�

� =
2
√
2ΔT

I0Leff
(m∕W)

Re�
(3)

(esu)
=

10−4�0c
2n2

0
n2

�

(
cm2∕W

)

Im�
(3)

(esu)
=

10−2�0c
2n2

0
��

4�2
(cm∕W)

index of the sample. Using the following formula we can 
able to calculate the third order nonlinear susceptibility � (3) 
for the crystal.

Third-order NLO parameters such as nonlinear refractive 
index  (n2) and nonlinear absorption coefficient (β) and NLO 
susceptibility � (3) of the BTMC were evaluated successful-
lyby Z-scan analyses and the self-defocusing nature of the 
material was confirmed. The calculated parameters and their 
results are tabulated in Table 6.

4  Conclusion

A semiorganic optical single crystal of bis (thiourea) man-
ganese chloride (BTMC) has been grown by slow cooling 
technique with dimension 8 × 8 × 2 mm3. The BTMC crys-
tallize in orthorhombic crystal system with cell parameters 
a = 5.48 Å b = 7.68 Å and c = 8.53 Å, � = � = � = 90◦ which 
was confirmed from Single crystal XRD analyses. The pre-
sents of functional groups are verified by FTIR analysis. 
The lower UV cut off wavelength 280 nm of grown crystal 
was evaluated from UV–Visible transmission spectrum. The 
Vickers’s microhardness study proves that BTMC belongs to 
hard material category which obeys the reverse indentation 
size effect (RISE) for the applied loads. The BTMC crystal 
exhibits a SHG efficiency of about 1.33 times than that of 
the reference KDP crystal. Third-order NLO parameters of 
the BTMC were calculated and the self-defocusing nature 
of the material was successfully revealed by Z-scan analy-
sis. The Nonlinear refractive index  (n2) (1.14 × 10−15  m3/W) 
Nonlinear absorption co-efficient (β) (3.4460 × 10−9 m/W) 
Third-order NLO susceptibility (χ(3)) (5.1202 × 10−14 esu) 
have been determined. The surface aspect of BTMC crystal 

�
(3) =

√
(Re�

(3))2 + (Im�
(3))2

Table 6  Z-scan parameters 
measured values

Parameters Values

Laser power 100 mW
Laser beam wavelength (λ) 532 nm
Lens focal length (f) 103 mm
Beam radius of the aperture  (wa) 1.4 mm
Radius aperture  (ra) 1.25 mm
Beam radius on the lens  (wL) 2.5 mm
Sample thickness (L) 1 mm
Effective thickness  (Leff) 0.855 mm
Nonlinear refractive index  (n2) 1.14 × 10−15m3/W
Nonlinear absorption co-efficient (β) 3.4460 × 10−9 m/W
Real part of the third-order susceptibility  [Re(χ(3))] 5.1202 × 10−14 esu
Imaginary part of the third-order susceptibility  [Im (χ(3))] 6.5771 × 10−13 esu
Third-order nonlinear optical susceptibility (χ(3)) 5.1202 × 10−14 esu
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was indentified by SEM and etching studies. The presence 
of elements like Mn, N, S, Cl were confirmed from EDAX 
spectrum. All the results confirm that the grown crystal is 
potential candidate for the fabrication of various optoelec-
tronic devices.
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