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Abstract
L lysine zinc sulphate single crystals were developed by solution growth slow evaporation method at ambient tempera-
ture using deionised water solvent. Single and powder XRD confirmed the crystalline nature and the lattice parameters 
identified that the grown crystal crystallised in monoclinic crystal system with the space group of C2/c. FTIR analysis 
substantiated the findings of XRD. Optical analysis proved that the grown crystal had wide transparency window (78%) 
with the lower cut off value 230 nm and its band gap energy was 5.3 eV. High dielectric constant and high dielectric loss 
at low frequency and vice versa guaranteed their applications. When assayed against select bacterial strains and in vitro 
human cervical cancer cell line (HeLa), the grown crystal established its efficiency as potential pharmaceutical drug. It 
showed 100% cancer cell inhibition at very low sample concentration of 50 μg/ml with the  IC50 value of 28.84 μg/ml.

Keywords Single crystal · Optically active · Dielectric materials · Anticancer · Anti bacterial

1 Introduction

Single crystals of organic material find extensive optoelec-
tronic applications such as optical frequency conversion, 
communication, data storage and switches. However, their 
use is constrained by their poor mechanical and thermal 
properties; and low laser damage threshold. The pure inor-
ganic materials have excellent mechanical and thermal 
properties but possess relatively modest optical nonlin-
earities due to lack of extended π-electron delocalization. 
Owing to these problems, new types of hybrid materials 
have been explored from organic and inorganic complexes 
to combine the favourable properties of both [1, 2].

Organic crystals composed of amino acids are deeply 
probed due to its chirality. This chirality induces an asym-
metric molecular structure, weak van der Waals and hydro-
gen bonds. Amino acids generally possess the following 
properties: absence of strongly conjugated bonds, wide 
transparency ranges in the visible and UV spectral regions 
and zwitterionic nature of the molecule [3]. Crystalline 

salts of optically active amino acids such as L arginine, L 
histidine and L lysine have been intensively studied [4]. 
L lysine—α-amino acid, contains α-amino group (in the 
protonated −NH3

+ form) and α-carboxylic acid group (in 
the deprotonated –COO− form). It possesses a side chain 
((CH2)4NH2) with hydrogen atoms. This side chain offers 
a charge transfer to form metal organic crystals [5]. It is 
extremely unstable under normal conditions [6]. There-
fore, to improve the stability the form of L lysine need to 
be altered by adding the salts of acid and basic bases. In 
anticipation of combining favourable properties of inor-
ganic salt and organic amino acid [L lysine], an attempt 
has been made in this study to explore the possibilities of 
obtaining a promising material. In this work, L lysine has 
been added with  ZnSO4.H2O, a transition metal sulphate to 
grow single crystals. For the sake of simplicity and ease of 
use in report writing,  ZnSO4.H2O is termed as ZS hereafter.
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2  Materials and methods

Hydrated metal (II) sulphate of zinc  (Zn2+), and L lysine 
mono hydrochloride were used to grow crystals by solu-
tion growth, slow evaporation technique at room temper-
ature. As L lysine is insoluble in water at room temperature, 
it was taken in the form of L lysine mono hydrochloride 
for the preparation of crystals. The chemicals used for 
this work were of analytical grade. Saturated solution 
of L lysine (65 g/100 ml) was prepared using deionised 
water at room temperature using REMI 1MLH magnetic 
stirrer. Saturated solution of ZS (59.82 g/100 ml), was also 
prepared in the same manner. The saturated solution of L 
lysine was added with that of ZS in the ratio 1:3 and it was 
stirred about 5 h using magnetic stirrer to obtain homoge-
neous solution. Then this mixture was filtered twice with 
micro-sized pore Whatman No. 1 filter paper, covered with 
perforated aluminium foil and kept in a clean environment 
without any interruption, for slow evaporation of the water 
solvent under periodic observation. Nucleation followed 
by the growth of crystals took place and good crystals 
of optimum size (7 × 5 × 8 mm3) were harvested after a 
growth period of 82 days and it is shown in Fig. 1.

Recrystallization was carried out repeatedly to enhance 
the purity of the crystals. This grown crystal was named as 
LLZS (L lysine zinc sulphate in the ratio 1:3). The expected 
chemical reaction is given hereunder.

3  Results and discussion

The grown crystals were subjected to different char-
acterization analyses in order to know their structural, 
functional, optical and dielectric behaviour. They were 
also tested for their anti bacterial and anticarcinogenic 
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activities to know their potential to act as pharmaceutical 
drugs. The corresponding results obtained in the aforesaid 
analyses are discussed in detail hereunder.

3.1  XRD analyses

Powder X-ray diffraction (PXRD) pattern was recorded 
using a Rich Seifert diffractometer with Cu Kα (λ = 1.5418 Å) 
radiation by crushing the grown crystals into fine powder. 
The samples were scanned over the range 10°–90° at the 
rate of 1° per minute. Miller indices were estimated by X 
powder software. The indexed PXRD patterns of the grown 
crystals are shown in Fig. 2. The prominent, well-resolved 
Bragg’s peaks at specific 2θ angles reveal high degree of 
crystalline nature of the grown crystals. The grown crystals 
had also been subjected to single crystal XRD, employ-
ing a Bruker AXS diffractometer using MoKα radiation 
(λ = 0.71073 Å). The results obtained are consolidated in 
Table 1, along with the lattice parameters of parent materi-
als—ZS and L lysine, enabling a comparison. 

PXRD pattern of the grown LLZS crystal contains peaks 
corresponding to ZS and L lysine. The results obtained 
from XRD analysis reveal that the grown LLZS crystals 
acquire the monoclinic crystal system with space group 
C2∕c . Lattice parameter values prove that when L lysine is 
added with ZS, the grown LLZS crystal crystallizes in the 
crystal structure of  ZnSO4.  6H2O [7–9].

3.2  FT‑IR analysis

The vibrational spectrum of a molecule is considered to be 
a unique physical property and is characteristic of the mol-
ecule. The infrared spectrum can be used as a fingerprint 
for the identification of functional groups by comparison 
with previously recorded reference spectrum [10].

Fig. 1  Photograph of the grown LLZS crystal
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Fig. 2  Powder XRD pattern of LLZS crystal
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The FT-IR analysis of the grown crystals was carried out 
in the middle IR region between 400 and 4000 cm−1 by Per-
kin Elmer spectrophotometer using KBr pellet technique. 
The peak assignments for the recorded spectra are shown 
in Fig. 3. The broad envelope around 3200–2500 cm−1 indi-
cates the presence of water and it belongs to free water 
symmetric stretching [11].

The asymmetric stretch of sulphate appears between 
1200 and 950 cm−1. Usually four normal modes are present 
in the infrared region for the sulphate anion  (SO4

2−): a non-
degenerate symmetric bending (≈ 980 cm−1), a doubly 
degenerate symmetric bending (≈ 610 cm−1), triply degen-
erate symmetric stretching (≈ 1080 cm−1) and triply degen-
erate symmetric bending (≈ 1150 cm−1). Changes in pro-
tonation, metal complexation and solvation of  SO4

2− can 
modify S–O bond length and it changes the symmetry of 
the anion as a result. This leads to a shift in the vibrational 
bands to different wave numbers and causes the degener-
ate vibrations into non-degenerate [7, 8, 12].

The results of FTIR analysis of the grown LLZS crystal 
reveal that most of the prominent peaks obtained are due 
to sulphate ion and water molecules. In addition, they also 
contain the peaks corresponding to the functional groups 
of L lysine viz.,  NH3

+,  NH2,  COO−, C-H and  CH2 as listed in 
the Table 2. This proves the presence of L lysine in the 
grown LLZS crystal [2, 6, 13].

3.3  Optical studies

The optical transmission spectra of the grown crystals 
were recorded using Shimadzu UV–Vis spectrophotometer 
between the wavelength ranges of 200 and 1100 nm and 
is shown in Fig. 4.

From UV transmittance spectrum (Fig. 4), the grown 
LLZS crystal is found to be highly transparent in the wave-
length range 230–800 nm. The UV transparency lower cut-
off wavelength is 230 nm. The transmittance of the grown 
crystal is 78% in middle and near ultra violet and in the vis-
ible region. The band gap energy was calculated as 5.3 eV. 
The low cut off wavelength and the large transmittance 
window enable the grown crystal to be a good candidate 
for optical applications [14].

Table 1  Lattice parameters of 
LLZS crystals

Crystals Lattice parameters

a (Å) b (Å) c (Å) α (°) β (°) γ (°) Volume (Å3) Crystal system

LLZS 9.97 7.24 24.19 90 98.46 90 1726.8 Monoclinic
ZS 7.57 7.59 6.95 90 115.56 90 358.95 Monoclinic
L lysine 5.91 13.39 7.54 90 97.77 90 592.23 Monoclinic

Fig. 3  FT-IR spectra of LLZS crystal

Table 2  Band assignment of LLZS crystal

Band assignment Wave number  cm−1

O–H 3200
NH3

+ 1660, 1069
NH 3200
COO− 1660,1069,785
C-H 980
CH2 1069,855,785,614
SO4

2− 1069,980,614

Fig. 4  UV–visible spectra of LLZS crystal
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3.4  Dielectric studies

The dielectric analysis is an essential characteristic that can 
be used to get information based on the electrical proper-
ties of a material medium as a function of frequency. Based 
on this study, the ability of storing electric charges by the 
material and ability of transferring the electric charge can 
be evaluated. Electronic and Microelectronics industries 
need low dielectric constant materials as an interlayer 
dielectric [15]. The conventional parallel plate capacitor 
method was employed by coating the silver paste on the 
opposite faces of the crystal to get contact between crys-
tal and electrodes using a HIOCKI 3532–50 LCR HITESTER 
instrument. The variation of dielectric constant (εr) and 
dielectric loss (tan δ) were measured for the grown crystals 
at room temperature as a function of frequency ranging 
from 100 Hz to 5 MHz (Figs. 4b, 5a).

In the present study, dielectric constant was calculated 
using following formula

where C is the capacitance, d is the thickness of the pellet, 
ε0 is the vacuum dielectric constant (permittivity of free 
space, ε0 = 8.854 × 10−12 F/m) and A is the area of the pel-
let [16].

The dielectric constant values are high at low frequen-
cies and decreases rapidly and stabilizes. At high frequen-
cies the electronic, ionic, dipolar and space charge polari-
zation are predominant. Of all these polarizations only 
space charge is active at lower frequencies and there is 
loss of significance of other three polarizations which lead 
to low value of dielectric constant at higher frequencies 
[17]. The low value of dielectric constant explains the high 

Dielectric constant, k = �r =
Cd

�0A

SHG conversion efficiency of the grown crystals and this 
is in agreement with the Miller rule. Materials with high 
dielectric constant at low frequency find applications in 
heating devices [2, 18].

The dielectric loss is also studied as a function of fre-
quency at room temperature, as shown in Fig. 5b. These 
curves suggest that the dielectric loss strongly depends on 
the frequency of the applied field, similar to dielectric con-
stant. The variation of loss tangent with frequency can be 
assigned to the dipole alignment when the field is applied. 
At low frequencies, the dipoles easily switch alignment 
with the changing field. The low value of dielectric loss at 
high frequencies suggests improvement in optical quality 
with lesser defects in the samples [19]. The above results 
are in accordance with the earlier reports [20]. Owing to 
lower dielectric constant and dielectric loss at high fre-
quency, the grown crystals are suitable for use in ferroelec-
tric, optoelectronic and photonic applications [21].

4  Pharmacological activity

4.1  Introduction

In addition to their physicochemical properties, an effort 
has been made in this study to investigate applicability of 
the grown crystals as an inhibiting agent for bacteria and 
cancerous cells. Bacteria are microscopic and unicellular 
organisms that live everywhere. Some are airborne while 
others live in water or soil. A bacterial infection is a prolif-
eration of a harmful strain of bacteria inside human body. 
Typhoid fever, gastroenteritis and food poisoning are just a 
few illnesses that may be caused by harmful bacteria. Most 
bacterial diseases can be treated with antibiotics, although 
antibiotic-resistant strains have started to emerge [22, 23]. 

Fig. 5  Plot between a log f and dielectric constant b log f and dielectric loss
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Cancer is undoubtedly one of the main health concerns 
facing our society and is a leading cause of death world-
wide [24]. It is a disease characterised by the uncontrolled 
cell proliferation and the ability to invade other tissues and 
organs [25, 26]. Continuous demand for new anticancer 
drugs has stimulated research based on the use of metals 
since potential drugs developed in this way may be less 
toxic and more prone to exhibit anti-proliferative activity 
against tumors [27].

4.2  Pharmacological activities of metal complexes

Transition metals—trace elements; constitute 0.1% of 
human body weight. Although these metals are present 
only in small quantity, they are essential for healthy func-
tioning of human body [6, 28]. These elements catalyze the 
functioning of enzymes, which are required by most bio-
logical organisms. In vivo studies have indicated that some 
biologically active compounds become more carcinostatic 
and bacteriostatic upon chelation [29]. An important prop-
erty is the ability of metals to form positively charged ions 
in an aqueous solution that can bind to negatively charged 
biological molecules. The high electron affinity of metal 
ions can significantly polarize groups that are coordinated 
to them, leading to the generation of hydrolysis reactions. 
Recently, considerable attention has been drawn to metal-
organics, and their coordinated compounds due to their 
biological activities as fungicides, bactericides, analgesic, 
anti-inflammatory, antioxidant, antitumor and insecticidal 
[30]. The presence of amino acids along with bio active 
compounds enhances their pharmacological activity [31].

Zinc is a trace mineral which is vital for the functioning 
of numerous cellular processes and it plays a significant 
role in cancer aetiology and outcome [32]. It is virtually 
nontoxic even at higher doses to living organisms. Coordi-
nation flexibility of zinc makes it highly adaptable to meet 
the needs of proteins and enzymes that carry out diverse 
biological functions. Zinc is required in the diet of human 
beings in trace quantities (≈ 10 mg/day) as recommended 
by the Food and Nutrition Board at the Institute of Medi-
cine of the National Academies. It is the only transitional 
element that is neither cytotoxic nor carcinogenic. It is also 
non-mutagenic and non-teratogenic. Its deficiency is an 
important factor in the development and progression of 
malignancy and that it could be efficacious in the preven-
tion and treatment of several types of cancers related to 
the digestive tract, brain and neck. Zinc supplementation 
has been shown to reduce the incidences of tumors and 
carcinogenic severity [33].

Keeping all these in mind, an attempt was made to 
investigate the biological (antibacterial and anticancer) 
activities of the grown crystals and the results obtained 
are encouraging in this direction too. Hence the grown 

crystals were subjected to extensive scientific and phar-
macological screening to find the ability and efficacy of 
the grown crystals to act as sources of new drugs.

4.3  Antibacterial activities of the grown crystals

Antibacterial activity is the ability of a substance to inhibit 
bacterial infection. Different types of antibiotics are being 
used in the treatment of bacterial infections. Most of these 
antibiotics are derived from microorganisms. Develop-
ment of bacterial resistance to the available antibiotics has 
led the researcher to investigate the antibacterial activ-
ity of the grown crystals as alternative source of drugs for 
the bacterial infections [34–36]. The grown crystals were 
analysed to find their antibacterial activity against select 
bacteria (both gram positive and gram negative) using 
well diffusion method.

Agar disc diffusion method was adopted for this in vitro 
investigation [37]. Antibacterial assay was used to deter-
mine the growth inhibition of bacteria. The zone of inhi-
bition was compared with standard antibiotic disc. The 
antibacterial activity was recorded by measuring the 
width of the clear inhibition zone around each disc using 
zone reader (mm) [38]. The grown crystals were screened 
for their antibacterial activity against select bacteria. The 
microorganisms used were Escherichia coli, Salmonella 
typhi, Staphylococcus aureus (gram positive), Bacillus sub-
tilis and Lactobacillus (gram negative). The control value 
of this inhibiting zone is 7 mm and the inhibiting zone 
extends up to 25 mm.

Effect of the grown LLZS crystal on five bacteria is given 
in Table 3. The photographs give clear visual images of 
domain up to which the inhibition took place. It is found 
that for the grown crystal, all the five bacteria are sensitive. 
The activity of LLZS is significant for the Bacillus subtilis 
bacterium. The sensitivity order for LLZS crystal is as fol-
lows: Staphylococcus aureus > Lactobacillus > Escherichia 
coli > Salmonella typhi > Bacillus subtilis. 

4.4  Anticarcinogenic activities of the grown crystals

Cancer is the most dreaded among the diseases and it 
is a major threat to human life. Cervical cancer is the 
leading cause of death world-wide amongst women 
and one-fifth of all new cases are diagnosed in India 
[39]. Cervical cancer commonly occurs due to chronic 
infection with human Papilloma virus [40]. Metal com-
plexes have unique properties of enhancing their role as 
antitumor agents [30]. Hence, an effort is made to add L 
lysine, a biological molecule with zinc sulphate, to make 
it as anticarcinogenic agent against cervical cancer. The 
grown crystal was subjected to anticancer analysis to 
know their potential to act as an anticancer agent.
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The standard MTT assay method was utilised for this 
analysis. The human cervical cancer cell line (HeLa) was 
obtained from national centre for cell science (NCCS), 
Pune, India and grown in Eagles Minimum Essential 
Medium containing 10% fetal bovine serum (FBS). The 
cells were maintained at 37  °C, 5%  CO2, 95% air and 
100% relative humidity. Maintenance cultures were 
passaged weekly and the culture medium was changed 
twice a week. The medium containing without samples 
were served as control and triplicate was maintained for 
all concentrations. The % Cell inhibition was determined 
using the following formula.

IC50 was determined using GraphPad Prism software 
[41, 42].

Figure 6 shows the picture of untreated cancerous 
cervical cell line (HeLa). The spherical shaped images 
represent dead cells and the remaining images are of 
cervical cell line (HeLa) affected by cancer.

The grown crystal was assayed against human cervi-
cal cancer cell line and the results obtained are given 
in Table 4. Percentage of inhibition for different sample 
concentration is depicted as a bar diagram in Fig. 7. 

The LLZS crystal attains 100% cell inhibition even at 
a low sample concentration of 50 μg/ml. Its  IC50 value 
is 28.84 μg/ml. Hence LLZS crystal is an efficient cancer 
cell inhibitor.

5  Conclusion

Single crystals of L lysine zinc sulphate-LLZS, have been 
grown successfully by slow-evaporation, solution-
growth technique using aqueous medium at ambient 

%Cell Inhibition = 100 − Abs (sample)∕Abs (control) × 100.

temperature. XRD analysis confirmed the crystalline 
nature of the grown crystal and its structural details. 
The grown crystal crystallizes in monoclinic system 
with space group C2∕c . Functional groups present in the 
grown crystals were identified through FT-IR analysis. 
Based on the optical analyses, the grown L lysine added 
zinc sulphate crystal had wide transparency window 
with the transmittance of 78% in the near ultra violet and 
entire visible region. Hence, the grown crystal is well-
suited for optical applications. Low values of dielectric 
constant and dielectric loss of the grown crystals at high 
frequency guaranteed their potential application in the 
fields of ferroelectrics, optoelectronics and photonics. 
The grown crystal showed good activity against five bac-
teria [Escherichia coli, Salmonella typhi, Staphylococcus 
aureus (gram positive), Bacillus subtilis and Lactobacillus 

Table 3  Zone of inhibition (mm) of LLZS crystal

Bacterial strains

B. subtilis E. coli L. bacillus S. aureus S. typhi

10 ± 0.6 16 ± 0.9 17 ± 0.7 17 ± 0.9 15 ± 0.1

Colour highlighting indicates rate of inhibition (green indicates max and yellow indicates min)

Fig. 6  Photograph of human cervical cancer cell line (HeLa)
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(gram negative)] which were screened. When tested 
against human in  vitro cervical cancer cell line, the 
results obtained were highly favourable. It was found to 
possess effective anticancer activities. The LLZS crystal 
attains 100% cell inhibition even at a low sample con-
centration of 50 μg/ml. This concentration is well within 
the admissible limit. Its  IC50 value is 28.84 μg/ml. Hence 
LLZS crystal is an efficient cancer cell inhibitor. Hence the 
grown crystals may be considered to be the main source 
in the formulation of antibacterial and anticancer drugs.
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