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Abstract The present study demonstrates the bioreduc-

tive green synthesis of nanosized HgO using flower ex-

tracts of an ornamental plant Callistemon viminalis. The

flower extracts of Callistemon viminalis seem to be envi-

ronmentally friendly, so this protocol could be used for

rapid production of HgO. Till date, there is no report of

synthesis of nanoparticles using flower extract of Callis-

temon viminalis. Mercuric acetate was taken as the metal

precursor in the present experiment. The flower extract was

found to act as a reducing as well as a stabilizing agent.

The phytochemicals present in the flower extract act as

reducing agent which include proteins, saponins, phenolic

compounds, phytosterols, and flavonoids. FT-IR spec-

troscopy confirmed that the extract had the ability to act as

a reducing agent and stabilizer for HgO nanoparticles. The

formation of the plant protein-coated HgO nanoparticles

was first monitored using UV–Vis absorption spectroscopy.

The UV–Vis spectroscopy revealed the formation of HgO

nanoparticles by exhibiting the typical surface plasmon

absorption maxima at 243 nm. The average particle size

formed ranges from 2 to 4 nm. The dried form of synthe-

sized nanoparticles was further characterized using TGA,

XRD, TEM, and FTIR spectroscopy. FT-IR spectra of

synthesized HgO nanoparticles were performed to identify

the possible bio-molecules responsible for capping and

stabilization of nanoparticles, which confirm the formation

of plant protein-coated HgO nanoparticles that is further

corroborated by TGA study. The optical band gap of HgO

nanoparticle was measured to be 2.48 eV using cutoff

wavelength which indicates that HgO nanoparticles can be

used in metal oxide semiconductor-based photovoltaic

cells. A possible core–shell structure of the HgO

nanobiocomposite has been proposed.

Keywords Bioreductive � Plant protein-coated
nanoparticles � Callistemon viminalis � Phytochemicals

Introduction

The green method of synthesis of nanoparticles is easy,

efficient, and eco-friendly in comparison to chemically

mediated synthesis [1–3]. The chemical synthesis involves

toxic solvents, high pressure, energy, and high temperature

conversion as well as microbe-involved synthesis which are

not feasible industrially. Green synthesis is the best option

to opt for the synthesis of nanoparticles, as it does not in-

volve such a process. The HgO nanoparticles are synthe-

sized using an aqueous extract of Callistemon viminalis and

mercuric ions. Mercuric oxide is solid at room temperature

and pressure. It occurs in two forms, red and yellow. The

yellow form is a cyclodesulfarizing agent. Mercuric oxide is

used in mercury batteries and as an efficient power source in

space exploration. HgO is applied to the cathode in the

mercury battery cell, which is widely used in small elec-

tronic equipments. It is also used in alkaline batteries and

pigments, as seed protectant and as a preservative in cos-

metics. It is used as a tropical antiseptic and in ointment
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form for eye disorders. Among the semiconductor com-

pounds, HgO was suggested to be the most unusual in terms

of its structural properties at ambient pressure, which are

largely determined by the strong tendency for linear coor-

dination of Hg to form the O–Hg–O chain.

Callistemon viminalis is a flowering plant of the family

Myrtaceae. The plant is commonly called bottle brush due to

the resemblance of its flower to the bristles of a bottle brush

[1]. It is an evergreen tree having dense, multi-trunked, low-

branching, pendulous growth habit and a moderate growth

rate. Callistemon viminalis can reach up to 25–30 feet tall in

30 years, but most trees are 15–20 feet tall. They bloom in

great abundance from March to July and less so throughout

the year. Apart from its ornamental use in gardens for its

aesthetic beauty, it has great medicinal importance. This

plant has been used to treat haemorrhoids in China from

ancient times. It is also a relaxant (antispasmodic activity)

and has antithrombotic and repellent effect. Further, the plant

has other useful properties which include nematocidal, lar-

vicidal, pupicidal, insecticidal, antibacterial and antifungal

properties [4, 5].Callistemon viminalis is also used for weed

control, as bioindicator for environmental management, and

is a source of an essential oil [6].

The formation of nanoparticles is thermodynamically

forbidden, as new surfaces are created which demands

positive free energy of formation. Even after the formation

of nanoparticles, to reduce the surface area nanoparticles

tend to agglomerate resulting in sedimentation. Therefore,

stabilization of nanoparticles is an important issue to be

dealt with. In most of the cases, a separate stabilizing agent

is required to avoid the agglomeration of nanoparticles.

The synthesized nanoparticles were characterized by

UV spectroscopy, TEM spectroscopy, FTIR spectroscopy,

X-ray spectroscopy and TGA analysis, which confirmed

the formation of plant protein-coated HgO nanoparticles.

The protein present in the flower extract acts as a reducing

agent and stabilizes the formed nanoparticle by modifying

its surface as a capping agent.

This is the very first report of the synthesis of plant

protein-coated HgO nanoparticle synthesis using Calliste-

mon viminalis flower extracts. This opens avenues for the

convenient green synthesis of nanoparticles using possible

biomolecules present in plants, which act as a reducing as

well as stabilizing agent.

Materials and methods

Preparation of aqueous flower extract of Callistemon

viminalis

The Callistemon viminalis flower material was collected

from a location of latitude: 27 N 800 27.58 and longitude

75E 030 48.7900 (Guru Vashisht College, FASC, Laksh-

mangarh, Sikar District of Rajasthan Province of India).

The flowers were dried and later finely powdered for ex-

traction of phytochemicals present in them.

Fresh flowers of Callistemon viminalis were washed

under running tap water to remove any attached debris and

dust and subsequently with Millipore water three to four

times [7]. Flowers were air dried for 2 weeks at room

temperature (25 �C). The dried flowers were finely pow-

dered by grinding using a Lumix grinder (AICIL,

Chandigarh, India). The extract was prepared by taking

40 g of powdered flowers in a 500 mL round flask with

300 mL of sterile deionized distilled water (Millipore India

Pvt Ltd.). The extract was further boiled for 10 min and

sieved and filtered twice by using filter paper No. 42

(Whatman, USA). The filtrate was collected and stored at

4 �C and used within a week. A small amount of filtrate

was dried at 80 �C and analysed by FT-IR techniques [8].

Phytochemical analysis

Phytochemical analysis of the Callistemon viminalis flower

extract was carried out following the standard method

available in the literature [9–11].

Tannins On adding 2 ml filtrate ? 2 ml FeCl3, a blue-

black precipitate indicated the presence of tannins.

Saponins Frothing test: on adding 0.5 ml filtrate ? 5 ml

distilled water, frothing persistence indicated the presence

of saponins.

Glycosides On adding 2 ml filtrate ? 1 ml glacial acetic

acid ? FeCl3 ? conc. H2SO4, a green-blue colour indi-

cated the presence of cardiac glycosides.

Phenolics 1 ml each of the concentrated extracts was

heated to remove the solvent and the residues were taken in

a small amount of aqueous methanol. To the methanolic

solution, 0.5 % ferric chloride solution was added and the

change in colour was marked in the alcoholic extract,

indicating the presence of phenolic compounds.

Flavonoids To the test solution, a few drops of sodium

hydroxide solution were added. An intense yellow colour

was formed which turned colourless on adding a few drops

of dilute acid, indicating the presence of flavonoids.

Alkaloids about 1 ml each of concentrated extracts was

evaporated to dryness at a controlled temperature and then

the residue was treated with 5 % hydrochloric acid (2 ml)

and filtered. The filtrates were tested with Mayer’s and

Dragendorff’s reagent. A creamish precipitate/brownish-

red precipitate/orange precipitate indicated the presence of

the respective alkaloids.

Sugars 15 ml of Fehling-‘‘A’’ was mixed with 15 ml of

Fehling -‘‘B’’. 2 ml of this mixture was added to an empty

test tube. Three drops of the compound was taken to be

tested in a tube, which was placed in a water bath at 60 �C.
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A positive test was indicated by a green suspension or a red

precipitate.

Proteins 1 ml of the extract to be tested was taken in a

test tube and five drops of conc. HNO3 added. It was placed

in a hot water bath for half a minute. A yellow acid xan-

thoprotein substance was formed by the action of hot nitric

acid on albuminous or protein matter that changed to a

deep orange-yellow colour by the addition of ten drops of

conc. ammonia or NaOH.

Starch On adding 1 ml of extract to the test tube ? few

drops of KI solution, a blue-black colour indicates the

presence of starch.

Phytosterols To 1 ml of flower extract, conc. H2SO4 was

added along the side of the test tube. A reddish brown

interface form indicates the presence of steroids.

Antimicrobial activity

The antimicrobial susceptibility of plant protein-coated

HgO nanoparticles was evaluated by keeping the plant

crude extract and pure uncoated HgO nanoparticles as

control using the disc diffusion method [9]. Penicillin discs

were used as a positive indicator. The Petri dish was then

subjected to an incubation at 37 �C overnight to allow the

bacteria to grow [12]. The antimicrobial activity of plant

protein-coated HgO nanoparticles was evaluated for

Escherichia coli (Gram-negative bacteria; MTCC No

1687). The strain was obtained from Microbial Type Cul-

ture Collection depository of the Institute of Microbial

Technology, Chandigarh, India [13].

Nanoparticles synthesis

Mercuric acetate was purchased from CDH, and the

aqueous flower extract of Callistemon viminalis was used

as a bioreductive agent. To synthesize nanoparticles from

Callistemon viminalis, 40 mL of the aqueous flower extract

was added to 100 mL of 4 mM aqueous mercuric acetate

solution in 250 mL Schott Duran beaker. The beaker was

subjected to an rpm of 150 at 60 �C.

Characterization of nanoparticles

Mercuric oxide (HgO) nanoparticles synthesized by this

green method were initially examined using Carry 60

Agilent UV–Vis spectrophotometer. FT-IR spectroscopy of

plant protein-coated mercuric oxide nanoparticles was

carried in the range 4000 to 400 cm-1 using Perkin Elmer

FT-IR spectrophotometer and compared with that of pure

uncoated bulk HgO, confirming the protein coating on HgO

nanoparticles which acts as a stabilizer for these. X-ray

diffraction and TEM images were also taken to identify the

nature of crystal and particle size, respectively.

Thermogravimetric analysis (TGA) was performed under a

nitrogen atmosphere at a heating rate of 10 �C/min from

room temperature up to 700 �C, which further confirmed

the formation of plant protein-coated HgO nanoparticles.

The optical band gap of the nanocrystalline samples was

calculated from the absorption peak as 2.48 eV.

Results and discussion

Bioreductive and green-synthesized mercuric oxide (HgO)

nanoparticles were produced by treating mercuric ions with

the flower extracts of an ornamental plant Callistemon

viminalis. Mercuric acetate was taken as the metal pre-

cursor in the present experiment where the flower extract

was found to act as a reducing as well as a stabilizing

agent. The colour change during the formation of

nanoparticles was visualized. The colour of the mercuric

acetate/flower extract solution changed from light maroon

to light brown after 5 min and eventually to dark brown.

This colour change indicates the formation of HgO

nanoparticles in solution. Mercuric acetate without flower

extract did not show any colour change.

Ten different tests to identify phytochemicals in the

aqueous extract of the ornamental plant Callistemon

viminalis were conducted. Seven phytochemicals were

identified by the tests which have been shown in Table 1.

The phytochemicals present in the flower extract which act

as reducing agents are tannins, saponins, phenolic com-

pounds, flavonoids, sugars, proteins and steroids. The

aqueous Callistemon viminalis flower extract was found to

have these contents, suggesting that it was the most

favourable starting material for the preparation of HgO

nanoparticles.

The presence of protein in the plant extract has been

confirmed by TLC study of the extract. The plate was

developed with a stationary phase of silica gel on

Table 1 Presence (?) and absence (-) of phytochemicals in the

flower extract of Callistemon viminalis

S.no. Phytochemicals Present/absent

1 Tannins ?

2 Saponin ?

3 Glycosides –

4 Phenolic compounds ?

5 Flavonoids ?

6 Alkaloids –

7 Sugars ?

8 Proteins ?

9 Starch –

10 Phytosterol ?
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aluminium paper and the extract was charged and moved

under the influence of the mobile phase of chloroform and

methanol in 9:1 ratio for 4 h. Thereafter, ninhydrin was

spread as a spraying reagent (prepared by taking 0.2 gm of

ninhydrin in 100 ml ethanol), followed by heating at

110 �C till a reddish spot appeared in the plate which

confirmed the presence of protein in the extract. It was later

corroborated by FTIR and TGA studies (Fig. 1).

Natural alternative treatments for bacterial infections

may provide a pathway for the development of new an-

timicrobial agents. The antimicrobial activity of the aque-

ous Callistemon viminalis flower extracts-mediated plant

protein-coated HgO nanoparticles was investigated using

E. coli (Fig. 2) along with pure uncoated HgO and crude

plant extract. Standard penicillin was taken as a positive

control. The results showed that the antimicrobial potential

of plant protein-coated HgO nanoparticles still prevailed,

as it was present in the pure uncoated bulk HgO. The crude

plant extract did not have any antibacterial activity.

The formation of HgO nanoparticles was first confirmed

by using UV–visible spectroscopy (UV–Vis). No other

peak was observed in the spectrum, confirming that the

synthesized product was HgO only. Generally, biosynthetic

methods are considered as time consuming when compared

with chemical methods. To the best of our knowledge, the

reaction time for the formation of plant protein-mediated

HgO nonmaterial is 15 min.

The UV–Vis spectroscopy revealed the formation of

HgO nanoparticles by exhibiting the typical surface plas-

mon absorption maxima at 243 nm (Fig. 3). The surface

plasmon resonance of the pure uncoated bulk HgO was

earlier reported by Mukherjee et al. [14]. A comparative

study of UV–Vis spectra of flower extract, mercuric acetate

solution and freshly prepared plant protein-coated HgO

nanoprticles has been depicted to confirm the formation of

pure plant protein-coated HgO nanoparticles.

The optical band gap of the nanocrystalline samples was

calculated from the absorption peak using the formula:

Band gap energy ðEÞ ¼ h � c=k;

H = Planck’s constant = 6.626 9 10-34 J s, c = Speed

of light = 3.0 9 108 m/s, k = Cutoff wavelength (nm)

where the absorbance value is minimum = 390 nm

(Fig. 5c),

where 1 eV = 1.6 9 10-19 J (conversion factor),

Eg ¼ ½ð6:626� 10�34Þ � ð3� 108Þ�=ð500� 10�9Þ
¼ 3:9756� 10�19or 2:48eV

Fig. 1 Thin layer chromatography of Callistemon viminalis crude

aqueous extract

Fig. 2 Plate showing the zones of inhibition of E. coli for protein-

coated HgO nanoparticles, pure uncoated bulk HgO and crude plant

extract taking penicillin as positive control
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The colloidal solutions were dried in watch glasses

to analyse the samples. The dried form of synthesized

plant protein-coated HgO nanoparticles was further

characterized using Fourier transform infrared (FTIR)

spectroscopy. The FTIR data were compared with pure

uncoated bulk HgO [15] as mentioned in the inset of Fig. 4

Fig. 3 a UV–visible spectrum

of Callistemon viminalis flower

extract. b UV–visible spectrum

of 4 mM mercuric acetate

solution before treatment with

flower extracts. c UV–visible

spectrum of mercuric acetate

solution after treatment with

flower extracts. The

characteristic peak around

243 nm was obtained,

confirming the synthesis of HgO

nanoparticles

Fig. 4 FTIR spectrum of synthesized plant protein-coated HgO nanoparticles. Inset: FTIR of pure uncoated bulk HgO (taken from reference

No.15)
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to identify the likely biomolecules accountable for capping

and reducing of the HgO nanoparticles produced from

Callistemon viminalis.

The synthesized plant protein-coated HgO nanoparticles

showed 11 infrared bands at 3432, 1640, 1573, 1414, 1384,

1074, 1021, 928, 865, 781 and 650 cm-1 (Fig. 4). The peaks

at 1414 and 1021 cm-1 are attributed to the asymmetric and

symmetric stretching vibration of COO- that proves the

combination of the protein with the nanoparticles. The peak

at 1640 cm-1 is responsible for the presence of the amide

carbonyl group of protein, which is attached to the synthe-

sized nanoparticle as a capping and stabilizing agent.

The IR spectrum of HgO nanoparticles shows that the

absorption peaks at 650 and 471 cm-1 are assigned to the

(Hg–O) mode, confirming the formation of HgO

nanoparticles which is further corroborated by FTIR of

pure uncoated bulk HgO data mentioned in the inset of

Fig. 4 [15].

XRD is an effective characterization to confirm the

crystal structure of the synthesized mercuric oxide

nanoparticles. Ten characteristic peaks at 16.4, 22.7, 28.4,

31.8, 34.3, 35.1, 37.7, 48.3 and 54.4 corresponded to the

(100), (111), (200), (210), (211), (211), (220), (221), (311)

and (321) crystal planes of a pure HgO. They matched well

with that of JCPDS No. 37–1469, indicating that the

sample has a cubic crystal system. No characteristic peak

for impurity was observed (Fig. 5).

The transmission electron microscopy (TEM) micro-

graph for synthesized mercuric oxide nanoparticles is

shown in Fig. 6. The particles had a rather narrow size

distribution, where most of the mercuric oxide particles

were within 2–4 nm. Therefore, the HgO nanoparticles

were successfully synthesized by this green method using

Callistemon viminalis leaf extract as reducing agent and

stabilizer for nanoparticles.

Figure 7 revealed the TGA results for these HgO

nanoparticles. An initial weight loss of 6.11 % around

120 �C occurred, followed by 9.66, 2.36 and 5.45 % at

340, 510 and 699 �C, respectively, thus confirming that the

plant protein was conjugated to the HgO nanoparticles

forming the nanoparticles–plant protein hybrid. The initial

weight loss of HgO nanoparticles powder under 100 �C is

likely to be caused by the water contained in it.

The protein of Callistemon viminalis leaf extract de-

composes completely at temperatures higher than 600 �C
and the residual weight of HgO nanoparticles is 76.39 % at

700 �C. The results of TGA illustrated that amide I and

amide II were present in Callistemon viminalis leaf extract

in the HgO nanoparticles with a weight of around 34 %.

Fig. 5 XRD pattern of the

synthesized mercuric

nanoparticles by the

bioreductive method

Fig. 6 TEM image of the plant protein-coated HgO nanoparticles

from which we can see that the sizes of HgO nanoparticles are almost

uniform and most of the HgO nanoparticles are approximately

spherical with mean diameters ranging from 2 to 4 nm

130 Int Nano Lett (2015) 5:125–132

123



TGA demonstrated that Callistemon viminalis leaf extract

existed on the surface of HgO nanoparticles.

The FTIR and TGA study of the green-synthesized HgO

nanoparticles confirms the protein coating on the nanopar-

ticle surface which gives stabilization to the nanoparticles,

preventing agglomeration. Based on the study, a possible

core–shell structure of the HgO nanobiocomposite has been

proposed in Fig. 8.

Conclusion

In the present study, we report a green approach for the

synthesis of HgO nanoparticles using flower extracts of

Callistemon viminalis. The flower extracts of Callistemon

viminalis seem to be environmentally friendly, so that

this protocol can be used for the rapid production of

HgO. Till date, there has been no report of the synthesis

of plant protein-coated nanoparticles forming core–shell

structure of the HgO nanobiocomposite using flower

extract of Callistemon viminalis. Investigation of the

antibacterial activity of HgO nanoparticles against E. coli

reveals the high potential of Callistemon viminalis flower

extract-stabilized HgO nanoparticles for use as antimi-

crobial agent in the medical field as well as in food,

medicine and cosmetic industries. The optical band gap

has been calculated to be below 3 eV and the plant

protein-coated HgO nanoparticles show a promise to be

used in metal oxide semiconductor-sensitized photo-

voltaic cell.

Fig. 7 Thermogravimetric analysis

(TGA) results of plant protein-coated

HgO nanoparticles

Fig. 8 Core–shell structure of

protein-coated HgO

nanoparticles
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