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Introduction

Nanotechnology has gained huge importance due to its po-
tential applications in different fields of life including catalysis,
agricultural products, food applications and medical treatments
[1,2]. The nanoscale particles (1-100nm) showed excellent per-
formance in different applications as compared to the micro-
sized particle mainly due to greater surface area. Among dif-
ferent nanomaterials, ZnO NPs have been considered as highly
promising and greatly versatile nanomaterial [3]. ZnO NPs are
semiconductor material and possess a wurtzite structure. ZnO
NPs can be used in different fields including optoelectronics,
sensing, medical field and energy generation [4,5]. ZnO NPs can
be synthesized by different physical and chemical approaches
like thermal evaporation [6], pulsed laser deposition (PLD) [7],
ion implantation [8], reactive electron beam evaporation [9], co-

Abstract

Greener methodology for the synthesis of Zinc oxide
Nanoparticles (ZnO NPs) is the most preferred method
owing to its facile, simple, economical and non-hazardous
properties. In this research work, ZnO NPs were synthesized
by adopting a novel facile biogenic route in the presence of
Gentiana kurroo plant extract, which acts as a capping as
well as reducing agent. Optimization of ZnO NPs was done
by controlling various parameters including pH, incubation
time, temperature, salt and plant extract concentration etc.
Additionally, the successful formation of ZnO NPs has been
investigated using UV/VIS and FTIR analysis techniques. The
photocatalytic efficiency of ZnO NPs showed excellent pho-
tocatalytic degradation of Methylene Blue (MB). The photo-
degradation performance was 89% which was achieved in
90 min.

precipitation method [10], sol-gel technique [11], hydrothermal
method [12], thermal decomposition [13], and green synthesis
[14]. Among all the synthetic methodology green synthesis of
ZnO NPs are of considerable importance due to its ecofriendly
and cost-effective approach. Additionally, enzymes, proteins,
plants, fungi, bacteria, and algal extract have been used for the
biogenic synthesis of NPs [15-19]. These biogenic extracts act
as both reducing and stabilizing agents [20]. Bhuyan et al. [21]
synthesized ZnO NPs through a biogenic route in the presence
of Azadirachta indica extract that acts as a stabilizing and reduc-
ing agent. They used this photocatalyst for photodegradation
of MB dye and in antibacterial activity. Ngoepe et al. [22] used
Monsonia burkeana plant extract for greener synthesis of ZnO
NPs and found that ZnO showed good antibacterial activity. Nu-
merous other plant extracts have been used for the biogenic
synthesis of ZnO NPs but still no study has reported the synthe-
sis of ZnO NPs in the presence of Gentiana kurroo Royle extract.
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Gentiana kurroo (family Gentianaceae) is commonly known
as “Nilkanth” in Kashmir Himalayas. The phytochemical stud-
ies showed the presence of Tannins, Alkaloids, Saponins, Glyco-
sides (Gentiopicrine, Gentianine), Terpenes, Flavonoids, Pheno-
lics, Carbohydrates, Genianic Acid, Pectin iridoid glycosides, the
alkaloid Gentianin in the root and rhizome of plant [23,24]. The
roots of the plant are used as a bitter tonic, antiperiodic, expec-
torant, astringent, stomachic, anthelmintic, antipsychotic, anti-
inflammatory, antioxidant and anti- bacterial [25]. The chemical
composition of the extract was dominated by the presence of
sulphur-containing compounds like dimethyl sulphide, 2-methyl
sulphide, 2-ethylfuran and 2pentylfuran constituting 36.1% of
the total identified components [26]. The presence of antioxi-
dants in the Gentiana kurroo Royle extract imparted excellent
reducing properties which significantly affect the preparation of
metal nanoparticles. Hence, this study was an attempt to make
use of Gentiana kurroo Royle plant roots as a raw material for
the preparation of ZnO NPs and photocatalytic efficiency was
investigated by using MB as a model contaminant.

Experimental
Materials

Zinc chloride (ZnCl,, 97%), Sodium hydroxide (NaOH, 98%),
Sodium Borohydride (NaBH,, 97%) Ammonia (NH,, 98%), Meth-
ylene blue (98%) were purchased from Sigma Aldrich. All chemi-
cal were used as received no need to use further purification
processes. Other material used here includes Gentiana kurroo
roots. Gentiana kurru plant was taken from the Botanical Gar-
den of University of Punjab, Lahore, Pakistan.

Preparation of plant extract

Roots of Gentiana kurru plant were washed with tap water
and then distilled water, dried and fully ground to obtain a fine
powder. 10g of Gentiana kurru plant powder was added into
300-400 ml of distilled water and boiled for about 4-5 hr which
then centrifuged at 4000 rpm for 20 min. The extract was then
filtered and centrifuged for 20min to obtain a clean extract.

Synthesis of ZnO NPs

For ZnO NPs synthesis hydrothermal synthetic route was ad-
opted. For this purpose, 8ml metal precursor salt (1mM) solu-
tion was taken and pH (12) was maintained with the addition of
drop wise 3M NaOH solution till solution become turbid. Then
whole mixture was refluxed at a temperature of 100°C for a pe-
riod of 2h. Then mixture was centrifuged at 4000 rpm/25 min
and dried in an oven for a period at 90 °C/6 hr. Synthesized ZnO
NPs were then calcined in a muffle furnace at 600 °C/1 hr.

Biogenic synthesis of ZnO NPs

In three necked round bottom flasks 24 ml aqueous solution
of 1mM Zinc Chloride solutions, 3ml of 2.5% rhizome extract
of Gentiana kurroo royle and 3M sodium hydroxide solution
were mixed and the sample was refluxed for 2 hr at 100 °C. This
product was then centrifuged for 25 min at 4000 rpm, washed
with deionized water and dried in an oven 6 hr/90 °C. These
synthesized precipitates were then calcined in a muffle furnace
at 600 °C/1 hr.

Protocol to investigate photocatalytic performance of ZnO
NPs

The photocatalytic performance of ZnO NPs was investigated
by using MB as a model reaction. Photocatalytic decolorization

of methylene blue dye was not observed in the absence of pho-
tocatalyst due to the high activation energy barrier. The same
experiment was performed in the presence of photocatalyst by
adding 30 mg of ZnO NPs, 1 ml (10 ppm) of MB solution, 1ml
of deionized water in quartz cuvette and the sample was then
sample scanned at a various interval of time. A decrease in the
absorption spectra peak from 665nm was observed which indi-
cates the degradation of MB.

Characterization

Ultraviolet-visible spectrophotometer analysis was per-
formed by using UVD-3500 Lambda, Inc. USA used to explain
the optical properties of ZnO NPs. Functional group analysis
was done by FTIR spectrophotometer.

Result & Discussion

The successful synthesis of ZnO NPs via the hydrothermal
method (ZnO, NPs) and through facile novel biogenic route in
the presence of Gentiana kurroo Royle stabilizing agent (ZnO,
NPs) have been investigated using UV/VIS spectrophotometer
(Figure 1,2). Figure 1 shows that ZnO, NPs have A__ at 370 nm
and 380 nm before and after calcination while ZnO, NPs exhib-
ited a distinctive peak at 360 nm. The peak noticed in Figure 2
showed increase in wavelength and red shift after calcination
mainly due to large particle size at higher temperature. Addi-
tionally, absorbance values show decline with the decrease in
particle surface area. The UV-Vis spectra of ZnO, NPs showed
the sharpness of the peak indicates the monodispersity of ZnO
NPs. Table 1 showed the change in particle size before and after
calcination. Sangeetha et al. [27] also reported the synthesis of
Zn0O NPs by chemical as well as green method. The particle size
of nanoparticles can be calculated as follow
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Here, r is the size of nanoparticles in nm while 4p is value of
absorbance at maximum wavelength (nm).

Table 1: Showed the change in particle size of ZnO NPs before
and after calcination.

Particle size Particle size
Sample name

(before calcination) (after calcination)

Chemical method ZnO, 2.73 nm 3.07 nm

Green method ZnO, 2.29 1.4M
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Figure 1: UV/Vis of ZnO NPs synthesized in the absence of
stabilizer.
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Figure 2: UV/Vis analysis of ZnO NPs synthesized by using
rhizome extract of Gentian kurroo royle.

Optimization parameters for ZnO NPs

Zn0O NPs prepared at various amount of ZnCl, salt solution
like 0.01M, 0.05M and 0.1M etc. The UV-Vis spectra of synthe-
sized ZnO NPs at a varying concentration of ZnCl, are shown in
Figure 3 (A) which revealed that higher concentrations of salt
show a significant increase in the size of ZnO NPs [28]. It has
been observed that the optimum value of salt concentration for
fabrication of ZnO NPs was 0.01M. Additionally, pH is another
factor significantly affecting the formation of ZnO NPs. Figure
3 (B) shows that optimum pH was 12 because the peak inten-
sity specifies high monodispersity of nanoparticles. Moreover,
compounds are in protonated form at low pH, which indicates
less reducing and stabilizing capacity of biomolecules, whereas
deprotonation of many functional groups occurs at higher pH.
Additionally, the more concentrated the gentian kurru plant ex-
tract is more it will be reducing and stabilizing agent which high-
ly promotes metal ion reduction. The absorption spectra ZnO
NPs fabricated by different salt to extract ratioi.e. 8:1, 12:1 and
16:1is shown in Figure 3 (C) and the A__ at 365 nm, 375 nm and
380 nm values due to increase in particle size with increases
in number of Zn* ions. Figure 3 (D) showed that the quality of
Zn0 nanoparticles was greatly influenced at different tempera-
ture values such as 80°C, 100°C and 120°C. Additionally, at high
temperature value i.e. 100°C particle size of nanomaterials de-
crease as nucleation process dominates growth of nanomateri-
als. However at 120 °C the intensity of A__ was found to lower
due to the dominancy of crystal growth rate over the nucleation
process [29]. UV/VIS spectra of ZnO NPs at various time inter-
val was observed and A__ was found to be at 360 nm, 370 nm
and 370 nm, respectively. However, the absorption intensity de-
creases at more incubation time due to a slow heating rate with
refluxing temperature of 100°C that leads to allow the diffusion
process to contribute to grain growth [30].

FTIR analysis was used for functional group identification
and chemical structure of ZnO NPs. FTIR spectral bands of Gen-
tiana kurroo rhizome extract appeared at 3300 cm™ due to the
presence of OH™ groups in a molecule and bands at 1116 or
1101 cm™ appeared due to the stretching vibrations of C-OH
and C-H (Figure 4A). Additionally, the band appeared at 1644
cm™ showed the C=C stretching of aromatic ring. The peaks ap-
peared in Figure 4A showed the presence multiple phytochemi-
cals like phenol or flavonoids etc. of plant extract that help in
reduction and stabilization of ZnO NPs. More specifically the
bands of ZnO NPs were observed at 3400 cm™ were assigned
to the stretching mode of hydroxyl group (Figure 4B). The peaks
observed at 1579 and 1383-1340 cm™ are designate asymmetri-
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Figure 3: UV/Vis spectra of ZnO NPs at different (A) salt con-
centration, (B) pH, (C) volume ratio of salt to extract concentra-
tion, (D) temperature, (E) incubation time.
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Figure 4: (A) FTIR spectra of Gentiana kurroo Royle rhizome
extract, (B) FTIR spectra of biogenic ZnO NPs.

cal and symmetrical stretching of Zn-O. Additionally, ZnO NPs
show peak at 884, 840 cmrelated to alkyl halides.

Photocatalysis of MB

The photocatalytic performance of biogenically synthesized
Zn0O NPs using MB as a model contaminant. Figure 5 (A) shows
the significant increase in the photodegradation of MB with
time due to the presence of a photocatalyst. Moreover, photo-
catalysis of MB follows pseudo first order kinetics which means
that reaction rate mainly depends on the initial concentration
of dye as shown in Figure 5 (B). The %age photodegradation
rate of MB can be calculated via the following equation.

% age degradation= o~ Ct Ct) x 100
Ct
Here C, represents dye concentration after time ¢, C_ showed

initial concentration of dye t is the time required and K is the
rate constant.
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Figure 5: (A) Showed degradation rate of methylene blue with
ZnO NPs, (B) Showed kinetic study for photodegradation of MB in
the presence of ZnO NPs.

Adsorption of reactant occurs on the photocatalyst surface
through T — T stacking interaction which also acts as an excel-
lent substrate for the transfer of electron from reducing agent
to pollutant. Through electron transfer super oxide radical
and oxidizing agent generated leading to the decolorization of
methylene blue dye.

Conclusion

ZnO NPs were prepared through biogenic facile novel ap-
proach in the presence of Gentiana kurroo Royle rhizome ex-
tract and Zinc precursor salt. The successful synthesis of ZnO
NPs has been attained by varying the factor affecting the syn-
thesic nf 7n0 NPs at 2.5% plant extract with 0.01M ZnCl,, 12
pH, L00%C. 3nd 2 hr irradiation time. FTIR analysis confirmed
the successful synthesis of ZnO NPs in the presence of Gentia-
na kurroo Royle rhizome extract as the phytochemical groups
have been identified from spectra of plant extract. Addition-
ally, the UV/VIS analysis also confirmed the formation of NM
and showed a maximum peak at 360 nm. However, the photo-
catalytic performance of ZnO showed higher photodegradation
performance with 89% efficiency in 90min. Hence, the greener
route synthesis suggested that ZnO NPs can be used as a safer
photocatalyst in different applications.

Declaration of Interest: NO.
References

1. Kung HH, Kung MC. Nanotechnology: Applications and poten-
tials for heterogeneous catalysis. Catalysis today. 2004; 97: 219-
224.

2. Kung HH, Kung MC, Nanotechnology and heterogeneous cataly-
sis, in Nanotechnology in catalysis. Springer. 2007; 1-11.

3. Din MI, Rani A, Hussain Z, Khalid R, Aihetasham A, et al. Biofab-
rication of size-controlled ZnO nanoparticles using various cap-
ping agents and their cytotoxic and antitermite activity. Interna-
tional Journal of Environmental Analytical Chemistry. 2021; 101:

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

821-837.

Huang MH, Mao S, Feick H, Yan H, Wu Y, et al. Room-tempera-
ture ultraviolet nanowire nanolasers. science. 2001; 292: 1897-
1899.

Dutta S, Chattopadhyay S, Sarkar A, Chakrabarti M, Sanyal D, et
al. Role of defects in tailoring structural, electrical and optical
properties of ZnO. Progress in Materials Science. 2009; 54: 89-
136.

Masaki T, Kim S. Synthesis of nano-sized ZnO powders prepared
by precursor process. Journal of Ceramic Processing & Research.
2003; 4: 135-139.

Chen L, Chen Z, Shang X, Liu C, Xu S, et al. Effect of annealing
temperature on density of ZnO quantum dots. Solid state com-
munications. 2006; 137: 561-565.

Wang ZL. Zinc oxide nanostructures: growth, properties and
applications. Journal of physics: condensed matter. 2004; 16:
R829.

Wu H, Qiu D, Cai Y, Xu X, Chen N. Optical studies of ZnO quantum
dots grown on Si (0 0 1). Journal of crystal growth. 2002; 245:
50-55.

Kripal R, Gupta AK, Srivastava RK, Mishra SK. Photoconductivity
and photoluminescence of ZnO nanoparticles synthesized via
co-precipitation method. Spectrochimica Acta Part A: Molecular
and Biomolecular Spectroscopy. 2011; 79: 1605-1612.

Spanhel L, Anderson MA. Semiconductor clusters in the sol-gel
process: quantized aggregation, gelation, and crystal growth in
concentrated zinc oxide colloids. Journal of the American Chem-
ical Society. 1991; 113: 2826-2833.

Bai X, Li L, LiuH, Tan L, Liu T, et al. Solvothermal synthesis of ZnO
nanoparticles and anti-infection application in vivo. ACS applied
materials & interfaces. 2015; 7: 1308-1317.

Yang L, Yang J, Liu X, Zhang Y, Wang Y, et al. Low-temperature
synthesis and characterization of ZnO quantum dots. Journal of
Alloys and Compounds. 2008; 463: 92-95.

Archana B, Manjunath K, Nagaraju G, Sekhar KC, Kottam N. En-
hanced photocatalytic hydrogen generation and photostability
of ZnO nanoparticles obtained via green synthesis. International
Journal of Hydrogen Energy. 2017; 42: 5125-5131.

Muhammad W, Ullah N, Haroon M, Abbasi BH. Optical, mor-
phological and biological analysis of zinc oxide nanoparticles
(ZnO NPs) using Papaver somniferum L. RSC advances. 2019; 9:
29541-29548.

Azizi S, Ahmad MB, Namvar F, Mohamad R. Green biosynthesis
and characterization of zinc oxide nanoparticles using brown
marine macroalga Sargassum muticum aqueous extract. Mate-
rials Letters. 2014; 116: 275-277.

El-Belely EF, Farag M, Said HA, Amin AS, Azab E, et al. Green syn-
thesis of zinc oxide nanoparticles (ZnO-NPs) using Arthrospira
platensis (Class: Cyanophyceae) and evaluation of their biomed-
ical activities. Nanomaterials. 2021; 11: 95.

Bae S-H, Yu J, Lee TG, Choi S-J. Protein food matrix-ZnO nanopar-
ticle interactions affect protein conformation, but may not be bi-
ological responses. International journal of molecular sciences.
2018; 19: 3926.

Ali SG, Ansari MA, Jamal QMS, Almatroudi A, Alzohairy MA, et
al. Butea monosperma seed extract mediated biosynthesis of
ZnO NPs and their antibacterial, antibiofilm and anti-quorum
sensing potentialities. Arabian Journal of Chemistry. 2021; 14:
103044.

Nanoscience and Nanotechnology: Open Access



MedDocs Publishers

20.

21.

22.

23.

24,

25.

Maruthupandy M, Zuo Y, Chen J-S, Song J-M, Niu H-L, et al. Syn-
thesis of metal oxide nanoparticles (CuO and ZnO NPs) via bio-
logical template and their optical sensor applications. Applied
Surface Science. 2017; 397: 167-174.

Bhuyan T, Mishra K, Khanuja M, Prasad R, Varma A. Biosynthe-
sis of zinc oxide nanoparticles from Azadirachta indica for anti-
bacterial and photocatalytic applications. Materials Science in
Semiconductor Processing. 2015; 32: 55-61.

Ngoepe N, Mbita Z, Mathipa M, Mketo N, Ntsendwana B, et
al. Biogenic synthesis of ZnO nanoparticles using Monsonia
burkeana for use in photocatalytic, antibacterial and anticancer
applications. Ceramics International. 2018; 44: 16999-17006.

Sharma N, Chandel K, Paul A. In vitro propagation of Gentiana
kurroo-an indigenous threatened plant of medicinal impor-
tance. Plant cell, tissue and organ culture. 1993; 34: 307-309.

Skinder BM, Ganai BA, Wani AH. Scientific study of Gentiana
kurroo Royle. Medicines. 2017; 4: 74.

Gautam R, Saklani A, Jachak SM. Indian medicinal plants as a
source of antimycobacterial agents. Journal of ethnopharmacol-
ogy. 2007; 110: 200-234.

26.

27.

28.

29.

30.

Wani BA, Ramamoorthy D, Rather MA, Ganai BA, Masood A, et
al. Headspace solid-phase microextraction (HS-SPME) Gas Chro-
matography Mass Spectrometric (GC-MS) analysis of the volatile
aroma components of Gentiana kurroo Royle. J. Pharm. 2011;
44:2943-2945.

Sangeetha G, Rajeshwari S, Venckatesh R. Green synthesis of
zinc oxide nanoparticles by aloe barbadensis miller leaf extract:
Structure and optical properties. Materials Research Bulletin.
2011; 46: 2560-2566.

Rao Y, Banerjee D, Datta A, Das S, Guin R, et al. Gamma irradia-
tion route to synthesis of highly re-dispersible natural polymer
capped silver nanoparticles. Radiation Physics and Chemistry.
2010; 79: 1240-1246.

Pourrahimi A, Liu D, Strom V, Hedenqvist MS, Olsson RT, et al.
Heat treatment of ZnO nanoparticles: New methods to achieve
high-purity nanoparticles for high-voltage applications. Journal
of Materials Chemistry A. 2015; 3: 17190-17200.

Xiong G, Pal U, Serrano J, Ucer K, Williams R. Photoluminesence
and FTIR study of ZnO nanoparticles: the impurity and defect
perspective. physica status solidi c. 2006; 3: 3577-3581.

Nanoscience and Nanotechnology: Open Access



