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Abstract: Gold nanoparticles were synthesized using the cost-effective, eco-friendly
green synthesis method. In the process, tetrachloroauric acid was used as a precursor and
extract from flower leaves of the Hibiscus Tiliaceus plant was used as a reducing agent.
Different concentrations of glucose were mixed with the synthesized gold nanoparticles
and their effects were investigated. UV-Vis spectrometer was used to record the absorption
spectra of the samples. Transmissionelectron microscopy (TEM) analysis was performed
to determine the size and shape of the nanoparticles.  The results showed that there is a
linear  relationship  between the glucose concentration and the surface plasmon resonance
absorption peak. This relationship  occurred in the glucose concentration range of 1-
15mM. The ability of this system to detect glucose in complex biological solutions was also
investigated, and the results showed that it was still able to effectively detect glucose in
the concentration range of 1-15mM.
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1. INTRODUCTION
It is well documented that there

are approximately 422 million
diabetics worldwide and the global
prevalence of this chronic disease is
in continual rise [1]. The treatment
for diabetes includes following a

certain diet control agenda,
exercising, and monitoring blood
glucose levels [2]. The current daily
standards for blood glucose
monitoring involve glucose oxidation
by the enzyme glucose oxidase and
subsequent electrochemical
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detection [3]. This quantitative
method is considered accurate, but
it relies on high-cost glucose strips
in addition to battery-operated
meters [4]. The enzymatic system is
also sensitive to temperature and pH
changes. Consequently, the glucose
strips cannot be stored for  long
periods of time and undergo
degradation upon prolonged
exposure to humidity, air, and light
[5-6].Therefore, it is important to
search for enzyme-free glucose
detection methods.

In recent years, there has been a
growing interest in research on
nanoparticles due to their potential
application in the fields of medicine
and optoelectronic devices.  These
various applications include the use
of nanoparticles in drug delivery,
diagnosis, cancer treatment, and
optical switching [7-11].
Furthermore, nanoparticles exhibit
unique optical and photo-stability
characteristics [12-13]. Such
properties enable the use of these
nanoparticles in the development of
novel, enzyme-free glucose
detection devices [14-18], which
can be used for monitoring diabetics'
blood glucose levels [19].

Nevertheless, the production of
nanoparticles via the widely used
chemical and physical methods is
generally expensive and poses
seriousenvironmental threats[20-22].
The alternative green synthesis
method has proven to be
inexpensive, efficient, and
environmentally safe [23-25]. Among
the various routes used in the green
synthesis method, the use of plants

is considered to be most cost-
effective due to the plant's low cost
of cultivation and maintenance [26-
27]. Hibiscus Tiliaceus is an
evergreen herbaceous tree, which
contains large yellow flowers [28].
Extract from flower leaves of
Hibiscus Tiliaceusis opted for the
synthesis of gold nanoparticles due
to the presence of phenolic hydroxyl
groups [29], which act as natural
reducing agents.

In this study, we report a novel
fabrication of gold nanoparticles
using HAuCl4 as a precursor and an
extract from flower leaves of
Hibiscus Tiliaceustree as a reducing
agent. The ability of the synthesized
gold nanoparticles to detect glucose
was also explored.  The absorption
spectra of the samples were recorded
using a UV-Vis spectrometer, and
transmission electron microscopy
(TEM) was used to identify
themorphology and size distribution
of the nanoparticles.

2. METHODS
2.1- Synthesis of gold nanopar-

ticles
The methodology for the

preparation of gold nanoparticles
using Hibiscus plant extract as a
reducing agent has been adapted
from previous research articles
[30-31].

Briefly, leaves of flowers from
theHibiscus Tiliaceus were collected
from the trees in the university
campus. The leaves were washed with
tap water and rinsed with distilled
water and were left to dry in a60oC
oven for a duration of 24 hours.
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Subsequently, the leaves were finely
ground. Subsequently, 5.0 g of finely
ground hibiscus flower leaves was
dissolved in 200mL of double
distilled water. Then, the solution
was boiled for a duration of 5 minutes.
After allowing it to cool down, the
solution was filtered using
Whatman's No. 1 filter paper.

In order to prepare 1 M of
tetrachloroauric acid solution, 0.034
g of HAuCl4was dissolved in 100mL
of distilled water and stirred gently
for 1-2 minutes.Thereafter, 10 mL
of the prepared plant extract was
mixed with 2 mL of the prepared
tetrachloroauric acid solution. In
addition, 10 ?L of NaOH (1 M)
was added into the plant extract and
chloroauric acid mixture. Hence, the
mixture was microwaved at 1,250
Watt for20 seconds. The reduction
took place as indicated by the purple
colourchange of the solution. The
solution was found to be stable for a
month with no colour changes and
showed no precipitation.

2.2- Preparation of pure glucose
solutions

All glucose solutions were
prepared by dissolving D-glucose in
varying volumes of distilled water
to obtain each respective glucose
concentration (1, 2, 4, 7, 10, 12,
15 mM).  Subsequently, 1.0 mL of
the prepared gold nanoparticles
wereadded to a series of 1.5 mL
Eppendorf tubes. Then, 0.5 mL of
each glucose concentration was
added into a separate Eppendorf tube
and all tubes were placed in a
vortexer at speed 3 for a duration of
5 minutes.

2.3- Preparation of complex
solutions

According to a number of articles,
the most notable reducing agents
present in blood serum include
ascorbic acid, fructose, galactose,
lipoic acid,  and glutathione[32]. A
stock solution that contains twice the
physiological concentrations of these
agentswas prepared. The next step
involved the preparation of new
glucose solutions that are twice the
concentration of the original glucose
solutions (i.e. 2, 4, 8, 14, 20, 24,
30 mM).  Subsequently, 1.0 mL of
the prepared gold nanoparticles were
added to a series of 1.5 mL Eppendorf
tubes. Then, 0.25 mL of the stock
solution was combined with 0.25mL
of each of the newly prepared
glucose solutions and added into a
separate Eppendorf tube.  This
produced a solution that contains the
same glucose concentrations as the
original glucose solutions as well as
other serum reducing agents at
physiological concentrations. All
tubes were placed in a vortexer at
speed 3 for a duration of 5 minutes.

2.4- Sample characterization
The absorption spectrum of

eachsamplewas recorded using
Shimadzu's UV-1800 UV-Vis
spectrometer, and the Surface
Plasmon Resonance (SPR) band of
each sample was identified. The
morphology and size distribution of
gold nanoparticles (GNPs) were
analyzed by transmission electron
microscopy (TEM). TEM samples
were prepared by depositing a small
droplet of colloidal solution onto
carbon support TEM grids.  Grids
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were dried in open air for a period
of one hour and installed in the
TEM for examination. TEM (FEI,
Morgagni 268, Czech Republic)
was operated at accelerating voltage
of 80 kV and recorded several
images for each specimen to
perform statistical analysis. The
particle size was measured using the
Gatan digital software. The size
histograms and the average size of
the particles were also obtained.

3. RESULTS AND DISCUS-
SION

3.1- Formation of gold nanopar-
ticles

The hibiscus flower contains a
number of bioactive agents, the
most notable ones being the phenolic
hydroxyl groups [28]. The
dissociation of phenolic hydroxyl
groups occurs in alkaline
environments (pK a2> 8) [33-35].
Hence, with the addition of NaOH,
the phenolic hydroxyl groups in the
hibiscus extract reduced the
oxidation state of HAuCl4 from a +3
to 0, resulting in the formation of
colloidal gold nanoparticles [36].

3.2-Confirming the identity of the
synthesized nanoparticles

The identity of the gold
nanoparticles was confirmed by
recording the absorption spectra over
a wavelength range of 400-800 nm.
Due to the collective oscillation of
free electron in the conduction
band, gold nanoparticles
demonstrate a characteristic peak
surface plasmon resonance (SPR)
band, which ranges from 515 to 570
nm[37]. Fig.1 shows UV-Vis

absorption spectra of the synthesized
nanoparticles. The observed SPR
peaks at a wavelength of 535 nm,
which indicates the formation of
gold nanoparticles.

Figure 1: UV-Vis absorption
spectra of colloidal gold nanoparticles
synthesized using Hibiscus plant
extract.

Repeated measurements of the
absorption spectra were taken up to
duration of 1 month. In all these
measurements, the characteristic
surface plasmon resonance band
remained present, which indicates
that the synthesized nanoparticles
are stable.

 3.3-Detection of glucose in pure
glucose solutions

The absorption spectra of gold
nanoparticles mixed with different
glucose concentrations were
recorded over a wavelength range
of 450-800nm andare shown in Fig.2.
As the amount of glucose increased,
the surface plasmon peak at 535nm
decreased. The stability of the SPR
peak position indicates that the Au
nanoparticles do not aggrega-
tepossibly due to the interactions of
Au with glucose over the range of
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concentrations used for this
experiment.If the particles aggregate,
the SPR band position will shift to a
longer wavelength (red shift).

Figure 2: UV-Vis absorption
pectra of gold nanoparticles
synthesized using Hibiscus plant
extract mixed with different glucose
concentrations. The arrow indicates
the reference point for the
determination of the height of the
absorbance.

Fig.3 shows a negative linear
relationship  between the glucose
concentration and the SPR
absorbance peak. The absorbance
point at 800nm in Fig.2 was used as
a reference for determining the
height of the SPR peak.

 Figure 3: Variations in the SPR
peak absorbance of gold

nanoparticles mixed with different
glucose concentrations.

The negative linear  relationship
between the glucose concentration
and absorbance peak can be
attributed to the nature of the
interaction between the glucose
molecules and nanoparticles. Upon
the addition of glucose, the glucose
molecules bind to the surface of the
gold nanoparticles, acting as what
itis known as a capping agent[38].
Capping agents influence the size of
the nanoparticle by restricting its
growth[39]. Hence, as the
concentration of the capping agent
(i.e. glucose) increases, the size of
the nanoparticles will decrease. The
TEM images and analysis further
confirm these results.

Fig.4 shows TEM images of the
Au particles mixed with different
glucose concentrations (1, 4, 7, 12
mM).  It can be seen from the figure
that Au nanoparticles are spherical
in shapeand that the size of the
prepared particles is reduced by
increasing the concentrations of
glucose. It is worth mentioning that
the TEM images were taken three
weeks after synthesis and no
aggregation was observed.

The size distribution of colloidal
gold nanoparticles mixed with
different glucose concentrations(1,
4, 7 and 12 mM) is shown in
Fig.5.a-b. Fig.5.e shows the average
size of colloidal gold nanoparticles
mixed with different glucose
concentrations.It can be seen from
the figure that the average size of
gold nanoparticles reduced from
23.00 nm to 13.00 nm as the glucose
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concentration increased from 1 to
12mM.

The linear  relationship  between
the glucose concentration and the
absorbance peak holds true in the
glucose concentration range of 1-
15mM.  Table 2 presents the NICE
target pre-prandial (before meals)
and post-prandial (at least 90
minutes after a meal) blood glucose
level ranges for non-diabetics,
persons with type 1 diabetes, and
persons with type 2 diabetes.

Table 1: The NICE recommen-
ded target blood glucose level ranges
[40]

Figure 4: Morphology and size
examination of colloidal gold
nanoparticle (GNPs) by
transmission electron microscopy.
The GNPs were mixed with different
concentrations of glucose; (a) 1 mM
glucose, (b) 4 mM glucose, (c) 7
mM glucose and (d) 12 mM glucose.
Notably: the size of the prepared
particles is reduced with increasing
the concentrations of glucose.All
scale bars are 100 nm.

Figure 5: (a-d) Size histograms
and (e) average size of colloidal
GNPs mixed with different Glucose
concentrations (1, 4, 7 and 12
mM), measured from transmission
electron microscopy images shown
in Figure 4. A reduction in average
size was noted with increasing
concentration of glucose.

Blood glucose target levels   

Pre-prandial (mmol/L) Post-Prandial 
(mmol/L) 

Non-diabetic 4.0-5.9 <7.8 
Diabetic (type 1) 4.0-7.0 <8.5 
Diabetic (type 2) 4.0-7.0 5.0-9.0 

 

By examining the values in table
1, the glucose detection range of this
nanoparticle system is useful not
only for monitoring diabetics' (type
1 & 2) blood glucose levels, but can
also be used for the diagnosis of
diabetes. Additionally, by being able
to detect glucose levels as low as 1
mM, this assay can be used to test
for hypoglycemia. Attempts have
been made to detect glucose
concentrations lower than 1 mM.
Yet, the surface plasmon resonance
absorbance peak varied significantly
in these trials, indicating that this
system's limit of detection is close
to 1 mM.  Glucose concentrations
higher than 15 mM have been tested
out, but they did not result in any
significant changes in the absorbance
of the SPR peak.  The reason for
this may be due to the finite surface
area of the nanoparticle[41]. Excess
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glucose molecules will not be able
to directly bind to the surface of the
nanoparticle at glucose
concentrations higher than 15mM.
Therefore, no further changes in the
absorbance peak will be observed.

3.4 - Detection of glucose in com-
plex solutions:

Our nanoparticle system has
proven to be effective in detecting
glucose in pure glucose solutions,
with a glucose sensitivity range of
1-15 mM. In human blood serum,
however, there are a number of
reducing agents present, which
migh t  a l t er the  s ize  and
morphology of the nanoparticles
and hence  in f l uence  t he ir
absorption spectra[42] .  Most
notably, these reducing agents are
fruc tose,  ascorb i c acid,
galactose,  glutathione,  li poid
ac id , and  ur ic  ac id [32 ] .  A
compari son between go ld
nanoparticles mixed with glucose
and gold nanoparticles mixed
with glucose in addition to these
reducing agents has been carried
out in order to ascertain the
effect of such reducing agents. It
is worth noting that only 5 out of
the 6 reducing agents listed have
been included in the comparative
analysis .  Uric acid has been
purposely exempted since it leads
to  samp l ing  prec i p i ta t ion
problems[43]. Fig. 6 compares the
variations in the peak absorbance
of gold nanoparticles mixed with
glucose only to gold nanoparticles
mix ed wi th gl ucose  and the
prominent  r educing agen t s
present in the blood serum.

Figure 6: Variations in the SPR
peak absorbance of gold
nanoparticles mixed with different
glucose concentrations vs. variations
in the SPR peak absorbance of gold
nanoparticles mixed with different
glucose concentrations and other
interfering agents

As it is evident from the graph,
our gold nanoparticle system is still
able to detect glucose concentrations
in the range of 1-15mM even with
the presence of interfering agents.
However, the samples containing
glucose and other interfering agents
showed a larger decrease in the peak
absorbance compared to samples
containing glucose only. Such
decrement can be attributed to the
ratio of reducing agents in samples
containing glucose only to the
samples with other interfering agents.
The samples containing other
interfering agents have a higher
concentration of reducing agents
compared to samples containing
pure glucose solutions. Higher
concentration of reducing agents
results in the decreased size of the
gold nanoparticle due to their
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absorption and stabilizing effect
upon being oxidized[44].

4. CONCLUSIONS
We developed an eco-friendly,

enzyme-free, and an inexpensive
method for the detection of glucose.
This method is based on the
greensynthesis of gold nanoparticles
(using flower leaves ofHibiscus
Tiliaceustree extract as a reducing
agent). The nature of the interaction
between the synthesized gold
nanoparticles and glucose molecules
were described.  The results have
shown that the glucose detection
range of this method (1-15 mM) is

useful for monitoring diabetics'
blood glucose levels, diagnosing
diabetes, as well as testing for
hypoglycemia. The simplicity of this
method opens the doors for the
development of new, enzyme-free
devices for the detection of glucose.

5. ACKNOWLEDGEMENT
This work is part of the research

summer school program at the
Royal College of Surgeons in
Ireland-Medical University of
Bahrain (RCSI-MUB). The authors
would like to thank the RCSI
research committee for funding this
research.

References:

1.World Health Organization. Diabetes Key Facts [Internet]. WHO; 2018. Available
from: http://www.who.int

2. Robinson J. Understanding Diabetes-Diagnosis and Treatment[Internet]. WebMD;
2018. Available from: https://www.webmd.com

3. Ceriello A, Colagiuri S. International Diabetes Federation guideline for the
management of postmeal glucose: a review of recommendations. Diabet Med. 2008; 25(10):
1151-1156.

4. Gebel E. Cost of a test strip. Diabetes Forecast; 2012. [Cited 2018 June 28]. Available
from: http://www.diabetesforecast.org/

5. Erbach M, Freckmann G, Hinzmann R, Kulzer B, Ziegler R, Heinemann L, et
al. Interferences and Limitations in Blood Glucose Self-Testing.J Diabetes Sci Technol..
2016; 10(5): 1161-1168.

6. Ginsberg BH. Factors Affecting Blood Glucose Monitoring: Sources of Errors in
Measurement. J Diabetes Sci Technol. 2009; 3(4): 903-913.

7. Llevot A, Astruc D. Applications of vectorized gold nanoparticles to the diagnosis
and therapy of cancer. Chemical Society Reviews. 2012;41:242-257.

8. Tiwari PiVig K, Dennis V, Singh S. Functionalized Gold Nanoparticles and Their
Biomedical Applications. Nanomaterials. 2011; 1(1):31-63.

9.  Darder M, Colilla M, Ruiz-Hitzky E. Chitosan-clay nanocomposites: application as
electrochemical sensors. Applied Clay Science. 2005; 28(1-4):199-208.

10. Dreaden EC, Mackey MA, Huang X, Kang B, El-Sayed MA. Beating cancer in
multiple ways using nanogold. Chemical Society Reviews. 2011;40(7):3391-3404.

11. Shah M, Badwaik VD, Dakshinamurthy R. Biological applications of gold
nanoparticles. J Nanosci Nanotechnol. 2008; 14(1):344-362.

12.Kelly KL, Coronado E, Zhao LL, Schatz GC. The Optical Properties of Metal
Nanoparticles:? The Influence of Size, Shape, and Dielectric Environment. The Journal
of Physical Chemistry B. 2003; 107 (3): 668-677.



94

Generalization of Scientific ResultsUSA, Michigan

                                                 www.journalofresearch.us
¹ 11-12, November-December 2018                                           info@journalofresearch.us
American Journal of Research

13. Centro Nacional de Pesquisa em Energia e Materiais. Photostability of Gold
Nanoparticles. CNPEM; 2016. [Cited 2018 July 1]. Available from: http://www.cnpem.br/

14. Brolo AG. Plasmonics for future biosensors. Nature Photonics. 2012; 6(1): 709-713.
15. El-Ansary A, Faddah LM. Nanoparticles as biochemical sensors. Nanotechnol Sci

Appl. [serial on the internet]. 2010; 3(1): 65-76.
16.Bruen D, Delaney C, Florea L, Diamond D. Glucose Sensing for Diabetes

Monitoring: Recent Developments. Sensors (Basel). 2017;17(8): 1866.
17. Dhinaa AN, Nooraldeen AY, Murali K, Palanisamy PK.  Z-scan technique as a tool

for the measurement of blood glucose. Laser Physics.2008;18(10):1212-6.
18. Sotiriou GA. Biomedical applications of multifunctional plasmonic nanoparticles.

Nanomedicine and Nanobiotechnology 2012; 5(1):19-30.
19. Unser S, Campbell I, Jana D, Sagle L. Direct glucose sensing in the physiological

range through plasmonic nanoparticle formation. The Analyst. 2015;140(2):590-599.
20. Gudikandula K, Maringanti SC. Synthesis of silver nanoparticles by chemical and

biological methods and their antimicrobial properties. Journal of Experimental Nanoscience.
2016;11(9):714-721.

21. Narayanan KB, Sakthivel N. Biological synthesis of metal nanoparticles by microbes.
Adv Colloid Interface Sci. 2010; 156(1-2):1-13.

22. Gan PP1, Ng SH, Huang Y, Li SF. Green synthesis of gold nanoparticles using
palm oil mill effluent (POME): a low-cost and eco-friendly viable approach. Bioresour
Technol. 2012; 113:132-5.

23. Virkutyte J, Varma RS. Sustainable Nanotechnology and the Environment: Advances
and Achievements. [e-book]. Washington, D.C.: American Chemical Society; 2013.

24. Sujitha MV, Kannan S. Green synthesis of gold nanoparticles using Citrus fruits
(Citrus limon, Citrus reticulata, and Citrus sinensis) aqueous extract and its characterization.
Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy. 2013; 102(1):15-23.

25. Raveendran P1, Fu J, Wallen SL. Completely "green" synthesis and stabilization of
metal nanoparticles. Journal of the American Chemical Society. 2003; 125(46):13940-
13941.

26. Makarov VV, Love AJ, Sinitsyna OV, Makarova SS, Yaminsky IV, Taliansky ME,
et al. "Green" Nanotechnologies: Synthesis of Metal Nanoparticles Using Plants.Acta Naturae.
2014; 6(1): 35-44.

27. Govindaraju K, Basha K, Kumar G, Singaravelu G. Silver, gold and bimetallic
nanoparticles production using single-cell protein (Spirulina platensis) Geitler.Journal of
Materials Science. 2008; 43(15):5115-5122.

28. Australian Tropical Rainforest Plants. Hibiscus Tiliaceus key Facts [Internet]. 2018.
Available from:http://keys.trin.org.au/

29. Mak YW, Chuah LO, Ahmad R, Bhat R. Antioxidant and antibacterial activities of
hibiscus (Hibiscus rosa-sinensis L.) and Cassia (Senna bicapsularis L.) flower extracts.
Journal of King Saud University - Science. 2013; 25(4):275-282.

30. Reveendran A, Varghese S, Viswanathan K. Green Synthesis of Silver Nano Particle
Using Hibiscus Rosa Sinensis. Journal of Applied Physics. 2016; 8(3):35-38.

31. Phili p  D. Green synthesis of gold and silver  nanoparticles using Hibiscus rosa
sinensis. Physica E: Low-dimensional Systems and Nanostructures. 2010; 42(5):1417-1424.

32. Psychogios N, Hau DD, Peng J, Guo AC, Mandal R, Bouatra S, et al. The
Human Serum Metabolome. PLos One. 2011; 6(2):e16957.

33. Sharma I, Kaminski GA. Calculating pKa values for substituted phenols and hydration
energies for other compounds with the first-order Fuzzy-Border continuum solvation
model. Journal of Computational Chemistry. 2013; 33(30):2388-2399.

34.  Liu YS, Chang YC, Chen HH. Silver Nanoparticle biosynthesis by using phenolic
acids in rice husk extract as reducing agents and dispersants. Journal of Food and Drug
Analysis. 2018; 26(2):649-656.



95

Generalization of Scientific ResultsUSA, Michigan

                                                      www.journalofresearch.us
¹ 11-12, November-December 2018                                           info@journalofresearch.us
American Journal of Research

35. Sathishkumar M, Sneha K, Yun YS. Immobilization of silver nanoparticles
synthesized using Curcuma longa tuber powder and extract on cotton cloth for bactericidal
activity. Bioresource Technology. 2010; 101(20):7958-7965.

36. Elia P, Zach R, Hazan S, Kolusheva S, Porat Z, Zeiri Y. Green synthesis of gold
nanoparticles using plant extracts as reducing agents. International Journal of Nanomedicine.
2014; 9(1):4007-4021.

37. Amendola V, Pilot R, Frasconi M, Maragñ OM, Iat? MA. Surface plasmon resonance
in gold nanoparticles: a review. Journal of Physics: Condensed Matter 2017; 29(20):203002.

38. Tavakoli F, Salavati-Niasari M, Ghanbari D, Saberyan K, Hosseinpour-Mashkani
SM. Application of glucose as a green capping agent and reductant to fabricate CuI micro/
nanostructures. Materials Research Bulletin. 2014; 49(1):14-20.

39. Arulmozhi KT, Mythili N. Studies on the chemical synthesis and characterization
of lead oxide nanoparticles with different organic capping agents. AIP Advances. 2013;
3(12):122122.

40. NICE guideline. Testing your own blood glucose and target levels [Internet]. NICE;
2016. Available from: https://www.nice.org.uk/

41. Naito M, Yokoyama T, Hosokawa K, Nogi K. Nanoparticle Technology Handbook.
[e-book]. 3rd ed. New York: Elsevier; 2018.

42. Dimitrijeviñ SP, Kamberoviñ Z, Korañ M, Anñiñ Z, Dimitrijeviñ S, Vukoviñ N.
Influence of reducing agents and surfactants on size and shape of silver fine powder
particles. Metallurgical and materials engineering. 2014; 4(1):17-26

43. Babiñ-Ivanñiñ V,  F?redi-Milhofer  H, Brown WE, Gregory TM. Precipitation
diagrams and solubility of uric acid dehydrate. Journal of Crystal. 1987; 83(4):581-587.

44. Kim HS, Seo YS, Kim K, Han JW, Park Y, Cho S. Concentration Effect of
Reducing Agents on Green Synthesis of Gold Nanoparticles: Size, Morphology, and
Growth Mechanism. Nanoscale Research Letters. 2016; 11(1):230-236.


