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ABSTRACT: ZnO nanostructures with tunable morphology were synthesized by
the hydrothermal method from two ionic liquids (ILs), 1-ethyl-3-methylimidazolium
aceta te [C2mim]CH3CO2 and 1-e thy l -3 -methy l imidazo l ium bis -
(trifluoromethylsulfonyl)imide [C2mim](CF3SO2)2N and their corresponding
double-salt ILs (DSILs). ILs served as soft templates. DSILs were noted for the
production of smaller particle size along with uniformity compared to their pure IL
counterparts. A changeover of the shape of ZnO from nano-prism to a hexagonal
disk-like structure was observed with the addition of [C2mim]CH3CO2 in the
medium during synthesis while nano-dice- and rod-shaped particles were obtained
from [C2mim](CF3SO2)2N. The effect of concentration of both ILs was explored for
the variations of size and shape, and at high concentrations, the morphology was
distinct and sharp with uniform size in each case. The synthesized products
exhibited excellent phase (wurtzite) purity and polycrystalline nature. The smallest
crystallite size was acquired from DSILs, indicating the advantageous effect of the dual anions. The selective adsorption effect of
[C2mim]CH3CO2 on certain facets promoted the growth of ZnO clusters along the [1010] direction, while [C2mim](CF3SO2)2N
favored the growth along the [0001] direction. Consequently, DSILs rendered interpenetrating hexagonal disks due to the combined
action of the anions for controlling the shape. The band gap energies of the nanoparticles (NPs) were consistent with the
distribution of size. Extremely strong red emission and negligible UV emission for the synthesized ZnO NPs demonstrate their
potential in the advancement of optoelectronic devices.

1. INTRODUCTION
Metal oxide nanoparticles (NPs), due to their unique
physicochemical characteristics resulting from the quantum
size effect and single electron transitions,1−5 have emerged as
the most fascinating materials in recent years. ZnO NPs have
been the most successful of this type of nanostructured
material with their adaptability in a range of sectors.7,8,10,11

ZnO is a semiconductor with a broad band gap of around 3.37
eV and a significant free exciton binding energy of
approximately 60 MeV.12−14 In addition to being stable, it is
environmentally beneficial. ZnO NPs have shown promise in
short-wavelength optoelectronic applications, as effective
adsorbents for removing a variety of toxic and hazardous
chemicals and dyes,6−8 in magnetic devices where clearly
defined magnetization axes and switching fields are necessary
for information storage and processing,15,16 and in antibacterial
applications.17−19 They rank among the most promising
materials for making optoelectronic devices that operate in
the blue and ultraviolet (UV) regions as well as for applications
involving gas sensors.20−22 However, these structure−property
relationships deeply depend on the architecture of the
nanostructure of the material. Therefore, controlling the size
and shape of ZnO NPs is crucial for optimizing the
performance based on applications.

Synthesis of ZnO NPs with adjustable size and shape in large
quantities has been a challenging task. There have been
numerous attempts to create ZnO nanostructures utilizing
various capping agents, such as molecular solvents, ligands, and
polymers,23−25 although the removal of such components, in
particular, polymer ones from the surface of the produced ZnO
NPs has been difficult. In addition, they often destroy the
target NPs by rupturing the geometrical integrity of the
nanostructures. Despite numerous works on the synthesis of
ZnO nanoparticles using a wide range of techniques, there has
truly been very few reports on the systematic control of the
morphology of ZnO NPs. The proper understanding of the
mechanism of formation of ZnO NPs for a controllable growth
to yield targeted and desirable morphology required for
versatile applications still remains a far-reaching goal.
Ionic liquids (ILs) were subsequently introduced for the

production of ZnO NPs as a soft template.26 ILs are salts
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composed entirely of ions, and they remain as liquid below 100
°C or even at room temperature or far below room
temperature. Good dissolving ability, low vapor pressure,
good thermal stability, a highly organized liquid structure, and
recyclability are the special qualities that point to the ILs acting
as a soft template in the synthesis process. The most significant
benefit of ILs is their ability to form highly ordered structured
systems in the liquid state, which may be caused by
supramolecular interactions, e.g., electrostatic attraction, π−π
stacking, hydrogen bonds, self-assembly, and so forth.27−29 ILs
are known as “designer solvents” since the alteration of the
structure of the IL influences fascinating applications in various
fields, e.g., fuel cells, dye-sensitized solar cells, electric double-
layer capacitors, and lithium secondary batteries.30,31 Similarly,
by altering the structure or concentration of the IL, it is
possible to create ZnO nanostructures with specific morphol-
ogies, innovative structures, and better characteristics due to
the distinctive features and structures as templates or capping
agents.32−39 Furthermore, when two ILs are mixed together,
the ionic associations in the individual ILs are lost, and it is
difficult to distinguish ionic species or the unique interactions
of the individual ILs.40 The chemistry is solely based on the
interactions between the individual ions that make up the
individual ILs rather than on the identities of those ions or
their interactions with the original counterions. Double-salt ILs
(DSILs) are thus defined as salts containing more than one
cation or anion and presenting nonideal physicochemical
properties than that of the component pure ILs.40,41 Reported
studies indicate the exceptional advantages of DSIL over their
component ILs in several applications.42−50 Despite promising
properties, the use of DSILs as templates for the synthesis of
nanomaterials is yet to be explored. Therefore, investigation of
the effects of DSIL as a template on changing the morphology
of ZnO NPs could be innovative.
Herein, we aimed at exploiting the templating abilities of ILs

during the synthesis of ZnO NPs and preparation of ZnO NPs
with tunable size and morphology by using a simple
hydrothermal method in combination with ILs of different
cationic and anionic structures. A rigorous understanding of
the function of ILs in regulating the shape and size of ZnO
nanostructures has been developed. The introduction of DSIL
as a soft template in this regard has been considered a crucial
step, and the advantageous properties of DSILs have been
systematically varied to provide a unique pathway for the
growth of NPs and synthesize ZnO NPs with tunable
morphology.

2. EXPERIMENTAL SECTION
2.1. Materials. Zinc nitrate hexahydrate (Zn(NO3)2·

6H2O) (Merck) was used as the precursor for the synthesis
of ZnO NPs. Sodium hydroxide (NaOH) (Merck), 1-ethyl-3-
methylimidazolium acetate [C2mim]CH3CO2 (Sigma-Al-
d r i c h ) , a nd 1 - e t h y l - 3 -me th y l im id a zo l i um b i s -
(trifluoromethylsulfonyl)imide [C2mim](CF3SO2)2N (Sigma-
Aldrich) were used as the medium for synthesis or solvent.
Absolute ethanol and distilled water were used for the purpose
of washing. All the chemicals were used without further
purification.
2.2. Preparation of Precursors and Reagent Solu-

tions. 1.8 M solution of Zn(NO3)2·6H2O and 1.8 M sodium
hydroxide solution were freshly prepared by dissolving solid
crystalline Zn(NO3)2·6H2O and NaOH pellets in water. All
the aqueous solutions were prepared with deionized water

(conductivity: 0.055 μS cm−1 at 25.0 °C) from a HPLC-grade
water purification system (BOECO, Germany).
2.3. Preparation of DSILs. DSILs were prepared via

straightforward mixing of the two ILs, [C2mim]CH3CO2 and
[C2mim](CF3SO2)2N. The DSILs were prepared at three
different mole ratios. For the preparation of 5 g of
[C2mim](CH3CO2)0.5((CF3SO2)2N)0.5, 1.5131 g of pure
[C2mim]CH3CO2 was mixed with 3.4826 g of pure [C2mim]-
(CF3SO2)2N through sonication for approximately 1.5 h. In
fact, the mixture was sonicated until a single phase was
obtained. Similarly, [C2mim](CH3CO2)0.3((CF3SO2)2N)0.7
and [C2mim](CH3CO2)0.7((CF3SO2)2N)0.3 were prepared by
mixing appropriate amounts of pure ILs.
2.4. Synthesis of ZnO NPs from ILs and DSILs. In a

typical synthesis, Zn(NO3)2·6H2O solution, NaOH solution,
and appropriate amounts of ILs/DSILs were mixed together
and stirred vigorously on a magnetic stirrer for 30 min. In the
case of pure ILs, the appropriate amount added was to achieve
the concentration in the range of 0.4−1.2 M in the final
solution. For DSILs, the amount added was to acquire the
concentration of 0.8 M. The mixture (∼35 mL) was
transferred into a 75 mL Teflon container inside a stainless
steel hydrothermal reactor and heated hydrothermally in an
oven at 120 °C for 24 h. The hydrothermal reactor was then
taken out from the oven, cooled naturally, and the resulting
solid product was separated by filtration. The product was
washed by absolute ethanol and distilled water several times
and dried at 60 °C in air for 5 h. Finally, the solid crystalline
product was stored in a vial in airtight condition.
2.5. Characterization. The synthesized products were

characterized by a Fourier transform-infrared/near-infrared
(FT-IR/NIR) spectrometer (Frontier, PerkinElmer) ranging
from 400 to 4000 cm−1 by using pellets of KBr prepared with
small amounts of solid materials. Elemental analysis of the
products was performed via energy-dispersive X-ray spectros-
copy (EDX, ZEISS Sigma 300, Germany). A computer-
controlled scanning electron microscope (Hitachi S3400N)
was used. A Zetasizer Nano ZS90 instrument (ZEN90,
Malvern Instruments Ltd., UK) was used to analyze the size
and morphology of the produced ZnO NPs. Deionized water
was used as the dispersion medium for the analysis of particle
size and distribution. Detailed morphological analysis was also
carried out by a high-resolution transmission electron micro-
scope (JEOL/JEM 2100) with simultaneous measurements of
the selected-area electron diffraction (SAED) patterns. The
phase purity and crystallinity of the ZnO NPs were evaluated
using the X-ray diffraction technique. Cu Kα radiation was
used to perform the diffraction measurement in order to
examine the phase composition with a wide range of Bragg
angles, 2θ spanning from 20 to 80°, and the model of the X-ray
diffractometer used was Ultima IV. Diffuse reflectance
spectroscopy (DRS) was used to record spectra using a
double-beam UV−visible spectrophotometer (Model: UV-
1800, Shimadzu, Japan) with an integrating sphere attachment
DRA-CA-30I to determine the optical band gap energy (Eg) of
the synthesized NPs. Photoluminescence spectra were
recorded on a Hitachi F-7000 spectrophotometer equipped
with a 150 W xenon arc lamp at room temperature. All of the
samples were excited at 325 nm, and the fluorescence spectra
were recorded.
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3. RESULTS AND DISCUSSION
FTIR and EDX spectral analyses were used to show whether
ZnO nanostructures were successfully prepared via hydro-
thermal route or not and also to indicate the possible presence
of pure ILs and DSILs with the NPs due to the use of the
templating strategy. The FTIR spectra of ZnO NPs are shown
in Figure 1 to analyze the functional groups of the synthesized
ZnO NPs prepared in different reaction media.

The characteristic Zn−O vibration band was observed in all
cases to infer the successful synthesis of ZnO NPs. Other
important bands observed in the spectra, assigned in Table S1
(Supporting Information), suggest that there are ILs or DSILs
present in the ZnO NPs. However, the spectra of ZnO NPs
prepared with DSIL and [C2mim]CH3CO2 are nearly free of
the bands corresponding to the ILs. However, [C2mim]-
(CF3SO2)2N could not be removed completely due to its
strong adsorption to the surface of the product NPs. The sharp
bands of the spectrum indicate the presence of [C2mim]-
(CF3SO2)2N still being on the surface even after the
application of the removal process of the ILs from the product
NPs. These are also supported by the elemental analyses
carried out by EDX measurements (Figure S1).
Among the ILs used in this work, [C2mim](CF3SO2)2N was

the most difficult one to be removed from the ZnO surface.
Since the two pure ILs used in this work had the only
difference in anions, the more difficulty in the removal of
[C2mim](CF3SO2)2N from the surface of ZnO compared to
[C2mim]CH3CO2 may be explained. The (CF3SO2)2N− anion
is larger in size compared to CH3CO2

−, and it has three
elements (O, N, and F) in its molecular structure that can form
four hydrogen bonds with the [C2mim]+ cation.51 On the
other hand, CH3CO2

− contains only O and H to allow the
formation of a smaller number of hydrogen bonds with the
[C2mim]+ cation. For this reason, the (CF3SO2)2N− anion
tends to be accumulated more to the cation to cause enhanced
adsorption on the ZnO surface. Qi et al. reported that since
Zn(NO3)2·6H2O and NaOH had a molar ratio of 1:1, ZnO
crystals grew in a weakly acidic environment when the pH was
below the isoelectric point of ZnO (IEP = 8.7−9.5).52,53 As a
result, adsorption of the [C2mim]+ cation has been considered.

As a consequence, (CF3SO2)2N− and CH3CO2
− anions might

adhere to the surface where they would electrostatically
balance with [C2mim]+ cations. [C2mim](CF3SO2)2N showed
stronger adsorption on the surface of ZnO NPs, and its
removal was therefore difficult from the synthesized product.
Interestingly, the DSIL could be easily removed from the
product NPs even though the (CF3SO2)2N− anion was present
in the medium. This might indicate the synergistic effect of the
combined anions present in the DSIL, which enhanced the
mobility of (CF3SO2)2N− along with the CH3CO2

− anion. The
DSIL may thus serve as a better soft template for the synthesis
of ZnO NPs and is superior to the pure ILs.
The use of different reaction media resulted in the difference

in the size distribution of ZnO NPs. The analysis of size
distribution was performed through DLS measurements
(Figure 2). The significant variation in distribution indicates
that the growth of the NPs was influenced by the presence of
the IL medium.
Figure 2a,b,d shows that both the ILs follow the same trend

for the change in the particle size with the increasing
concentration. The smallest size was obtained at 0.8 M for
both of the ILs, and a further increase in concentration resulted
in a shift of the average particle size in both cases. This
intermediate concentration of the pure ILs might possess a
suitable environment for the production of NPs. As the
nucleation of the ZnO NPs start, ILs could provide an
optimum nucleation versus growth rate that the clusters of
ZnO NPs might not grow further than the nanometer range.
The concentration of the IL is an important parameter to tune
the size of the ZnO NPs. An IL can play two roles in this
process: (i) it can prevent particle agglomeration, so the
reaction rate should be a little slower but still fast enough for
the species to self-assemble; and (ii) it can encourage the
growth of the ZnO crystal preferentially in one direction by
acting as a soft template.
Since the two pure ILs have the same cationic structure and

the DLS results show that the particle size followed a similar
trend with the change in the concentration of the IL, the
cations of the ILs are likely to serve as the controlling agents of
the size. However, the effect of the anions cannot be ruled out.
As seen from the DLS results, the anion (CF3SO2)2N−

provided a wide variation in particle size, while the size from
the CH3CO2

− anion was uniform. As discussed earlier, the
(CF3SO2)2N− anion is larger in size than CH3CO2

−, and these
anions remain on the surface of ZnO NPs attached with the
cation [C2mim]+ and get adsorbed on the ZnO surface. Thus,
the anion (CF3SO2)2N− could have produced a less compact
arrangement and various nucleation sites for the ZnO clusters
that find several ways to gather around and form particles of
different sizes. On the contrary, the CH3CO2

− anion produced
a compact array and single growth direction for ZnO clusters
to give rise to uniform particle size. [C2mim]CH3CO2 thus
promoted a definite direction of growth by an orderly
arrangement of the ions in the reaction medium. Because of
the steric hindrance caused by the larger size of the
(CF3SO2)2N− anion, such an orderly arrangement appears to
be unlikely to cause the nucleation rate higher than the growth
rate, and consequently the particle sizes were distributed in the
case of [C2mim](CF3SO2)2N. Accordingly, [C2mim]CH3CO2
showed better control over the nucleation rate, and hence
uniform particle size along with a specific direction of growth
was observed.

Figure 1. FTIR spectra of ZnO NPs prepared without IL; with ILs,
[C2mim]CH3CO2, and [C2mim](CF3SO2)2N; and with DSIL,
[C2mim](CH3CO2)0.5((CF3SO2)2N)0.5.
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Figure 2d shows the size distribution of ZnO NPs
synthesized with DSILs. The particle size was the smallest
for the DSIL, [C2mim](CH3CO2)0.3((CF3SO2)2N)0.7, where
mole fraction is maximum for (CF3SO2)2N− among all the
different reaction media used in this work. In the case of
[C2mim](CH3CO2)0.5((CF3SO2)2N)0.5, almost uniform par-
ticle size was obtained with a larger diameter of around 356
nm. Finally, for [C2mim](CH3CO2)0.7((CF3SO2)2N)0.3, where
there is the highest mole ratio of CH3CO2

− anion, the particle
size was intermediate but without uniformity, and particles
with average particle size of 127 and 229 nm could be noted.
For [C2mim](CH3CO2)0.3((CF3SO2)2N)0.7 and [C2mim]-
(CH3CO2)0.7((CF3SO2)2N)0.3, the particle size was common
at 229 nm, and [C2mim](CH3CO2)0.3((CF3SO2)2N)0.7 yielded
the smallest particles between these two DSILs. As the DSIL
[C2mim](CH3CO2)0.3((CF3SO2)2N)0.7 gives the highest
molar ratio of the (CF3SO2)2N− anion, it appears that the
size of most of the synthesized particles was controlled by this
anion. Thus, particles of smaller size were obtained from
[C2mim](CH3CO2)0.3((CF3SO2)2N)0.7, as supported by the
observation of the smallest particle size obtained from an
individual IL, [C2mim](CF3SO2)2N. However, when the
molar ratio of the two anions was the same, i.e., for

[C2mim](CH3CO2)0.5((CF3SO2)2N)0.5, the size was larger
compared to the other two DSILs, although the particle size
was uniform. The presence of CH3CO2

− anion might diminish
the tendency of the (CF3SO2)2N− anion to make steric
hindrance for the formation of less compacted arrangement of
the ions. Thus, [C2mim](CH3CO2)0.5((CF3SO2)2N)0.5 pro-
vided the direction for the single growth of ZnO clusters, and
the synergistic effect of the two anions is responsible for this.
Clearly, the DSILs showed the effects of anions in tuning the
size of the ZnO NPs.
Furthermore, for synthesizing ZnO NPs with a smaller

particle size, DSILs could be the better option rather than that
by using pure ILs. Evidently, the DLS results clarify that
CH3CO2

− and (CF3SO2)2N− anions had their own limitations
while performing separately; e.g., CH3CO2

− anion could not
produce smaller particles but provided uniform particles, while
the (CF3SO2)2N− anion could not provide uniformity but
produced smaller particles. However, these two anions
combined in DSILs performed better for the production of
uniform particles with a smaller size. The self-assembly of the
anions in the reaction medium for the creation of a certain
growth direction was possible due to the cooperative effect of
the two anions in the DSIL.

Figure 2. Particle size distribution of ZnO NPs synthesized using (a) different concentrations of [C2mim]CH3CO2, (b) [C2mim](CF3SO2)2N, and
(c) DSILs prepared at different mole ratios of ILs. (d) Correlation of size of the ZnO NPs with varying concentrations of pure ILs and different
mole ratios of DSILs [for every concentration/mol ratio, the particles with the smallest diameter were considered].
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The crystallite size and the crystallographic phases of the
ZnO NPs were determined using the XRD technique. Figure
3a,b displays the diffraction pattern of ZnO NPs after
preparation using ILs and DSILs. XRD patterns suggest that
the produced NPs are highly crystalline and have wurtzite
structure and complete transformation of the Zn(OH)2
precursor into the hexagonal wurtzite phase of ZnO. There
were no sharp peaks of additional ZnO phases or
contaminants. The sharp diffraction peaks illustrate the high
crystallinity of the ZnO nanostructures. The NPs from the

[C2mim](CF3SO2)2N medium indicate the presence of little
adhered impurity. Since the IL was not properly removed from
the ZnO surface even after the removal treatment, it might be
responsible for the residual Zn(OH)2 in the sample. This is
also supported by the FTIR and EDX analyses (vide infra). In
general, XRD results indicate that the products are crystalline
in nature with high phase purity and free of impurities such as
Zn(OH)2.
The crystallite size increased by the addition of pure ILs to

the reaction medium (Table S2). [C2mim]CH3CO2 provided

Figure 3. XRD patterns of ZnO NPs synthesized (a) without and with pure ILs and (b) with DSILs. FESEM images of ZnO NPs synthesized with
(c) no IL, (d) 0.4 M [C2mim]CH3CO2, (e) 0.8 M [C2mim]CH3CO2, (f) 1.2 M [C2mim]CH3CO2, (g) 0.4 M [C2mim](CF3SO2)2N, (h) 0.8 M
[C2mim](CF3SO2)2N, (i) 1.2 M [C2mim](CF3SO2)2N, (j) [C2mim](CH3CO2)0.3((CF3SO2)2N)0.7, (k) [C2mim](CH3CO2)0.5((CF3SO2)2N)0.5,
and (l) [C2mim](CH3CO2)0.7((CF3SO2)2N)0.3.
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the highest crystallite size between the two pure ILs. However,
the DSILs showed smaller crystallite size compared to the pure
ILs as well as when there was no IL in the reaction medium.
The smallest crystallite size of 69.0 nm was obtained from the
DSIL, [C2mim](CH3CO2)0.5((CF3SO2)2N)0.5. Therefore,
DSILs provided better control of NPs compared to pure ILs.
Comparison of this result with the DLS measurements reveals
that in some cases the hydrodynamic diameter was found to be
almost the same as the crystallite size. Thus, crystallites or
grains might be present in the ZnO samples which implies that
in these cases the grains could not agglomerate to form
particles. Specifically, in the case of 0.8 M [C2mim]-
(CF3SO2)2N, the hydrodynamic diameter was found to be
smaller than the crystallite size. This might have occurred due
to the random growth of ZnO clusters observed in the
presence of [C2mim](CF3SO2)2N.
To understand the growth direction of the synthesized ZnO

NPs, the relative intensities of the lattice planes were analyzed.
The ratios of the intensities of planes with Miller indices (002)
and (100) are given in Table S3. Since the relative intensity
ratios changed for different ILs and DSILs, a variation of shape
can be predicted due to the certain growth direction for ZnO
by each of the ILs and DSILs. As [C2mim]CH3CO2 provided
the highest ratio (1.5202), the shape could be a sort of disk
like, and this changed with the variation of the IL medium.
Without any IL, the ratio (0.8784) was reduced, indicating a
kind of tubular shape of the particles. The DSIL, [C2mim]-
(CH3CO2)0.7((CF3SO2)2N)0.3, provided the lowest value of
the ratio (0.7228), suggesting the drastic change from disk-like
particles. However, these results suggest that the introduction
of the CH3CO2

− anion in the reaction media caused the
protection of the (001) facet and promoted the growth along
the [1010] direction. This caused a sharp increase in the value
of the ratio for [C2mim]CH3CO2 compared to the case when
no IL was used. On the contrary, the introduction of
(CF3SO2)2N− anion in the system was responsible for the
protection of the lateral (100) facets to promote the growth
along the [0001] direction. Nevertheless, different facets were
protected by the ILs and DSILs via adsorption on the surface
of ZnO NPs (vide infra). Therefore, various IL media caused
different arrangements of the cations and anions promoting
divergent directions for growth for the ZnO clusters.
Figure 3c−l further supports the analyses of the XRD results.

Figure 3c represents the shape of small prism-like particles with
hexagonal ends, as observed when no IL was used. With the
addition of [C2mim]CH3CO2, particles with hexagonal disk
shape appeared as shown in Figure 3d−f. The hexagonal disks
became clearer and sharper with the increase of the
concentration of [C2mim]CH3CO2. At the lowest concen-
tration used, the hexagonal disk consisted of defects along with
extremely small flakes attached on the surface. However, an
increase in concentration caused less defects in the central area
of the disks. Also, the edges of the hexagonal disk became
sharper with the increasing concentration of the IL. A detailed
geometric information on the hexagons found from [C2mim]-
CH3CO2 at different concentrations is summarized in Table
S4. With the increased concentration of the IL, the hexagonal
disk size reduced drastically. Although perfect hexagons with
the angle of almost 120° were obtained in all the
concentrations, the thickness of the disks was the least at the
highest concentration of the IL. In fact, all the parameters of
the hexagonal disks seemed to be reduced when IL was added
to the medium with increasing concentrations. Therefore,

sharper hexagons were obtained for the highest concentration
of the IL. This may be due to the better array construction of
the cations and anions in the reaction medium which initiated
the nucleation of ZnO in such a way that the growth followed
the [1010] direction while increasing protection on the front
and back facets of the hexagonal disk. This agrees well with the
XRD results discussed above, and the presence of the
CH3CO2

− anion promoted the growth along the lateral facets.
Furthermore, the increased concentration of [C2mim]-
CH3CO2 might be responsible for stronger adsorption on
the front and back facets of the disk which caused the growth
along this direction almost diminished at higher concen-
trations.
For [C2mim](CF3SO2)2N with varying concentrations, ZnO

NPs showed variation in the shape, as shown in Figure 3g−i.
The addition of 0.4 M [C2mim](CF3SO2)2N to the medium
provided hexagonal dice-like particles with an apex-like
structure on the hexagonal front and back facets. Distorted
dice-like structures were observed from 0.8 M [C2mim]-
(CF3SO2)2N, which merged into one another. However,
uniform shape and size were not observed in both these
concentrations. At 0.4 M, capsule-like particles with diameter
of 142 nm were observed. In the case of 0.8 M too, the
particles were capsule-like, although the smallest diameter was
196.6 nm. This is in agreement with the results of DLS
measurements. Since these shorter particles have somewhat
spherical size, the nucleation rate might be greater than the
growth rate as the cations and anions of [C2mim](CF3SO2)2N
surrounded these particles completely to separate them from
other clusters to avoid growth. Although a certain growth
direction was also present to provide the dice-like particles,
scattered growth was observed in the case of [C2mim]-
(CF3SO2)2N. However, at the highest concentration, in Figure
3i, almost smooth rodshaped particles were present with
hexagonal heads. There was no other shape or size found other
than nanorods in the case of the highest concentration of
[C2mim](CF3SO2)2N. The surface of the rods was smoother
than that of other particles found at a low concentration of this
IL.
The presence of CH3CO2

− anion indeed influenced the
formation of disks while promoting the protection of the front
and back facets by the IL. On the other hand, the
(CF3SO2)2N− anion initiated the formation of rodlike particles
providing protection on the lateral facets. These are how the
ILs provided specific growth direction while avoiding
anomalous growth so that certain shape and size could be
obtained. Thus, the effect of anions on the variation of shape
could be understood.
The DSILs used in this work comprise one cation,

[C2mim]+, and two different anions, CH3CO2
− and

(CF3SO2)2N, at three different mole ratios. This optimization
in the synthesis of ZnO NPs could be vital to understand the
effect of anions on the morphological variation as well since it
could be crucial to overcome the limitations observed in the
pure ILs. Figure 3j−l depicts the FESEM images of ZnO
nanostructures obtained from DSILs of three different
compositions. For all the DSILs, the major shape of NPs
was found to be hexagonal disks. However, certain parameters
and arrangements of the hexagonal disks were different for
various DSILs. For example, the thickness of the hexagonal
disks was measured (from Figure 3j−l) and has been listed in
Table S5. The thickness of the hexagonal disks gradually
decreased as the content of CH3CO2

− anion increased in the

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.3c09374
ACS Omega 2024, 9, 12992−13005

12997

https://pubs.acs.org/doi/suppl/10.1021/acsomega.3c09374/suppl_file/ao3c09374_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsomega.3c09374/suppl_file/ao3c09374_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsomega.3c09374/suppl_file/ao3c09374_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsomega.3c09374/suppl_file/ao3c09374_si_001.pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.3c09374?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


DSILs. This is consistent with the result obtained from the
FESEM images of the pure ILs. The tendency of the CH3CO2

−

anion was to form thinner disks as it tended to avoid growth
on the front and back facets of the disks. On the contrary, the
(CF3SO2)2N− anion provided dice- or rod-shaped particles
with hexagonal heads which are nothing but hexagonal disks
with increased thickness. The presence of hexagonal disks in
each of the FESEM images suggests that the CH3CO2

− anion
might act dominantly over (CF3SO2)2N−, since basically all the
DSILs produced hexagonal disks with slight variations. For
[C2mim](CH3CO2)0.3((CF3SO2)2N)0.7, hexagonal disks were
found to be separated from one another, but in the cases of
[C2mim](CH3CO2)0.5((CF3SO2)2N)0.5 and [C2mim]-
(CH3CO2)0.7((CF3SO2)2N)0.3, the disks became interpene-
t r a t e d a m o n g t h e m s e l v e s . F o r [ C 2 m i m ] -
(CH3CO2)0.5((CF3SO2)2N)0.5, this interpenetration was ini-
t i a t e d , a n d i t g o t p r e t t y c o n t i n u o u s wh e n
[C2mim](CH3CO2)0.7((CF3SO2)2N)0.3 was used. It seems
that as the CH3CO2

− anion content was increasing in the
DSILs, the hexagonal disks were coming closer and closer, and

then they penetrated into each other. The penetration
occurred as seen in Figure S2, where there is a specific hole
that corresponds to the penetration caused by the disk above
it. Also, interpenetrated disks are seen in Figure 3l. Thus, when
the CH3CO2

− anion content was growing in the DSILs, the
hexagonal disks became thinner and interpenetrated into each
other. Pure [C2mim]CH3CO2, on the other hand, preferably
produced disks with distance from one another. However, in
the case of DSILs, the disks seemed to come closer and
eventually got into each other. Probably, the reason behind this
is the presence of (CF3SO2)2N− anion. The dices or rodlike
particles obtained from pure [C2mim](CF3SO2)2N were found
to gather or merge with one another. An identical behavior is
seen in the cases of DSILs. However, this is observable mostly
in the case of [C2mim](CH3CO2)0.7((CF3SO2)2N)0.3, where
the amount of (CF3SO2)2N− anion present is the least.
Therefore, the combined effect of these two anions preferred
the penetration of the hexagonal disks rather than only one
anion influencing this behavior. The combined protection of
the two anions might also cover almost the whole lateral facets

Figure 4. HRTEM images of ZnO nanostructures synthesized (a) without IL and with (b) 0.8 M [C2mim]CH3CO2, (c) 0.8 M
[C2mim](CF3SO2)2N, (d) [C2mim](CH3CO2)0.3((CF3SO2)2N)0.7, (e) [C2mim](CH3CO2)0.5((CF3SO2)2N)0.5, and (f) [C2mim]-
(CH3CO2)0.7((CF3SO2)2N)0.3. Inset shows the SAED pattern.
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as well as the front/back facets of the disks, so that in this
medium the disks experienced an incomplete growth; hence,
the interpenetrated structure was observed.
Thus, [C2mim](CH3CO2)0.7((CF3SO2)2N)0.3 was effective

to produce interpenetrated hexagonal disks which could not be
obtained from any of the two pure ILs. This is one of the
advantages of the DSILs over pure ILs. Another important
factor is the uniformity of the particles obtained from
[C2mim](CH3CO2)0.5((CF3SO2)2N)0.5, which was not ob-
served in the case of pure ILs such as [C2mim](CF3SO2)2N. A
delicate balance of the two anions in [C2mim]-
(CH3CO2)0.5((CF3SO2)2N)0.5 was accountable for the for-
mation of uniform-sized particles rather than the pure IL and
o th e r two DS IL s . I n t h e c a s e o f [C 2m im] -
(CH3CO2)0.5((CF3SO2)2N)0.5, both of the anions collectively
enhanced their roles in the formation of NPs with uniform size.
These two anions cooperatively decreased their limitations
when acting separately in these certain aspects for the synthesis
of ZnO NPs. The synergistic effect observed in DSILs helped
to overcome the restrictions of the pure ILs, and it also
revealed the means to achieving fascinating shapes of the NPs
which could not be realized from the individual ILs.
The HRTEM images in Figure 4 further support the

hypotheses made from the XRD and FESEM analyses. The
structure of the NPs obtained without any IL was found to be
cylindrical prism-shaped (Figure 4a). The interplanar spacing
(d-spacing) of the lattice stripes was found to be 0.26 nm
which corresponds to the distance between two adjacent (002)
planes. This suggests the preferred growth of ZnO NPs along
the [0001] crystal axis. The SAED pattern shows individual
bright spots which are almost in a circular pattern. This reveals
that without any IL, ZnO forms larger grains that create the
prism-shaped particles which are polycrystalline in nature.
Because of the bigger grains which are mainly single crystals,
there are bright individual spots in the SAED pattern. With the
introduction of [C2mim]CH3CO2 in the reaction medium, the
structure of the ZnO NPs transformed into disk-shaped which
can be observed in Figure 4b. The average length of the
hexagonal crystallites is 23 nm. The d-spacing is found to be
0.25 nm, corresponding to the (101) plane, which suggests the
preferred growth axis to be the [1010] axis. This is also
confirmed from the previous discussion that [C2mim]CH3CO2
drives the growth along the [1010] direction by protecting the
(001) planes of the hexagon. The SAED pattern confirms the
polycrystalline nature of the obtained nanostructures. On the

contrary, Figure 4c represents the d-spacing to be 0.29 nm,
which corresponds to the (100) plane. This suggests that the
preferred growth direction of the ZnO NPs obtained from the
[C2mim](CF3SO2)2N medium is the [0001] crystal axis.
Moreover, the nanodice-shaped particle is observed along with
the tendency to form nanorod-shaped structure. The SAED
pattern proves the polycrystalline nature; however, there are
bright spots in the pattern that suggest the bigger single
crystals or grains that forms the nanodice.
Figure 4d represents the HRTEM image of the ZnO

nanostructure obtained from the DSIL, [C2mim]-
(CH3CO2)0.3((CF3SO2)2N)0.7. The darkest spots indicate
that the hexagonal disks have been agglomerated due to the
cumulative effect of the anions. This is also supported by the
FESEM images where the hexagonal disks were closing toward
each other, forming an agglomeration of disks. The SAED
pattern reveals the polycrystalline nature of the unique
nanostructures. [C2mim](CH3CO2)0.5((CF3SO2)2N)0.5 pro-
vides the incomplete hexagonal disk shape that has been
initiated to become interpenetrated (Figure 4e). The darker
spots clearly represent the closeness of the disks. Also, the
incomplete growth is caused by the combined effect of the two
anions present in the DSIL. Consequently, the SAED pattern
proves the polycrystalline nature of the NPs. Finally, at the
highest molar ratio of the CH3CO2

− anion, the obtained ZnO
NPs form the interpenetrated hexagonal disk structure to
exhibit dark spots in Figure 4f as the evidence of the
interpenetration of the hexagonal disks. Moreover, the SAED
pattern shows the polycrystallinity of the NPs, but the pattern
has only bright spots and no circular rings. This indicates that
larger hexagonal single crystals got closer and then inter-
penetrated into each other by the synergistic effect of both the
anions present in [C2mim](CH3CO2)0.7((CF3SO2)2N)0.3. For
the three DSILs, the d-spacing observed was 0.25 nm, and in
each case, the main structure of the particle was hexagonal
disk. The CH3CO2

− anion played the dominant role of
controlling the shape of the nanostructures rather than the
(CF3SO2)2N− anion.
The HRTEM images further prove the role of pure ILs and

DSILs to control the growth of ZnO NPs and act as a superior
soft template. The introduction of ILs/DSILs not only
decreased the size of the particles but also preferred a unique
growth direction for the controlled growth of the clusters to
achieve exquisite architectures of the NPs. Nevertheless, DSILs

Figure 5. Room-temperature PL spectra (defect emission) of ZnO NPs obtained from (a) pure ILs and without ILs and (b) DSILs.

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.3c09374
ACS Omega 2024, 9, 12992−13005

12999

https://pubs.acs.org/doi/10.1021/acsomega.3c09374?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c09374?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c09374?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c09374?fig=fig5&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.3c09374?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


provided a better control over their parent ILs in controlling
the size and shape of the nanostructures.
The analysis of Eg of the nanostructures indicates the greater

influence of size toward the optical properties of ZnO NPs.
Since ZnO is an n-type semiconductor, Eg is crucial for its
applications. The Eg value of the NPs from different media has
been measured via the DRS technique with the help of the
Kubelka−Munk method (Figure S3 and Table S6). The
smallest band gap (2.94 eV) was found for the particles
obtained when no IL was used. With the addition of ILs,
enhanced Eg was observed. Moreover, the DSILs provided the
highest Eg (3.27 eV), indicating crystalline particles with
smaller size. According to the quantum confinement effect, the
particle size variation with the Eg value could be explained. The
size quantization (Q-size) effect manifests when the confine-
ment of charge carriers causes the size of the semiconductor
particle to decrease from its bulk to that of the Bohr radius, for
example, in the first excitation state. As a result, electrons and
holes are contained in a potential well in the quantum-sized
semiconductor and do not experience the delocalization that
occurs in the bulk phase. Because of this, the band gap widens
as the size of an ultrafine semiconductor particle approaches
the band gap minimum. The variation of band gap energy is
related to the size of the NPs, and this variation is consistent
with the size distribution observed by DLS measurements.
The fascinating phenomenon of enhancement of semi-

conductor property depending on the shape and size of the
NPs would be useful in the field of optoelectronic device
technology. Consequently, the photoluminescence (PL)
spectral analysis of the product NPs has been performed for
the investigation of the optoelectronic property of the ZnO
NPs. The fluorescence spectra for all the prepared NPs were
taken at the excitation wavelength of 325 nm. Figure 5 shows
the PL spectra of ZnO NPs obtained from pure ILs and DSILs.
The UV emission had an extremely low intensity compared

to the defect emission intensity. An intense sharp peak was
present for all of the samples at the wavelength of 658 nm
which corresponds to red emission. According to the findings
of Lima et al., the red emission is caused by one of the intrinsic
defects, singly charged oxygen vacancy (Vo

+).54 It may also be
responsible for the neutral Zn interstitial (Zni).

55 Neutral
oxygen vacancy could also cause the strong defect emission
peak.54,55 Either one could be responsible for the defect
observed, or even combined intrinsic defects could also be vital
in this case.55 For identifying the defect present in the
synthesized ZnO, a simple representation of defect energy
states (responsible for red emission) found in ZnO is given in
the schematic diagram in Figure S4. The probability of the
neutral oxygen vacancies would be the best option to cause the
emission that was followed by the NPs synthesized in this
work. These defects should be on the surface of ZnO NPs.
With one oxygen vacancy per 64 oxygen atoms, the static
dielectric constant is increased by 1−2% for neutral
vacancies.56 Thus, the defect could be used for the advance-
ment of electrical properties of semiconductor-based devices.
Also, the absorption phenomena of the NPs could be
significantly influenced by the presence of oxygen vacancies.
This suggests the potential of these NPs for various optical
applications.
Another important factor is the intensity of the peak (Figure

5), which is different for each of the ZnO NPs obtained from
different ILs or DSILs. Figure 5a shows that ZnO NPs
obtained from [C2mim](CF3SO2)2N have stronger intensity,

while ZnO prepared in the absence of any IL and
[C2mim]CH3CO2 gives a lower intensity. The intensity of
emission can be correlated with the increasing electronic
defects located into the forbidden band. The fluorescence
strength is proportional to the number of vacancies and/or
defects, so the larger the axial dimension, the stronger the
emission is.53 Thus, the NPs of the shape of mostly dice-like
particles obtained from [C2mim](CF3SO2)2N provided a
higher intensity than those of smaller disk- or prism-shaped
NPs acquired with [C2mim]CH3CO2 and without any IL,
respectively. Similarly, the variation of intensity in Figure 5b
could be explained. In this case, ZnO NPs from [C2mim]-
(CH3CO2)0.5((CF3SO2)2N)0.5 provided the highest intensity,
and [C2mim](CH3CO2)0.3((CF3SO2)2N)0.7 gave the second
highest peak and [C2mim](CH3CO2)0.7((CF3SO2)2N)0.3 the
third highest one. All these intensities are way higher than the
intensities observed in Figure 5a. As seen in FESEM images,
the aggregation behavior of NPs obtained from DSILs could be
understood. This caused the enlarged axial dimensions of the
particles, and the most aggregated disks were explored in the
case of [C2mim](CH3CO2)0.5((CF3SO2)2N)0.5 to provide the
h i g h e s t i n t e n s i t y . I n t h e c a s e o f [C 2m im] -
(CH3CO2)0.7((CF3SO2)2N)0.3, as the disks were interpene-
trated, reducing the axial dimensions, it showed a lesser
intensity. Consequently, the third highest peak observed for
[C2mim](CH3CO2)0.3((CF3SO2)2N)0.7 could be explained as
it provided only disk-like particles with less assembly.
However, this disk was found with greater axial dimensions
than all the other shapes observed from the pure ILs.
Therefore, the emission intensity could be explained for all
the ZnO NPs.
Attempts have been made to elucidate the mechanism of

formation of ZnO nanostructures. The NPs were produced
from two ILs and three different DSILs. The introduction of
DSILs into the synthesis of ZnO nanostructures gave the scope
to optimize the composition to unveil the ZnO−IL interaction.
It also paved the way of investigating the pros and cons of
using DSILs over pure IL regarding the production of uniform-
size NPs with a specific shape. First of all, creation of
Zn(OH)2, which produces the equivalent Zn(OH)42− complex
when hydroxide ions are present, is considered to be the
pathway via which ZnO is formed. ZnO is produced when
these latter species undergo dehydration upon heating.
Reactions involved in the formation of ZnO are displayed in
Scheme 1.

The variations of shapes of ZnO NPs prepared from the ILs
and DSILs took place because of the specific growth direction
managed by the IL media and the protection of certain facets
of the NP provided by the ILs/DSILs. The self-assembled
structure of the ILs/DSILs was possible due to the hydrogen-
bonding system or π−π stacking mechanism. Because of its
ability to extract electrons from the bulk through the sharing of
an electron pair between hydrogen and carbon at position 2 of
the imidazole ring,53 the imidazolium cation of the ILs used in
this work should interact with the bulk via a hydrogen bond or

Scheme 1. Reactions Involved in the Formation of ZnO
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electrostatic force. These interactions accumulate and stack,
potentially through π−π stacking or other noncovalent
interactions between the generated nanostructures and
imidazolium rings. Consequently, the IL is adsorbed on the
surface of the developing ZnO crystals, enclosing a portion of
the forming material and causing the crystal to grow in an
anisotropic manner. This means that it is possible for the ZnO
material to be encouraged by the ILs to form ZnO
nanostructures through a hydrogen-bonding co-stack mecha-
nism.57,58 Since all the ILs/DSILs used in this work have the
same cation, it can be concluded that both the π−π stacking
and hydrogen bonding would have the same effect on
controlling the morphology.59,60 However, the different anions
would affect these interactions between the cation and product
ZnO NPs and ultimately control the packing of the soft
template around the growing NPs.61 Now, it is necessary to
know which growth direction was promoted by the ILs/DSILs
in this work and which portion of the growing ZnO was

protected by them to avoid further growth. [C2mim]CH3CO2
provided disk-like nanostructures due to the presence of the
CH3CO2

− anion, which promoted the growth along the
[1010] direction and protected the front and back facets of the
hexagonal disk. With the increasing concentration of this
anion, the protection seemed to get stronger as the thickness of
the disk followed a decreasing trend with the higher
concentration of the IL. On the contrary, [C2mim]-
(CF3SO2)2N provided dice- or rod-like particles due to the
promoted growth at the [0001] direction and the protection of
the lateral facets by the presence of (CF3SO2)2N− anion. Also,
with the increasing concentration of (CF3SO2)2N− anion, the
protection of the lateral facets was grown to produce rods with
lower width than dices. However, when both of the anions
were present in the case of DSILs, there was a combined effect
of the anions which was liable for the interpenetrated disk-like
shape. However, the CH3CO2

− anion showed dominance over
the (CF3SO2)2N− anion as the thickness of the disks decreased

Scheme 2. Schematic Illustration of (A) Formation Process of the ZnO Nanostructures and (B) Effect of Concentration of ILs
and DSILs
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with the higher content of CH3CO2
− in the DSIL. The

presence of CH3CO2
− anion protected the front and back

facets, while the protection of the lateral facets by the
(CF3SO2)2N− anion caused the disks to be pushed closer and
closer which ended up with an incomplete growth and
interpenetration of the disks. This overall ZnO−IL interaction
is represented in Scheme 2.
Scheme 2A refers to the selective adsorption phenomenon

of different ILs on the surface of the growing ZnO. The anions
of the two pure ILs individually controlled the growth
direction in a different manner. Since the geometry of all the
NPs was the same, it could have been influenced by the
common cation and CH3CO2

− anion dominantly. However,
the DSILs provided the cooperative influence of the two
anions so that the interpenetrated disk shape was observed. In
this case, the lateral facets of the hexagonal disks which were
preferably protected by the (CF3SO2)2N− anion were less
protected or rather pushed by the (CF3SO2)2N− anion due to
the presence of the CH3CO2

− anion. Thus, while the front and
back facets were protected by the CH3CO2

− anion, the
presence of (CF3SO2)2N− anion caused the disks to come
closer and at a point the disks came into each other. This is
how these two anions synergistically acted to provide the
interpenetrated disk shape.
Scheme 2B provides the simplest representation of the

concentration effect of the ILs. The change in concentration
significantly affected the shape and size of the ZnO NPs. At the
higher concentrations of [C2mim][CH3CO2], the disk thick-
ness reduced, while for [C2mim](CF3SO2)2N, the dice-shaped
prism gradually decreased in width to produce rod-shaped
particles at higher concentrations. Thus, interpenetration
occurred in the case of DSILs where each of the two anions
performed their individual role to produce the collective effect.
The cation and two anions collectively formed a specific

growth direction where the growth rate was controlled
significantly in order to produce sharper crystals.
Scheme 3 represents the interaction of the ZnO crystal with

ILs and DSILs. The self-assembled structure of the ILs/DSILs
through the hydrogen-bonding system or π−π stacking
mechanism is displayed here. The anions of pure ILs can
direct the growth specifically, but in the case of DSIL, the
presence of both anions caused extra electrostatic interactions
between the anions to bring about a change in the surrounding
atmosphere of the ZnO crystal. This greatly influenced the
nucleation rate to be higher than the growth rate, and thus the
smallest crystallite size was observed from the DSIL. Also, this
could be responsible for the incomplete growth or inter-
penetration of the hexagonal disk shape. Being smaller in size,
the CH3CO2

− anion retained its compacting behavior, while
the (CF3SO2)2N− anion pushed them away from the adsorbed
cation. Therefore, the anions almost surrounded the growing
crystal, which resulted in the special size and shape of the ZnO
nanostructure.

4. CONCLUSIONS
ZnO NPs could be successfully synthesized from pure ILs and
DSILs using a hydrothermal route. ILs act as a soft template
where the DSILs provided an exceptionally better perform-
ance. Both the pure ILs, [C2mim]CH3CO2 and [C2mim]-
(CF3SO2)2N, provided particles of smaller size at the
concentration of 0.8 M. DSILs provided particles of less than
100 nm in size, which corresponds to the cooperative effects
observed from the anions in the DSIL media. However, in all
cases, uniformity of particle size was noticed when the
concentration of pure ILs increased, and for DSILs, uniformity
was achieved at the same mole ratio of the anions. Highly
crystalline products of wurtzite structure were confirmed from
all the reaction media among which the DSIL produced the
smallest crystallite size. The morphology of the synthesized

Scheme 3. Schematic Representation of Interaction Between a ZnO Crystal and (a) [C2mim]CH3CO2, (b)
[C2mim](CF3SO2)2N, and (c) DSIL
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NPs was transformed into hexagonal disks from prism shape
with the addition of [C2mim]CH3CO2 whose growing
concentration caused the production of perfect hexagon
geometry with sharper edges. However, [C2mim](CF3SO2)2N
provided dice-like nanostructures which ultimately formed a
rodlike shape with hexagonal heads at the highest concen-
tration of the IL. Moreover, incomplete or interpenetrated
hexagonal d i sks were obta ined from [C2mim]-
(CH3CO2)0.7((CF3SO2)2N)0.3, proving that the individual
effects of CH3CO2

− and (CF3SO2)2N− anions synergistically
affected the shape in the case of DSILs. Strong red emission
and negligible UV emission were observed for ZnO NPs to
demonstrate their potential for optoelectronic devices. This
study suggests that DSILs can be a better choice than their
component pure ILs to get specific control over the shape of
the NPs. Also, the nucleation rate and the growth of ZnO
clusters could be managed by DSILs via the collective effect of
the two anions. This mechanism of formation of ZnO NPs and
the fundamental observations from this work would be
significant for the development of future research on the
synthesis of ZnO NPs from DSILs of this kind.
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