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Abstract

Zinc oxide (ZnO) nanoparticles were synthesized by conventional (ZnO-A)
and supercritical ethanol drying (ZnO-B). Nitrogen adsorption/desorption
analyses were performed to determine the surface areas of the powders. The
specific surface area was 28.30m%g and 10.61 m?/g for ZnO-A and ZnO-B
respectively. The powders adsorbed very small amount of CO,with the
conventionally dried powder adsorbing more CO,. Supercritical ethanol dried
ZnO had ethanol on its surface which was eliminated by vacuum application at
room temperature. Both powders had OH groups which were eliminated on
heating up to 500°C under vacuum. However, OH groups were present in
lower amounts in supercritical ethanol dried ZnO. The powders were
characterized by UV-VIS optical absorption and room temperature
photoluminescence spectroscopic analyses. The UV-VIS absorption spectrum
showed an absorption band at 375nm due to ZnO nanoparticles. The
photoluminescence spectrum of ZnO excited at 380nm exhibited three
emission peaks: one at 424nm and 490nm corresponding to band gap excitonic
emission and another located at 520nm due to the presence of singly ionized
oxygen vacancies.
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1. Introduction

Nanosized zinc oxide (ZnQO) is a promising non-toxic, chemically stable semi-
conductor material used for a variety of applications [1-6]. During production,
nanoparticles agglomerate owing to the influence of interfacial tension during
conventional drying [6-7]. In order to prevent particle agglomeration, a number of
synthetic strategies have been developed to generate well-defined nanoparticles
having structures and properties suitable for applications in aqueous and non-aqueous
systems.

Various methods for the preparation of metal oxide nanoparticles have been
developed with the ultimate goal of producing particles of controllable properties
including size distribution, morphology, and crystal structure. Amongst these methods
is supercritical fluid drying, where the solvent is removed above its critical
temperature (T.) and critical pressure (P;). High temperatures have been shown to be
necessary in obtaining very fine particles as the liquid-vapour interface and capillary
pressure are eliminated and the resulting particles do not tend to stick to each other [8-
11].

The synthesis of zinc oxide (ZnO) nanoparticles using various methods has been
reported in literature [12-33]. Han et al [18] prepared ZnO nanoparticles in
supercritical methanol and supercritical water and obtained particles down to 10 nm
size. Gao et al [19] dried alcoholic ZnO gels by supercritical carbon dioxide drying.
Monolithic zinc oxide aerogels were reportedly prepared using supercritical carbon
dioxide by Krumm et al [20].

1.1. Specific surface area and Pore volume
Previous studies on the surface area and pore volume of ZnO particles prepared with
different methods are summarized in Table 1.

“Table 1. Adsorptive properties of nanosized ZnO particles”

Synthesis Method Surface| BJH |BJH Pore|Ref.
Area, | Pore |diameter,
m?/g \olume, nm
cm’/g
Supercritical CO; drying 277 | 0.17 1.54 |19
Conventional drying 240 | 0.30 158 |19
Supercritical CO, drying and annealing at 150°C 102 | 0.18 299 |19
Conventional drying and annealing at 150°C 95 0.24 256 |19
Super critical methanol drying at 30 MPa and 400°C | 21.3 16
Zinc acetate thermal decomposition 37 2.5-10 |27
Ammonia treated zinc acetate thermal decomposition | 60 25% | 27
lower
than
2.5-10.0
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Hallow microspheres 9.3 2-4 30
In supercritical CO; and ethanol at 333K and calcined
at 777 K

BioinspiredZnO prepared using egg shell template atf 9.86 | 0.039 284 |32
pH2 and 450°C

Conventional drying 39.1 | 0.048 26

Freeze drying at-40°C and 0.7 Pa 20.1 | 0.031 26

ZnO aerogel and zinc xerogel were obtained by drying the ZnO gels by
supercritical carbon dioxide drying and by conventional methods by Gao et al [19].
An increase in pore volume was observed in the xerogel compared to the aerogel
(0.30 cm®/g compared to 0.17cm®/g respectively). This is most likely a reflection of
the difference in the gel morphology. The analogous annealed materials at 150°C
exhibited significantly smaller surface areas (102 m?/g and 95 m%g) compared to the
original materials, 277 m?/g compared to 102m?g for the aerogel-based material. In
both cases, there is minimal change observed in the pore volume with a dramatic
increase in average pore diameter; this is likely a consequence of the aggregation of
particles into larger platelets during supercritical carbon dioxide drying [19].

Estruga et al[27] synthesized two different types of ZnO by decomposing zinc
acetate and ammonia treated zinc acetate by heat. Low-temperature nitrogen
adsorption-desorption analysis showed that the materials obtained by both routes had
similar textural characteristics. The pore size distribution calculated from the
adsorption branch denotes the presence of mesopores in the 2.5-10.0 nm range, which
is related to the H2 hysteresis loop. The specific surface area (SSA) of zinc oxide
obtained from zinc acetate was 37m’g™, which increased to 60 m?g™ for the ZnO
obtained by the ammonia route [27].

The BET surface area of hollow ZnO microspheres was 9.3m’g™. Microspheres
had mesopores (2-4 nm) and large macropores with diameters >20 nm [30].
Bioinspired ZnO synthesized by using egg membranes had surface area of 9.86 m‘g™,
pore volume of 0.039 cm®g™ and pore size of 2.84 nm [32]. The surface area of
conventional dried and freeze dried ZnO were 39.1 and 20.1 m?/g respectively and the
pore volume was also lower for freeze dried ZnO (0.031cm®/g) than for conventional
dried sample (0.038cm®/g) [26].

1.2. Carbon dioxide adsorption

A complete understanding of the carbon dioxide (CO,) interaction with zinc oxide
(Zn0) is a basis for the development of new ZnO-containing materials for catalytic
fixation of CO, into useful chemicals such as methanol. The activation of CO, by
ZnO via the carbonate-ion formation requires the presence of empty surface Zn-O
pairs [34].

Noei et al [35] have reported that the adsorption of CO, on pure ZnO
nanoparticles gives rise to three kinds of carbonate species: These are: (i) A tridentate
carbonate formed as a majority species on the mixed terminated ZnO (1010) surface
(1581 and 1329 cm™) supported by the fact that the polycrystalline ZnO nanoparticles
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are dominated by the non-polar (1010) facets [36]. (ii) A bidentate carbonate formed
on the polar O-ZnO surface via the activation of CO; on O vacancy sites (1621 and
1292 cm™). (iii) A monodentate carbonate resulting from CO, adsorbed on defect
sites and identified as a minority species (1543 and 1313 cm™). In addition, two weak
IR bands appeared at 1543 and 1313 cm™ for the hydroxylated ZnO nanoparticles
which are characteristic of polydentate carbonate species formed via the CO;
activation on defects in the presence of hydroxyl groups [37].

1.3. Light absorption and emission by ZnO

All transmittance spectra of ZnO films show sharp absorption edges in the wavelength
region between 370 and 380 nm [28]. Mishra et al [24] reported a clear absorbance
peak at ~ 374 nm (3.31 eV) and at ~ 376 nm (3.29 eV) for ZnO nanoparticles
prepared at 400°C for 3 hours and 12 hours respectively. The luminescence bands of
ZnO irradiated with UV light changes with the defects and impurities in ZnO as well
as irradiation wavelength. The three main peaks appear at 426 nm, 486 nm and 511
nm, in all the ZnO samples prepared at different pH values and irradiated with 250 nm
light [29]. The UV band edge emission centred at 426 nm, broad blue bands centred at
486 nm and green bands centred at 511 nm were observed from the
photoluminescence (PL) spectra. The PL signal at 426 nm is a typical near band edge
UV emission of ZnO which indicates a direct recombination of excitons through an
exciton-exciton collision process. The luminescence blue bands at 486 nm are due to
transition vacancy of oxygen and interstitial oxygen. The green emission at 511 nm
referred to a deep level emission usually caused by the presence of ionized oxygen
vacancy on the surface and results from the recombination of a photo generated hole
with a single ionized charged state of the defects in zinc oxide. The ZnO nanoparticles
were synthesized in the atmosphere of deficient oxygen, which caused large amounts
of oxygen vacancies, so the peak of green emission band is very high. Many past
reports on PL emission spectra of ZnO show a broad peak in the green region between
520 nm and 550 nm in case of both bulk zinc oxide as well as quantum dots and
similar size features at 420 nm to interstitial oxygen levels in zinc oxide and the
feature at 485 nm to the transition between vacancy of oxygen and interstitial oxygen
[29]. Highly oxygen deficient ZnO structures had a broad and intense emission in
green yellow region due to singly ionized oxygen vacancies [31] when excited with
320 nm UV light.

Generally, visible emission in ZnO consists of blue, violet, green and yellow
emission peaks which can be attributed to different intrinsic defects [24]. A weak
yellow band is usually observed in ZnO materials just above 600 nm [19]. Reports
have shown that the characteristic luminescent spectrum of ZnO exhibits two
maxima: around 380 nm (near-UV emission) and 500 nm (green emission)
respectively [25]. The former being attributed to the exciton band (band-gap
fluorescence caused by a transition from the lower edge of the conduction band to the
upper edge of the valence band) recombination while the latter is attributed to the
density of singly ionized oxygen vacancies [25]. Tuning of ultra-violet to green
emission of ZnO by choosing suitable excitation wavelength was possible [33]. Mir
and Ghoul [38] showed that vanadium-doped nanosized zinc oxide aerogel exhibited
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strong red emission when excited with 380 nm UV light. The solvent of the ZnO sols
and wavelength of the exciting light affected the absorption and emission of the light
[35]. The visible green emission is dominant over the UV emission for hollow ZnO
microspheres produced by supercritical CO, extraction [30]. The as-synthesized
aerogel, Al, exhibited only weak emission peaks which can be attributed largely to
the highly amorphous nature of the unheated sample and small crystallite size. The PL
spectrum of the sample annealed at 250 °C exhibited observed strengthening in the
emission intensity of both the UV and blue emissions, which is likely due to the
increased crystalline nature of the annealed samples as revealed by the XRD analysis
[30].

There are many studies made with CO, [18], water [17] and methanol [16] in
supercritical drying of ZnO. However, ethanol which is a cheap and abundant solvent
with lower critical pressure than other solvents such as CO,, water and methanol have
not been widely used for supercritical drying of ZnO. In a previous study, we reported
on the preparation of ZnO nanoparticles in supercritical ethanol and its use in
lubricants [21]. ZnO samples having initially 6.4% water and 36.9% ethanol were
dried both with conventional drying at 110°C and supercritical ethanol drying at 7.2
MPa and 250°C using a solid liquid ratio of 59/100cm® in a 300cm® high pressure
reactor. Conventional dried ZnO was called ZnO-A while supercritical ethanol dried
ZnO was called ZnO-B in the previous study. The ethanol phase contained only
0.38% water after the supercritical drying process. However, ZnO-B contained 10%
ethanol after removal from the supercritical drying system as previously reported, but
was evaporated under ambient conditions since no peaks related to ethanol were
present in its FTIR transmission spectrum. EDX analysis indicated that the ZnO
nanoparticles contained >95% ZnO. However the Zn content (81.1 and 83.3% for
ZnO-A and ZnO-B respectively was higher than expected for pure ZnO (76%). The
chlorine content, 3.2% of the supercritical ethanol dried sample ZnO-B, was lower
than that of the conventionally dried sample, 5.3%. The X-ray diffraction diagrams
showed that the nanoparticles having 16.7nm size were transformed to larger particles
with 24.7nm size by supercritical ethanol drying. The absence of surface tension of
liquid ethanol during supercritical ethanol drying was not sufficient to prevent
agglomeration of the particles. Due to very high pressure used in supercritical
extraction, the particles obtained were more agglomerated compared to the particles
obtained by conventional drying at atmospheric pressure. As part of our continuing
studies on ZnO nanoparticles prepared in supercritical ethanol, we report in this study
on the optical and surface properties of ZnO nanoparticles prepared in supercritical
ethanol in comparism with ZnO nanoparticles produced by conventional method. For
this purpose, N, and CO; adsorption isotherms were determined, dehydration
behaviour was examined by in situ FTIR spectroscopy, light absorption and emission
of the powders were also examined.

2. EXPERIMENTAL METHOD
2.1. Preparation of ZnO nanoparticles
The procedures for the synthesis of ZnO nanoparticles using the conventional method
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of drying (ZnO-A) and supercritical ethanol drying (ZnO-B) were as described
previously [21]. The sample in the steel reactor was heated to supercritical condition
of 7.2 MPa and 250°C and the pressure of the reactor was reduced to 0.01 KPa by
opening the valve connecting to a second expansion reactor at room temperature and
pressure. The supercritical ethanol dried sample was taken out after cooling the hot
reactor to room temperature. Conventional drying was made at 110°C and
atmospheric pressure.

2.2. Surface Characterization of ZnO nanoparticles

The adsorptive properties of the synthesized ZnO nanoparticles were measured using
ASAP Micromeritics 2000 (Norcross Georgia USA). The nitrogen physisorption
isotherms were obtained at 77.35K. Surface areas were evaluated using the Brunauer-
Emmet Teller (BET) method from the adsorption branch of the isotherm. The pore
size distributions were according to the Barrett-Joyner-Halenda (BJH) model, and the
average pore diameters and cumulative pore volumes were calculated using the
desorption branch of the isotherm. Before each set of measurements, the samples were
degassed for 20-40h. Each measurement took about 24 hours to complete with a 45s
equilibrium interval. The measurement of the adsorptive properties (using the BET
equation) was carried out using low temperature nitrogen adsorption based on the
evaluation of the amount of adsorbate covering the adsorbent with a monolayer (from
the adsorption isotherm).

Carbon dioxide (CO;) adsorption experiments were also conducted on the
synthesized ZnO nanoparticles. This analytical method involves studying the
interaction of a gas with a substrate surface. The adsorption isotherms of carbon
dioxide on ZnO samples at 25°C were measured in the pressure range of 0.1 to 100
KPa using ASAP Micromeritics 2000. The samples were outgassed at 110°C and
0.001 Pa overnight before adsorption experiments.

2.3. In situ DRIFT Spectroscopic Measurements

Diffuse Reflectance Fourier Transform Infrared (DRIFT) measurements were carried
out in an in situ heating reaction cell fitted with CaF,windows (Harricks, NY) shown
in Fig. 1.
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Fig. 1. In situ heating cell with atmosphere control (Harricks)

A praying mantis optical geometry was used to direct the infrared beam. A 0.1g
sample was placed on the sample holder and after its spectrum at room temperature
and 100 KPa pressure was taken, the sample chamber was evacuated down to the 0.1
Pa pressure and heated up to 500°C at a 2°C min™ rate at0.1Pa pressure. The DRIFT
spectrum of the sample was obtained at different temperatures during its dynamic
heating.

2.4. Optical Measurements of ZnO aqueous dispersions

Dispersions of ZnO-A and ZnO-B in water were used for optical studies. UV-visible
spectra were recorded by wusing a Perkin Elmer Lambda 45 UV/VIS
spectrophotometer (Massachusetts, USA). Room temperature photoluminescence
(PL) spectra of the dispersions excited at 280 and 375 nm were obtained by using
Varian Cary Eclipse fluorescence spectrometer (Santa Clara California USA).

3. RESULTS AND DISCUSSION

3.1. Characterization of ZnO nanoparticles

ZnO nanoparticles prepared and dried by two methods: conventional (ZnO-A) and
supercritical ethanol drying (ZnO-B) have been previously characterized by various
analytical methods. These include Fourier Transform Infrared (FT-IR)
spectrophotometry, Scanning Electron Microscopy (SEM), X-ray Diffraction (XRD)
and Thermogravimetric analysis (TGA) to elucidate the shape, size, composition and
stability of the nanoparticles [27].

3.2. Nitrogen Adsorption

The surface areas of the ZnO nanoparticles were determined by recording the nitrogen
adsorption/desorption isotherms. Fig. 2 shows the adsorption-desorption isotherms for
ZnO-A and ZnO-B.
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Fig. 2. Nitrogen adsorption-desorption isotherms for (a) ZnO-A (b) ZnO-B

The shape of the isotherm indicates the mesoporous structure of ZnO [23].
There was a steady increase in the amount of nitrogen adsorbed up to a maximum
ofp/p, = 0.9 for both samples. Table 2 summarizes the surface areas, pore volumes
and average pore sizes for ZnO-A and ZnO-B. ZnO-A had a larger surface area (BET)
28.3 m?/g than ZnO-B which had a lower value of 10.61 m?/g. The particle size of
ZnO-A and ZnO-B were found to be 40 and 100 nm respectively from their surface
areas. However, using dynamic light scattering on a Zetasizer 3000 HSA, it was found
that 95% of the particles were 78.1nm in diameter for ZnO-A and 92% of the particles
had an average diameter of 107.7nm for ZnO-B.**Supercritical ethanol dried ZnO-B
was found to have lower particle size than conventionally dried ZnO-A. By both
techniques, the pore size (5.17nm) of ZnO prepared by supercritical ethanol drying
(Zn0O-B) was larger than that (4.48nm) of conventional dried ZnO (ZnO-A). Also the
pore sizes were larger than the ZnO particles prepared by other investigators [16, 19,
27, 30, 32].

Table 2. Adsorptive properties of nanosized ZnO particles prepared in the
present study

Synthesis Method Surface | BJH Pore | BJH Pore
Area, | volume, | diameter, nm
m?/g cm’/g

Conventionally dried ZnO (ZnO-A) 28.30 0.03 4.47

Supercritical ethanol dried ZnO (ZnO-B) | 10.61 0.01 5.17



https://www.researchgate.net/publication/248757222_Optical_properties_of_amorphouscrystalline_ZnO_nano-powder_prepared_by_solid_state_reaction?el=1_x_8&enrichId=rgreq-fbe8ffbc02c9c2b9029fc472359857c9-XXX&enrichSource=Y292ZXJQYWdlOzI4MTg1OTkxODtBUzoyNzQ5OTkyMjc0NDkzNDhAMTQ0MjU3NjMzMzkyMw==
https://www.researchgate.net/publication/238118298_Continuous_synthesis_of_surface-modified_zinc_oxide_nanoparticles_in_supercritical_methanol?el=1_x_8&enrichId=rgreq-fbe8ffbc02c9c2b9029fc472359857c9-XXX&enrichSource=Y292ZXJQYWdlOzI4MTg1OTkxODtBUzoyNzQ5OTkyMjc0NDkzNDhAMTQ0MjU3NjMzMzkyMw==
https://www.researchgate.net/publication/231375963_Preparation_of_Hollow_ZnO_Microspheres_Using_Polymethyl_methacrylate_as_a_Template_with_Supercritical_CO2-Ethanol_Solution?el=1_x_8&enrichId=rgreq-fbe8ffbc02c9c2b9029fc472359857c9-XXX&enrichSource=Y292ZXJQYWdlOzI4MTg1OTkxODtBUzoyNzQ5OTkyMjc0NDkzNDhAMTQ0MjU3NjMzMzkyMw==
https://www.researchgate.net/publication/231240409_A_Sol-Gel_Route_To_Synthesize_Monolithic_Zinc_Oxide_Aerogels?el=1_x_8&enrichId=rgreq-fbe8ffbc02c9c2b9029fc472359857c9-XXX&enrichSource=Y292ZXJQYWdlOzI4MTg1OTkxODtBUzoyNzQ5OTkyMjc0NDkzNDhAMTQ0MjU3NjMzMzkyMw==
https://www.researchgate.net/publication/229498627_Mild_Synthetic_Routes_to_High-Surface_Zinc_Oxide_Nanopowders?el=1_x_8&enrichId=rgreq-fbe8ffbc02c9c2b9029fc472359857c9-XXX&enrichSource=Y292ZXJQYWdlOzI4MTg1OTkxODtBUzoyNzQ5OTkyMjc0NDkzNDhAMTQ0MjU3NjMzMzkyMw==

Optical and Surface Properties of Zinc Oxide Nanoparticles Dried 11639

3.3. Carbon dioxide Adsorption

Fig. 3 shows the CO, adsorption isotherms obtained for ZnO-A and ZnO-B. The
isotherms in Fig. 3 indicate that the ZnO nanoparticles adsorbed very small amounts
of CO,. The conventionally dried powder adsorbed more CO, (0.5 cms/g) than
supercritical ethanol dried sample (0.34 cm®g) at 90 KPa. The CO, adsorption at
25°C was not a physical adsorption. It should have formed carbonates or bicarbonates
by interacting with Zn-O or Zn-OH groups [34-36, 38]. Xia et al [39] investigated
CO; adsorption on ZnO by static adsorption microcalorimetry. They reported that the
amount of CO, adsorption is dependent on the surface treatment of ZnO. Maximum 5
pmol/m? (1.2 cm®/g) CO, was adsorbed on ZnO with 10 m?/g surface area at 30°C
which was outgassed at 400°C for 2 hours under vacuum before adsorption
experiments. The lower outgassing temperature or hydration of ZnO surface with
water lowered CO, adsorption. Since the samples were outgassed at 110°C in the
present study, a lower amount of CO, adsorption was observed.
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Fig. 3. CO; adsorption isotherms for ZnO nanoparticles at 25°C

3.4. In situ Drift FTIR Spectroscopic Measurements
Figs. 4a and 4b presents the DRIFT spectra of the synthesized ZnO nanoparticles
under different conditions.

Noei et al [40] studied water vapour adsorption on a single crystal of ZnO. The
DRIFT spectra obtained before and after exposing the O, pre-treatedZnO samples in
addition to water at 323 K showed that upon water exposure the features at 3656 and
3639 cm™ disappear, whereas the 3672 cm™ band gains in intensity and becomes the
dominant one and the intensity of the bands at 3620 and 3448 cm™ decreases, while
the latter shifts to lower frequencies and becomes broader, indicating a H-bond
interaction. A new band at 1617 cm™ appears which is characteristic for a water
scissoring mode, thus confirming the molecular adsorption of H,O on ZnO
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nanoparticles. The deuteriated water exchange studies indicated that the peaks at
3687, 3672, 3620, 3448 cm™ belonged to H,O in ZnO, OH on ZnO with co-adsorbed
H,0, OH on ZnO and OH in defect sites respectively [40]. In Fig. 4a, the isolated OH
group vibration peaks at 3846, 3736 cm™decrease in intensity on heating but do not
disappear completely, hydrogen bonded OH vibration peak at 3483cm™decrease in
intensity on heating. New peaks at 3547 and 3444 appear at 200° C and decrease in

intensity on heating.
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Fig. 4. DRIFT spectra of (a) Supercritical ethanol dried zinc oxide (ZnO-A)
under different conditions in the arrow direction at 25°C and 10 KPa, 25°C and
0.1 Pa, 100°C and 0.1 Pa, 200°C and 0.1 Pa, 300°C and 0.1 Pa, 400°C and 0.1 Pa,
500°C and 0.1 Pa (b) Conventionally dried zinc oxide (ZnO-B) at 25°C and 10
KPa, 25°C and 0.1 Pa, 100°C and 0.1 Pa, 200°C and 0.1 Pa, 300°C and 0.1 Pa,
400°C and 0.1 Pa, 500°C and 0.1 Pa
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In Fig. 4b, 3392 cm™ (OH stretching), 2960 and 2883 cm™ (CH, asymmetric
and symmetric stretching vibrations) peaks belonging to ethanol on the surface of
supercritical ethanol dried sample disappear by reducing the pressure to 0.1 Pa. The
transmission FTIR spectra of the same samples taken by KBr disc technique indicated
there were no peaks related with ethanol in both supercritical ethanol dried and
conventionally dried samples [21]. Since transmission and drift spectra give
information about the bulk and the surface of a sample, it can be concluded that
ethanol was only present at the surface of the supercritical ethanol dried sample. The
peak belonging to isolated OH groups at 3728 cm™ in drift spectra had lower intensity
for supercritical ethanol dried sample than conventionally dried sample and its
intensity lowered to a small extent on heating up to 500°C. The peak at 3485 cm™ for
hydrogen bonded OH groups appear by vacuum application at room temperature and
decreased in intensity on heating. There are peaks that appear at 200°C at 3554 and
3460 cm™ and disappear at 300°C.

The in situ DRIFT study of the samples indicated that in order to obtain pure
ZnO by supercritical ethanol drying system, a vacuum pump should be added to the
supercritical ethanol drying system to remove the last traces of ethanol from the
system.

3.5. Optical Properties of Aqueous Dispersions of ZnO

3.5.1. UV/VIS Spectra

The electronic absorption spectrum of ZnO samples in the UV/VIS range enables the
characterization of the absorption edge related to the semiconductor band structure
[2]. Fig. 5 shows the UV/VIS absorption spectra of the nanosized ZnO particles.
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Fig. 5. UV/VIS absorption spectra of the nanosized ZnO particles (1) ZnO-A (2)
Zn0O-B

The UV/VIS absorption spectra for both ZnO-A and ZnO-B exhibit a very
strong UV absorbance peak at ~ 375 nm, and can be attributed to bound exciton


https://www.researchgate.net/publication/254334336_Effect_of_Supercritical_Ethanol_Drying_on_the_Properties_of_Zinc_Oxide_Nanoparticles?el=1_x_8&enrichId=rgreq-fbe8ffbc02c9c2b9029fc472359857c9-XXX&enrichSource=Y292ZXJQYWdlOzI4MTg1OTkxODtBUzoyNzQ5OTkyMjc0NDkzNDhAMTQ0MjU3NjMzMzkyMw==

11642 Theresa Obiajulu Egbuchunam et al

emission [23]. Conventional dried ZnO had a higher absorbance value than
supercritical ethanol dried ZnO.

3.5.2. Photoluminescence Measurements

Room temperature photoluminescence (PL) spectroscopic study enables the
determination of the electronic energy levels from where emission is particularly
observed, which in turn helps to corroborate the band structure of the ZnO
nanoparticles.” The results of the PL spectrum for the synthesized ZnO nanoparticles

are presented in Figs. 6 and 7.
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The samples excited at different wavelengths of UV light had different
luminescence spectra as in the study of Chen and Zang [41]. The PL spectra of the
ZnO nanoparticles at excitation wavelength of 280 nm at room temperature exhibits a
UV emission peak at 386 nm (~3.11eV) and 550 nm. The UV emissions band at 386
nm is related to near band-edge (NBE) emission of the ZnO nanoparticles and is
attributed to the recombination of the free excitons by exciton-exciton collision
process.”® At excitation wavelength of 375 nm, broad visible emission peaks
including violet emission at ~424 nm (~2.96eV), blue-green emission at ~ 490 nm
(~2.56 eV) and green emission at ~ 520 nm (~2.37eV) were observed. The emission
at 426 nm is due to transition vacancy oxygen and interstitial oxygen. *° The peak at
486 nm is deep level emission due to photogenerated hole with single ionized charge
[2]. The peak at 511 nm is due to singly ionized oxygen vacancy [24, 25]. The
luminescence intensity of supercritical ethanol dried ZnO (ZnO-B) had lower values
than that of conventionally dried ZnO (ZnO-A).

4. CONCLUSION

The surface and optical properties of ZnO nanoparticles prepared and dried by
conventional drying (ZnO-A) and supercritical ethanol drying (ZnO-B) have been
studied. The mesoporous nanoparticles of supercritical ethanol dried zinc oxide had
lower surface area (10.61 m?/g) than that of conventionally dried ZnO (28.30 m?/g)
due to increase of the particle size under supercritical conditions. The powders
adsorbed very small amount of CO, and the conventionally dried powder adsorbed
more CO, (0.5 cm®/g) than supercritical ethanol dried sample (0.34 cm®/g) at 90 KPa.
Supercritical ethanol dried ZnO (ZnO-B) had ethanol on its surface which was
eliminated by vacuum application at room temperature. Thus, the ethanol supercritical
set up should be improved by adding a vacuum line to the reactor. This would ensure
that the sample is successfully cleaned from ethanol after cooling to room
temperature. Both powders had OH groups which were eliminated on heating up to
500 °C under vacuum. However, OH groups were present in lower amounts in
supercritical ethanol dried ZnO. UV-visible absorption spectrum of both powders had
an excitonic peak at 375 nm. The photoluminescence (PL) spectra for both samples
show emission peaks such as NBE, violet, blue-green and green emissions.
Luminescence intensity of supercritical ethanol dried ZnO (ZnO-B) was lower than
that of conventionally dried ZnO (ZnO-A).
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