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Abstract

Cu doped ZnO nanostructures have been synthesized using sol gel method in gelatin media.
UV-Vis spectroscopy in the range of 200-1000nm has been employed in order to study absorption
behavior of synthesized nanomaterials. Data obtained from UV-Vis allowed to evaluate value of
optical energy band gap Eg, as well as Urbach energy E,. From the calculation it is found that the
value of optical energy band gap varies upon dependence on the doped Cu concentration and have
values ranging from 3.072-3.44eV. In the meantime the Urbach energy has been varied from 1.076
till 1.209 with respect to doped Cu concentration.
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Introduction

Binary semiconducting oxide such as ZnO have attracted great attention, as it owns direct
wide band gap of 3.4 eV and large exciton binding energy of 60 meV at temperature of 23°C, thus
these characteristics lead ZnO to exhibit special opto-electric property. Ternary alloy ZnO
nanostructures are used in applications such as photocatalysis, sensors, excitons based lasing
devices, thin film transistors, etc. Nevertheless, as ZnO has wide band gap, it can only respond to
ultraviolet (UV) light, which is estimated as only 4% of the light in the light spectrum. In order to
expand its optical absorbance band edge in the visible light range, large amount work has been
accomplished — for instance, introducing dopants such as metal or non metal ions [1-3], or
sensitizing with organic dyes, or introducing nanosized plasmonic nanoparticles — works such these
have been carried out to make ZnO photoactive under visible light irradiation [4].

One of the most efficient method to narrow band gap by creating impurity levels in the
forbidden gap for utilizing visible light is doping with metal ions. By introducing impurity levels
below the conduction band or above the valence band they start act as a donor levels and acceptor
levels, respectively. Existence of such levels forces semiconductor to be responsive to visible light

[5].

Furthermore, materials doped with specific amount of dopants will enhance performance of
materials. Recently, there were appeared a few papers describing significance of use Cu compounds
due to it’s not always been ferromagnetic. But there yet not many of papers describe the
implementation and performance of applications based on Zn;«CuxO . Thus, hereby we present
research paper on optical spectroscopy of Zn;.xCuxO semiconducting nanostructured material.

Cu transition metal is one of most interesting candidate as a dopant, because it owns similar
to Zn electronic structure of shell, which at the end leads to own similar chemical and physical
properties [6].

Many approaches such as co-precipitation, chemical vapor deposition, hydrothermal
synthesis, and advanced ion implantation have been employed to dope metal ions into wide band
gap materials.

Hereby, in this research work has been used a simple sol-gel in gelatin media method to
synthesize Cu doped ZnO nanostructures. Gelatin served role of polymerization agent, and has
terminated grows of Cu doped ZnO nanostructures during baking process, by preventing
nanostructures to agglomerate as gelatin expands under continuous heating. Moreover, sol gel in
gelatin media is a method that has obvious advantages over other known methods, as it could
produce well aligned nanostructures of narrow size distribution and at the same time it is cheap and
available for large scale production capacity [7].

Experimental

Materials

In this work, zinc nitrate (hexahydrate), cooper(ll) nitrate hemi (pentahydrate), gelatin
powder and other required chemicals of reagent grades have been used, obtained from Sigma
Aldrich, and were used without further purification.

Synthesis of Cu doped ZnO nanostructures

In this work ZnO nanostructures has been synthesized with different amount of Cu
concentrations been doped in Zn lattice. Overall 4 samples of different Cu concentrations has been
synthesized, table 1.

Table 1. Samples with different Cu concentrations been doped in ZnO

Sample Molarity ZnO Cu
number (amount in %) (amount in %)
1 Zn0O 100% 0%
2 Zno.99CU0.010 99% 1%
3 ZNngg7Cugo30 97% 3%
4 Zno.95CUg.050 95% 5%
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To synthesize Cu doped ZnO nanostructures sol-gel method in gelatin media has been
employed. After synthesis all samples have been sintered at 650°C temperature in order to burn out
organical materials and obtain Cu doped ZnO nanopatrticles.

Results and Discussions

Figure 1 shows us UV-Vis absorption spectra for ZnO nanostructures doped with different

amount of Cu of totally 4 samples. The absorption spectra focused in the region of 350-550nm.
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Figure 1: UV-Vis absorption spectra of varying concentrations of Cu doped in ZnO
nanostructures
As can be seen all 4 samples have different sites of prominent peaks that corresponds to
specific wavelength and thus each sample should have different optical band gap energy.
Optical absorption coefficient oA that has been used in order to calculate optical energy band
gap is found by equation 1.

a(l)= 2.3030'A
1)

where A is absorbance at specific wavelength and d is the thickness of sample.

Optical energy band gap has been evaluated from the Mott and Davis equation that describes
the absorption due to the electronic transition within the band in relation with the optical band gap,
equation 2.

a(A)h2 =const(hi-E, ) )
where Eq is the optical energy band gap, h is the photon energy, a(}) is the absorption
coefficient and n is the index that corresponds to the nature of materials and its interband electronic
transition. The Ey has been evaluated by extrapolating photon energy versus the linear part of
(a(\)hn)Y2, figure 2.
Moreover, at certain temperature the absorption coefficient a()) is always follows Urbach’s
rule near to the absorption edge, equation 3.

a(d)= const.exp(glj

u

3)
where E, is Urbach energy, which can be described as localized state in the normally
forbidden gap.
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The Urbach energy could be evaluated from the graph of photon energy versus

Ina(}), figure 3. Optical energy band gap energies and Urbach energies for different samples with
different doped Cu concentrations are listed in table 2.
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Figure 2: Evaluated Optical energy band gap for Zng ¢7Cug030
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Figure 3: Evaluated Urbach's energy for Zng.¢7Cug030

Table 2: Cu concentration dependent optical energy band gap energy and Urbach

energy
Sample Optical energy band gap, E4(eV) Urbach energy, E,(eV)
ZNng97CuUg 30 3.072 1.067
Zn0.99CUo.01O 3.195 1.126
ZnO 3.219 1.170
Zn0.95CUo.o5O 3.44 1.209

In figure 4 is shown dependence of Optical band gap energy on Cu concentrations.
As can be seen as we dope Cu amount from 1% till 3% optical band gap energy decreases.
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However, at Cu amount been 5% instead of further decrease in optical band gap energy,
conversely increase occurred.
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Figure 4: Optical energy band gap dependence on Cu concentration

The same trend of unexpected increase in Urbach energy is seen in figure 5 when
sample has been doped with 5% of Cu.
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Figure 5: Urbach energy dependence on Cu concentration

Such unexpected behavior could be explained as chemical instability due to doping
Cu more than specific value. Both figure 4 and 5 represents strong Cu concentration functional
dependence of optical properties of ZnO nanostructures.

Conclusion
The optical properties of Cu doping concentrations on ZnO nanostructures are analyzed by
using Eq4 and E,. Strong dependence of E4 and E, on Cu concentration is noticed and mechanism is
understood. ZnO's nanostructures could be optimized for optical applications such as light emitting
diode, photocatalyst, dye-sensitized solar cell, etc. by tuning optical properties such as E4 and E,.

306



References

1. Akpan U.G., Hameed B.H. The advancements in sol-gel method of doped-TiO,
photocatalysts // Appl. Catal. - 2010. - Vol. 375. - P. 1-11.

2. Das S.C., Green R.J., Podder J., Regier T.Z., Chang G.S., Moewes A. Band gap tuning in
ZnO through Ni doping via spray pyrolysis // J. Phys. Chem. - 2013. - Vol. 117. - P. 12745-12753.

3. Yang X., Wolcott A., Wang G., Sobo A., Fitzmorris R.C., Qian F., Zhang J.Z., Li Y.
Nitrogen doped ZnO nanowire arrays for photoelectrochemical water splitting // Nano. Lett. - 2009.
Vol. 9 - P. 2331-2336.

4. Meng W., Feng R., Guanxu C. Activating ZnO nanorod photoanodes in visible light by
Cu ion implantation // - 2014. - Vol. 7. - P. 353-364.

5. Hliang O.W.M., McCluskey M.D Incorporation of Cu acceptors in ZnO nanocrystals // -
2010. -Vol. 108, -P. 064301.1-3.

6. Zhang G.H., Deng X.Y. Engineering of electronic and optical properties of ZnO thin
films via Cu doping // Chin. Phys. - 2012. - Vol. 22, N. 4. - P. 047803.1-3.

7. Zak K.A., Majid Abd. W.H. Synthesis and characterization of ZnO nanoparticles
prepared in gelatin media // Materials Letters -2011. Vol. 65, - P. 70-73.

VK 53.043
MMOJYYEHUE U CBOMMICTBA HAHOOMUTTEPOB HA OCHOBE IIDT®

Anemosa Ha3ryas EpianoBaa

aleshova.nazgul@mail.ru
Maructpant 1 kypca EBpa3uiickoro HanimoHaibHOro yHUBepcutera umenu JI.H.I'ymunesa,

Acrana, Ka3zaxcrau

Ko3inoBckuii Aprem JleoHnaoBu4
artem88sddt@mail.ru

JoxropanTt 2 kypca EBpa3zuiickoro HaijmoHaiasHOro ynupepcurera umenu JI.H.I'ymunesa,

Acrana, Ka3zaxcrau

Hayunsiit pykoBoautens — K.K. Kagsip:xanoB

B HacTosiee BpeMs MNpPUMEHEHHE aBTOOMHCCUHM B KayeCTBE TEXHOJOTHUU TEHepaluu
CBOOO/HBIX J3JICKTPOHOB OTPAaHUYCHO MO CPABHEHHUIO C TEPMODIEKTPOHHOW SMHUCCHUEH, IUPOKO
WCTOJIb3YIOIIEUCSI B COBPEMEHHOW  CKAHUPYIOUIEH  DJIEKTPOHHOM  MHUKPOCKOMHWH, H3-3a
CBEPXBBICOKMX TpagUEHTOB 3jekTpuuyeckoro mnons (E > 10 B/cwm) 9TOOBI TOJIYYUTH
TEXHOJIOTUYECKH TMPUMEHHMbIE SMHCCHOHHBIE TOKH. Oco0oe BHHMMAaHHE YJIENsIeTcs TOMY, UTO
BBICOKAsl HAIMPSHKCHHOCTh JJIEKTPUYECKOTO TOJIA JODKHA OBITh JOCTUTHYTA NMPU CPABHUTEIHHO
HU3KUX HANpsOKEHHUSIX MOJaBaeMbIX Ha M3JIy4alollyl0 CUCTeMy. TeM He MeHee, MoJieBas dSMHUCCUS
UMEET PAJl YPE3BBIYAHO TOJE3HBIX (DYHKIUN, KOTOPBIE MOTYT OBITH NMPUMEHEHBI JJIsI CO3TaHUS
YCTPOMCTB C YHHUKAIbHBIMU XapaKTEpPUCTUKAMHU, TaKUX KaK HW3Iy4daTelld, KOTOpPbIE MOTYT
oGecrieunBath otHocTH Toka 10° A/cM?, HaHOZMOIBI U HaHOTPHUOJbI CO BPEMEHEM OTKJIMKA
nopsiiKa 101 CEeKyHJl, TPUOOPHI JJIsI MHUKPOBOJIHOBOW D3JIEKTPOHUKH U T.1. COBpEMEHHBIC
TpeOOBaHUSI K MUKPO M HAHOCTPYKTYPHBIM aKTUBHBIM JJIEMEHTaM JJICKTPOHUKU B OMPEACIEHHOM
CTETIEHU OIpEeNeIii pa3BUTHE aBTOOMHMCCHUOHHBIX TEXHOJIOTWHA. Bpllieyka3aHHble 3HAYEHUS
HAMpPsDKEHHOCTH  DJIGKTPUYECKOTO TOJII MOTYT OBITh TOJYYEeHBI MPH JOCTATOYHO HU3KUX
nmogaBaeMbIX HampsikeHusx (okoso 100-200 B) mpu ycinoBum, 9TO MEXAIIEKTPOIHOE PACCTOSTHUE U
JMaMETP U3TYYarONUX KOHYMKOB JIOCTATOYHO MaJibl [1-7].

B nmanHoil pabGoTe paccMOTpeH METOA JJii  M3TOTOBJICHHUS  aBTOAIMHCCHOHHBIX
KOHYyCcOOOpa3HbIX HAHOKAaTOAOB Ha ocHoBe Co, C HCHOIb30BAaHWEM B KauyeCTBE IA0JIOHHON
Matpuilbl nosmaTUiIeHTepedTanaraon wieHku ([I129Td). JlanHbii MeTO MOIXOMUT JJIT MAaCCOBOTO
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