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Abstract
Delafossite CuCrO2 is an important p-type semiconductor used in dye-sensitized solar cells (p-DSSCs) due
to its potential role in the elaboration of future dual dye solar cells with a photoanode and a photocathode
built upon n-type respectively p-type semiconductors,. In the present study,we report electrical and optical
properties of Mg substitution CuCrO2, obtained by hydrothermal method using Cu2O, Cr(OH)3 and MgO as
precursors. The crystal structure of CuCr1-xMgxO2, where (x = 0  0.05), was investigated by X-ray diffraction.
A shift of the diffraction peak belonging to the crystallographic plane (1 1 0) has been observed, caused by
the distortion of the lattice, due to M ionic radius increasing CuMO2, in according with the difference between
Mg2+ radii (r = 0.66 Å) and Cr3+ radii (r = 0.63 Å). From scanning electron micrographs it can be observed
seen that the nanometric size of the particles is about 20 - 50 nm. EDX measurements confirm the purity of
the material where only Cu, Cr and Mg characteristical peaks are present. Optical characterization reveals
that the band gap energy of the CuCr1-xMgxO2 increases with increasing of Mg2+ concentration, from 2.86 eV
(x= 0) to 2.91 eV (x= 0.05). Thus, Mg-doped CuCrO2 may have potential applications for p-type dyesensitized solar cells.
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INTRODUCTION
In recent years, delafossite-type oxides CuMO2 have received considerable attention as promising
candidates for a thermoelectric material [1-2], dye-sensitized solar cells [3-4], touch screens, gas sensors,
light-emitting diodes, etc [5]. Delafossite structure materials are considered transparent conducting oxides
(TCOs) because they are unique materials that combine simultaneously high electrical conductivity and
optical transparency in a single material [6]. In the delafossite structure, each Cu atom is linearly coordinated
with two oxygen atoms, forming O–Cu–O dumbbells parallel to the c axis. The M cation is located central in
distorted edge-shared MO6 octahedra [7]. Depending on the orientation of each layer in stacking, two
crystalline forms can exist, namely rhombohedral (3R), and hexagonal (2H) [8]. According to the literature,
delafossite structure doping with different materials leads to increased electrical and optical properties.
Thereby, the Mg2+ doped CuCrO2 was obtained using different methods such as: solid-state reaction [9],
pulsed laser deposition [10], sol-gel [11] and hydrothermal procedures [12]. However, in spite of a wide
range of applications, these materials present some drawbacks including relatively low conductivities, low
carrier mobilities [13]. Doping the trivalent metal site (A+1B+3O2) in the delafossite structure with a divalent
dopant is well known. Increasing the mobility of holes in p -type delafossites will lead to increased Cu d
orbital overlap. The lower hole mobilities in p -type delafossites relative to Cu2O may be caused by the lack
of Cu–O–Cu linkages [14]. In this paper we present the partial substitution of Cr by Mg and caracterization of
CuCr1 –xMgxO2 where (x = 0  0.05) obtained by hydrothermal method.
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1.

EXPERIMENTAL

Polycrystalline samples with compositions CuCr 1–xMgxO2 where (x = 0, 0.03, 0.05) was synthesized by
hydrothermal method. The stoichiometric mixture of 1 mmol Cu2O, (2 - x) mmol Cr(OH)3 [15] was mixed with
42 ml distilled water. NaOH was used to control metal oxide solubility and oxidation state of Cu, respectively.
The chemicals were purchased from Sigma Aldrich and had a high degree of purity (>99.99 %). The
obtained solution was transfered in a teflon lined autoclave, with a filling degree of 70%. The autoclave was
heated at 250 C for 60 hours. After that, the autoclave was cooled down to room temperature naturally. The
precipitate was filtered and washed with deionized water and stirring with liquid ammonia (30 %) and distilled
water to remouve any Cu2O impurity to obtain phase pure CuCr1 –xMgxO2 where (x = 0  0.05). The product
was dried in an oven at 80 °C for 4 h. The structure of products was determined by powder X-ray diffraction
(XRD) PW 3040/60 X’Pert PRO using Cu-Kα radiation with λ=1.5418 Å, in the range 2θ = 10 – 80°. A
Scanning Electron Microscope Inspect S (SEM) was used to observe the morphology of synthesized
nanocrystals. The diffuse reflectance spectra (DSR) was obtained using a Lambda 950 UV-Vis-NIR
Spectrophotometer with 150 mm integrating sphere in the wavelength range of 300–800 nm. All the
measurements were performed at room temperature. The electrical resistivity was measured on a cylindrical
bar with a diameter of 7.2 mm and height of 1.5 mm using Digit Precision Multimeter HM8112-3 Hameg
Instruments in temperature ranging from 300– 430 K with good ohmic contacts.
2.

RESULTS AND ITS DISCUSSION

Fig. 1 shows the XRD patterns for CuCr1 –xMgxO2 where (x = 0  0.05) compound, obtained by hydrothermal
method. As can be seen from XRD patterns, all the samples are single-phase delafossite (space group R3m), with no secondary phase present such as Mg (JCPDS card 00-04-0770) [16], MgO (JCPDS card 01087-0651) [17] or CuO (JCPDS card 00-48-1548) [18]. Also, for Mg2+ substituted CuCrO2, the peak (1 1 0)
has a visible shift due the difference between ionic radius of Mg2+ radii (r = 0.66 Å) and Cr3+ radii (r = 0.63 Å).
[19].

Fig. 1. X-ray diffraction patterns of CuCr1 –xMgxO2 (x = 0  0.05)
The average crystallite size was calculated from line broadening of the crystalografic plane (0 1 2) using
Schererr’s equation (1) [20].
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where k is a constant (~1), B is the full width at half maximum (FWHM), λ is the wavelength of x-ray and θ is
the diffraction angle. The average crystallite size increases with Mg2+ content from 25 nm for x=0 to 45 nm
for x=0.05. The morphology of the compound CuCr1 –xMgxO2 was observed by scanning electron
micrography at high resolution as shown in Fig. 2. From SEM image, it is obvious that the product consists of
agglomerations with size distribution varying from 10 to 80 nm. Semi-quantitative EDX analysis for CuCr1 –
xMgxO2 (x = 0) sample confirmed the composition with the precursor material Cu : Cr = 49 : 50 and for CuCr1
–xMgxO2 (x = 0.05), no impurity trace was found, only the Cu, Cr and Mg elements. Magnesium presence in
the sample was highlighted by K-line located at 1.2 keV.

Fig. 2. SEM image of CuCr1 –xMgxO2 (x = 0  0.05) and inset with EDX analysis

The optical bandgap (Eg) of CuCr1 –xMgxO2 are calculated from the diffuse reflectance spectra in the
wavelength of 300–800 nm, using the [(k/s)hν]2 vs. hν plots, where hν is the photon energy; k and s denote
the absorption and scattering coefficients respectively. The ratio (k/s) can be calculated from the diffuse
reflectance spectra using the Kubelka–Munk equation [21, 22]. The [(k/s)hν]2 vs. hν plots of CuCr1 –xMgxO2
where (x = 0  0.05) is shown in Fig. 3, where the bandgap are found to be 2.86 eV for x = 0, and 2.91 eV for
x = 0.05. The value of band gap for pure CuCrO2 is closed to that reported in literature [23]. A gradual
increase of Eg is observed with the Mg content. This result confirms that the CuCr1 –xMgxO2 where
(x = 0  0.05) are direct energy gap above 2.91 eV that is suitable for applications such as TCO materials
and p-type dye-sensitized solar sells.

Fig. 3. Optical band gaps of the CuCr1 –xMgxO2 (x = 0  0.05) nanocrystals
According to the literature, undoped CuCrO2 is a semi-conductor with a high resistivity, however, substitution
of divalent dopants such as Mg, Mn, Ni for trivalent Cr in this system leads to a marked increase in
conductivity [24, 25]. T. Okuda et all. showed that the increase in conductivity is linked to CuI/CuII [2, 26] and
to CrIII/CrIV hole mechanisms [27]. The temperature dependence of the electrical resistivity CuCr1 –xMgxO2
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where (x = 0  0.05) is shown in Fig. 4. The electrical resistivity decreases with increasing temperature
(dρ/dT < 0), indicating a semiconductor behavior. At room temperature the resistivity decreases sequentially
with increasing Mg2+ content from ρ = 0.14*103 (Ω cm) for (x=0) to ρ= 0.04*103 (Ω cm) for (x = 0.05).

Fig. 4. Temperature dependence of the electrical resistivity in the series CuCr1 –xMgxO2 (x = 0  0.05)
nanocrystal
For semiconductor, the electrical resistivity is described by the relation of ρ=A exp(Ea/KBT) [28, 29] where Ea
is the activation energy which is minimum energy to product carrier from the top edge valence band level to
the acceptor level, kB is the Boltzmann’s constant, T is the temperature and A is the constant. The value of
Ea is shown in Fig. 5 and is obtained from the Arrhenius plot by linear curve of log (ρ) as a function of 1/T.
The activation energy (Ea) of the CuCr1 –xMgxO2 (0 ≤ x ≤ 0.05) samples is Ea= 247 meV (x = 0), Ea=157 meV
(x=0.03) and Ea=112 meV (x=0.05). The activation energy is the energetic difference from an acceptor level
to the valence band maximum (VBM) for p-type semiconductors or from the conduction band minimum
(CBM) to donor level for n-type semiconductors [30].

Fig. 5. Plots of lnρ vs.103/ of the CuCr1−xMgxO2 where (x = 0, 0.03, 0.05). The linear fit of each curve
determines the activation energy Ea of each sample.
CONCLUSION
The electrical and optical properties of Mg2+ substituted CuCrO2, obtained by hydrothermal method were
investigated. From XRD results show that with increasing Mg2+ content the (1 1 0) peak, has a shift, which
prove incorporating of this metal in CuCrO2 structure. From SEM images, nanometer sized particles is
observed and from EDX analysis for CuCr1 –xMgxO2 (x = 0) sample confirmed the closely stoichiometric
composition with the precursor material Cu : Cr=49 : 50 and for CuCr1 –xMgxO2 (x = 0.05), no impurity trace
not found, only the Cu, Cr and Mg elements The optical band gap, determined by DSR spectra, is increasing
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from 2.86 eV to 2.91 eV with the rise from x = 0 to x = 0.05 of Mg2+ content in CuCr1−xMgxO2. The electrical
resistivity decreases with increasing temperature due to the increase of the Mg content from ρ = 0.14*103
(Ω cm) for (x=0) to ρ= 0.04*103 (Ω cm) for (x = 0.05) indicating semiconductor behavior. From this results it
has been shown that, CuCr1 –xMgxO2 nanocristals will be considered as one of promising candidates for
p-type dye-sensitized solar cell if the conductivity will be improved.
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