Research Article

Band gap determination in multi-band-gap CuFeO, delafossite
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Abstract

The photoconductivity within a wavelength range of 450-1100 nm was determined for a sample of epitaxial delafossite
CuFeO, film grown by pulsed laser deposition. The film thickness was estimated to be 75 nm. The resistance of the films
was determined with four-contact van der Pauw’s method and using monochromatic illumination of the film. The most
significant change in resistance resulted in three rapid lineal conductivity increases at photon energies of ~ 1.5 eV (gap-
1), ~2.1 eV (gap-2) and ~ 2.5 eV (gap-3). The conductivity properties are well correlated with prior optical absorption

results obtained in the NIR-VIS region using transmittance spectroscopy.

Keywords Semiconductor band-gap - Photoconductivity - Water photolysis - Thin film - Solar spectrum -
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1 Introduction

The global population has increased almost eighth-fold in
the last 200 years. Consequently the demand for energy
has also increased exponentially. Between the years 2005
and 2030 the demand for energy will increase by 55% the
energy used at the beginning of that period of time [1].
Most of the energy being used now comes from fossil fuels
but the problems related to burning fossil fuels are a driv-
ing motor to search for new renewable energy sources [2].

The combustion of fossil fuels yields emissions of gases
such as carbon dioxide and methane which are responsi-
ble for the “greenhouse effect” in our planet and conse-
quently the undesirable global warming.

Hydrogen is an attractive renewable energy source and
seems to be a good alternative to energy obtained from
fossil fuels combustion [3-5]. Hydrogen can be obtained
from water electrolysis and in order to make this process
more energetically efficient, the possibility of using solar

radiation in a photo-catalytic molecular decomposition of
water is desirable and requires a multidisciplinary study.

Water dissociation by electrochemical photolysis
was pioneered by Fujishima and Honda [6] using TiO,
photo-electrodes.

Other widely reported electrode materials used for
water splitting were WO;, CdS and other varieties of
multi-component compounds [7, 8] which were broadly
reviewed by Maeda [9]. However, research continues
on chemically stable materials with a band gap greater
than the water splitting potential of 1.23 V. Such materi-
als should also display strong band to band absorption
characteristics corresponding to peak solar irradiance. It
has been predicted that such materials would enhance the
efficiency of the photo-catalytic water decomposition [10].

Sivula and Van de Krol [11] drew a diagram of several
semiconducting materials and their band gap (valence
and conduction edge) overlapping with the oxidation
and reduction potential for water dissociation. The oxida-
tion (production of O,) and reduction (production of H,)
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potentials move according to the electrolyte used in the
water. The most appropriate materials for photolysis are
those whose valence and conduction edge (separated by
band gap) fit within these two values of potential which
are distant 1.23 V from each other.

The value of 1.23 V comes from thermodynamics equi-
librium for the following chemical reaction:

A
2H,0—>2H, + 0, (1)

The non-catalyzed chemical reaction needs 1.23 eV
to break each O-H bond on the left side of the equation
(there are four O-H bonds).

Therefore, this value of 1.23 V for the potentials separa-
tion is only an estimate since the dissociation of water is
catalyzed by the surface of the photoconductor.

Several materials shown in Sivula and Van de Krol [11]
diagram draw special attention: TiO, is the first semicon-
ductor tested in water photolysis; CuFeO, with delafos-
site crystal structure; and a BiVO,, recently reviewed [12],
indicates that these materials have a lot of potential for
photolysis.

One promising type of materials for these applications
is CuFeO, and the whole family of oxides with a delafossite
crystal structure. These compounds are characterized by
the general chemical formula ABO,, where A is a mono-
valent cation and B is a trivalent metal, any from Al to La
[13]. This oxide family also displays multi-band-gap semi-
conductor behavior with energy gaps ranging between
1.1 and 3.6 eV and shows band-to-band absorption char-
acteristics in response to illumination by UV, visible, and
near infrared light. One advantage over the most common
semiconductor materials is that the band gap(s) of delafos-
site oxides can be adjusted by changing the composition
of the oxide. An additional advantage of these complex
oxides is the abundance of the elements used in their com-
position such as Cu, Fe, Al, etc.

The CuFeO, delafossite oxide is known to be a p-type
semiconductor [13]. However, reports of the fundamental
energy gap vary widely. There are reports of multiple dom-
inant absorption edges forming step-like patterns in the
optical spectra of delafossite CuFeO, which are thought to
emerge from the superposing of CuO, and Fe,O; absorb-
ance properties within the composition of delafossite
CuFeO, [14]. Additionally, the breaking up of dipole-for-
bidden transition mechanisms is thought to emerge from
Fe-3d states positioned within the forbidden regions of
the crystalline structure [15].

Band gap measurements of CuFeO, samples have
yielded scattered results within a wide range of energy.
The difference in the band gap values could be explained
by the fact that samples synthesis methods are all differ-
ent: Pulsed Laser Deposition; sol-gel method; and solid
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state reaction. Additionally, the material itself could be a
multiple-band gap semiconductor.

The band gap results for CuFeO, have displayed strong
absorption edges determined in the near infrared region
~1.2 eV [16-21]; absorption in the mid-visible region
~2.0 eV [22-26]; and absorption in higher energy, from
blue to ultraviolet region ~ 3.0 eV [27-34]. Several groups
have also reported multi-band gap results [22, 23, 25, 26].

In terms of more complex delafossite oxides, there
are reports which describe the growth and characteriza-
tion of B-site substitution in the oxide such as Cr for Fe in
CuFe,_,Cr,02 [34]; substitution of Ni for Cr in CuCr,_,Ni,O,
[35]; substitution of Mg for Cr in CuCr,_,Mg,0, [36]; and
substitution of Fe for Ga in CuGa,_,Fe,O, [37]. All these
substitutions displaced the energy of the band gaps.

In the last case [37], the substitution of 15% Fe in
CuGao, results in a band gap shifting from 2.55 eV
down to 1.5 eV in the case of CuGa,g;Fe;;50,. A second
band gap measured at 3.75 eV in CuGaO, remained in
CuGa, gsFey 150,. In spite that one band gap was shifted
for the substitutional alloy, the photochemical reduction
of CO, to CO and CH, is active at wavelengths of 320 nm
(3.8 eV) in both cases showing that the band gap at 1.5 eV
was not relevant for this reaction.

In terms of photo-catalytic experiments there are recent
reports of successful photo-catalytic water-splitting using
CuGa0, electrodes. The CuGaO, material has shown
favorable attributes in terms of its ability to catalyze over-
all water-splitting of adsorbed H,O, meaning that its band
edges are likely to be located at suitable energies in order
to satisfy the conditions for H,O redox potential. However,
Lee et al. [38] also describe reduced photocatalytic activ-
ity below UV wavelengths (hv < 3.2 eV), in spite of the fact
that CuGaO, having also shown weaker absorption edges
around 2.7 eV in separate studies [37].

From this standpoint and with respect to the develop-
ment of CuFeO,—based delafossite materials for water
dissociation electrodes, it is desirable to determine the
active band gap for efficient photo-catalysis in multiple
band gap materials. This requires developing new testing
techniques in addition to optical techniques which are the
most common used in the literature.

In the present work we measured the conductivity of
a CuFeO, thin film when exposed to light as a function of
wavelength to correlate conductivity with the optical char-
acteristics of the sample. Since the catalytic activity of the
electrode material depends on the number of holes gen-
erated by the light in the semiconductor and the number
of holes able to arrive to the surface of the semiconductor
(electrode), knowledge of photoconductivity properties
of the material is crucial. We measured the film conductiv-
ity using van der Pauw four-contact method while illumi-
nated with a narrow light wavelength which is obtained
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from a halogen lamp passing through a monochromator.
The photoconductivity method is validated using a CdS
film with a well determined band gap.

The high quality epitaxial nature of our CuFeO, thin
film samples was previously confirmed by TEM, XRD and
Raman spectroscopy.

2 Experimental methods
2.1 Sample description

CuFeO, (001) films were deposited onto Al,O; (001) sub-
strates from a stoichiometric polycrystalline CuFeO, target
using pulsed laser deposition. Details of the experimental
setup and procedure have been described elsewhere [21].
The film was grown in a vacuum system at 600 °C under an
O, partial pressure of 1.33x 1 072 Pa.

CdS films, 100 nm thick were sputtered deposited over
a 1”"x 1" quartz substrate and they were obtained from
Matsurf Technologies Inc., St. Paul, Minnesota.

2.2 Sample characterization
2.2.1 Atomic force microscopy (AFM)

Atomic Force Microscopy (AFM) micrographs were
measured using a commercial AFM NanoWizard 3 from
JPK instruments. Scans of 10X 10 um and 1x 1 um were
performed using taping mode in different areas of the
samples.

2.2.2 X-ray diffraction (XRD)

A four-axis Rigaku XRD system with a Cu rotating anode
(CuKa radiation) and Huber goniometers was used for
determining the crystal structure of the deposited films.
CuFeO, and CuFe,0, phases were identified using pow-
der diffraction files no. 01-075-2146 and no. 00-025-0283,
respectively.

2.2.3 Raman spectroscopy

Raman spectra were obtained using a LabRam010 system
from Instruments S.A. (Horiba), featuring a 5.5 mW He-Ne
laser (632.8 nm wavelength). This instrument used an
Olympus confocal optical microscope with a light spec-
trometer in a back-scattering geometry where the incident
beam was linearly polarized and spectral detection was
non-polarized. The spectra were taken at room-temper-
ature using ax 100 objective (~ 10 um spot size) with an

energy resolution of approximately 1 cm™.

2.3 Optical measurements

A visible/NIR transmittance and reflectance spectros-
copy system was set up to measure the optical response
of the samples. The apparatus previously described [23]
uses a 9 W tungsten-halogen model SL201 from Thorlabs.
The light sources provide a broadband spectrum. The
white light goes through a monochromator (Triax 180,
Jobin-Yvon-Horiba) equipped with a 1200 g/mm blazed
ruled grating and set up to provide near monochromatic
light within a 1 nm wavelength resolution. Silicon UV
enhanced photodetector are used to collect transmitted
and reflected light (angle of transmittance is recorded
at normal incidence (6=0°) while angle of reflectance
is recorded at 8 < 10°). The white light beam is chopped
(730 Hz) before entering the monochromator and the
signals are measured using lock-in amplifiers. All data is
normalized to the halogen lamp spectrum.

2.4 Electrical conductivity measurements

Four metallic contacts were placed on the film. To make
sure that the contacts adhered well to the surface of the
CuFeO, film a 5 nm Pt layer was e-beam evaporated fol-
lowed by a 30 nm Au layer deposited via physical vapor
deposition. Then, silver paint was used to attach four
thin cables on top of Au contacts. The CuFeO, film was
placed in a manipulator of a high vacuum system and the
four electrical contacts spot-welded to an electrical feed-
through. The sample was fixed over a Macor insulating
substrate using isolated stainless steel mini clamps. The
sample temperature was measured with K-type thermo-
couple using a Fluke multimeter. The sample inside the
vacuum system was facing a quartz window transparent
to UV/visible/NIR light.

The electrical resistance of the sample is determined
with van der Pauw [41] technique (four-point method).
The current and voltages are obtained and measured with
Radiant RT66-B (Ferrodevices) modified since our sample is
passive and not active such as a ferroelectric film. A sche-
matic configuration of the circuit is shown in Fig. 1. The van
der Pauw method requires exchange positions between
the two contacts where voltage is applied and the two
contacts for sensing the current. Our results were obtained
with 4 configurations and the respective reciprocal con-
nections did not change more than 0.01%, indicating high
quality electrical contacts made with the silver paint.

The monochromator used in the optical measure-
ments equipped with the same 1200 g/mm blazed ruled
grating and a broadband light from a Thorlabs SL201
(VIS-IR) is used to shine light over the CuFeO, film while
measuring its conductivity. The light wavelength is
selected when passing through a wide adjustable slit in
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Fig. 1 Schematic diagram of four-contact circuit for resistance
measurement using van der Pauw’s method

inverse configuration (Edmund Optics) which provides
a narrow wavelength resolution (~2 mm). The light spot
is then deviated by an optical mirror at 45° and focused
onto the CuFeO, thin film sample through viewport of
the high-vacuum chamber using a condenser lens (focal
length F =125 mm./50.8 mm diameter—Thorlabs).
Electrical resistance measurements were made
after the sample was exposed to a fixed wavelength
for 20 min, taking 8 min to collect the data. Care was
taken to eliminate any source of external light while
the selected wavelength entered the vacuum chamber
through the quartz window. Electrical resistance meas-
urements were made at~25° C and total pressure of
1% 107 Torr inside the vacuum chamber. The experimen-
tal setting combining light illumination and electrical
conductivity measurement is shown in Fig. 2

Fig.2 Schematic diagram of

3 Results

3.1 Structural and morphological characterization
of CuFeO, film

An AFM image of the surfaces of the CuFeO, film (100 nm
thickness) with scanning area of 10x 10 um is shown in
Fig. 3a and scanning an area of 2 x 2 um is shown in Fig. 3b.
The surface of the samples appears very flatat 10x 10 pm
scale. Images obtained in areas of 2x 2 um show an array
of agglomerated with sizes less than 10 nm in diameter.

XRD and Raman characterization and analyses of the
CuFeO, films are described in detail elsewhere [21]. A
summary of the results is: XRD spectra for CuFeO, film
displayed only peaks corresponding to c-axis reflections
and corresponding to Miller indexes (003), (006), (009)
and (0012). A typical XRD spectrum of CuFeO, is shown
in Fig. 4a. These oriented planes show the high quality
epitaxial growth of CuFeO,. Although the formation of
CuFe,0, spinel material within the thicker CuFeO, sample
with small peaks corresponding to (222) oriented plane
at 20 = 54.6° and (333) oriented plane at 20 = 85.7°, are
visible.

Raman spectra were taken at room temperature using
a 100 x objective (~ 10 um spot size) with an energy reso-
lution of approximately 1 cm™'. The CuFeO, film showed
a typical delafossite Raman spectrum shown in Fig. 4b
with three main peaks at 350,511 and 689 cm™". The peak
located at 350 cm™' was attributed to the E4 vibrational
mode along the c-axis of the octahedral structure; the
peak at 689 cm™' was attributed to the A4 vibrational
mode along a plane perpendicular to the c-axis; the peak

Vacuum

Viewport Chamber

the optical apparatus: A9W
tungsten halogen lamp is used
as a broadband light source.
The light goes through a mon-
ochromator and the selected
wavelength is reflected by a
mirror to the sample located
inside a vacuum system. L;, L,,
L; are optical lenses
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Fig. 3 AFM topography images (a)
for 75 nm thick CuFeO, epi-

taxial filma 10x 10 pm scale, b

2x2 um scale
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Fig.4 a XRD diffraction patterns for both CuFeO, samples: 21 nm
thick film is shown with a blue line; 75 nm thick film is shown with a
red line. The cuprospinel phase is shown with the sign (*) b Raman
spectra of the same samples: blue squares corresponds to the spec-
trum of 21 nm CuFeO, film, red circles corresponds to the spectrum
of 75 nm CuFeO, film. Raman peaks labeled with (*) correspond to
the Al,O; substrate

at 511 cm™' was attributed to non-zero wave vector pho-
nons typical of crystalline defects [39, 40].

3.2 Optical measurements

Transmittance spectra were recorded for a pure quartz
substrate and a 100 nm CdS thin film on quartz substrate
sample. The transmission spectra are displayed in Fig. 5a.
Transmittance spectra were also recorded for the 75 nm
CuFeO, film and displayed in Fig. 5b. The sample is very
transparent and the transmission spectrum is amplified 35
times (35x). In the same plot we show the spectra of the
halogen lamp and the light through a dydimium glass use
to calibrate the monochromater using the typical absorp-
tion lines of didymium.

Tauc-gap analyses were performed on each spectrum
in order to further relate spectral absorption edges with
estimations of direct and indirect band to band transition
energies and the band gap from which they emerged. The
transmittance spectra results were then treated in order to
determine the band gap energy (E,) of each sample using
Tauc's expression [42-44],

ahv = b(hv - Eg)n (2)

In Eq. (2), his Planck’s constant, vis the frequency of the
incident light, a is the absorption coefficient, b is a pro-
portional constant, and £, is the band gap energy defined
as the difference between the lowest energy level in con-
duction band and the highest energy level in the valence
band. When linearity was identified within the Tauc plot,
extrapolation to the x-axis revealed possible optical band
gap energies for the sample. The plotting is repeated, once
using power n="Y% so as to identify direct gap behavior
and secondly using power n=2 to identify characteristics
of indirect energy gaps within the samples. For the CdS
sample a Tauc plot with n=1/2 was made and displayed
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Fig.5 a Plot of the transmittance spectra as a function of photon
energy for the CdS sample: black line correspond to the spectrum
of pure quartz substrate, red line corresponds to the spectrum
of sample of 100 nm CdS film on quartz substrate. b Plot of the
transmittance spectrax35 as a function of photon energy for the
CuFeO, film. In the same plot it is shown the spectra of the halogen
lamp and the spectra through a didymium glass filter used to cali-
brate the monochromator

in Fig. 6a. A band gap of 2.4 eV can be estimated from the
intersection of the linear part of the plot with the energy
scale at zero ordinate. This value is in perfect agreement
with the well accepted value for CdS bulk semiconductor
[46]. The Tauc plot for the 75 nm CuFeO, film is displayed in
Fig. 6b. Linear regions extrapolating at zero ordinate indi-
cate two direct transition band gaps: 1.2 and 2.2 eV. Very
few data points are in the UV region in order to ascertain
athirdgapat3.0eV.

Transmittance spectra were also recorded for a 21 nm
CuFeO, film (shown in Fig. 6b) and reported previously
[23]. Both samples showed relatively stronger absorption
in the NIR-(Red) region (in the range 1.0 eV<hv< 1.5 eV)
and in the Vis region (1.8 eV <hv<2.9 eV). The change in
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Fig.6 aTauc-plot from transmittance data [n=1/2 in Eq. (2)] for the
100 nm CdS film. b Tauc-plot from transmittance data [n=1/2 in
Eqg. (2)] for the 21 nm and 75 nm CuFeO, film

transmission is consistent with the variation in thickness
and optical path of absorption.

The results for recorded energy gaps (pertaining to
measurable absorption edges) for the two CuFeO, sam-
ples from both the transmittance and reflectance meas-
urements are summarized in Table 1.

From transmittance measurements, the first fundamen-
tal Tauc-gap was measured at 1.3 eV for the range between
1.0 and 2.0 eV, is in fair agreement with those reported
in Refs. [16-21]. At higher energies, a secondary Tauc-gap

Table 1 Summary of all measurable absorption edges and corre-
sponding estimated Tauc-energy gaps

Sample Tauc-gap 1(direct transi- Tauc-gap 2
tion) (eV) (direct transi-
tion) (eV)
21 nm CuFeO, 1.3+£0.2 2.2+0.2
75 nm CuFeO, 1.2+0.2 22402
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was observed at 2.2 eV (in agreement with [22-26]) and
possibly a third absorption edge pertaining to ~3 eV.

With regard to the small amount of cuprospinel formed
on the 75 nm CuFeO, film, Nawle et al. [47] reported a
direct band gap of 1.95 eV for cuprospinel (CuFe,0,). The
amount of cuprospinel in the 75 nm CuFeO, film is very
small and it does not show up in the 21 nm CuFeO, film,
Thus, cuprospinel does not affect the direct band gap of
2.2 eV measured in the CuFeO, films. Neither affects pho-
toconductivity of the samples.

3.3 Conductivity measurements
3.3.1 CdS conductivity

Before electrical resistance measurements as a function
of wavelength were made, two critical parameters were
measured under the same conditions of vacuum and
temperature. First, the electrical resistance of the sample
was measured in complete darkness to obtain the highest
resistance value, larger than 40 kQ. A second value of the
sample resistance was obtained under illumination broad-
band light using the zeroth order diffraction of the mono-
chromator (20 kQ). This means the white light travels along
the same optical path of a selected given wavelength. Sub-
sequently, electrical resistance was measured as a func-
tion of an incoming wavelength. The electrical resistance
was measured at a given wavelength within the range
460-580 nm and light wavelength was change in discrete
steps of 30 nm. The resistance of the film was decreased by
a factor of two right at wavelength value identical to the
band gap energy (2.4 eV) of CdS as displayed in Fig. 7a. The
relative small change can be explained by the small light
intensity in that range of wavelength. The phenomenon
known as photoconductivity resulting in increased con-
ductivity in a sample is not very pronounced at high tem-
peratures except when the illumination is by an intense
beam of light. At low temperatures, illumination results
in excitation of localized carriers to conduction or valence
band [48].

3.3.2 CuFeO, conductivity

The electrical resistance of the sample was measured in
complete darkness to obtain the highest resistance value
and a second value of the sample resistance was obtained
under illumination broadband light using the zeroth order
diffraction of the monochromator.

These values are summarized in Table 2.

The resistance difference appears insignificant but the
value is consistent with the change in carriers observed in
the same photoconductor (CuFeO, sol-gel made) [49] at
0.5 sun illumination (0.5 x 10° cm~2 pulse™). This can be
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Fig. 7 a Plot of electrical resistance of 100 nm CdS film as function
of radiation energy. b Plot of electrical resistance of 75 nm CuFeO,
film as function of radiation energy

Table 2 Electrical resistance and resistivity of the sample of 75 nm
thick CuFeO, in both extreme illumination conditions

Exposure condition Electrical resist-  Resistivity (Qm)
ance (MQ)
Complete darkness 1.132 8.49% 1072

Zero order broadband light 1.117 -

‘~" Not given because production of electron-hole pairs depends
on the light power per area and it is not an intrinsic property of the
film

explained by the results obtained for CdS and shown in
Fig. 7a. The decrease of resistivity happened right at the
photon energy corresponding to the band gap energy of
the semiconductor. The excess of energy of photon with
larger energy than that cooresponding to the band gap is
dissipated in heat, in other words, wasted.

Subsequently, electrical resistance was measured as
a function of an incoming wavelength. The electrical
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resistance was measured at a given wavelength within the
range 450-1100 nm and light wavelength was change in
discrete steps with an uncertainty of + 5 nm.

These results are displayed in Fig. 7b. All the data
obtained are of a lower value than the resistance obtained
in darkness. The resistance obtained with white light (zero
order) illumination is close to an average value. Local mini-
mum related to the band gaps are obtained by fitting and
average line (red) due to the high scatter in the data. The
red line shows gap-1at~1.4eV (886 nm),gap-2at ~2.1eV
(591 nm) and gap-3 at ~2.5 eV (496 nm).

The resistance data should be normalized to light inten-
sity at different wavelengths and corrected according the
halogen lamp characteristics. The halogen lamp SL201L
spectrum, intensity as a function of light energy, provides
by Thorlabs is displayed in Fig. 8. The intensity of the lamp
is large in the IR region a small in the UV region.

The light intensity was measured using a Si photodiode
(with area A=0.3 cm?) placed between condenser lens (L,
in Fig. 2) and the quartz window of the vacuum chamber.
The light intensity increases from 67 nW/cm? for 450 nm
light up to 333 nW/cm? for 1100 nm light.

We calculated the change in resistance from the resist-
ance measured in dark (R,) using the following equation

AR Ry—R
" - R (3)
0 0

The change in resistance was normalized by relative light

intensity I(A), the fractional intensity at a given wavelength.

A plot of(AR—R )/A X I(4) as a function of photon energy of
0

the incoming light is shown in Fig. 9. The most significant

1.0 T T T T T

Halogen lamp |
spectrum

0.8 4

0.6

0.4 1

Intensity(a. u.)

0.2 1

0.0 1 4
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Fig. 8 Incident light spectrum corresponding to the halogen lamp
SL201L from Thorlabs
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(RQ;—’R(’ )/A X I(4) 75 nm CuFeO, film as a function of photon energy.

Ry is the resistance of the film in the dark and the units of light inten-
sity-normalized change of resistance are 10° W~'

change in resistance is a rapid lineal increased which inter-
sect the energy scale at gap-1 ~1.5eV, gap-2 ~2.1eVand
gap-3 ~ 2.5 eV. These data rapid increase in this type of
plots is related to increase in conductivity of the sample.
Thus, the interpretation of Fig. 8 is that each time that the
energy of the incoming light exceeds the energy gap of
the semiconductor, the conductivity in the film increases.
The bandgaps at 2.1 eV and 1.5 eV are in agreement with
the value obtained from transmittance Tauc plots. But now
we can ascertain the existence of a third gap at 2.5 eV
which is in the near UV region. This experimental method
of combining resistivity with radiation illumination in
order to determine band gap of photo-conductors was
validated using a thin film of CdS in which the fast increase
in conductivity was determined at 2.40+0.05 eV.

The absorption edges that we measured in the region
of 1.0-1.3 eV can be compared and attributed to the
expected 1.2-1.4 eV indirect L—T transitions in Ref. [24],
with an expected Urbach tail formed from sub-gap indi-
rect d-d state transitions. Both CuFeO, samples displayed
the activation of a direct transition in the 2.0-2.2 eV region.
This absorption edge can be attributed to the activation
of direct L-point transitions and direct -point transitions
calculated to be at 1.6 eV and 2.4 eV respectively [24]. It
is possible that the absorption observed in this spectral
region takes place by a super positioning of direct transi-
tions over both symmetry points. Each spectrum obtained
also indicates the activation of a possible higher absorp-
tion edge located in the range hv> 3.1 eV. These effects are
particularly prominent in the reflectance spectra [26] and
such wide band-energy gaps have been reported before



SN Applied Sciences (2019) 1:1322 | https://doi.org/10.1007/542452-019-1387-2

Research Article

[22]. These absorption edges are likely to result from
valence band to second conduction band transitions or
to absorption via channels located higher up within the
conduction bands which are known to possess relatively
large optical cross-sections. These higher energy absorp-
tion channels are thought to form an apparent optical
edge. This explanation is explored in detail by Nie et al.
[45].

4 Conclusions

The photoconductivity of a well characterized epitaxial
thin film of CuFeO, was measured as a function of near
monochromatic light selected from a W-halogen lamp
through a monochromator. The film conductivity was
obtained using van der Pauw four-contact method while
illuminating the film. The conductivity shows mark jumps
between 1.5 eV, 2.1 and 2.5 eV which are well correlated
with the optical absorption results. Analysis of Tauc plot
from optical data for the CuFeO, thin films showed pre-
dominant absorption edgesat 1.2+0.2eVand 2.2+0.2 eV.
The higher energy gap at ~2.5 eV seeing in resistance
measurements was not clearly determined from optical
transmittance due to the poor response of the Si diodes at
UV wavelengths. The photoconductivity technique imple-
mented to determined band-gaps for CuFeO, was vali-
dated by doing same measurement in a CdS film for which
a bad gap of 2.4 eV was observed. Further investigations
of the carrier mobility and photo-catalytic reactions on
the sample surfaces will help determine the impact of the
substituted layers and surface absorption channels on the
generation of the electron-hole pairs required for photo-
catalytic processes within the materials investigated.
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