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Abstract. Hydrogen energy has the potency as a renewable energy sourc replace the fossil
energy. It can be obtained through the process of photoelectrochemical (PEC) water splitting
with the help of a semiconductor as a photocathode to capture photon energy. One of the
copper-based metal oxide semiconductors that can be used in the water splitting process is
copper(l) oxide (Cuz0), b@Hhise it has non-toxic advantage, requires an casy synthesis process,
low production cost, and has a low band gap (2-2.45 V). This study aims to determine the
effect of Fehling's modification using citrate in CuzO synthesis as material to prepare Cuz0
thin film photocathode using spin-coating method. The prepared photocathode consists of three
stages, namely variations of Cu;O synthesis with mole ratios of copper:citrate of 1:1; 1:2; 1:4,
thin film preparation and heating. Then the obtained thin film was characterized using SEM,
EDX and XRD. J-F curves of the photocathodes gave current densities, onset potential and
applied bias to photon efficiency (ABPE) for CuzO thin filnfphotocathode prepared by
copper:citrate mole ratios of 1:1; 1:2; 1:4 namely 0.09; 0.18; 0.12 mA/cm? at potential of 0.2 V
(vs. RHE), 0.04; 0.08; 0.02 V (vs. RHE), and 0.062, 0.057, 0.058 %, respectively. SEM
analysis result showed a spherical morphology of CuzO. EDX analysis showed that the sample
contained copper and oxygen with 78% Cu and 22% O. XRD analysis results showed the
presence of Cu;O with an average crystal grain size of 38.08 nm.

1. Introduction
Nowadays, the world community relies on fossil energy as the main energy source. However, the
availability of fossil energy is very limited, so renewable energy is needed that can replace the fossil
energy. Hydrogen energy has great potential to become one of the renewable energy sources.
Hydrogen can be obtained through the process of photoelectrochemical water splitting by using solar
energy. The process occurs in which sunlight is absorbed by semiconductor materials in an electrolyte
solution, resultingy in photovoltage which is used to generate water splitting reactions [1].
Semiconductors [Eat can used in the photoelectrochemical process of Qr splitting are
semiconductors that have a band gap of 1.5-2.5 eV [2]. The position of the valence band and
conduction band of a semiconductor material that can be used for photocathode and photoanode in
photoelectrochemical water spitting coincide with the redox potential of H.O [3].

Recently it is of great concern in semiconductor applications as photocathodes, namely metal
oxides. This is because metal oxide semiconductors have a band gap of 1.5-3.2 eV [4], making it
possible to absorb most of the solar spectrum. One of the copper-based metal oxide semiconductors is
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copper(I) oxide (Cu.0) because it has the adveaage that it can be used as a semiconductor, non-toxic,
easy synthesis process, low productionggosts with a band gap value of around 2-2.45 eV [5]. Cu20
semiconductor is p-type semiconductor that can be used in photoelectrochemical (PEC) water splitting
because they have a band gap range that allows them to absorb most of the sun's spectrum [6]. Cu.O
film shows good activity against the hydrogen formation reaction so it has the potential to be used as a
photocathode [5].

Generally, Cu20 synthesis is carried out by oxidizing pure copper or obtained by reducgg Cu?".
The most common method is by reducing Cu®* to Cu” using Fehling's solution and glucos@)kehling's
solution contains tartrate ions in addition as a complex for Cu®* and sodium hydroxide. The tartrate ion
acts as a complexing agent to keep the copper ions in the solution. Without the tartrate ion, the copper
hydrox#, Cu(OH),, will precipitate directly from the basic Cu?" solution. Heating Fehling's solution
with a reducing agent such as glucose, causes the reduction of Cu’* to Cu'. Tartrate ion cannot form
complex copper Cu' ions, so the reduction of Cu*" to Cu" with the help of glucose can form an orange
solution into brick-red Cu:0 deposits and carboxylic acid filtrate resulting from the oxidation of
aldehyde groups in glucose [7]. On the other hand, citrate ion has similar properties as tartate, where
citrate is softer and more stable in keeping copper ions in solution. Based on research conducted by [§8]
using disodium citrate dihydrate as a substitute for tartrate in the synthesis of CuxO from Cu-acetate
base solution, Cu:0O monodisperse crystal solid ball with a diameter of 168 to 265 nm was obtained.
When viewed from the structure, the citrate ion has a more complex structure, so that the citrate ion
can be used as a capping ligand which is more stable to react with Cu?’. In addition, the presence of
citrate ions can prevent Cu(OH): precipitation, slow down nucleation, and to stabilize Cu®>' precursors
in solution and is used to increase product size so that the resulting Cu20 is smaller [8]. It is hoped that
the replacement of tartrate ion to citrate will result in a more stable Cu,O crystal with a smaller size so
that it will be more evenly applied to the film. This study aims to determine the effect of Fehling's
modification using citrate in Cu.O synthesis as a material for the preparation of Cu-O photocathode
using spin—coatimnethod and used in the photoelectrochemical water splitting process. Furthermore,
characterization was carried out using X-Ray diffraction to determine the crystallinity of Cu.0, SEM-
EDX to determine the surface morphology of Cu20 and its composition, and UV-Vis
Spectrophotometry to determine the effect of citrate in Fehling's reagent modification.

2. Experimental methods

2.1. Materials

Materials used include: FTO (Fluorine-doped tin oxide) glass (sigma aldrich), copper(Il) sulfate
pentahydrate (Merck), sodium citrate dihydrate (Merck), NaOH (Merck), Glucose (Merck), Na:SO4
(Merck), Ethanol, tea tree essential oil.

2.2. Equipments

Glasswares (Pyrex), analytical balance (Ohaus), Hot plate and magnetic stirrer (Thermo Scientific),
multimeter (Krisbow), Furnace (homemade), Sonication (Best CJ-008), Oven (Kirin KBO-90M),
Spin-coating (homemade), Potentiostat (Corr Test CS-150), UV-Vis Spectrophotometer (PG
Instruments T60 Spectrophotometer), X-ray Diffraction (PANalytical X Pert3 Powder), SEM-EDX
(Phenom Pro-X desktop SEM with EDX ).

2.3. Research procedures

The research began with the synthesis of Cu,O using the citrate modified Fehling method as a
complexing agent with Cu:citrate mole ratios of 1:1; 1:2; 1:4. Then, the obtained Cu20 was used for
preparing a Cu:20 thin film on FTO using the spin coating method and followed by annealing. The
powder sample was analyzed using SEM-EDX to determine its morphology and composition and
XRD analysis to determine its crystallinity. In addition, the initial reagents of cupper, citrate, and
tartrate ions were investigated by a UV-Vis spectrophotometer to see their spectrum profiles.

[¥]
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Meanwhile, the current density and onset potential of Cu.O thin film were measured to determine its
photoelectrochemical properties.

2.3.1. Synthesis of Cu>0. Synthesis of Cu:O was initiated by making modified FehlinggA and B
solutions. Fehling A's solution was prepared by dissolving copper(Il) sulfate pentahydrate (0.02 mol)
in distilled water (100 mL). Then proceed to vary the citrate-modified Fehling B solution by
dissolving trisodium citrate dihydrate by varying the mole of the Cu:sodium citrate ratios of 1:1; 1:2;
1:4 (0.0275 mol, 0.055 mol, and 0.11 mol) and sodium hydroxide (0.0552 mol) in distilled water (100
mL). After the Fehling A and B solutions were prepared, then mixed each solution and stirred for 15
min. After that, 100 mL glucose 10 g was added to the mixture as a reducing agent. TPfn the final
mixture was heated at 60 °C and stirred. After obtaining Cu»O brick red color solid then washed with
distilled water (3 times) and ethanol (2 times) and dried in an oven at 80 °C for 2 h.

2.3.2. Preparation of FTO glass. The preparation was conducted by cleaning lcm x 2 cm FTO glass
with 10 mL of 0.1 M nitric acid, acetone, ethanol, and distilled water successively to remove
impurities.

2.3.3. Characterization of Cu:0. After obtaining Cu:0, then it was characterized using X-Ray
Diffraction to determine the crystallinity of Cu,0Q, SEM-EDX to determine the surface morphology of
Cu»0 and its composition, scanning wavelength UV-Vis spectrophotometry was used to prove that the
Cu-citrate complex was formed and compared with Cu-tartrate.
32

2.3.4. Preparation of Cux0 thin film Semiconductors. Preparation of Cua in film semiconductor
was done by dissolving 0.1 g of Cu;O into 5 mL of tea tree essential oil. The solution was stirred using
a magnetic stirrer for 1 h then sonicated at room temperature for 10 min to make a homogeneous
solution of Cu»0 in the solution. Then, 1 drop of the solution was put on FTO glass and the FTO was
spinned using spin-coater at 500 rpm for 15 s. Further, after spin coating process the FTO was heated
at 110 °C for 5 min. This step was repeated up to 15 drops. After that, the thin layer was annealed at
400 °C for 30 min.

2.3.5. Photoelectrochemical Measurements. Photoelectrochemical measurements used potggliostat
(CorrTest CS-150) in a chamber containing three electrodes of Cu,O thin layer on FE as a working
electrode, platinum as anode, and Ag/AgCl as a nce, and electrolyte solution of 0.1 M NaxS

pH 9.0. The measurements was carried out at an mitial potential of 0.1 V to the final potential of -1.
V ws Ag/AgCl with a scan rate of 10 mV/s in the conditions with and without irradiation using 1.5 AM
simulated light.

3. Results and discussion

3.1. Synthesis of Cu>0 by Modified Fehling Reagent

Synthesis of Cu.O was carried out using the modified Fehling method by replacing potassium sodium
tartrate with sodium citrate in Fehling B's solution. Based on the research conducted by Kooti &
Matouri [7] CuO was successfully prepared by using Fehling's reagent, through this method, Fehling's
modification was camried out with sodium citrate solution. In this study, the variation of Cu.O
synthesis was carried out with the variation of sodium citrate used, namely three variations of the
synthesis with the addition of less, balance, and excess citrates. The use of citrate is adjusted to the
stoichiometric reaction from Kooti & Matouri [7] recipe to calculate the moles used. Based on
stoichiometric calculations, the mole ratio of Cu:sodium citrate is obtained with a variation of 1:1; 1:2;
1:4. The mechanism of Cu,O formation is through a redox reaction with Fehling's reagent according to
the following reaction [9].
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Figure 1. Reaction mechanism for the formation of Cu,O.
The reaction mechanism for the formation of Cu,O using citrate complexes is as follows:
CuS0y (ag) + 2NaOH (aq) + 2Na;CsHsO5 (aq) = [Cu(CsH;05)1] (aq) + 4Na2SOy (aq) (5)
[Cu(CsH704)1] (aq) + CeH 1204 (aq) (reductor) = CusO (s) + carboeyelic acid (ag) (6)

The total reaction is as follows:

CuS04 (aq) + 2NaOH (aq) + 2Na;CsHsO7 (aq) + CsH 1205 (aq) (reductor) =
Cu:0 (s) + 4NaxS0O4 (aq) + carbocyclic acid (aq) (7)

Powders of Cu,O were obtained for Cu:citrate mole ratios of 1:1, 1:2, 1:4 with a yield of 89.3; 98.7
and 96.4%, respectively.

3.2. Characterization of Copper Complex Formation by UV-Vis Spectrophotometer

Characterization of complex formation with UV-Vis spectrophotometer aims to determine the effect of
citrate addition as a complexing agent in the synthesis of Cu:O with Fehling's reagent modification.
The results of this characterization can distinguish between the complexing agent in Fehling's reagent
using tartrate and citrate ions based on the shift in wavelengths formed.

n —Cirale
b —— CuS0, Carate

Tl nm

Absorbansi

Figure 2. UV-Vis Scanning Graph of

P e ™ M CuSOs, sodium citrate and Cu-citrate
Panjang Gelombang (nm) mixtures.

The results of UV-Vis analysis on CuSQ4.5H-0 in distilled water appeared an absorption peak at a
wavelength of 810 nm, while in the complex compound [Cu(ll)-(CsHsO7)2] the absorption peak
appeared at a wavelength of 710 nm, whereas in a solution of trisodium citrate dihydrate in distilled
water there is no peak absorption because the solution is colorless (Figure 2). In the figure, it can be
seen that there is a shift in the maximum peak towards a smaller wavelength. Research conducted by
[10] was able to produce complex [Cu(Ill)-(CsHgO7)2] with the addition of citric acid to CuSO,
solution. Based on this result indicates the formation of a complex compound [Cu(Il)-(CsHeO+)2] has
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occurred. When compared with the complex formation in Fehling's reagent using tartrate ions, the
results obtained show different peaks with the addition of citrate ions, as shown in figure 3.

B Cus0y-cilrale
. =2
f\\ « cusotairate
if

b | 710 nm

Absorbace
~

00 o0 0 1000 Figure 3. UV-Vis spectra of Cu-
Wavelength (nm) citrate and Cu-tartrate.

These results indicate that the Cu-tartrate complex appears at a wavelength of 750 nm, while in the
Cu-citrate complex an absorption peak appears at a wavelength of 710 nm. The figure shows a shift in
wavelength towards short wavelengths from the Cu-tartrate complex to Cu-citrate which is commonly
called the blue shift. The blue shift will increase the energy value of the crystal field splitting of the
complex compounds that will be formed, so that it will incese the energy of crystal field stabilization
which will affect the crystals to be formed. Na:Cit*2H>O was used as a capping ligand to react with
Cu’" to ggabilize the Cu’" precursor and slow down the nucleation.

The diameter of the prepared single-crystal solid Cu.O spheres have been successfully
synthesized to reach sizes 168 nm to 265 nm by varying the amount of sodium citrate [8]. Meanwhile,
the reduction of Fehling's solution (alkaline solution of copper sulfate and tartaric ions) by glucose
only yielded Cu,O nanoparticles with a diameter of about 30 nm [7]. From these results, it can be

concluded that the use of citrate as a complexing agent is better than tartrate, because the complex
formed will be more stable.

3.3. Characterization of Cu>Q powder by SEM-EDX

Figure 4 shows SEM analysis of Cu:0 powder. The presence of Cu:0 is indicated by spherical
morphology [11] in accordance with the SEM results, where at mole ratio of 1:1 Cu:citrate of Cu20
morphology is spherical with small clustered sizes. The ratio of 1:2 has the morphological form of
clustered polyhedron balls with a size greater than the addition of less and excess citrate. Whereas the
1: 4 variation shows the spherical morphological shape and some irregular cubic shapes.

Figure 4. SEM results of Cu.O powder synthesized with Cu:citrate mole ratios of (a) 1:1;() 1:2;
(c) 1:4.
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Table 1. EDX analysis results for Cu:O powder.

Percentage (%)

Ratio of Cu:citrate

Cu (0]
1:1 78.84 21.16
1:2 77.62 22.38
1:4 76.14 23.86

EDX analysis results for Cu:0 powder with Cu:citrate of 1:1; 1:2; 1:4 ratios have different values
of Cu and O elements for each variation, as shown in table 1. From this table, it can be seen that the
more citrate used, the lower the Cu percentage and the higher the O percentage. This difference shows
that the addition of citrate affects the Cu,O results obtained. Probably it was influenced by the
complex compounds formed with the Cu as a central atom that makes it more stable with the
increasing amount of citrate added. However, the percentage of Cu is greater than that of O. It is
probably due to the incomplete reduction of Cu?*.

3.4. Characterization of Cu>0 powder by XRD

XRD characterization was carried out only for synthesized CusO powder with Cu:citrate mole ratio of
1:2, because based on the SEM-EDX characterization shows almost the same results between the
Cu:0 synthesized results from Cu:citrate ratios of 1:1; 1:2; 1:4. The XRD analysis is presented in
Figure 5.

Figure 5 shows there are three strong peaks, namely peaks located in the 2nd, 4th and 5th peak
sequence with a value of 20 of 36.54; 42.43; and 61.47° as the peaks of Cu.0. Whereas at 26 of 36.99°
is the Cu peak, where Cu?" is completely reduced to form Cu. The Cu:O polycrystalline average size is
calculated from the value of Full Width High Maximum (FWHM) based on the diffractogram peaks
using the Debye-Schererr equation.

14000 < 20

12000 4

3000 -

g

Intensity (cps)
g

a0
4000 - cuo
o . .
2000+ ao | oo Figure 5. XRD results of Cu,O powder
o from synthesis with a Cu:citrate mole
o o @ ) & ratio of 1: 2.
2 Theta

Table 2 presents the polycrystalline size data and the FWHM values from the results of X-ray
diffraction analysis of Cu-O powder samples. This is consistent with the Debye-Schererr equation that
the grain size is inversely proportional to the FWHM value, where the greater the FWHM value, the
smaller the grain size and the greater the diffraction pattern so that the crystallinity decreases. Vice
versa, if the smaller the FWHM value, the crystal size will be bigger, and the solid will be more
crystalline. From the calculation results in table 2 can be confirmed that the synthesized Cu,O is
crystals. The average grain size of Cu»O is 38.08 nm. Crystallinity affects charge separation and
charge transfer [12]. Crystalline solids have a regular arrangement; the more crystalline a solid is, the
easier the charge separation and charge transfer will be because there are only a few obstacles, so the
resulting current density will also be greater [13].




ISNPINSA 2020 IOP Publishing
Journal of Physics: Conference Series 1943 (2021) 012179  doi:10.1088/1742-6596/1943/1/012179

Table 2. Polycrystalline CuzO sizes and FWHM values.

20 (°) 0 () FWHM D (nm)
29.6899 14.8449 0.2213 38.7913
36.5435 18.2717 0.2118 41.2586
42.4736 21.2368 0.2218 40.1377
61.4736 30.7368 0.2664 36.2393
73.2986 36.6493 0.2872 36.0372
73.5999 36.7999 0.2878 36.0076

3.5. Photoelectrochemical Measurement with Simulated Light

Photoelectrochemical measurement aims to determine the potential first time the current appears at the
time of light exposure (onset potential) and the maximum current density produced by the
photocathode when irradiating the Cu20 semiconductor from the modified Fehling reaction. CorrTest
CS-150 with CS Studio 5 application was used to measure the onset potential and nfimum current
density at the photocathode. The series of measurements are the photocathode as the working
electrode, platinum as the anode, while Ag/AgCl as the reference electrode in the sodium sulfate
electrolyte solution. The electrolyte solution serves to increase the conductivity of the solution because
it contains ions that can conduct electricity. If the photoelectrochemi casurement uses only water,
the redox reaction wilgpke place slowly. Measurements were made with an initial potential of 0.1 V
to a final potential of -1.0 V vs Ag/AgCl with a scanning rate of 10 mV/s under and without irradiation
(chopped) using a simulated light of 1.5 AM (100 mW/cm?) every 5 seconds. This irradiation aims to
determine the effect of artificial sunlight on the current density produced by the photocathode.

3.5.1. Measurement of Current Density and Potential Onset. Measurement of current density and
onset potential was carried out with and without irradiation every 5 seconds in Na:SOs solution (pH 9)
to determine the actual current density in water solution applications. The result of the current density
measurement is presented in Figure 6.

0.1+
0.0
-0+
;EJ 4
‘é -02-

= 034 Figure 6 J-V curvesgs f CuO prepared

: by Cu:citrate mole ratios of (a) 1:1,

04 - (b)1:2, and (c) 1:4 measured in 0.1 M

r 1 Na:80s under chopped 1.5 AM

o8 9 irradiation.

Potensial (V) vs RHE

Figure 6 shows the current density appears when there is irradiation (light on) and returns to zero
when there is no illumination (light off). This shows that the presence ofgfiht affects the performance
of the photocathode. Light functions in the process of exciting electrons trom the valence band to the
conduction band, and produces electron-hole pairsgfg/h’). which play a role in redox reactions.
Electrons reduce H»O and form hydrogen gas, while the holes will oxidize water to form oxygen gas
[6]. In the absence of light the usual electrochemical process has not been achieved so that on the
curve, no current is generated.
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The concentration of citrate added in the Cu,O formation reaction affects the current density
produced by the photocathode. The value of the current density produced by the Cuz0 photocathode in
Na»S0s solution is presented in Table 3.

Tabel 3. Current density of Cu,O prepared by varied Cu:citrate mole ratio at 0.2 V vs RHE

Cu>0 prepared by Cu:citrate Current density (mA/cm?)
mole ratio
1:1 0.09
1:2 0.18
1:4 0.12

The current density produced by Cu:zO in the synthesis results with a Cu:citrate ratio of 1:1 has a
very small current density value of 0.09 mA/em?, while the Cu:citrate ratio 1:2 has the largest current
density value, namely 0.18 mA/cm?, and for the Cu: citrate ratio of | ‘4gfhe current density value was
lower than that of the Cu:citrate 1:2 ratio, which was 0.12 mA/em?® at 0.2 V vs RHE. From these
results indicate that in equilibrium or with a Cu:citrate ratio of 1:2 in the citrate modified Fehling
reaction, the Cu:O photocatode has the highest current. This is possible because at equilibrium, the
modified Fehling reagent has completely reacted to produce Cu,O precipitates, so that there is no
impurity in Cu20 powder which has been made for Cu:0O thin layer photocathode. Meanwhile, the
Cu:citrate ratio of 1:1 and 1:4 produces Cu.O which still has a lot of impurities so that it affects the
process of measuring the current.

The concentration variation of citrate addition in CusO synthesis also shows a shift in the onset
potential. The onset potential is the initial potential that the current appears when the photocathode is
irradiated. Determination of the onset potential is done by plotting ./ vs potential for each
photocathode. The intersection of the dotted line and the straight line on the curve indicates the
photocathode onset potential [12]. The onset potential at various concentrations of citrate addition to
the synthesis of Cus0 used as a photocathode is shown in Figure 7.

(a) (c)

5
4 4
E
2, a
<
E: 2
"1 1 1 L1

L0V
0 []
02 00 02 04 06 08 10 12 00 02 04 08 o8 10 12 W0 02 04 08 08 10 12
Potensial (V vs RHE) Potential (V vs RHE) Potensial (V vs RHE)

re 7. Onset potentials of Cu20 semiconductors prepared by the mole ratio of Cu:sodium citrate

(a) 1:1; (b) 1:2; (c) 1:4.

From these results, it can be seen that the onset potential of Cu>O semiconductors with variations in
the concentration addition is shown in Table 4.

Table 4. Measurement results for onset potential.

Cu;0 prepared by Cu:citrate ratio Onset potential (V vs RHE)

1:1 0.04
1:2 0.08
1:4 0.02
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A semiconductor with a Cu:citrate ratio of 1:2 have the highest onset potential value. So it can be
concluded that in equilibrium it produces pure Cu:O with a high value of photon currents and a high
onset potential. While under and over citrate conditions obtain lower onset potential and current
density. It is possible that the resulting Cu,Q is impure or impurities are still present.

35 9 Applied Bias Photon-to-Current Efficiency (ABPE) Measurement. ABPE measurement aims to
determine the efficiency of the photocathode in responding to photons/light energy into an electric
current under a given voltage. In determining the ABPE value on the photoca‘[hodeeviously, the
photocurrent (current density) was measured using 3 electrodes, namely Cu.O as the working
electrode, platinum as the anode, and the Ag/AgCl electrode as the reference electrode, which was
inserted into the Na.SO, electrolyte solution (pH 9) which is ideally used in the process of measuring
the efficiency of water splitting by photoelectrochemistry. The curve of the ABPE (%) value in
Na:8S0s4 solution is p@:med in Figure 8. The figure shows the effect of variations in the addition of
citrate on the ABPE, and the maximum values are summarized in Table 5.

Figure 8. ABPE curves for Cu.0O
iconductors prepared by Cu:citrate
ratio of (a) 1:1, (b) 1:2, (c) 1:4.

00 0s 10
Potensial (V) v RHE

Table 5 shows the efficiency of photocathodes in responding to light. The ABPE value in Cu.O
from the Cu:citrate ratio 1:1 has the highest efficiency, which is 0.062%. Meanwhile, Cu:O from an
equilibrium state (1:2) has the lowest efficiency value of 0.057%. Although efficiency of the
photocathode on Cu,O from equilibrium has a low ABPE value, when it is used as a photocathode in
water splitting it has a higher current than Cu2O from the addition of less citrate.

Table 5. ABPE values (%) for each photocatode

Cu;0 prepared by Potential (V) ABPE
Cu:citrate mole ratio vs RHE (%)
I:1 0.154 0.062

1:2 0.239 0.057

1:3 0.165 0.058

4. Conclusion

Modification of Fehling's reagent using sodium citrate has effects on the measurement of current and
onset potential of Cu:0 semiconductor under equilibrium conditions. The Cu:0 thin film
semiconductor has been successfully prepared using the spin coating method. SEM analysis results
showed Cu,O with spherical morphology. The EDX analysis results confirmed that the sample
contained 78 and 22% of Cu and O elements, respectively. The XRD analysis results revealed the
presence of Cu.O with an average grain size of 38.08 nm. Meanwhile, based on UV-Vis
spectrophotometry, measurement showed that Cu-citrate was complexed better than Cu-tartrate. The
results of current and onset potential measurements for Cu,O photocathode from the Cu:citrate mole
ratio of 1:2 gave the highest values, namely 0.18 mA/cm® and 0.09V, respectively. However, the
highest efficiency (ABPE) was found for photocathode of Cu;O prepared by Cu:citrate of 1:1.
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