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Abstract
An optical absorbance study using Ultraviolet-Visible (UV-Vis) spectrophotometer device has been
conducted on graphene oxide (GO) in copper (Cu) ionic liquid using electrochemical exfoliation
combined with a direct current (DC) electrical circuit of copper coil given inside the electrolyte solution.
The electrolyte solutions used are sulfuric acid (H2SO4) and chloride acid (HCl). The UV-Vis spectrum
of the samples shows absorbance peaks at around 214 nm to 218 nm and shouldering peaks around 245
nm to 249 nm. The first peak corresponds to the existence of copper (Cu) ionic liquid in the solution,
whereas the shouldering peak is related to the occurrence of GO material. A comparison between UVVis spectral of graphite in dimethylformamide (DMF) and GO in Cu ionic liquid in DMF resulted in the
existence of a blue shift which signifies the production of Cu ionic liquid from the Cu coils inside the
electrolyte solution. Increasing the concentration of the solution increases the absorbance peaks.
Furthermore, raising the number of loops yields in the increase of the absorbance value at the first peaks
that show Cu ionic liquid, but tends to decrease the absorbance value of the shouldering peaks of the
GO material.
Keywords: graphene oxide, copper ionic liquid, electrochemical method, solenoid coil.
INTRODUCTION

Graphene oxide (GO) is a precursor for obtaining graphene material. The latter is a novel material
with superior optical, electrical, and magnetic properties. However, GO is also a material with many
applications, such as biosensors [1-3], biomedical drug delivery [4-6], optoelectronics [7,8], solar
cells [9-11], composite materials [12,13], batteries [14-16], and supercapacitors [17,18]. The many
applications of GO immediate challenging problem of producing large-scale GO without sacrificing
its superior physical and chemical properties. The synthesis of GO may be conducted using various
methods such as Hummers' method [19-21] and solvothermal [22, 23].
In this study, we use an electrochemical method [24, 25] in producing GO. The exfoliation is done
by peeling thin layers of graphite, which is used as one of the electrodes in the electrochemical
process. A modification to the method is made by applying an additional material that is a solenoid
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coil made from copper metal (Cu). The latter is submerged into the electrolyte solution and given a
constant direct current. Cooper ions will be produced in the electrolyte solution.
On the other hand, the graphite electrode will be exfoliated into the electrolyte producing graphite
oxide material. By further processing of filtration, purification, and ultrasonication, GO in Cu ionic
liquid is obtained. The ionic liquid is essentially salt in aqueous solution. It is used in various
applications, for example as a solvent [26] and in batteries [27].
Moreover, the data obtained in this study is limited to UV-Visible (UV-Vis) spectroscopy results.
This is of course far from ideal as other characterizations are needed to confirm and elaborate the
results obtained in this study. However, we would like to emphasize on the optical properties of the
material, especially from the absorbance of the material towards ultraviolet and visible light spectral.
Hence, we would want to determine the wavelengths at the maximum (peak) absorbance and possible
shifts of the peaks. These peaks indicate specific materials inside the sample being tested.
MATERIALS AND METHODS

This is an experimental study in the synthesis of GO in Cu ionic liquid via the electrochemical
method. The electrolysis apparatus may be observed in Fig. 1. The electrolysis is carried out in a
mixture of strong electrolytes of 0.5 M H2SO4 and 30% KOH as much as 200 ml and 11 ml,
respectively. Graphite (Faber Castell 2B pencil) and platinum rods are used as electrodes with the
same length of 6 cm and set at 11 cm distance apart. The electrodes are connected to a 15 V power
supply and bias power supply. Also, a Cu solenoid coil connected to a DC electrical circuit is
submerged into the electrolyte and given a constant potential difference of 10 volts. The number of
solenoid coils is varied, i.e., N = 500, 1000, and 1500 coils.

(a)

(b)

Figure 1. (a) The electrolysis apparatus used in this study and (b) the Cu solenoid coils with a different number of coils,
viz.: N = 500, 1000, and 1500 coils (from left to right).

The experimental procedure in obtaining graphite oxide may be given as follows. Firstly, the
electrodes are given a potential difference of 3 volts for 3 minutes. Then, alternating voltages of +15
volts and -15 volts are given for 3 minutes each for a total of 30 minutes. This process leads to
erosion of the graphite rod into thinner layers of graphite oxide in the electrolyte [Fig. 2(a)]. Next,
filtration and purification procedure of the electrolyte containing graphite oxide resulted from the
electrolysis process is conducted using vacuum filtration technique [Fig. 2(b)]. The powder obtained
is rinsed using distilled water several times until the pH of powder is neutral. The powder is then
annealed at 100 0C for 4 hours and then weighted for 0.3, 0.6, and 0.9 mg. Each of the weighted
powder is then mixed with dimethylformamide (DMF) solvent, solving with a concentration
variation of 0.1, 0.2, and 0.3 mg/mL, respectively. All the solutions obtained are then sonicated for
30 minutes using an ultrasonic bath. A comparison of the solutions before and after the sonication
may be observed in Fig. 3, i.e., the solution after sonication becomes more feculent. Finally, the
solutions are centrifuged at 500 rpm for 15 minutes and characterized using UV-Vis
spectrophotometer. The procedure above is repeated for 500, 1000, and 1500 number of coils.
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Figure 2. (a) graphite pencil before (left) and after (right) the electrolysis process, (b) the powder obtained after filtering
and purification process.

Figure 3. The solution in DMF solvent before sonication (left), and the solution after sonication (right).

RESULTS AND DISCUSSION

The results of this study are UV-Vis spectroscopy data obtained for the samples with a solution
concentration and some coil variations. A comparison of UV-Vis spectroscopy data between graphite
material and the solution obtained from the experiment (with N = 1000 and 0.3 mg/ml of powder
concentration after electrolysis) may be perceived in Fig. 4. The (red) dashed line is graphite in
DMF, whereas the (purple) solid line is the solution obtained from the treatment. It may be observed
that a blue shift appears to occur from a broad peak of the graphite in DMF to a more characteristic
peak at 216.5 nm and a shouldering peak at 249 nm. A peek at 216.5 nm suggests an existence of Cu
ionic liquid accompanied by GO material. The Cu solenoid coil tends to shift the UV-Vis to a shorter
wavelength by producing Cu ions into the electrolyte as the coil is eroded, whereas the GO tends to
change the peak to a longer wavelength. This is in line with Liu et al. (2014) where it is reported that
the peak of GO is obtained around 230 nm before the electrochemical process and red shifted toward
260 nm after the electrochemical process [28].
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Figure 4. Comparison of UV-Vis spectroscopy data between graphite and GO in Cu ionic liquid solutions in DMF solvent.

Figure 5. Comparison of UV-Vis spectroscopy data with concentration variation of the Cu in ionic liquid solutions.

Next, we obtain UV-Vis spectroscopy data of GO in Cu ionic liquid solutions in DMF with
concentration variation. This may be observed in Fig. 5. The (red) dashed, (green) dash-dotted, and
(blue) solid lines are the UV-Vis spectroscopy data for GO in Cu ionic liquid concentration of 0.1
mg/mL, 0.2 mg/mL, and 0.3 mg/mL. The data are consistent with Lambert-Beer law, where
increasing the concentration of the solution, causes the absorbance to increase as well. The peaks
obtained from the variation of the concentration are the same, that is, at 216 nm and 245 nm.
Finally, UV-Vis data results with some coil variation may be observed in Fig. 6. The (blue) solid,
(red) dash-dotted, and (green) dashed lines are the UV-Vis data for 500 coils, 1000 coils, and 1500
coils of GO in Cu ionic liquid solutions, respectively. An interesting finding is that as the number of
coils is increased, the absorbance for the Cu ionic liquid increases, whereas the absorbance of the GO
tends to decrease. This makes sense as the number of coils gets larger, the number of Cu ions
released by the coils inside the electrolyte increase as well. However, the increase in the number of
Cu ions disrupts the shedding of the graphite rod inside the electrolyte hence decreasing the GO
production.
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Figure 6. Comparison of UV-Vis spectroscopy data with some coil variations.

CONCLUSION

GO in Cu ionic liquid has been synthesized using the electrochemical method. The UV-Vis
spectroscopy data show that a blue shift occurs from graphite to GO in Cu ionic liquid in DMF
solution. Moreover, increasing the concentration of graphite oxide in DMF increases the amount of
GO in Cu ionic liquid. Finally, increasing the number of solenoid coil increases the amount of Cu
ionic liquid but decreases the GO material.
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