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Abstract

In this research, a solid Cu/CuSO4 reference electrode has been developed. In this development process, the
Cu/CuSO0;4 solid reference electrode provided consists of two types, namely the Cu/CuSOq | and the Cu/CuSO.
Il solid reference electrode, abbreviated as ERP Cu/CuSO. | and ERP Cu/CuSQ;, I, respectively. ERP
Cu/CuSO0q | was prepared using two layers, namely the Cu/CuSO, and the cellulose acetate layers which were
placed sequentially on the surface of the planar type Cu electrode. Meanwhile, ERP Cu/CuSQg Il was prepared
using three layers, namely a layer of cotton fiber/cellulose acetate, a layer of Cu/CuSO,, and a layer of
cotton/cellulose acetate placed in sequence on the surface of the planar type Cu electrode, where the CuSO4
layer is between the two layers of cotton/cellulose acetate. Both types of Cu/CuSO;. solid reference electrodes
were characterized by testing AmV in various concentrations of KCI solution and ERP Cu/CuSQs Il has been

produced as the best reference electrode for Cu/CuSQ, solids with a AmV value of 3.3 mV. Furthermore, ERP
Cu/CuSO0q Il was selected for characterization using cyclic voltammetry (CV), response vs Cl sensor, and drift
testing. In CV testing, ERP Cu/CuSO, provides a voltammogram graph pattern similar to the Ag/AgCl as a
well-known commercial reference electrode. Meanwhile, in the response vs sensor Cl, the ERP Cu/CuSO, 1l
gave a Nernstian number value of -50.1 mV/decade with a test range of 0.1-10° M. The ERP Cu/CuSO, Il
showed fairly good stability, namely with a drift value of 0.46 mV/minute which is achieved after the
conditioning process of 12 minutes.
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1. Introduction not easy to change even though the environmental
The electrochemical measurement process is one  conditions change. Because of these characteristics,
of the most popular measurements and has been  the reference electrode will act as a comparison
applied in many fields including environment [1-2], electrode in the electrochemical measurement
clinical and pharmaceutical [3], food industry [4],  processes [3,10-11].
agriculture and fisheries [2], clean water [5], Reference electrodes that are commonly used in
construction [6], chemical synthesis [7], metal the electrochemical measurement process are the
plating [8], and oil and gas industry [9]. This is  saturated calomel electrode (SCE) and the Ag/AgCl
because it has several advantages such as a wide electrode. These two reference electrodes have a good
measuring range, in-situ application, not require  stability. However, the SCE electrode has
special skills to run it, not affected by changes in the  disadvantages such as having toxic chemical
turbidity and color of the sample, not damage the = components, i.e., a mercury metal. This metal is a
sample, small sample volume, and is cheap [2-3] . dangerous heavy metal. In applications involving
One of the important components in the  high temperatures, the mercury metal found in SCE
measurement process by using electrochemical  has the potential to produce a toxic mercuric oxide gas
concepts is the reference electrode in addition to the  [10]. Meanwhile, the Ag/AgCl electrode has
working electrode and the counter electrode. disadvantageous such as the saturated chloride ion
Reference electrodes have main characteristics, solution found on the Ag/AgCl electrode, which often
namely, their potential value is relatively fixed and  contaminates the sample during the measurement
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process. This can reduce the accuracy of the
measurement process. Furthermore, the disadvantage
of the SCE and Ag/AgCl electrodes require expensive
fabrication cost [12].

The alternative reference electrode of SCE and
Ag/AgCI that can be introduced is the Cu/CuSO4
electrode. This electrode has a potential value of
about 337 mV and it uses a CuSO. solution as an
electrolyte, which is relatively unobtrusive for most
types of samples [12-13]. This makes the special
advantages of Cu/CuSO. electrodes besides being
able to be used at high temperatures and a relatively
low cost compared to SCE and Ag/AgCl [14].

In general, the Cu/CuSQO, reference electrode has
a tube-like shape and is relatively large. So that for
certain  applications such as  spaciousness
measurements which generally require portable and
compact devices, this will overcome its constraints
when the reference electrode has a large size.
Moreover, the current development of measurement
devices tends to be smaller and integrated between
sensors or detectors with electronic readers (readers)
and other modules [3,10]. This makes the size of the
Cu/CuSO04 reference electrode important to be noted.

Meanwhile, research on the development of
Cu/CuSO0;q electrodes is still very limited, as carried
out by Pirogov et al. [15] which discussed the
numerical simulation of Cu/CuSOs in the H,SO.
system. Other study that conducted by Stern et al [12]
was still focused on testing the potential value of the
Cu/CuSOs, reference electrode versus the normal
hydrogen electrode (NHE) at various temperature
conditions from 5 to 45 °C. Meanwhile, the research
conducted by Hall et al. [14] was still focused on
developing Cu/CuSQ, reference electrodes that can
be used at high temperatures (around 150 °C) and
high-pressure systems. Thus, the three Cu/CuSO,
reference electrodes that have been previously studied
still using the electrodes with conventional shapes.
This limited research references make the
development of Cu/CuSOa challenging for further
study and research.

In general, the process of miniaturization or size
reduction of the reference electrode is carried out by
changing the phase of the existing electrolyte solution
from the aqueous or liquid phase to the solid phase as
has been done in our previous work with several
Ag/AgCl reference electrodes [16-17]. This solid type
of electrode has several advantages including a simple
fabrication process, can be integrated with sensors
and measuring electronic devices, can be mass-
produced and low cost. Besides, the size of the
electrodes can be adjusted as needed [3,10,16-17].
Therefore, in this work, an initial study was carried
out on the development of a low-cost and simple solid
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type Cu/CuSO;, reference electrode. In this study, the
electrochemical characteristics and performance of
the developed solid type of Cu/CuSOs reference
electrode will also be reported.

2. Method

2.1 Apparatus

The apparatus used in this study are an
electrochemical  workstation (Corrtest CS350,
Corrtest Wuhan Instrument Corp, Ltd.), a double-
junction of Ag/AgCI reference electrode (Orion®
900200, Thermo Fisher), 2B type of graphite pencil
electrode (GPE, Faber Castell), wire type of Ag/AgCI
(provided by MIMOS Berhad, Malaysia), and SPE
type of carbon electrodes (Scrint Print BhD,
Malaysia).

2.2 Materials

The materials used in this study are CuSO, salt
(Prima Kimia), copper plate with a thickness of 0.2
mm (LTC Glodok), copper wire, epoxy resin, and
hardener (Dextone), KCI salt (Cica-reagent),
cellulose acetate (Sigma-Aldrich), Arabic Gum
emulgator (Al-Nashr), face cotton (Selection), and
acetone solvent (Merck).

2.3 Experiment
2.3.1 Copper

Electrode)
The Cu electrode as shown in Figure 1 is provided by
employing a copper plate cut to the dimensions of 0.5
cm x 0.5 cm and then on the backside it is connected
with a copper wire cable by a soldering process.
Furthermore, all the back and edges side of the copper
plate to which the cable has been connected are coated
with a mixture of epoxy resin and hardener (1: 1 v/v).
After the epoxy resin layer dries and hardens, it is
ready to be used as a solid Cu/CuSQO, reference
electrode.

Electrode  Preparation (Cu

Fig. 1 Cu electrode with dimensions of 0.5 cm x 0.5 cm and
a thickness of 0.2 mm

2.3.2 Reference Electrode Preparation of
Cu/CuS0O; (ERP Cu/CuS04)

A total of two Cu electrodes that have been provided
are then carried out by polishing the surface of the
electrodes for the cleaning process of the oxide layer

that may be present on the electrode surface using
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abrasive paper (grit 120). After the sanding process,
the electrodes are wipe with a wet tissue until it clean.
After dry and clean, then on the surface of the first Cu

electrode evenly coated with 20 uL of CuSO, 2 M
solution and open drying for about 1 hour. In this
study, the solvent from CuSQO4 2 M solution was 5%
(w/v) Arabic gum solution, as it was an ion-free
distilled water. After drying and forming a CuSO4
layer on the surface of the Cu electrode, then the Cu

layer was dripped with 20 pL of cellulose acetate
solution so that it covered the entire surface of the
CuSO,4 layer. Meanwhile, the concentration of
cellulose acetate solution used was 5% (w/v) using
acetone as a solvent. After the cellulose acetate
coating process, the drying process is carried out with
a hairdryer over medium heat slowly until the
cellulose acetate dries well. After drying, this
electrode is then abbreviated as ERP Cu/CuSOq | as
shown in Figure 2.

Cellulose acetate layer
!
CuSO4
" Cu Plate

Layer I 't
| !

Epoxy Resin Copper Wire
(a) (b)
Fig. 2.Photograph of ERP Cu/CuSOQx I (a), Design of cross
section view of ERP Cu/CuSO4 I configuration (b)

Meanwhile, the clean and dry surface of the
second Cu electrode was attached with a wet cotton
pad which was briefly immersed in 5% (w/v)
cellulose acetate solution. Then, the drying process is
carried out with a hairdryer over medium heat slowly
until the hybrid cotton/cellulose acetate layer dries
well. After drying, the surface of the cotton/cellulose

acetate hybrid layer was coated with 50 pL of CuSO.
2 M solution in 5% (w/v) solvent of Arabic gum.
Then, it is allowed to dry at room temperature for 1
hour. After drying, then on the surface of the CuSO,
layer is attached again with cotton/cellulose acetate
fibers as in the previous process and dried over
medium heat slowly using a hairdryer until dry. It is
then abbreviated as ERP CuSO; |1, as can be seen in
Figure 3.

Cotton/Cellulose Acetate Layer

| CuS04 Layer
C : -
u ~—— Cotton/Cellulose Acetate Layer
—

Plate 1
Epoxy Resin Copper Wire
(a) (b)

Fig. 3. Photograph of ERP Cu/CuSOx4 Il (a), Design of

cross section view of ERP Cu/CuSO4 11 configuration (b)

After the two types of ERP Cu/CuSO. have been
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prepared, the AmV KCI response testing process is

then carried out, ERP CuSO4 which has the best AmV
value will be selected for Cyclic Voltammetric (CV),
Cl sensor, and drift testing.

3. Results and Discussion

3.1 AmV KCI response

The main characteristic of a reference electrode
is that it has a stable potential value despite changes
in the sample environment such as sample
concentration [3,11]. The stability of a reference
electrode cannot be separated from the use of
electrolyte salts in large concentrations. In the
Cu/CuSOqreference electrode, the electrolyte used is
CuSO;, salt with a concentration of 2 M. By the
concept of Le Chatelier’s principle of equilibrium
[10,18], the high concentration of the electrolyte used
causes the equilibrium to slowly move from the
reference electrode to the sample to reach a new
equilibrium point. where the sample concentration is
usually lower. This leaves the sample with almost no
potential change on the surface of the reference
electrode [10].

Therefore, it is the crucial reason of AmV Cl ion
response that should be carried out. In testing the two
types of ERP Cu/Cu/CuSO4 that have been provided
previously were tested using variations in the
concentration of KCI solution with a range between
0.1 — 10* M. The Cu/Cu/CuSO, will having a
function as a working electrode. Furthermore, the two
electrodes, namely ERP Cu/CuSQO4and the reference
electrode are connected to an electrochemical
workstation and recorded the mV number generated
from each test under KCI solution. The results of the

AmV test are presented in Table 1 and Figure 4.

Table 1. Value of AmV ERP Cu/CuSOq | and Il in various
concentrations of KCI solution

Log[KCI] ERP ERP
Cu/CuSOus | Cu/CuSO0Oq 11
(mV) (mV)
-1 -218.5 62.7
-2 -235.0 63.9
-3 -227.1 66.0
-4 -246.1 65.3
AmV KCI 27.6 3.3
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Fig. 4. The value of AmV KCI ERP Cu/CuSOg4 | and ERP
Cu/CuSO0x4 Il in variations of KCI concentration 0.1 — 10*
M.

It can be seen from Table 1 and Figure 4 that
ERP Cu/CuSOa 11 has the lowest amv KCI, which is
3.3 mV. This indicates that ERP Cu/CuSOs Il has
characteristics as a reference electrode, where even
though the KCI concentration changes, the potential
value generated by ERP Cu/CuSOs is quite stable.
This is in contrast with that shown by ERP Cu/CuSO.
I which produces amv KCI higher than 12 mV, i.e.,
27.6 mV, where the reference electrode standard is
not allowed to produce KCI response exceeding 12
mV|[3]. Thus, ERP Cu/CuSQs Il is the optimum one
and selected for further testing.

The high 4mV value of ERP Cu/CuSO4 | can be
explained as follow, it cannot be separated from the
ERP design itself, where the Cu/CuSO, ERP uses
only two membrane layers, i.e., CuSO, layer and
cellulose acetate as shown in Figure 2. The CuSO4
layer itself consists of two components, namely
CuSQq crystals and Arabic gum, where CuSQO;, act as
an electrolyte [12,14], while Arabic gum as an
emulgator [19] and as a supporting matrix for placing
CuSOq crystals right above the electrode surface Cu.
Arabic gum is a polysaccharide that is very soluble in
water and forms a hydrogel [16,20]. This causes the
ions from both the sample and the Cu/CuSO, ERP to
still move properly. The basis for selecting Arabic
gum is also based on the ability to reduce the
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Fig 5. The mechanism of CuSO4/Arabic Gum layer during
the measurement process

CuS0O,/Arabic gum gel

Meanwhile, the stability of the CuSO4 Il ERP
can be explained due to the CuSO; salt that dissolved
in Arabic gum being trapped in the cotton/cellulose
acetate membrane layer either on the surface of the
Cu electrode or on the protective layer of the
cotton/cellulose acetate membrane. This facilitate to
reduce the internal pressure when the gum begins to
expand during the measuring process. Also, the
presence of a cotton/cellulose acetate membrane layer
on the surface also contributes to preventing the
sample from re-direct contact with the Cu electrode
surface. Meanwhile, the presence of a protective layer
of the cotton/cellulose acetate membrane helps to
reduce the rapid and excessive release of CuSO, salts
into the sample, as shown in Figure 6. This makes
ERP CuSO:4 Il less susceptible to potential changes
during the measurement process of a sample such as
variations in the concentration of KCI [3].

Measurement

Process

OCuSO,/Arabic gum

‘%Cotton/(ﬁe"uloseAcetate
B Epoxy Resin

Fig 6. CuSO4/Arabic Gum trapped in the cotton / cellulose

acetate membrane layer during the measurement process

Cu

corrosion process on the Cu electrode surface, whereg o Cyclic Voltammetry (CV)

it is well known that Arabic gum is a natural rust
inhibitor [21].

However, the nature of Arabic gum which is very
water-soluble also has its effects. During the
measurement period, the sample solution that entered
the membrane layer on the ERP Cu/CuSO:s | surface
had made Arabic gum binds the CuSO, crystal salt to
expand and pushed the protective layer, namely the
cellulose acetate layer [3,16]. This causes the
membrane layer to break so that the sample solution
can contact directly at the surface of the Cu electrode
and the CuSOQ, crystalline salt also dissolves and
releases into the sample as illustrated in Figure 5. This
causes the potential value on the surface of the Cu
electrode to change.

CV testing is one type of testing in
electrochemistry. This test can describe a mechanism
of reduction and oxidation (redox) reactions from the
surface of a test material. The implementation of CV
testing will involve three electrodes which include
working electrodes, reference electrodes, and
auxiliary electrodes or also known as counter
electrodes [22]. This is the reason why CV testing is
important to carry out, where the aim is to see the
performance of the Cu/CuSOs ERP developed
whether it has the same capability as a commercial
reference electrode.

In this test, the ERP Cu/CuSOQ;, Il that has been
prepared will be paired with an SPE type carbon
electrode which acts as a working electrode, and EGP
as an auxiliary electrode. The three electrodes will be
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connected to an electrochemical workstation and
immersed in a 0.1 M KCI solution as a test solution.
The CV testing process is carried out using a scan rate
of 100 mV/s and a swept area between -1 to 1 V
during one test cycle. The same process was repeated
by replacing ERP Cu/CuSO. Il with a commercial
two-bridge type Ag/AgCI reference electrode. These
two tests will produce a cyclic voltammogram graph
as can be seen from Figure 7 below, where the blue
line is the cyclic voltammogram graph for the
commercial reference electrode and the brown graph
is a cyclic voltammogram graph using ERP
Cu/CuSO0Oq I1.
Oxidation Process

=—. y
- D =

Reduction Process

b

4

2 -

o p—
2

4 y

6 rd F e —
8

1 (pAfcm?)

-1.2 -1 -0.8 06 -04 -0.2 0 0.2 04 0.6 0.8 1 1.2
Volt (V)

Ag/AgCl Comm
Fig 7. Cyclic voltammogram graph of commercial Ag/AgCl

reference electrodes and ERP Cu/CuSO4 in 0.1M KCI
solution

ERP CufCuSOy Il

Based on Figure 7, it can be seen that the two
reference electrodes produce a similar cyclic
voltammogram graphic pattern, where this pattern is
characteristic of the carbon electrode and this is
similar results reported by previous researchers [11].
One of the basic properties of the carbon electrode is
that it is inert, so it is not easy to experience oxidation
or reduction reactions [10-11] . This can be seen from
Figure 7, that during the oxidation process (anodic
process), no clear peak anodic current (Ipa) was seen,
except for the commercial reference electrode, there
was a slight peak in Ipa in the 0.12 V area with an Ipa
value of 1.56 uA/cm?. The appearance of this small
Ipa peak is more due to impurities from the binder
contained in the carbon in the SPE. The same thing
happened during the reduction process (cathodic
process), no peak cathodic current (Ipc) was seen
[21]. This indicates that the ERP Cu/CuSO. I
prepared shows a performance that is not much
different from the commercial reference electrodes
and ERP Cu/CuSOs Il performs well in cyclic
voltammetric tests.

3.3 Testing vs Sensor Cl

The reference electrode is an important component in
potentiometric measurements in addition to the
working electrode or sensor. The working electrode
in potentiometric testing is also known as the ion-
selective electrode (ISE) because this electrode is
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very selective about the target ion or ion to be
measured.  Potentiometric measurement is a
measurement based on the measurement of the
potential difference between the ESI and the reference
electrode against the logarithm of the concentration of
the test solution, where the value of the resulting
potential difference follows the phenomenon of the
Nernst equation below:

2.303RT
nF

E=E°

loglas] (1)

where E is the value of the potential difference
between the reference electrode and the ESI which is
generally obtained from the reading of the
measurement results and usually uses the millivolt
(mV) unit. While E° is the standard potential energy,
R is the ideal gas constant of 8.314 J/K mole, T is the
temperature in the K, n is the number of moles of
electrons involved in the reaction, F is the Faraday
number of 96,485 C/mole and [a4] is the
concentration of the test solution in the unit of
molarity (M) [11].

Based on this potentiometric measurement
concept, testing the ERP performance of Cu/CuSQsg is
important to do. In this study, ERP Cu/CuSQOg4 Il will
be paired with the Cl sensor, where the Cl sensor used
is an Ag/AgCI wire electrode. The surface of the
Ag/AgCI electrode is known to be very sensitive to
the presence of Cl ions from a sample. This can be
described by the mechanism of the AgClI equilibrium
system in the aqueous system, where the surface of
the AgCl solid will follow the equilibrium equation as
shown in equation (2):

AgCl ) +e-+—>  Ag() + Clig) (2)

Based on the concept of equilibrium raised by Le
Chatelier’s principler [10,18], that an equilibrium
point will be realized if the concentration of the right
side or product is equivalent to the concentration of
the left side of the reactants. Thus, equation (2) can be
related to the Nernst equation to be:

E= FO_ 2.303RT Lo [aproduk] 3)
nF [areaktan]

In this case, as shown by equation (2) which acts as a
product are Ag and CI-, while AgCl acts as a reactant,
thus equation (3) above can be converted into
equation 4 as follows:

E = pO_ 2303RT Log [aagllaci-] @)

nF [aAgCl]
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AgCl is known to have low solubility in the aquatic
system, so that during the measurement process, AgCl
only partially dissolves by releasing Cl ions into the
sample, so basically AgCI is still present in the
sample. Therefore, equation (4) can be reduced to
equation (5) as follows:

2.303RT

_ g0 _ laagci]laci-]
E=E — Log lanycl (5)
Based on equation 5 above, the AgCl

concentration becomes constant. Thus, equation (5)
above can be simplified by following (6):

_ 0 _ 2303RT [cl7]
E=E —— Log 7 (6)

By substituting the R and F values into equation
(6) above, then at the temperature conditions of 298
K and for 1 mole of electrons, equation (6) above can
be changed to:

E = E°-59.16mV Log[CI]+59.16mV Log[k] (7)

Because the value of k is constant, the potential
value of the Ag/AgCI electrode will depend on the
change in the concentration of [CI] in the test
solution. Thus, equation (7) can be simplified into
equation (8) as follows:

E = E%59.16mV Log[CI]  (8)
[16]

Thus, based on equation (8), the ideal value of the
Nernstian number for a Cl sensor based on the
Ag/AgCl wire electrode has a value of -59.16 mV for
every 10 times the decrease in concentration.

In this study, the ERP Cu/CuSO;, Il electrode
which has been paired with the Ag/AgCl wire
electrode is then connected to an electrochemical
workstation for potentiometric measurements. The
test solution used in this test is a KCI solution with a
concentration of 0.1 — 10* M. The measurement
results obtained are compared with the measurement
results of the Ag/AgCI wire electrode pair with the
commercial Ag/AgCl two bridge type reference
electrodes. The test results versus the Cl sensor can be
seen from the data table 2 and Figure 8 below. It can
be seen from Table 2 that the two reference electrodes
provide values that are close to the Nernstian number,
namely -53.7 and -50.1 mV/ decade, respectively,
where this Nernstian number is still by the range
justified for single charged ions, namely of -50 - (-60)
mV/ decade [23].
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Table 2. The performance of the Cl vs ERP Cu/CuSOxq Il
and ER Ag/AgCl comm sensors in a 0.1 - 10* M KCI
solution.

Reference Slope Linear r
Electrode (mV/decade) Range (M)
Ag/AgCI -53.7 0.1-10* 0.9992
Comm
Cu/CuSOg4 -50.1 0.1-10% 0.9820
I
250 .
Y 53.7T -12.8
z 200 . = 10,9992
2 150 * .
= :
E 1o .
g w0 .
o
-45 -4 <35 2 15 4 05

-3 25

-Leg[Cl]
® Ag/AgCl comm 8 Cu/CusSO;. I

Fig 8. Plot of the response of the Cl vs ERP Cu/CuSQq Il

and ER Ag/AgCl comm sensors in a 0.1 — 10* M KCI

solution

However, if it is seen based on the data presented in
Table 2, it can be seen that the measurement range of
the Cl vs ERP Cu/CuSO:s Il sensors are shorter than
the commercial reference electrodes used in this
study. This is also reinforced from Figure 8 above. It
can be seen that the potential value resulting from
testing with a solution of 10* M concentration on
ERP Cu/CuSOq Il is only 21.1 mV/decade different
from the 10° M solution, which means that it is
outside -50 - (-60) mV/decade. The short
measurement range of the Cl vs ERP Cu/CuSO; Il
sensors compared to the commercial reference
electrodes is due to the dissolution process of SO.*
ions from ERP Cu/CuSOs Il into the 10* M test
sample. At a concentration of 10* M, the number of
Cl ions in the test solution is a little. With this
dissolving process, the test solution also forms SO.*
ions and this causes competition between CI- and
S0O.* ions on the surface of the CI sensor. Based on
reports provided by previous researchers, the
presence of SO42 100 times higher than Cl ions in the
test solution that can seriously interfere with the
response of the CI sensor type of Ag/AgCl wire
electrode [3]

3.4 Drift Testing
The drift testing is carried out to confirm the

potential stability of the Cu/CuSQO4 Il ERP in a
continuous measurement [10,16]. In this drift test,
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ERP Cu/CuSOq4 Il is paired with a two-bridge type
Ag/AgCl reference electrode which is then connected
to an electrochemical workstation, so that in this test,
ERP Cu/CuSO04 functions as a working electrode. The
data collection process was carried out for one hour in
a row in a 0.1 M KCI solution, where the potential
data for 1 hour can be seen in Figure 9.

w0

« 5 X E &

.
'\
2,6 my)" min

e

el i)
=

.86 ' i

Bk E S

@ 00 1005 150 000 15 fooe) 500 L

Tl
Fig 9. Plot of the stability of the Cu/CuSQO4 Il ERP vs the

Ag/AgCI reference electrode in a 0.1M KCI solution for 1
hour of measurement

From Figure 9, it can be seen that at the beginning of
the test the potential value moves very quickly,
starting from -26 mV at t = 0 second and changing to
4.8 mV at t = 712.4 seconds, which means there is a
drift of 2.6 mV/minute. This figure is quite large,
where the stability of the potentiometric measurement
is theoretically not to exceed 1 mV/minute. However,
after t = 712.4 seconds, the resulting potential value
gradually drops from 4.8 mV at t = 712.4 seconds to
-17.3 mV at t = 3581.8 seconds. This means that the
drift that occurs is 0.46 mV/minute and this is still
lower than 1 mV/minute [10-11,24].

The high drift value up to t = 712.4 seconds was
caused by the conditioning process of ERP Cu/CuSO4
I1, where at the beginning of the test, the Cu/CuSQx |1
ERP conditions were still quite dry. This causes the
movement of ions either out of or out of ERP
Cu/CuSOq Il is still not free and experience obstacles.
However, after the above t = 712.4 seconds the ion
movement begins to free because in ERP Cu/CuSQ,
Il there is enough liquid to cause the ions to move
[10]. Under these conditions, it is recommended that
ERP Cu/CuSOx Il be conditioned in a distilled water
solution for at least 12 minutes before being used in
the testing process.

4. Conclusions

The two types of Cu/CuSO, solid reference
electrodes provided in this study, the ERP Cu/CuSO4
Il has shown characteristics as a good reference
electrode. This can be seen from the Am V test which
has a value Ilower thanl2 mV, i.e., 3.3 mV.
Meanwhile, the ERP Cu/CuSQs | did not showing the
characteristics of a reference electrode by producing
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an Am V value of 27.6 mV. The ERP Cu/CuSOx4 Il
also provides a fairly good Nernstian number value of
-50.1 mV/decade, although it has a shorter
measurement range compared to the commercial
Ag/AgCI reference electrode on the Cl response.
From the cyclic voltammetry test, the ERP Cu/CuSO4
Il produced a good performance by producing a line
plot that similar with the commercial Ag/AgCI
reference electrode. The ERP Cu/CuSOs Il also
showed fairly good stability, namely 0.46 mV/minute,
where this stability was achieved after conditioning
for 12 minutes.
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