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It was shown that the pre-reduced surface of the platinized titanium electrode undergoes

a series of transformations during the anodic polarization. Oxygen-containing particles

OHads are chemisorbed on the Ti/Pt surface in the low polarizations range. Such particles,

depending on the pH of the near-electrode layer, can be in equilibrium with OH2
+

ads and

O–
ads. With increasing polarization, the formation of both atomic oxygen and phase oxide

layers becomes possible. The formation of phase surface oxides occurs rapidly in supporting

electrolytes, and the oxygen evolution proceeds on a completely oxidized surface. The

presence of chloride ions in solution significantly decelerates this process. The higher the

Cl– concentration, the longer the surface remains in the reduced state. The chloride ion

acts as a depolarizer, discharging on the surface and interacting with surface oxygen-

containing particles, thereby slowing down the oxidation of the surface. It was established

that both direct oxidation of Cl– and its oxidation by labile oxygen-containing particles of

the OHads type occur on the reduced platinized surface. On the oxidized surface, the

formation of hypochlorite occurs directly on the surface of the layer of platinum phase

oxides with the participation of inert chemisorbed oxygen-containing particles and atomic

oxygen. The desorption of the products of primary oxidation of Cl– becomes slower, and

an increase in the degree of surface filling with active oxygen-containing particles of the

Oads type leads to a significant increase in the rate of chlorate formation.
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Introduction

Platinized titanium is known to be the one of
the most available dimensionally stable anodes. Such
an electrode material has a number of unique
operational and electrocatalytic properties [1]. The
platinum coating can work at high anodic and
cathodic polarizations and it has significant corrosion
resistance in the presence of strong oxidizing agents.

The electrolysis of NaCl solutions over the
entire concentration range usually proceeds on the
oxidized surface of platinum [2]. In neutral solutions,
three main processes are realized: (i) the oxidation
of Cl– to hypochlorite, (ii) chlorite and chlorate,
and (iii) oxygen evolution reaction. The current
efficiency (CE) of hypochlorite reaches 85% on the
reduced surface in concentrated (1–2 M) NaCl
solutions, and the process proceeds at lower
polarizations of 0.4–0.45 V. Under these conditions,
chlorates are formed with an integrated current
efficiency of less than 10% [3]. However, the reduced

surface gradually oxidizes during the electrolysis. At
the same time, the number of active sites at which
direct oxidation of Cl– is realized decreases. As a
result, the CE of ClO– decreases to 70–75%, and
the current efficiency of chlorates almost doubles.
On the oxidized surface, the direct oxidation of Cl–

even in 1–2 M NaCl proceeds at the limiting current,
the value of which is determined by the concentration
of active centers on the electrode surface. The number
of active centers decreases tenfold, as one can
conclude after a comparison of the values of the
limiting currents on the reduced and oxidized
surfaces. This phenomenon was discussed in details
in our previous publication [3]. However, it is not
always advisable to electrolyze concentrated NaCl
solutions in practice. The current efficiency of
hypochlorite usually does not exceed 40% when low
concentrated NaCl solutions (less than 0.2 M) are
electrolyzed on platinum and platinized titanium.
In addition, platinum exhibits a high catalytic activity
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in the oxidation of hypochlorite to chlorate with a
current efficiency of more than 20% [4–6]. One of
the ways to increase CE of ClO– and decrease CE
of ClO3

– is to prepare platinized titanium with a
highly developed surface, since the decrease in the
true current density does not significantly affect the
CE of ClO– [7]. At the same time, the data on the
kinetics of hypochlorite formation on platinum and
platinized titanium differ significantly in various
papers. It occurs, most likely, because an important
role is played not only by the specific surface area of
the catalyst, but also by its chemical nature.

In this work, we tried to elucidate the main
features of the processes occurring during the
electrolysis of low concentrated (0.15 M) NaCl
solutions depending on the state of the surface of
platinized titanium.

Material and methods

All chemicals were reagent grade. Electroche-
mical measurements were carried out in 1 M HClO4

with computer controlled MTech PGP-550 M
potentiostat (Ukraine) in a standard temperature-
controlled three-electrode cell. All potentials were
recorded and reported vs. Ag/AgCl/KCl (sat.)
reference electrode. The reference electrode was
brought to the working electrode through the Luggin
capillary. The temperature was 25±10Ñ.

Platinized Ti anode was prepared by deposition
of platinum from a nitrite electrolyte on a prepared
titanium surface at 10 mA cm–2 and 800C [1,8]. The
surface content of platinum was 2.0 mg cm–2.

The area of anode was 2 cm2 in j, E measure-
ments. The selectivity of the Ti/Pt anode (4 cm2) in
the synthesis of sodium hypochlorite was evaluated
during the electrolysis of 300 mL of 0.15 M NaCl
solution in a diaphragm-less cell with a Ti/Pt cathode
(1 cm2).

The concentration of NaClO and NaClO3 in
solutions was determined by iodometric titration [9].
The standard deviation in determining the
concentration does not exceed ±3 mg L–1 and
2 mg L–1 for sodium hypochlorite and sodium
chlorate, respectively. The standard deviations for
current efficiencies are ±1.0 and ±0.5% for
hypochlorite and chlorate, respectively.

Results and discussion

The reduction of even utterly oxidized surface
of Ti/Pt proceeds quite quickly at the potentials of
the hydrogen evolution reaction. During the cathodic
polarization of the electrode at –20 mA cm–2, the
surface is reduced within a few seconds. When pre-
treated in such a way Ti/Pt electrode surface is
polarized anodically in the galvanostatic mode, the
chronopotentiogram is S-shaped with an induction

period during which the potential does not exceed
1.3–1.4 V in solutions of 0.1–2.0 M NaCl. Let us
conventionally call this state of the surface «reduced».
After the induction period, one can see a rapid
increase in potential to values above 1.6–1.7 V, which
corresponds to the «oxidized» surface (Fig. 1). The
induction period on a pre-reduced sample in 0.15 M
NaCl is 1000 s and 160 s at 20 mA cm–2 and 40 mA
cm–2, respectively. In 1.0 M NaCl, the time spent
in the reduced state increases significantly and, at
given current densities, is 3600 and 1500 s,
respectively.

Fig. 1. Chronopotentiograms on pre-treated Ti/Pt electrode in

0.15 M NaCl at ja=40 mA cm–2 (1) and 20 mA cm–2 (2)

A current wave at the potentials of more positive
than +0.8 V is observed due to the formation of
labile chemisorbed oxygen-containing particles on
the reduced platinum surface in 0.15 M NaCl
(Fig. 2, curve 1). When the potential reaches 1.15 V,
an exponential increase in current begins, which is
because of the discharge of Cl– ions [3]. Further, the
current reaches its limiting value of 55–60 mA cm–2

(the limiting current wave is not shown in Fig. 1). To
get further insight into the processes occurred on
the platinum surface during anode polarization, the
reduced surface was sequentially polarized at
40 mA cm–2 twice during 20 s and thrice during
60 s. After each polarization cycle, the corresponding
polarization curve was recorded (Fig. 2, curves 2–
6). As one can see, curves 2 and 3 are almost parallel
to curve 1, but they are somewhat shifted to more
positive potentials, which indicates a gradual
oxidation of the surface. The wave of the limiting
current corresponding to Cl– discharge is reflected
in curve 4. Curve 5 shows a smaller current, and the
current wave in the potential range of 1.2–1.4 V is
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barely noticeable on the oxidized surface (curve 6).
The current wave decreases almost 20 times from 56
to 3 mA cm–2 when the state of the electrode surface
changes from completely reduced to oxidized. Tafel
slopes are 40–50 mV dec–1 and 240 mV dec–1 for
curves 1–5 and curve 6, respectively. This indicates
a significant change in the state of the electrode
surface.

One can assume a high integral current
efficiency of hypochlorite ions on the reduced surface
and sufficiently low integral current efficiency on
the oxidized one, since the current on the reduced
surface is mainly due to the discharge of chloride
ions. Two series of accumulative electrolysis were
performed in 0.15 M NaCl on Ti/Pt as an anode at
ja=20 mA cm–2 to confirm this assumption. To
minimize hypochlorite losses due to its reduction at
the cathode, the electrolysis was carried out at
jc=–80 mA cm–2 and non-intensive mixing [6]. The
electrolysis duration was 1000 s, which does not
exceed the induction period at a given current density
(see Fig. 1). In the first series of experiments, the
anode was previously reduced at jc=–20 mA cm–2

during 5 min; in the second series, it was oxidized at
+40 mA cm–2 during 20 min. However, contrary to
the assumption made, the integrated current
efficiency of hypochlorite rises only to 38% on the
reduced surface. Current efficiency of ClO– rises to
29% on the oxidized surface. The current efficiency
of ClO3

– on the oxidized surface was 21%, and it
was only 9% on the reduced surface.

We performed steady-state voltammetry
measurements to get a further understanding of the

electrochemical properties of Ti/Pt electrodes during
electrolysis of NaCl. For these experiments, a Ti/Pt
sample was reduced in 0.15 M NaCl at 20 mA cm–2

during 300 s. Next, the sample was transferred into
a cell containing 0.15 M NaCl and 0.005 M NaClO
(pH 9.0). This solution was obtained by electrolysis
of 0.15 M NaCl solution using Ti/Pt electrodes at
ja=40 mA cm–2 during 100 min. The use of such a
solution minimizes the change in the composition
and pH of the electrolyte during the experiment.
The sample was further polarized at ja=40 mA cm–2

for a given period of time (ta). Then, the electrodes
were thoroughly washed in bidistilled water and
transferred to a cell containing 1 M HClO4, where
the j, E curve was recorded under conditions of linear
potential sweep into the cathode region at =10 mV s–1.
After recording the j, E curve, the experiment was
completely repeated at a new ta value.

As one can see from Fig. 3 (curve 1), a repetitive
increase in current is initially observed on the reduced
surface, caused by electrochemical adsorption of
hydrogen, followed by an increase in current (after
0.0 V), accompanied by hydrogen evolution. After
surface oxidation for 5 s, the stationary potential
shifts by 30 mV to the anode region, and a current
peak appears at the curve with a maximum at 500 mV
due to the reduction of labile chemisorbed oxygen-
containing particles on the platinum surface. When
the sample is oxidized for 10 and 20 s, a further shift
of the stationary potential is observed, which indicates
continued filling of the surface with chemisorbed
oxygen-containing particles. In this case, there is a
slight increase in the peak area at 500 mV. After
oxidation for 40 seconds, a new current wave appears
on curve with a maximum at 1.15 V, the area of
which increases significantly with increasing anodic
polarization time (curves 5–9). The occurrence of
this wave even after washing the electrode in
bidistilled water (Fig. 4) indicates that the chlorine-
containing particles are firmly fixed to the surface.
The reduction wave of Cl– oxidation products
practically disappears if the electrode is washed after
anodic polarization in an ultrasonic cleaner. This
indicates that these particles are fixed on the surface,
but their adsorption is reversible. Most likely, these
molecules can be Cl2 and HClO molecules [4,10].

After 100 or more seconds of anodic
polarization, a current wave begins to superimpose
on the peak of the reduction of chemisorbed oxygen-
containing particles at 0.4–0.5 V due to the reduction
of stronger bound chemisorbed oxygen and platinum
phase oxides. In this case, the reduction peak area
of more labile chemisorbed oxygen-containing
particles remains practically unchanged, and the

Fig. 2. Voltammograms recorded in 0.15 M NaCl on the

reduced (1) and oxidized (6) surface of Ti/Pt. The numbering

of curves is explained in text. =20 mV s–1
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surface content of strongly bonded chemisorbed
oxygen and phase platinum oxides increases. The
assumption that phase oxides begin to form after
100 s of polarization is in accordance with
chronopotentiometric measurements (Fig. 1), which
indicate that the reduced surface transforms into an
oxidized state in 100–200 s of polarization at
ja=40 mA cm–2. A similar increase in the reduction
currents of chemisorbed oxygen and phase platinum
oxides is seen in cyclic voltammogramms (CV) in
1 M HClO4 at various reversal potentials in the anode
region (Fig. 5).

Fig. 5. CV recorded on Ti/Pt in 1 M HClO4. =50 mV s–1.

Potential reverse: +1.4 V (curve 1) and +1.5 V (curve 2)

One can explain a similar behavior of the surface
of platinized titanium by the occurrence of several
simultaneous oxygen transfer reactions. The main
processes in this case are as follows: (i) oxygen
evolution reaction; (ii) chloride ion discharge with
the formation of the main (Cl2, HClO, ClO–) and
additional (ClO2

–, ClO3
–) products; and (iii) the

formation of phase oxides of platinum.
An exponential increase in current at potentials,

which are close to the equilibrium potential of
chlorine evolution (1.58 V), on the reduced Ti/Pt
surface indicates a direct discharge of Cl– (Volmer
stage):

Cl–=Cl ads+e–.  (1)

Further, recombination (2) or electrochemical
desorption (3) occur:

Clads+Cl ads=Cl2;  (2)

Clads+Cl–=Cl2+e–.  (3)

However, even before the Cl– discharge on
platinum, the discharge of water and the formation
of the first oxide layers from chemisorbed oxygen-
containing particles take place [7]:

H2O=OH ads+H++e–;  (4à)

OH ads+H+ OH 2
+

ads;  (4b)

OH ads O–
ads+H+;  (4c)

OH ads=O ads+H++e–.  (4d)

Fig. 3. Voltammetry curves recorded on Ti/Pt after anode

polarization in 0.15 M NaCl+0.005 M NaClO at

ja=40 mA cm–2 at different ta (s): (1) 0; (2) 5; (3) 10; (4) 20;

(5) 40; (6) 100; (7) 200; (8) 400; (9) 600. Supporting

electrolyte 1 M HClO4. =20 mV s–1

Fig. 4. Voltammetry curves recorded on Ti/Pt after anode

polarization in 0.15 M NaCl + 0.005 M NaClO at

ja=40 mA cm–2 during 400 s (1). The sample was washed

in an ultrasonic cleaner after oxidation (2)
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The pre-reduced surface of the platinized
titanium electrode undergoes a series of
transformations during the anodic polarization.
Oxygen-containing particles OHads are chemisorbed
on the Ti/Pt surface in the low polarizations range.
Such particles, depending on the pH of the near-
electrode layer, can be in equilibrium with OH2

+
ads

and O–
ads (4, b and c). With increasing polarization,

the formation of atomic oxygen (4,d) and the
formation of phase oxide layers become possible
[7,11]. In stock solutions, the formation of phase
surface oxides occurs rapidly, and the oxygen
evolution proceeds on a completely oxidized surface.
The presence of chloride ions in solution significantly
slows down this process. The higher the Cl–

concentration, the longer the surface remains in the
reduced state. The chloride ion acts as a depolarizer,
discharging on the surface, interacts with surface
oxygen-containing particles, thereby slowing down
the oxidation of the surface.

Among different mechanisms of chlorine
evolution that exist today [12], the features established
in this paper can be well described from the point of
view of the reaction schemes developed by Denton-
Harrison:

Cl–+S=S–Cl ads+e–;  (5a)

H2O+S S–OH ads+H++e–;  (5b)

S–Clads+SOH ads=S–HOClads  (5c)

and by Erenburg-Krishtalik:

H2O+S S–OH ads+H++e–;  (6a)

S–OH ads+Cl–=S–(HO)Cl ads+e–;  (6b)

HOCl+HCl Cl2+H2O,  (6c)

where S is the active surface site.
It should be noted that a direct discharge of

Cl– can simultaneously proceed according to the
mechanism (1)–(3). For completeness of description,
it is appropriate to add to these schemes the stage of
desorption of a molecule of hypochlorous acid or
chlorine from the surface of the anode, which on
the oxidized surface becomes, in all probability, slow:

S–HOCl ads S+HOCl aq.  (7)

The presence of a slow desorption stage explains
the accumulation of Cl– oxidation products on the
surface, the reduction peaks of which at potentials

of 1.2–0.7 V are observed in Fig. 3.
As shown above, the integrated current

efficiency of chlorate is 2 times higher on the oxidized
surface than on the reduced one. It is known [13]
that chlorate is formed during the electrolysis of
chloride-containing solutions through two main
routes: (i) electrochemical and (ii) chemical. On an
oxidized surface, processes occur at more positive
(for 400 mV) potentials. The shift of the electrode
potential during electrolysis to the anode region
makes possible the reaction (4d) and, respectively,
and leads to an increase in the surface concentration
of highly active Oads particles. This results in an
increase in the rate of further oxidation of HOClads,
HOClaq and ClÎ–

aq to chlorite and chlorate:

S–HOCl ads+S–O ads=S–ClO2
–

ads+H+;  (8a)

S–Oads+ClÎ–
aq=S–ClO2

–
ads;  (8b)

S–ClO2
–

ads+S–Oads=S–ClO3
–

ads.  (8c)

Equations (8, a-c) describe the electrochemical
mechanism of chlorate formation. In the bulk, the
concentration of chlorate can also increase due to
the following slow reaction:

ClÎ–
aq+ClÎ2

–
aqCl–

aq+ClÎ3
–

aq.  (9)

Thus, both the direct electrochemical oxidation
of Cl– and its secondary chemical oxidation by labile
oxygen-containing particles of the OHads type occur
on the reduced Ti/Pt surface. The main products
are hypochlorous acid and molecular chlorine, which
are desorbed from the surface of the electrode and
dissolved in the bulk solution. On the oxidized
surface, the formation of hypochlorite occurs directly
on the surface of the layer of platinum phase oxides
with the participation of strongly bonded chemisorbed
oxygen-containing particles OHads and atomic
oxygen. An increase in the degree of surface filling
with more active oxygen-containing particles leads
to a significant increase in the rate of formation of
chlorate.

Conclusions

It has been established that the pre-reduced
surface of Ti/Pt electrode undergoes a series of
transformations during the anodic polarization.
Layers of labile and then inert chemisorbed oxygen-
containing particles begin to form on the Ti/Pt
surface in the region of low polarizations. With
increasing polarization, the formation of atomic
oxygen becomes possible and phase oxide layers are
formed. In stock solutions, the formation of phase
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surface oxides occurs rapidly, and the oxygen
evolution proceeds on a completely oxidized surface.
The presence of Cl- in solution significantly
decelerates this process. Chloride ion acts as a
depolarizer, discharging, interacts with surface
oxygen-containing particles, thereby slowing down
the oxidation of the surface. Thus, both direct
oxidation of Cl– and its oxidation by labile oxygen-
containing particles of the OHads type occur on the
reduced platinized surface. On the oxidized surface,
the formation of hypochlorite occurs directly on the
surface of the layer of platinum phase oxides with
the participation of strongly bounded (inert)
chemisorbed oxygen-containing particles and atomic
oxygen. The desorption of the products of primary
oxidation of Cl– becomes slower, and an increase in
the degree of surface filling with active oxygen-
containing particles of the Oads type leads to a
significant increase in the rate of chlorate formation.
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ÂÏËÈÂ ÏÎÏÅÐÅÄÍÜÎÃÎ ÎÁÐÎÁËÅÍÍß Ti/Pt
ÅËÅÊÒÐÎÄ²Â ÍÀ ̄ Õ ÅËÅÊÒÐÎÕ²Ì²×Í² ÂËÀÑÒÈÂÎÑÒ²
ÏÐÈ ÅËÅÊÒÐÎË²Ç² NaCl

Ä. Ãèðåíêî, Î. Øìè÷êîâà, Î. Âåë³÷åíêî

Ïîêàçàíî, ùî ïîïåðåäíüî â³äíîâëåíà ïîâåðõíÿ ïëàòèíî-
âàíîãî òèòàíîâîãî åëåêòðîäà çàçíàº íèçêè ïåðåòâîðåíü ï³ä
÷àñ àíîäíî¿ ïîëÿðèçàö³¿. Çà íèçüêèõ ïîëÿðèçàö³é íà ïîâåðõí³ Ti/
Pt õåìîñîðáóþòüñÿ îêñèãåíîâì³ñí³ ÷àñòèíêè OHads. Òàê³ ÷àñ-
òèíêè, çàëåæíî â³ä ðÍ íàâêîëîåëåêòðîäíîãî øàðó, ìîæóòü
ïåðåáóâàòè â ð³âíîâàç³ ç OH2

+
ads òà O–

ads. Ç³ çá³ëüøåííÿì ïîëÿ-
ðèçàö³¿ ìîæëèâå óòâîðåííÿ àòîìàðíîãî îêñèãåíó òà óòâîðåí-
íÿ ôàçîâèõ øàð³â îêñèäó. Ó ôîíîâèõ ðîç÷èíàõ óòâîðåííÿ ôàçî-
âèõ ïîâåðõíåâèõ îêñèä³â â³äáóâàºòüñÿ øâèäêî, ³ âèä³ëåííÿ êèñ-
íþ â³äáóâàºòüñÿ íà ïîâí³ñòþ îêèñëåí³é ïîâåðõí³. Íàÿâí³ñòü
³îí³â õëîðèäó â ðîç÷èí³ çíà÷íî ñïîâ³ëüíþº öåé ïðîöåñ. ×èì âèùà
êîíöåíòðàö³ÿ Cl–, òèì äîâøå ïîâåðõíÿ çàëèøàºòüñÿ â³äíîâëå-
íîþ. Õëîðèä-³îí ä³º ÿê äåïîëÿðèçàòîð, ðîçðÿäæàþ÷èñü íà ïî-
âåðõí³, âçàºìîä³º ç ïîâåðõíåâèìè îêñèãåíîâì³ñíèìè ÷àñòèíêà-
ìè, òèì ñàìèì ñïîâ³ëüíþþ÷è îêèñëåííÿ ïîâåðõí³. Âñòàíîâëå-
íî, ùî ÿê ïðÿìå îêèñëåííÿ Cl–, òàê ³ éîãî îêèñëåííÿ ëàá³ëüíè-
ìè îêñèãåíîâì³ñíèìè ÷àñòèíêàìè òèïó OHads â³äáóâàþòüñÿ íà
â³äíîâëåí³é ïëàòèíîâàí³é ïîâåðõí³. Íà îêèñëåí³é ïîâåðõí³ óò-
âîðåííÿ ã³ïîõëîðèòó â³äáóâàºòüñÿ áåçïîñåðåäíüî íà ïîâåðõí³ øàðó
ôàçîâèõ îêñèä³â ïëàòèíè çà ó÷àñòþ ³íåðòíèõ õåìîñîðáîâàíèõ
îêñèãåíîâì³ñíèõ ÷àñòèíîê òà àòîìàðíîãî îêñèãåíó. Äåñîðáö³ÿ
ïðîäóêò³â ïåðâèííîãî îêèñëåííÿ Cl– ñïîâ³ëüíþºòüñÿ, à çá³ëüøåí-
íÿ ñòóïåíÿ ïîâåðõíåâîãî íàïîâíåííÿ àêòèâíèìè îêñèãåíîâì³-
ñíèìè ÷àñòèíêàìè òèïó Oads ïðèâîäèòü äî çíà÷íîãî çá³ëüøåííÿ
øâèäêîñò³ óòâîðåííÿ õëîðàò³â.

Êëþ÷îâ³ ñëîâà: ïëàòèíîâàíèé òèòàí, åëåêòðîä,
ïîïåðåäíº îáðîáëåííÿ, íàòð³é ã³ïîõëîðèò, åëåêòðîë³ç.
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INFLUENCE OF Ti/Pt ELECTRODES HISTORY ON ITS
ELECTROCHEMICAL PROPERTIES DURING
ELECTROLYSIS OF NaCl
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Ukrainian State University of Chemical Technology, Dnipro,
Ukraine
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It was shown that the pre-reduced surface of the platinized
titanium electrode undergoes a series of transformations during the
anodic polarization. Oxygen-containing particles OHads are
chemisorbed on the Ti/Pt surface in the low polarizations range.
Such particles, depending on the pH of the near-electrode layer,
can be in equilibrium with OH2

+
ads and O–

ads. With increasing
polarization, the formation of both atomic oxygen and phase oxide
layers becomes possible. The formation of phase surface oxides occurs
rapidly in supporting electrolytes, and the oxygen evolution proceeds
on a completely oxidized surface. The presence of chloride ions in
solution significantly decelerates this process. The higher the Cl–

concentration, the longer the surface remains in the reduced state.
The chloride ion acts as a depolarizer, discharging on the surface
and interacting with surface oxygen-containing particles, thereby
slowing down the oxidation of the surface. It was established that
both direct oxidation of Cl– and its oxidation by labile oxygen-
containing particles of the OHads type occur on the reduced platinized
surface. On the oxidized surface, the formation of hypochlorite occurs
directly on the surface of the layer of platinum phase oxides with the
participation of inert chemisorbed oxygen-containing particles and
atomic oxygen. The desorption of the products of primary oxidation
of Cl– becomes slower, and an increase in the degree of surface
filling with active oxygen-containing particles of the Oads type leads
to a significant increase in the rate of chlorate formation.

Keywords: platinized titanium; electrode; pre-treatment;
sodium hypochlorite; electrolysis.
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