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Change of the properties of soda solution of quinhydrone during their exposure in the
presence of air has been investigated by the methods of cyclic voltammetry and spectroscopy (IR
and UV). It has been shown that in the process of exposure of the solution occurs the process of
quinhydrone oligomerization and changes its redox properties. The redox potential of the solution
increases, the pH decreases, the currents of oxidation peaks decrease and completely dampen,
indicating the stabilization of the properties of the oligomer. It has been established that the
oxidizing forms of the oligomer are still present in the quinhydrone catalyst solution for more than
8 years and the solution does not lose oxidizing properties to chemisorbed hydrogen sulfide.
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Introduction

A significant area of application of oxidation-
reducing properties of quinone compounds is liquid-
phase catalytic (oxidative) methods for gases purifi-
cation from hydrogen sulfide [1-3]. These methods
consist of chemisorption of hydrogen sulfide from
gases by alkaline solutions with simultaneous
oxidation of chemosorbed hydrogen sulfide to sulfur
by an oxidizer, which is a component of the
absorbing solution. Industrial significance in the
processes of gases purification from hydrogen
sulfide has a redox system based on derivatives of
naphtha- and anthraquinones [3].

In the quinhydrone method of gases
purification from hydrogen sulfide, an oxidizer is
used based on quinhydrone [1, 4] — quinhydrone
catalyst. It is obtained by oligomerization of benzo-
quinhydrone in an alkaline solution. The oxidation-
reducing properties of the quinhydrone catalyst are
very important for the process of the gases
purification from hydrogen sulfide. After all, during
the purification of gases in the absorbent solution
should be rapid oxidation of chemisorbed H,S by
quinhydrone catalyst to sulfur

H,S + Na,CO; < NaHS + NaHCO:;, (1)
NaHS + NaHCO; + {Q} =S + Na,COs;+ {Q}H,, (2)
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and then the quinhydrone catalyst should be quickly
regenerated by the air oxygen

{QiH,+ 20,= {Q} + H,0, 3)
where {Q} 1 {Q}H, — its oxidizing (quinone) and
reducing (hydroquinone) form, respectively.

The basic regularities of quinhydrone oligo-
merization were established earlier [4—6]. It is shown
that in the time of exposure of alkaline solution of
quinhydrone there is the formation of semiquinone
radicals, the growth of the polymer chain and the
transition of monomeric semiquinone radicals into
stable polysemiquinones. Oligomeric products, in
comparison with not oligomerized quinhydrone,
have higher selectivity relative to the oxidation of
chemosorbed H,S to sulfur, and have lower selec-
tivity to by-products such as sodium thiosulfate or
other sulfur compounds

2NaHS + 20, = Na,S,0;+ H,0. 4).

The output of oligomeric products is
influenced by the concentration of quinhydrone, the
exposure time, the presence of air oxygen, the type
of alkaline component (NaOH, NaHCO; and
Na,COs), its stoichiometric ratio to quinhydrone [4,
6]. The exposure time of the quinhydrone solution is
one of the most important factors. As shown by
studies [4], unstable semiquinones that formed at the
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initial moment of quinhydrone oligomerization can
interact with sodium sulfite or thiosulfate, which are
present in the absorbent solution and sulfonated
quinone compounds are formed. These compounds,
as compared to the unsubstituted ones, have a higher
oxidative-reduction potential (ORP), which reduces
the selectivity of H,S oxidation to sulfur.

For the processes of purification of vents
gases from the H,S, the quinhydrone catalyst is
obtained under the following conditions: the ratio of
molar concentration of alkali to quinhydrone 2:1, the
exposure time of solution with direct access of air
oxygen for 5 days. The resulting solution of the
catalyst is used to prepare the quinhydrone absorbent
solution of the composition, g/dm’: Na,CO; — 10,
quinhydrone — 5 and Na,S,0; — 200 [6]. However,
the above-described conditions for the oligome-
rization of quinhydrone do not always prevent the
formation of sulfonated quinone compounds, espe-
cially in quinhydrone solutions with elevated con-
centrations of components [7]. In addition, preli-
minary studies of the redox properties of the
quinhydrone catalyst solutions by the voltammetric
method showed [8] that the solution still does not
completely stabilize these properties after 5 days of
exposure.

Therefore, the purpose of the research was to
study the change of oxidation-reducing properties of
the concentrated solution of quinhydrone in the
exposure time during its oligomerization.

Materials and methods

To study the properties of compounds, which
have oxidative-reduction properties, electrochemical
methods are often used, namely the method of cyclic
voltammetry (CV) [9]. Investigation of the change of
oxidation-reducing properties of quinhydrone
carbonate solution was carried out in potentiody-
namic conditions by potentiostat PI-50-1.1. In this
case, the working and auxiliary electrodes were Pt,
and the comparison electrode was Ag/AgCl. The
working anode area was 0.84 cm”. Terms of re-
search: temperature 20 °C, sweep rate — 20 mV/s,
direction — to the anode side.

For preparation of the investigated solutions,
the quinhydrone was of chemically pure grade. The
solutions of quinhydrone (concentrations of quinhy-
drone 25 g/dm’ and sodium carbonate 50 g/dm’,
molar ratio of Na,COs to quinhydrone is 4:1) were
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obtained for 1, 5, 30 and more than 3000 days with
direct access of air and periodic stirring.

The alkalinity of the investigated solutions
was measured by pH-meter pH-373M. Infrared,
ultraviolet and visible spectroscopy techniques were
used to explain the changes of redox properties. IR
and UV spectra were obtained on the Specord M 80
and Specord M 40, respectively. The IR spectra of
quinhydrone were obtained in a KBr tablet, and
oligomer solutions in a thin, dried film on KBr glass.

Results and discussion

Determine the direction of potential sweep.

Characteristic CV curves of the quinhydrone
catalyst solution are shown in Fig. 1. The curves
show the following differences. In the investigated
limits of potentials, there is one anode peak on a
curve with sweep direction to the anode side and two
anode peaks on a curve with a sweep direction to the
cathode side. Potentials of peaks are different.
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Fig. 1. CV curves of a freshly prepared solution
of the quinhydrone catalyst: 1 — sweep direction
of potential to the anode side (1 cycle); 2 — sweep
direction to the cathode side (2 cycles)

On the curve with a sweep direction to the
anode side, there is one cathode peak at a potential of
~0.3 V. On the curve with the sweep direction to the
cathode side in Ist cycle, this peak is not present, but
it appears in 2nd cycle of this curve. The cathodic
peak is observed for practically the same potential,
but the values of the current of the cathode peaks are
different. The absence of a peak on the CV curve of
the Ist cycle indicates an anode activation of the
catalyst and/or the appearance of an “oxidic form”,
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which is then reduced on the cathode [9]. In existing
sources of literature, there is no mention of such
features of quinones solutions research [10—14]. It is
obvious that this “oxidic form” is semiquinone
radicals [11, 12]. All subsequent CV studies were
carried out with the sweep direction to the anode side
to account for the cathodic peak.

Effect of the exposure time of the solution

Characteristic curves of CV solutions during
their exposure are presented in Fig. 2. Results of
researching are summarized in Table 1.

As the results of the research have shown,
with the increase of the exposure time of the
quinhydrone solution, its pH is reduced from 10.3 to
9.4 and the ORP increases from -200 to -150 mV.
Such ORP of the catalyst solution and not high pH
will contribute to the selective oxidation of H,S to S.

The peaks the
corresponding recovery peaks (I,c) are observed on
the CV curves. The potentials of the oxidation peaks
(Epa) are shifted to the left, the currents of the
oxidation peaks decrease and fade with an increase

of oxidation (I,,) and

in the exposure time. In this case, the potentials of
the recovery peaks (E,) shifted to the right, while
the currents of the recovery peaks decrease,
however, after 30 days and up to ~ 8 years, they
remain at the level of 0.2...0.15 mA, which corres-
ponds to a current density of 0.024...0.018 A/dm’.
That the

immutable oxidizing properties, regardless of the

is, the quinhydrone solution shows

exposure time.
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Fig. 2. CV curves of quinhydrone solution
in the exposure time, days: 1 — 0 (1 hour);
2—-1;3-5;4-30; 5—~ 3000

70

In the solution of the obtaining catalyst for 30
and more days, the oxidation peaks disappearing
(within the limits of the potentials of 0.3...0.6 V),
which for the solution after exposure of 5 days is not
characteristic. Such solution will not demonstrate
reduction properties for potentials ~ V. The currents
peak on CV curves for ~1 V or more may obviously
be related to the release of O, in an alkaline solution.

In the process of exposure the solution,
obviously, there is oxidation of reducing forms of
oligomers. However, at 5 days of exposure in a solu-
tion with a concentration of quinhydrone 25 g/dm’,
compared to a solution of 5 g/dm’ [6], the recovery
forms of the catalyst are still present. As already
indicated, this may lead to the formation of
sulfonated quinone compounds [4]. Since the
intensification of oligomerization process through
the forced bubbling of air through the solution does
not completely replace the required exposure time
[6], then with increasing concentration of
quinhydrone in solution it is necessary to expose this
solution during 5...10 days for the complete
disappearance of reducing forms of the catalyst.

An important result of the research is that the
carbonate solution of quinhydrone has not lost its
oxidizing properties for 8 years and its biological
pollution has not occurred.

Investigation of UV and visible spectra

Dissolution of quinhydrone in aqueous
carbonate solution is accompanied by a color change.

First, the solution is brown with a gray-green
tint, and then becomes bright brown. The com-
parison of the quinhydrone spectra in aqueous and
carbonate solutions was performed because the
quinhydrone in carbonate solution subjected to the
oligomerization.

The comparison of the spectra of aqueous
solutions of quinhydrone (freshly prepared and 3
days after the beginning of dissolution) in the
ultraviolet and visible regions was showed that these
solutions are characterized in the UV region by a
absorption band with two maxima: n—n* electronic
transitions in 246 and 288 nm (intensity ratio 6:1).
These maxima correspond to electronic transitions in
the hydroquinone and quinone fragments. Then in
the visible region of the spectrum, only the slopes of
the fall-off band reach up to 600 nm inclusively
without a clearly expressed maximum.
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Table 1
Influence of the exposure time on the properties of the quinhydrone catalyst solution
No. Exposure time, days pH ROP, V Epe, V I, mA Epa V Ipa, mA
1 0 (1 hour) 10.30 -0.202 -0.305 4.46 1.088 8.32
2 1 10.10 -0.195 -0.264 3.11 0.929 7.98
3 5 9.45 -0.155 -0.185 0.54 0.320 2.39
4 30 9.41 -0.153 -0.120 0.18 - -
5 ~3000 9.40 -0.152 -0.116 0.16 - -

Two maximums also appear in the UV
spectrum of the freshly prepared carbonate solution
of quinhydrone, with the second maximum being
characterized by an increase in intensity (hyper
effect, intensity ratio 2:1) and some 4 nm
hypsohromic shift. This indicates an increase in the
proportion of quinone fragments in the oligomer. In
addition, in the visible region of the spectrum, in this
slow slump, a small shoulder appears in the range of
520-580 nm, which, obviously, causes the green-
gray tint of the color of the solution. This absorption
can be attributed to n—n* transitions in the
monoanion radicals of quinhydrone, the “initiators”
of the polymerization chain. Investigation of this
solution after 1 day of its exposure under air oxygen
present showed that the shoulder in the downward
range in the range of 520-580 nm disappears, but the
absorption band becomes more intense (hyper effect)
due to increasing the length of the chain. In the UV
region, there is one wide absorption maximum
within the range 250-290 nm, which corresponds to
the absorption of polysemiquinones. The solution of
the quinhydrone catalyst becomes bright brown and
then does not change its color.

Investigation of IR spectra

Investigation of infrared spectra of quinhydrone
and its carbonate solutions helped to study the process
of catalyst formation. The change in the ratio of the
quinone and hydroquinone components in the reaction
system was determined by the corresponding signals of
the carbonyl and hydroxyl groups.

In the IR spectra of the initial quinhydrone,
there is a highly intense narrow absorption band with
a maximum of 3248 cm™', which corresponds to the
hydroxyl group stretch. This kind of strip means that
there are no intermolecular hydrogen bonds in the
crystalline quinhydrone. Absorption is also present at
1632 cm™ (bond C=0), 1468 cm™ (C-C), 1256 and
1216 cm™ (C-0) [15].

IR spectra of solution of oligomeric products
of quinhydrone on 5th day of exposure are also
characterized by absorption bands of hydroxyl
groups and aromatic nucleus. However, they are
manifested in the form of wider signals, which can
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be explained by the formation of polycondensation
systems. In the wavelength range 3600-3000 cm’
(maximum at 3440-3300 cm™) there is an intensive
absorption band of stretch of the associated hydroxyl
groups, indicating the presence of strong inter- and
intra-molecular hydrogen bonds in the oligomer
product. The absorption band with a maximum at
1705-1710 cm™ can be attributed to the carbonyl
groups (C=0) stretch formed during of polymer-
rization and oxidative processes. The intensity of the
absorption band at 1472 cm™ has increased, which
corresponds to the C-C bond stretch.

The compound of the quinone and
hydroquinone fragments in the oligomerized product
is carried out by means of the C-C bond, but not by
the formation of the phenylene oxide (C-O) groups,
as the absorption band of the latter in the region of
1210-1260 cm™ is absent. The presence in the
macromolecule of condensed aromatic fragments
directly linked to the C-C bond with the quinone
causes a high degree of complementarity of the
macromolecules and provides the possibility of
electrons delocalization along the conjugated chain,
which provides the “softness” of the oxidizing
properties. These and other studies [4] give reason to
propose an approximate structure of the quinhydrone
catalyst in oxidizing and reducing forms (Fig. 3).

Fig. 3. Schematic structure of quinhydrone oligomers
(oxidizing (1) and reducing (1) forms, n=1...4)

Conclusions
The formation of a quinhydrone catalyst takes
place through the step of producing semiquinone
radicals, their gradual polymerization with the
formation of polysemiquinones and the growth of the
polymer chain, which is confirmed by voltammetry and
spectrophotometric methods of analysis. By the
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exposure time, the ORP of the quinhydrone solution
(concentration of quinhydrone 25 g/dm’ and sodium
carbonate 50 g/dm’) an increase from -200 to -150 mV
and pH — decrease from 10.3 to 9.4. In the atmosphere
of air, the reducing forms of a quinhydrone catalyst are
gradually oxidized, but this process is not completely
finished in 5 days. If the concentration of quinhydrone
in the solution (within 5..25 g/dm’) increases, it is
necessary to provide the exposure time 5...10 days for
the complete disappearance of reducing forms of the
catalyst. The oxidizing properties of the catalyst also
decrease by the exposure time. However, the
quinhydrone catalyst does not lose its oxidizing
properties during 8 years of exposure.
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A. B. Cmiozap', C. B. Xom’si”, 5. A. Kamumon'
Haunionanshuii yHiBepcutet “JIbBiBChKa MOMiTEXHIKA”,
' kadempa XiMii i TeXHOOriT HEOPraHiYHUX PEUOBHH,
? kahespa TeXHONMOTIT GONOri4HO AKTHBHHX CHONYK, (papMallii Ta Gi0TeXHOIOril

BILJIUB YACY EKCHO3MIIII HA 3MIHY BJJACTUBOCTEN KAPEOHATHOI'O PO3UHUHY XIHI'TJIPOHY
B MPOLHECI IPUT'OTYBAHHS XIHI'TITPOHHOI'O KATAJIIBATOPA

Metonamu ILIBA, T4 ta Y® cnexkrpockomii Aoc/igxeHO cOAOBi po3uMHHU XIHTIAPOHY mix 4ac ix
BHUCTOIOBAHHSI (excmo3umii) 3a moctymy mnoBiTpsi. Iloka3ano, mo B mnpoueci BUCTOIOBAHHSI PO3YMHY
Bin0yBaeTbcs oJiromepmsanisa XiHrigpony i 3MiHa §oro OKHCHO-BiTHOBHHMX BJacTHBOcTel. Y uyaci
BHCTOIOBAHHS PedOKC MOTeHIiaa po34MHiB 3pocTae, pH 3HMKY€TbCSI, 3SMEHIIYIOThCS i MOBHICTIO 3aracalTh
CTPYMH HiKiB OKMCHEHHs, 10 BKa3ye Ha cTalinizaniro BiacTuBocTeil ogiromepa. Beranosaeno, mo 3a yacy
BHCTOIOBAHHS NMOHAA 8 POKiB y po34YMHi XiHTIIPOHHOro KaTtaji3aTopa NMpHUCYTHi okHMcHi (opmmu, i Takumi
PO3YHH He BTPAYa€ OKMCHUX BJIACTUBOCTEH 11010 XeMOCOPOOBAHOI 0 CiPKOBOIHIO.

Ku1104oBi cj1oBa: XiHriapoH, kapOOHATHUH PO34YHH, 0JIiroMepu3auisi, yac eKcno3uuii, OKMCHO-BiTHOBHI

BJIACTHBOCTI.



