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Abstract

Establishing the features of acid-base and electrochemical behavior in “sulfur dioxide - 1,3,5-tris-(2-
hydroxyethyl)hexahydrotriazine - water” solutions is undoubtedly an actual and important task. A pH-, redox-, and
conductometric studies of protolytic equilibria were carried out for the solutions containing 1,3,5-tris-(2-
hydroxyethyl)hexahydrotriazine (TZ; the reaction product of monoethanolamine with formaldehyde interaction),
its protonated form (TZH+), N-(2-hydroxyethyl)aminomethanesulfonic acid (HEAMSA), and its anion, N-(2-
hydroxyethyl)aminomethane-sulfonate (HEAMS) at a constant total content of amine nitrogen 0.1 mol/L with
varying content of absorbed sulfur dioxide 0 < Qso.< 0.12 mol/L at temperature range 273-313 K. It was shown that
the addition of formaldehyde to solutions of “sulfur dioxide - monoethanolamine - water” leads to a decrease in
their pH by 0.09-4.75 units, which is obviuosly caused by the formation of HEAMSA. The symbiotic nature of the
change in ApH values with temperature (SOz:N < 1.0:2.0) is noted at the same content of components in the
solutions. Conductometry data indicate the association of free monoethanolamine, its ammonium sulfites and
hydrosulfites into less mobile TZ, TZH+*, HEAMSA and HEAMS-. Based on the developed mathematical model using
pH-metry data, the ion-molecular component composition of “sulfur dioxide - 1,3,5-tris-(2-
hydroxyethyl)hexahydrotriazine - water” solutions at 273-313 K was calculated. The concentration dependences
on the ionic strength of the solutions were obtained. The concentration constants of TZ protonation and HEAMSA
dissociation were estimated. It was shown that under the experimental conditions the thermodynamic dissociation
constant of HEAMSA is practically independent on temperature and is equal to 10.14 + 0.08. The obtained results
are recommended to be used in the development of effective chemisorbents of sulfur dioxide.

Key words: sulfur dioxide; monoethanolamine; formaldehyde; 1,3,5-tris-(2-hydroxyethyl)hexahydrotriazine; acid-base
interaction; specific electrical conductivity.
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AIOKCHU/J CIPKHU - 1,3,5-TPU-(TIAPOKCUETHUI)TEKCATIIPOTPUA3UH - BOJIA
Pycsan €. Xoma™!, AHacTaciga P. Kononuenko!, Bipa B. BegyTal,

Cepri#t B. Boasincekuiil, KoctsinTuH I. CeMeHoB?, Bacuib C. KoBTyH!, ZIMuTpo B. lllomunH2
100ecvkuili HayioHabHUll yHisepcumem iMmeHi I I. Meunukosa,e8ya. 3mienka Bcegosoda, 2, Odeca, 65082
2HayioHaabHull mexHivHull yHisepcumem «/JHinposcbka noaimexHika», np-m mumpa fAeopHuywvkozo, 19, [{Hinpo, 49005

AHoTanis

BcTaHOB/IEHHA 0COGJIMBOCTEN KHUCJIOTHO-OCHOBHOI Ta eJIEKTPOXiMiuHOI MOBeAiHKU B PO34YHUHAX «AIOKCHA CipKHU -
1,3,5-Tpuc-(2-rigzpoKcueTHI)reKkcariApoTpuasuH - Boja» € 6e3yMOBHO aKTya/JbHHUM 3aBAAHHAM. 3AilicHeHi pH-,
PeAoOKC- Ta KOHAYKTOMeTpUYHe BUBYEHHs NMPOTeOJiTUYHHUX PiBHOBAr y AOCAiJKYBaHHUX PO34YHMHAX 3a CyMapHOro
BMicTy amiHHoro a3sory B ckuaaji 1,3,5-tpic-(2-rizpokcuerun)rekcarigporpuasuny (TZ; nmpoaykTy B3aemoAii
MOHOeTaHoJIaMiHy i3 ¢opmaibgerigom), iioro mporoHoBaHoi ¢opmu (TZH+), N-(2-rizpokcueTmwi)amiHOMeTaH-
cynbpokucaoru (HEAMSA) ta N-(2-rigpokcuetnn)amiHoMmeTaH-cyibdoHaT iony (HEAMS™) 0.1 mosib//1 Ta 3a BMicTy
MOTrJTUHYTOT0 AioKcHAY cipku 0 < Qso.< 0.12 MoJb/1 B 0o61acti Temnepartyp 273-313 K. logaBaHHA popMaabieriay
A0 PO34YHUHIB «JiOKCUJ CIpDKH - MOHOETAHOJ/IaMiH - BOJa» NPU30AUTH A0 NoHMkKeHH ix pH Ha 0.09 + 4.75 oj., mo
O4YeBUJHO cnpuurHeHO yTBopeHHsM HEAMSA. BigmiyeHo cuM6aTHMU XxapakTep 3MiHM BesiMdMH ApH 3 Temme-
paTypolo 3a OAHAKOBOI'0 BMiCTy KOMIOHEHTIB y po34yuHax (SOz : N < 1.0 : 2.0). JlaHi KOHAYKTOMeTpii BKa3yl0Tb Ha
3B’A3yBaHHS BiJIbHOT0 MOHOETAaHOJIaMiHy, HOro aMoHi€BUX cy1b®iTiB Ta rigpocyib¢pitiB y MeHm1 pyxiausi TZ, TZH¢,
HEAMSA ta HEAMS-. Ha ocHOBi po3po6sieHOi MaTeMaTHYHOI MoJeJli 3 BUKOPHCTaHHAM gaHux pH-meTpii po3paxo-
BaHMIl HOH-MOJIEKY/JIAPHMHA KOMNOHEHTHUH CKJajA PpO34YMHIB «Aiokcua cipku - 1,3,5-Tpuc-(2-rizpokcueTini)
rekcarijporpuasus - Bojga» 3a 273-313 K. OTpuMaHi KOHIeHTpaLiiiHi 3a/71€2KHOCTi i0HHOI cliM po34MHiB. OLiHeHi
KOHLleHTPaLiiHi KOHCTaHTU NpOoTOHYBaHHA TZ Tta gucounianii HEAMSA. [Ioka3aHo, 0 B yMOBaX eKClIEpUMEHTY Tep-
MoAMHaMiyHa KoHcraHTa AMconianii HEAMSA mailxke He 3ajeXXKMTh BiJ TemnepaTypu i gopiBHioe 10.14 + 0.08.
OTpuMaHi pe3y/IbTaTH peKOMEHAY€EThCA BUKOPHUCTOBYBaTH MiJ, Yac po3po6KH epeKTUBHUX XeMOCOpGeHTiB SO2.
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Introduction

Scientific interest in N-derivatives of
aminomethanesulfonic acid (YAMSA),
particularly N-(2-
hydroxyethyl)aminomethanesulfonic acid
(HEAMSA), origins from their specific

physicochemical properties and a wide range of
pharmaceutical activities [1-14]. They are low-
toxic compounds having antimicrobial and
antiviral properties, synergistically enhancing the
antioxidant activity of quercetin [1;3-5],
potential components of electrolytes in vanadium
redox flow batteries [13]. YAMSA are also used as
components of Good's buffer solutions in
biological and biochemical studies [1; 2; 4; 6; 10],
calcium scale inhibitors [9], catalysts for effective
cellulose hydrolysis into glucose [14], etc. A
detailed overview of the applications of these
compounds is given in [1]. One of the methods for
synthesizing HEAMSA is the saturation of
aqueous solutions of 1,3,5-tris-(2-
hydroxyethyl)hexa-hydrotriazine, commonly
called triazine (TZ), with gaseous sulfur dioxide
[4]. To date, no researches aimed at studying the
mechanism of the indicated reaction have been
found in the literature, apart from the works of
our research group.

TZ is synthesized by reacting of
monoethanolamine (MEA) with formaldehyde at
a molar ratio of 1.0 : 1.0 [15; 16]. It is a biocide
used in lubricating and cooling fluids and paints
[17; 18], as well as an active component of liquid
H>S and alkyl mercaptan chemisorbents [19-23].
1,3,5-Triazines are used to obtain various forms
(polymeric, supported, etc.) of effective SO
chemisorbents [4; 24; 25].

However, there are no literature data on the
changes in acid-base and electrochemical
characteristics during the absorption of sulfur
dioxide by aqueous TZ solutions. These
properties depend on the ionic-molecular
composition of the solutions, the constants of the
dissociation processes occurring within them [4].
Therefore, the identification of the features of
acid-base and electrochemical behavior during
the SO; interaction with aqueos TZ solutions is,
undoubtedly, a relevant task. In this work, the
methods of pH-, redox- and conductometric
titration were used to investigate the interaction
of an aqueous solution of TZ with gaseous SO-.
These methods were successfully used for
establishing the ionic-molecular composition of
solutions "sulfur dioxide - N-containing organic
base - water" and calculating the formation

constants of ammonium sulfites, hydrosulfites
and pyrosulfites, as well as anion-molecular and
intermolecular (charge transfer) complexes [4;
26; 27].

Experimental part

Reagents monoethanolamine (MEA, “PA”
qualification) and paraform (“for synthesis”), as
well as gaseous SO; from a gas cylinder were
used without additional purification. As a
chemisorbent in this work, an aqueous solution
of TZ was used. It was obtained by the addition of
equimolar amount of paraform to an aqueous
0.1 mol/L solution of MEA at room temperature
[15].

The potentiometric measurements were
performed using an EV-74 universal ionometer
and a pH-150M pH meter. The accuracy of the
redox potential measurement for the EV-74 was
+ 1 mV. The accuracy of the pH measurement for
the pH-150M was # 0.02. Conductometric studies
were performed on a SensION5 conductometer
using the electrode for electrical conductivity
measuring Sension HACH 5197500.

For potentiometric titration of aqueous
solutions with sulfur dioxide a laboratory setup
[26] is used. The main element of the setup is a
cylindrical thermostated measuring cell, with the
top equipped with electrodes, a temperature
sensor and a device for bubbling SO,. In the
measuring cell, along with pneumatic mixing,
mechanical mixing is used, which ensures almost
perfect mixing of the reagents.

Gaseous sulfur dioxide is continuously
bubbled at a constant volume rate through a
thermostated cell containing 250 ml of model
solution. The volumetric flow rate of sulfur
dioxide is 8.0 ml/min. Under these conditions, a
bubbling mode is ensured, in which the mass
transfer coefficient between the gas and liquid
phases is sufficiently high. This achieves almost
complete interaction between the gas and the
absorbent.

Amount of SO, that has reacted with the
components of the sorption system is calculated
by the formula (1):

_ q- (Cgoz - Cgoz )
\Y

S

, (1

whereas Q is amount of SOz (mol/L); Vs is
solution ~volume, (ml); Cg, and C§p, are
concentrations of SO; in the gas phase before and
after the reaction, (mol/L); q is the volume of gas
(ml) passed through the cell during the
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experiment time 7. Provided that CSSOZ» Cfoz, Q

in the first approximation can be calculated by
the formula (2):

Q= _"Ve

V, Vi
whereas 7 is time of SO; passage through the
chemisorption system, min; vy is SO; volume
velocity, mL/min; V, - volume of chemisorption
solution, L; Vi is molar volume, L/mol (under
normal conditions Vi,(SO2) = 21,89 L/mol).

(2)

Results and discussion

pH-metry of “SO, - TZ - H,0” solutions

Fig. 1a shows the data of pH-metric titration of
an aqueous solution of TZ with gaseous sulfur
dioxide at temperature range 273+313 K. All pH

0.0
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Q(S02), mol/L

a

f(Qso,) curves have two jumps, which
correspond to the maxima on the differential
curves (Fig. 1b), except for 308 K. The first effects
on the integral curves occur at the stoichiometric
ratio SOz : N =1.0:15.0 (at 293, 308 and 313 K)
and 1.0 : 10.0 (at 273, 283 and 300 K); the second
ones occur at SOz : N = 2.0:3.0 at all studied
temperatures. In addition to the above, at 273 K,
a maximum is observed on the integral curve at
SO; : N = 1.0 : 5.0 (Fig.1a, curve 1), which
corresponds to a discontinuity of the second kind
on the differential curve (Fig. 1b, curve 1). On the
differential curve at 283 K (Fig. 1b, curve 2) an
additional minimum is observed at the same
stoichiometric ratio (1.0 : 5.0).
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Fig. 1. Integral (a) and differential (b) pH-metrictitration curves of aqueous
0.1 mol/L TZ solution with gaseous SO:

To identify the nature of the influence of
formaldehyde addition on the interaction in “SO
- MEA - H;0” solutions, comparative pH-metry
was carried out (Fig. 2) taking into account
previously published experimental data [4]. The
introduction of CH,0 into the above aqueous
solutions leads to a decrease in their pH by
0.09 +4.75 units. An increase in the SO, content
in TZ-based absorption solutions causes a
decrease in ApH, passing through local minima
corresponding to the first maxima on the
differential curves (Fig. 1b; Table1). Further
addition of sulfur dioxide leads to a gradual

increase in the values ApH, reaching maximum
values at SOz : N = 1.0 : 2.0 in a weakly alkaline
environment (pH 7.33+7.78) at 273+ 300 K
Further on, there is a sharp decrease in ApH
passing through a global minima corresponding
to local maxima on the differential curves.
Negative values of ApH could be explained by
the fact that the addition of formaldehyde to “SO:
- MEA - H;0” solutions causes the formation of
HEAMSA [4], which is actually a stronger acid in
the first degree of dissociation than SO, hydrate
(the so-called “sulfurous acid”) [4; 6]. There is a
symbiotic nature of the change in the values of
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ApH with temperature at the same content of
components in solutions (SO; : N < 1.0 : 2.0),

In this case, the parameters A; and B; (Table 2)
are related by a linear relationship (4).

which is described by equation (3), the Bi=-0.003151-4;T; R2=0.9990 (4)
parameters of eq.3 are given in Table 2. This Taking into account above equations (3)
indicates a decrease in the differentiating effect of and (4), we have an equation (5).
formaldehyde on the pH of “SO; - MEA - H,0” ApH = A; - 0.003151-4;-T; R2 = 0.9990 (5)
solutions with increasing temperature.
ApH = Ai + B,T (3)
Table 1
Characteristics of pH-metric titration curves of aqueous 0.1 mol /L TZ solution with gaseous SO:
Integral curve Differential curve Difference curve
Effect Qso,/Qw Shape pH Shape dpH/dpQso, Shape ApH
273K
I 1.0:10.0 jump 9.57 maximum 4.63 minimum -2.94
11 1.0:5.0 maximum 8.97 second kind - minimum -2.59
discontinuity
I1 2.0:7.0 - 8.70 minimum 1.31 - -2.43
W% 4.0:7.0 - 7.33 - 17.5 maximum -0.71
V 2.0:3.0 jump 2.99 maximum 115 minimum -4.67
283K
I 1.0:10.0 jump 9.45 maximum 3.20 minimum -2.12
11 1.0:5.0 - 9.06 minimum 0.50 plateau -1.90
I 1.0:2.0 - 7.78 - 10.9 maximum -0.34
1\ 2.0:3.0 jump 3.07 maximum 118 minimum -4.57
293K
I 1.0:15.0 jump 9.93 maximum 3.09 minimum -1.68
II 1.0:2.0 - 7.56 - 8.73 maximum -0.79
I11 2.0:3.0 jump 2.44 maximum 78.8 minimum -4.74
300K
I 1.0:10.0 jump 9.47 maximum 2.69 minimum -0.96
II 1.0:5.0 - 8.95 - 1.79 minimum -0.88
I11 1.0:2.0 - 7.51 - 131 maximum -1.03
1\% 2.0:3.0 jump 2.63 maximum 86.5 minimum -4.13
308K
I 1.0:15.0 jump 9.70 - 1.83
11 2.0:3.0 jump 3.03 maximum 102
313K
I 1.0:15.0 jump 9.62 - 1.75 - -0.28
11 2.0:3.0 jump 3.08 maximum 105 minimum -4.08
Concentration dependences A; = f(Qso,) are
described by the equations (4) and (5).
Ai=7.97 + 1847.4-Qso, - 67874(Qs0,)? (4)
(Qso, < 0.02 M); R2=0.9278; n = 11
A;=17.11 + 138.8-Qs0, - 4222.8(Qs0,)?
(0.02 <Qso,, < 0.0486 mol/L); (5)

R2=0.9704;n=11
Redoxmetry of “SO; - TZ - H20” solutions

The results of the redoxmetric study of the
interaction in the “SO2 - TZ - H20” solutions are
shown in Fig. 3, 4. When the amount of absorbed
sulfur dioxide by the studied TZ solution
increases to 0.06 mol/L, the redox potential
values increase in the entire range of studied
temperatures (Fig. 3a), except for 300 K (curve 5),
in contrast to  published results for
ethanolamines solutions [4].

5.0 I | ” | I

0 002 004 0.06 0.08 0.1

Q(S02), mol/L
Fig. 2. Comparative pH-metry of “SOz - TZ - H20” (a) and
“S02 - NH2CH2CH20H - H20” (b) [4] solutions. ApH = pHa
-pHb. T (K): 273 -1; 283 -2;293-3;300-4;313 -5
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Table 2
Equation (3) parameters.n =5
Qso,, mol/L -Ai Bi R2
0.00286 12.941 0.0411 0.9441
0.00429 15.055 0.0481 0.9580
0.00572 15.734 0.0497 0.9451
0.00715 16.951 0.0533 0.9309
0.00858 18.427 0.0580 0.9556
0.01001 20.193 0.0637 0.9813
0.01144 20.764 0.0655 0.9856
0.01287 21.109 0.0667 0.9825
0.01430 20.885 0.0661 0.9769
0.01716 18.130 0.0570 0.9682
0.02002 18.334 0.0577 0.9733
0.02288 18.301 0.0576 0.9637
0.02574 17.705 0.0556 0.9578
0.02860 17.303 0.0543 0.9599
0.03146 17.015 0.0534 0.9612
0.03432 16.813 0.0528 0.9623
0.03718 16.604 0.0521 0.9634
0.04004 16.231 0.0510 0.9641
0.04290 15.569 0.0489 0.9734
0.04576 14.702 0.0462 0.9743
0.04862 13.501 0.0426 0.9180

On the integral redoxmetric titration curves there
are two jumps at 273 and 283 K (Fig. 3a; Table 3)
at the same SO; : N ratios same to the jumps on
the integral pH-metric curves (Fig. 1a; Table 1).
At other temperatures (293 + 313 K) only one
jump on the integral redoxmetric curves is
observed. In addition to the above, the curves

E, mV
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0 —x— 4
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-100
-200
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0 0.02 0.04 0.06 0.08 0.1
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a

under discussion additionally contain inflections,
plateaus, discontinuities of the second kind, as
well as extrema (minima and maxima). These
effects correspond to extrema and breaks on the
corresponding differential redoxmetric curves
(Fig. 3b; Table 3), as well as to mostly the same
effects on the difference curves (Fig. 4; Table 3).
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Fig. 3. Integral (a) and differential (b) redoxmetric titration curves of aqueous
0.1 mol/L TZ solution with gaseous SO:
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Characteristics of redoxmetric titration curves of aqueous 0.1 mol /L TZ solution with gaseous SO

0 0.02

0.04 0.06 0.08 0.1
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Fig. 4. Comparative redoxmetry of “SOz - TZ - H20" (a)
and “SO2 - NH2CH2CHz0H - H20" (b) [4] solutions. AE =

T (K): 273 - 1; 293 -2; 300 - 3; 313 - 4

Table 3

Effect Integral curve Differential curve Difference curve
Qs0,/Qn Shape E, mV Shape dE/dpQso,, mV Shape AE, mV
273K
I 1.0:8.0 jump -195 maximum -340 jump -210
11 1.0:4.0 inflection -90 minimum -100 - -145
111 0.46 plateau -85 maximum -660 plateau -65
IV 1.0:2.0 inflection 150 minimum 0 inflection -60
Vv 2.0:3.0 jump 150 minimum -4700 jump 130
283K
| 1.0:10.0 inflection -190 maximum -149
11 1.0:8.0 inflection 20 minimum -20
111 1.0:2.0 jump 245 minimum -1813
\ 2.0:3.0 jump 245 minimum -2274
293K
I 1.0:10.0 inflection 125 minimum -175 inflection -255
11 1.0:2.0 jump 250 minimum -2950 jump 155
111 3.0:5.0 plateau 240 minimum -3890 plateau 280
3% 3.0:4.0 minimum 240 minimum -128 inflection 290
300K
I 1.0:2.0 jump 250 minimum -6540 jump 0
II 2.0:3.0 maximum 250 minimum -2832 plateau 229
308K
I 1.0:4.0 second kind 225 inflection -143
discontinuity
11 1.0:2.0 jump 225 minimum -2808
313K
I 1.0:10.0 minimum 245 inflection -63 minimum -335
11 1.0:2.0 jump 25 inflection -1087 jump 0
111 3.0:5.0 plateau 200 minimum -7534 plateau 165

Conductometry of “SO; - TZ - H,0” solutions

Data on the conductometric study of the electrochemical properties of “SO, - TZ - H,0” solutions
are shown in Fig. 5.
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On the curves of k = f{Qso,) functions at

temperatures of 273 and 293 K (Fig. 5a, curves 1
and 3; Table 4) only one inflection is observed,
whereas at the other temperatures (Fig. 5q,
curves 2, 4, 5; Table 4) there are two inflections.
At temperature range 283+313 K throughout all
the studied amounts of Qso, at 273 K and ratio

(SOz: N <1,0:2,0) Ak (Fig. 5b) acquires negative

A, §/m

0.8
0.4
0.0 gy
-0.4

-0.8

1.2 1 1 1 1 1
0 0.02 004 006 008 01
Q(S02), mol/L

b

Fig. 5. Conductometric titration curves of aqueous 0.1
mol /L TZ solutions with gaseous SO2.
Ak =k (S02-TZ-H20) - k (TZ-Hz0) - k (SO2-H20)
Ax’ =k (SO2- TZ-H20) - «(SO2-MEA-H20)
T (K): 273 -1; 283 -2; 293 - 3; 300 - 4;308 -5; 313 - 6

values, which are associated with the formation
of weakly dissociated compounds in the studied
solutions. On the curves of Ak = f{Qso,) (Fig. 4b)

in the temperature range 283+300 K new effects
(breaks, maxima and minima) appear, which are
not observed on the « = f{Qso,) dependencies.
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Table 4
Characteristics of conductometric titration curves of aqueous 0.1 mol /L TZ solution with gaseous SO 2
Effect Qso,/Qn K =f(Qso0,) Ax = f{Qso,) Ax' = flQso0,)
Shape K, S/m Shape Ak, S/m Shape Ax', S/m
273 K
I 1.0:4.0 - 0.30 minimum -0.11 inflection 0.07
11 5.0:11.0 — 0.63 inflection -0.03 — 0.25
111 1.0: 2.0 — 0.70 inflection -0.01 maximum 0.29
1\% 3.0:5.0 inflection 0.77 inflection 0 minimum 0.27
283 K
I 1.0:10.0 — 0.038 maximum 0 inflection -0.079
I 2.0:5.0 inflection 0.203 — -0.255 minimum -0.313
111 1.0:2.0 - 0.239 inflection -0.312 - -0.271
1A% 3.0:5.0 - 0.269 - -0.399 inflection -0.235
\'% 6.0:8.0 inflection 0.310 minimum -0.488 inflection 0.256
VI 6.0:7.0 - 0.695 - -0.180 inflection 0.539
293 K
I 1.0:5.0 — 0.100 inflection -0.259 inflection -0.049
II 1.0:3.0 — 0.131 - -0.360 inflection -0.174
111 4.0:7.0 inflection 0.222 minimum -0.607 minimum -0.314
1A% 2.0:3.0 — 0.370 - -0.516 inflection -0.050
\Y 6.0:7.0 — 0.590 maximum -0.493 — 0.050
300K
I 1.0:3.0 — 0.282 minimum -0.557 minimum -0.009
I1 2.0:5.0 inflection 0.370 - -0.542 inflection -0.005
111 3.0:5.0 inflection 0.530 - -0.652 inflection 0
v 2.0:3.0 — 0.540 minimum -0.673 inflection 0.035
\'% 6.0:8.0 - 0.840 maximum -0.483 inflection 0.340
313K
I 1.0:4.0 - 0.135 - -0.300 inflection -0.115
11 2.0:5.0 inflection 0.226 - -0.420 inflection -0.163
111 3.0:5.0 — 0.309 - -0.560 inflection -0.155
v 6.0:8.0 inflection 0.365 inflection -0.635 — 0.162
\% 6.0:7.0 — 0.644 - -0.700 inflection 0.319
Negative values of Ax’, characterizing the lower mobility than the ionic components of the

effect of formaldehyde addition on the
electrochemical  properties of  “SO, -
NH,CH,CH,0H - H0” solutions at SO;:N <

2/0:3/0 and 283 + 313 K (Fig. 5¢), indicate the
binding of free monoethanolamine, its
ammonium sulfites and hydrosulfites to TZ,
protonated TZ (TZH+*), HEAMSA and N-(2-
hydroxyethyl)amino-methanesulfonate

(HEAMS™). The last three are characterized by

system “S0; - NH,CH,CH,OH - H;0”. Positive
values of Ax’ are obviously caused by the
dissociation of HEAMSA.

Composition of “SO; - TZ - H20” solutions

Based on the above potentiometric and
conductometric studies, as well as known
literature data [1; 4-8; 26-29] it can be stated that
the following processes (8) - (16) are realized in
the studied “SO; - TZ - H20” solutions.

|
N
3mYNH: + 3(CH20)m —22— r ﬁ +3mH20 (8)
N N
v N Ny
Y = CH2CH20H
\|( Y
N !
Kb 9
r w o r w o ()
N N N NH*
v T Dy v N Ny
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S0 2 SO3 (10)

SO3 + H20 2 SO2-H20 (11)
K1

S02-H20 > H* + HSO3 (12)
K*

2HSO; ~ S,0% +H20 (13)
K2

HSO; > H*+ SO% (14)

where SO$ and SO} is sulfur dioxide in the gas phase and dissolved in water respectively [4].

T
N 0
r W +380, + 3H,0 — 3 Y\N/\S// (15)
H.,* / -
N N 2 / o
Y/ \/ \Y 0
0 K Y //O
Y\N/\S// + H,0 — \N/\S + OHg” (16)

H N
H,* 0// o O// 0

The material balance for S and N is described
by equations (17) and (18), respectively. The
condition of electroneutrality has the form (19).

Qs = [SO2-H20] + [HSO3 ] + 2[S,0% ] +
+[SO3™] + [HEAMSA] + [HEAMS ]

Qu = 3-[TZ] + 3-[TZH*] + [HEAMSA] +
+[HEAMS]

[HSO3] +2[S,05"]+2[S05 ]+
N, %

(17)
(18)

(19)

80

60

40

+ [HEAMS™] + [OH™] = [H30*] + [TZH"]

The solution of the system of mathematical
equations (17-19) using the pH-metric titration
data (Fig. 1a) allowed us to establish the
component (ionic and molecular) composition of
the chemical system “S0,-TZ-H,0” (for example,
Fig. 6), analogously to [4].

0,06

0,08
Q(S0O2), mol/L

Fig. 6. Ratio of various forms of components in “SOz - TZ - H20" solutions as a function of Qso, at 293 K. Ni - mole

fraction N1 = [HEAMSA]/Qs, N2 = 3[TZ]/Qn, N3 = [HEAMSA] /Qn, N4 = 3[TZH*]/Qn,
Ns = [HEAMS]/Qs, N6 = [HEAMS-]/Qn.
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According to Fig. 6, an increase in the amount
of absorbed SO (from 4.3-10-3 to 5.0-10-2 mol/L)
causes an increase in the molar fractions of
HEAMSA (curve 3) and HEAMS™ (curve 6) relative
to the total nitrogen content. It is observed due to
the acid-catalyzed hydrolytic decomposition of
TZ (curve 2; equation 13). In this case,
protonation of TZ occurs (reaction 7) with the
formation of TZH* (curve 4). The accumulation of
H30* ions (Fig. 1, curve 4) occurs due to
dissociation of the zwitterionic form HEAMSA
(Fig. 6, curve 1; reaction 14) with the formation
of the anionic form HEAMS- (curves 5 and 6).
Further introduction of SO, (from 5.0-10-2 to
8.3-10-2 M) leads to the transformation of the
protonated form TZH+ (curve 4) into HEAMSA
(curve 3) and HEAMS™ (curves 5 and 6).

In this case, the maxima on the curves

TZH+/Qn = f{Qso,), [HEAMS']/Qs = f(Qso,) and
[HEAMS]/Qn = f{Qso,) (curves 4-6, respectively)
and minima on the curves [HEAMSA]/Qs = f{Qso,)
and [HEAMSA]/Qn = flQso,) (curves 1 and 3,
respectively) correspond to the stoichiometric
ratio SOz : TZ = 1.0 : 2.0, which is reflected in the

pH-, redox- and conductometric data (Fig. 1-4;
Tables 1-3). The minima on the curves

[HEAMS]/Qs = flQso,) and [HEAMS™]/Qn = f{Qs0,)
(curves 5 and 6, respectively) and the maximum
on the curve [HEAMSA]/Qs = f{Qso,) (curve 1)

correspond to SO;:TZ = 4.0:7.0, which is
accompanied by corresponding effects on the
conductometric curves (Fig. 4; Table 4).

The ionic strength (n, M) of the solutions was
calculated by the following formula (20).

+[HSO3] + 4[S,05 ] + 4-[505 ] +
+[HEAMS™] + 4-[HEAMSA]

In this case concentration dependence
1 = flQso,) in the range 0.02 < Qso,< 0.05 mol/L is

described by equation (21), the parameters of
which are given below in Table 5.
u =4+ Bi-Qso, + Ci(Qso,)? (21)
Also, the parameters of equation (21) are
interconnected by linear dependencies (22) and
(23).
Bi=0.0970 - 96.04-4;;
R2=0.9879;n=6
0.8869 + 1321.5-4;
R2=0.9507;n=6 (23)
Using the obtained data, the pKy values of TZ
(equation 7) and pK, values of HEAMSA
(equation 14; Table 5) were calculated. The
temperature dependence of pKy,(TZ) on the
temperature in the range of 273 + 300 K is
described by equation (24).
pKy, = -4.00 + 2958.8/T ; (24)
R2=0.9523;n=4
It should be noted that under the experimental
conditions of [23] pKy(TZ) is equal to 6.43 at
298 K.
The concentration dependences of
pK«(HEAMSA) on the ionic strength in the range
of 0.02 < Qso, < 0.05 mol/L are described by

equation (25), corresponding parameters are
given in Table 5.
pKo.(HEAMSA) = A; + B;i-p. (25)
According to the calculated results, the values
of A; constants in equation (25) practically do not
depend on the temperature and are equal to
10.14 + 0.08.

(22)

Ci

i = %([H30+] + [OH] + [TZH+] + (20)
Table 5
pKb values and parameters of equations (21) and (25)
T, K pKv(TZ) Equation (21) Equation (25)
Air103 Bi-102 Ci R2 Ai Bi R2

273 6.89 0.578 8.24 0.541 0.9961 10.06 -235.1 0.9944
283 6.33 1.001 -0.214 1.972 0.9996 10.24 -277.5 0.9996
293 6.19 2.691 -15.58 5.101 0.9958 10.09 -295.8 0.9968
300 5.84 0.347 3.72 1.898 0.9992 10.10 -271.6 0.9979
308 6.06 2.686 -17.48 4.326 0.9936 10.14 -392.8 0.9835
313 5.19 -3.18 39.91 -3.068 0.9984 10.22 -276.7 0.9177

Conclusions formaldehyde addition to “SO, - NH,CH,CH,O0H -

The influence of the amount of absorbed
sulfur dioxide and temperature on the ion-
molecular composition of “S0, - TZ - H;0”
solutions, their ionic strength, and
electrochemical behavior has been determined.
The composition of compounds formed during
the chemisorption of SO; by an 0.1 mol/L aq.TZ
solution has been identified. It was shown that

H,0” solutions leads to a decrease in the specific
electrical conductivity of the system due to the
formation of less mobile compounds. Further, a
more detailed study of the mechanism of sulfur
dioxide chemisorption by aqueous solutions of
1,3,5-triazines is planned. The obtained results
are recommended for use in the development of
effective sulfur dioxide chemisorbents.
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