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Interaction in the systems «sulfur(IV) oxide–2-hydroxypropylamine (MiPA)–water» and

«sulfur(IV) oxide–MiPA–paraform–water» leads to the formation of

2-hydroxypropylammonium sulfite [CH3CH(OH)CH2NH 3]2SO 3 (I) and

N-(2-hydroxypropyl)aminomethanesulfonic acid CH3CH(OH)CH2N
+H2CH2SO3

– (II),

respectively. These compounds, upon independent recrystallization from aqueous solution,

are transformed into 2-hydroxypropylammonium sulfate [CH3CH(OH)CH2NH3]2SO4

(III) as a result of hydrolytic transformations. The obtained products were characterized

by the methods of elemental and X-ray structural analysis, IR, Raman, 1H and 13C NMR

spectroscopy, and mass spectrometry. Compound III crystallizes in triclinic class (space

group P-1, a=9.0753(8) Å , b=10.3038(7) Å , c=13.6845(14) Å , α=99.491(7)0, β=94.712(8)0,

γ=90.119(7)0, V=1257.7(2) Å 3, Z=4). The IR spectrum of salt I shows the valence vibrations

of ν(SO) sulfite anion (ν1 and ν3), represented by bands at 912 and 954 cm–1, respectively.

The vibration δs (ν2) of SO3
2– ion is observed in the IR spectrum as relatively intense

bands at 610 and 621 cm–1. In the IR spectrum of compound II, the vibrations νas(SO2)

appear as a doublet at 1234 and 1208 cm–1; νs(SO2) is represented by a multiplet of lines

in the 1180–1030 cm–1 region. Upon attempted recrystallization from aqueous solution,

the ammonium sulfite salt MiPA (I) undergoes hydrolytic sulfoxidation, converting into

the corresponding sulfate III. Similarly, the N-alkylated AMSA derivative II is oxidized

via a hydrolytic redox process to sulfate III as well.

Keywords: sulfur dioxide, 2-hydroxypropylamine, ammonium sulfite, ammonium sulfate,

condensation, sulfoxidation, spectral characteristics.
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Introduction
Ethanolamines are precursors of protic ionic

liquids [1], enabling the development of low-toxic,
bioavailable compounds aligned with green chemistry
principles. They are widely used in chemisorption

processes to capture acidic gases (CO2, SO2, etc.)
[2–4], and serve as potential vitrifying agents for long-
term cryopreservation of biological tissues and organs
[5].

Elucidation of the structure and physicochemical
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properties of the interaction products in the systems
SO2–RNH2–H2O, SO2–RNH2–H2O–O2, and
SO2–RNH2–CH2O–H2O provides a foundation for
developing theoretical principles for the a priori
selection of sulfur(IV)  dioxide chemisorbents and
the search for new biologically active N,S-containing
compounds [4,6].

In this study, 2-hydroxypropylamine (MiPA)
was selected as a model ethanolamine. The synthesis
and identification of the interaction products in the
systems «sulfur(IV) dioxide–MiPA–water» and
«sulfur(IV) dioxide–MiPA–formaldehyde–water» are
described. These include the novel compounds
2-hydroxypropylammonium sulfite (I) and
N-(2-hydroxypropyl)aminomethanesulfonic acid (II),
respectively, as well as the product of their independent
recrystallization from aqueous solution –
2-hydroxypropylammonium sulfate (III).

Experimental

N-(2-hydroxypropyl)ammonium sulfite (I)
A solution of MiPA (0.02 mol) in 30 ml of

water was poured into a thermostated cell (200Ñ) and
SO2 was bubbled through it at a rate of 50 ml/min–1

for 45 min (pH≤1.0; t=200Ñ). The resulting solution
was kept at room temperature in air until water was
completely removed. The isolated white crystalline
product I (2.30 g, yield 99.01%) was used without
further purification.

Found, %: C 31.25; H 8.84; N 12.19; S 14.21.
C6H20N2O5S. Calculated, %: C 31.02; H 8.68; N
12.06; S 13.80. M 232.30.

MS EI I: [MMiPA]
+ (m/z 75, I, 13%);

[SO2]
+ (m/z 64, I, 100%); [SO]+ (m/z 48, I, 67%);

[C2H5O]+ (m/z 45, I, 41%); [MMiPA–CH2OH]+

(m/z 44, I, 12%); [MMiPA–CH2OH–H]+ (m/z 43, I,
49%); m/z 42, I, 38%; [MMiPA–NH3–H2O]+

(m/z 40, I, 19%); [S]+ (m/z 32, I, 82%).
IR I [ν, cm–1]: 3370–3322 br.w.,

3220–3207 br.m., 3036 br.m. [ν(ÎH), νas,s( 3HN

+
)];

2985 s., 2962 s., 2927 s., 2870 s., 2823–2811 br.s.
[ν(ÑH3), ν(ÑH2), ν(ÑH)]; 1615 m. [δas( 3HN

+
)];

1521 s. [δs( 3HN

+
)]; 1454 sh., 1403 w. [δ(ÑH2), δ(ÑH3)];

1206 sh., 1189 sh. [g(
3HN

+
)]; 1153 w., 1120 sh.

[ν(ÑÎ), γ(CH3)]; 1090 s., 1058 s., 1023 s. [δ(ÑÎH),
ν(ÑN), γ(CH3), γ( 3HN

+
), ν(ÑC)as]; 1007 s. [γ(CH3),

g(
3HN

+
)]; 954 w. [γ(CH2), ν3( −2

3SO )]; 912 s. [ω(
3HN

+
),

ν1(
−2

3
SO )]; 876 s., 836 s. [γ(CH3), ω(

3HN

+
), γ(CH2)];

680 s. [δ(ÑCO)s]; 665 s., 621 w. [δ(ÑCO)s, ν2( −2
3SO )];

564 s., 519 m. [δ(ÑCO)as]; 505 sh. [τ(HOCC),
ν4( −2

3SO )]; 478 s., 435 s. [δ(ÑCO)s, ν4( −2
3SO )]; 413 w.

[δ(ÑCO)as,s].
Raman spectrum I [ν, cm–1]: 3349 w, 3322 w,

3315 w., 3311 w., 3304 w., 3281 w., 3270 w.,
3251 w., 3237 w., 3227 w., 3224 w., 3210 w., 3006 s.

[ν(ÎH), νas,s( 3HN

+
)]; 2991 s., 2968 s., 2935 s.,

2916 s., 2877 m. [ν(ÑH3), ν(ÑH2), ν(ÑH)]; 1616 w.
[δas( 3HN

+
)]; 1515 w. [δs( 3HN

+
)]; 1452 w., 1408 w.

[δ(ÑH2), δ(ÑH3)]; 1213 w. [δ(
3HN

+
)]; 1157 w.,

1127 m., 1116 m. [ν(ÑÎ), γ(CH3)]; 1096 m.,
1067 w., 1036 s. [δ(ÑÎH), ν(ÑN), γCH3)]; 1004 s.
[γ(CH3), γ( 3HN

+
)]; 962 w. [γ(CH2), ν3( −2

3
SO )];

922 m., 882 w. [ω(
3HN

+
), ν1( −2

3
SO )]; 846 m., 826 m.

[γ(CH3), ω(
3HN

+
), γ(CH2)]; 653 w., 631 w., 624 w.

[δ(ÑCO)s, ν2( −2
3

SO )]; 691 m. [δ(ÑCO)s]; 570 m.,
525 m. [δ(ÑCO)as]; 487 m., 441 m. [δ(ÑCO)s,
ν4( −2

3
SO )].

N-(2-hydroxypropyl)aminomethanesulfonic acid
(II)

Paraformaldehyde was added to 25 ml of an
aqueous solution containing 0.01 mol of MiPA in an
equimolar ratio while cooling (t≤100C) and left for
24 h; SO2 was bubbled through the resulting solution
to pH≤1.0, followed by keeping the reaction mixture
at room temperature until the water evaporated
completely. White crystalline product II (1.65 g, yield
97.52%) was isolated, which was used without further
purification. The structure of the obtained product
was confirmed by various physicochemical methods.

Found, %: C 28.12; H 6.33; N 8.45; S 18.64.
C4H11NO4S. Calculated, %: C 28.40; H 6.55; N 8.28;
S 18.95. Ì 169.20.

MS EI: II: [SO2]
+ (m/z 64, I, 100%);

[M–SO3–CH2–NH3]
+ (m/z 58, I, 13%); [M–SO3–

CH2–NH3–H]+ (m/z 57, I, 19%); [SO]+ (m/z 48, I,
48%); [C2H5O]+ (m/z 45, I, 16%); [MMiPA–CH2OH]+

(m/z 44, I, 31%); [MMiPA–CH2OH–H]+ (m/z 43, I,
91%); m/z 42, I, 46%; [M–SO3–NH3–CH2OH]+

(m/z 41, I, 21%);
MS FAB II: [M]+ (m/z 169, I, 9%); [M–H]+

(m/z 168, I, 11%); [M–NH3]
+ (m/z 152, I, 10%);

[M–H 2O–2H]+ (m/z 149, I, 12%);
[M–CH2OH+H]+ (m/z 139, I, 8%); [M–CH2OH]+

(m/z 138, I, 26%); [M–CH2OH–H]+ (m/z 137, I,
50%); [M–CH2OH–2H]+ (m/z 136, I, 50%);
[M–SO–H]+ (m/z 120, I, 9%); [M–SO2+H]+

(m/z 106, I, 22%); [M–SO2]
+ (m/z 105, I, 7%);

[M–SO2–H]+ (m/z 104, I, 17%); [M–MiPA]+

(m/z 94, I, 9%); [M–SO3+H]+ (m/z 90, I, 19%);
[M–SO3]

+ (m/z 89, I, 19%); [M–SO3–H]+

(m/z 88, I, 32%); [SO3]
+ (m/z 80, I, 13%);

[MMiPA+2H]+ (m/z 77, I, 15%); [MMiPA+H]+

(m/z 76, I, 32%); m/z 69, I, 11%; m/z 68, I, 10%;
[SO 2]

+ (m/z 64, I, 9%); m/z 63, I, 13%;
[M–SO 3–CH2–NH3–H]+ (m/z 57, I, 9%);
[M–SO3–NH3–CH2OH]+ (m/z 41, I, 16%);
[M–SO3–NH3–CH2OH–H]+ (m/z 40, I, 14%);
[M–SO3–NH3–CH2OH–2H]+ (m/z 39, I, 20%).
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IR II [ν, cm–1]: 3413 s., 3168 sh., 3076 s.,
3026 s. [ν(ÎH), νas,s( 2HN

+
)]; 2994 s., 2975 s.,

2936 sh., 2889 s., 2836 s. [ν(ÑH3), ν(ÑH2), ν(ÑH)];
1625 sh., 1583 s. δas,s( 2HN

+
); 1463 m., 1457 m.,

1448 m., 1431 w. [δ(ÑH2), δ(ÑH3)]; 1271 s. [δ(COH)];
1234 s. [δ(COH), νas(SÎ2)]; 1208 s. [g(

2HN
+

),
νas(SÎ2)]; 1180 s., 1136 s., 1116 m. [γ(

2HN
+

), ν(ÑÎ),
γ(CH3)]; 1091 s. [ν(ÑN), δ(ÑOH), νs(SÎ2)]; 1063 s.
[γ(CH3), γ( 2HN

+
), νs(SÎ2)]; 1050 w., 1030 s. [ν(ÑC)as,

γ(CH3), ν(ÑN), s(SÎ2)]; 937 w. [γ(CH2), ω(NH2)];
917 m. [γ(CH3), ω(

2HN
+

)]; 805 m. [γ(CH2)]; 778 m.
[ν(ÑC) s]; 624 m. [δ(ÑCO)s]; 551 s., 547 s.
[ν(S–Î)]; 529 w., 517 sh. [δ(ÑCO)as]; 482 m.,
457 sh., 442 w. [τ(HOCC), δ(ÑCO)s], 413 w.
[δ(ÑCO)as].

N-(2-hydroxypropyl)ammonium sulfate (III)
When attempting to recrystallize compound I

(2.30 g) from an aqueous solution (30 ml), a white
crystalline product III was isolated (2.44 g, yield
99.25%).

Found, %: C 28.91; H 8.21; N 11.15; S 13.14.
C6H20N2O6S. Calculated, %: C 29.02; H 8.12; N
11.28; S 12.91. M 248.29.

MS EI III: [MMiPA]
+ (m/z 75, I, 8%); [SO2]

+

(m/z 64, I, 87%); [SO]+ (m/z 48, I, 80%); [C2H5O]+

(m/z 45, I, 29%); [MMiPA–CH2OH]+ (m/z 44, I,
17%); [MMiPA–CH2OH–H]+ (m/z 43, I, 34%);
m/z 42, I, 30%; [MMiPA–NH3–H2O+H]+ (m/z 41, I,
10%); [S]+ (m/z 32, I, 100%).

IR III [ν, cm–1]: 3375–3309 sh., 3219 sh.,
3045 w., 3033 br.m. [ν(ÎH), νas,s( 3HN

+
)]; 2985 sh.,

2963 w., 2928 s., 2870 sh. [ν(ÑH3), ν(ÑH2), ν(ÑH)];
1615 m. [δas( 3HN

+
)]; 1522 m. [δs( 3HN

+
)]; 1458 w.,

1446 w., 1441 w., 1403 w. [δ(ÑH2), δ(ÑH3)];
1235 sh. [g(

3HN
+

)]; 1153 sh. [ν(ÑÎ)]; 1120 sh.
[γ(CH3), ν3( −2

4SO )]; 1087 s., 1056 s., 1022 s. [δ(ÑÎH),
ν(ÑN), γ(CH3), γ( 3HN

+
), ν(ÑC)as]; 1006 s. [γ(CH3)];

986 m. [γ(
3HN

+
), ν1( −2

4SO )]; 956 w. [γ(CH2)]; 914 s.
[ω(

3HN
+

)]; 877 s., 837 s. [γ(CH3), ω(
3HN

+
), γ(CH2)];

681 s., 610 w. [ν4( −2
4SO ), δ(ÑCO)s]; 564 s., 519 m.

[δ(ÑCO)as]; 505 sh. [τ(HOCC)]; 478 s. [δ(ÑCO)s];
436 sh., 433 m. [ν2( −2

4SO )]; 416 w., 409 w.
[δ(ÑCO)as,s].

Raman spectrum III [ν, cm–1]: 3344 w., 3315
w., 3310 w., 3303 w., 3279 w., 3269 w., 3246 w.,
3238 w., 3201 w., 3001 m. [ν(ÎH), νas,s( 3HN

+
)]; 2985

m., 2965 s., 2931 s., 2905 s. [ν(ÑH3), ν(ÑH2), ν(ÑH)];
1616 w. [δas( 3HN

+
)]; 1508 w. [δs( 3HN

+
)]; 1446 w.

[δ(ÑH2), δ(ÑH3)]; 1205 w., 1192 w. [γ(
3HN

+
)]; 1150

w. [ν(ÑÎ)]; 1111 m. [γ(CH3), ν3( −2
4SO )]; 1087 m.,

1027 s., 997 m. [δ(ÑÎH), ν(ÑN), γ(CH3), γ( 3HN
+

),
ν(ÑC)as]; 971 s. [g(CH2), ν1( −2

4SO )]; 916 m. [ω(
3HN

+
)];

874 w., 839 w., 818 m. [γ(CH3), ω(
3HN

+
), γ(CH2)];

682 m., 648 w., 623 w. [ν4( −2
4SO ), δ(ÑCO)s]; 560 m.,

514 m. [δ(ÑCO)as]; 477 m., 434 m. [δ(ÑCO)s,
ν2( −2

4SO )].
Elemental analysis of carbon, hydrogen, and 

nitrogen was performed using a CHN elemental 
analyzer, while sulfur content was determined using 
the Schöniger method, as described in [7]. IR 
absorption spectra were recorded on a Spectrum BX 
II FT-IR System spectrophotometer (Perkin-Elmer) 
in the 4000–350 cm–1 range, with samples prepared 
as KBr pellets. Raman spectra were obtained using a 
DXR Raman Microscope (Thermo Scientific). 
Electron impact (EI) mass spectra were recorded on 
an MX-1321 instrument using direct sample insertion 
into the ion source with an ionizing electron energy 
of 70 eV.

Single-crystal X-ray diffraction study of
compound III was performed on an Xcalibur-3
diffractometer (Oxford Diffraction Ltd.) equipped with
a Sapphire-3 CCD detector. Structure was solved using
the SHELXT program [8]. The structure was refined
by the full-matrix least-squares method on F2 in the
anisotropic approximation with the SHELXL program
[9]; hydrogen atoms were refined in the isotropic
approximation using a riding model. The WinGX
and ORTEP programs [10] were used for structural
analysis and preparation of illustrations. The main
crystallographic data and final refinement parameters
are summarized in Table 1. Selected geometric
parameters of compound III are listed in Tables 2
and 3. The complete crystallographic data for
compound III have been deposited with the Cambridge
Crystallographic Data Centre (CCDC 2466061).

The center of gravity of intermolecular hydrogen
bonds was calculated using the formula

( )
∑

∑ ⋅
=

i

ii
gc

A

νA
OHν  (where Ai and νi are the absorption

and frequency, respectively) in the region of 4000–
3500 cm–1 [11].

Results and discussion
Mass spectra of salts I and III, as well

as compound II, exhibit an intense peak at
[MMiPA–CH2OH]+ characteristic of ethanolamine
fragmentation products [12]. The fragmentation
patterns of MiPA observed in the mass spectra of salts
I and III are in good agreement with the tabulated
mass spectrum of MiPA1.

The X-ray single-crystal analysis of compound
III reveals that the structure contains four (C3H10NO)+

cations and two sulfate SO4
2– anions in the asymmetric

1 2-Propanol, 1-amino- https://webbook.nist.gov/cgi/cbook.cgi?ID=C78966&Mask=268.
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unit of the cell (Fig. 1), with all amino nitrogen
atoms being protonated. Bond lengths and valence
angles (Tables 2 and 3) show no significant anomalies.
The O–H⋅⋅⋅O and N–H⋅⋅⋅O hydrogen bonds form in
the structure between the cations and the oxygen
atoms of the sulfate anions (Table 4). Analysis of the
crystal packing of compound III (Fig. 2) indicates
that this hydrogen-bonding system forms two-
dimensional networks lying in the (001)
crystallographic planes. Notably, this structural feature
affects the crystal habit of compound III, which occurs
as thin plate-like crystals.

Rietveld analysis of the powder X-ray diffraction
pattern of compound III (Fig. 3) indicates that the
compound is pure, single-phase, and its structure is
fully consistent with that determined by single-crystal
X-ray diffraction. The diffraction pattern shows a
pronounced preferred orientation effect of the crystallites
(planes (001)), which is in good agreement with the
plate-like crystal habit of the compound.

Assignment of vibrational modes of [MiPAH]z
cations in the IR and Raman spectra of salts I and
III, as well as the CH3CH(OH)CH2H2-fragment in
the IR spectrum of compound II, was performed

Fig. 1. Atom numbering scheme and thermal ellipsoids (probability level 50%) for the structure ²²²

Fig. 2. Projection 0yz of the structure ²²². Hydrogen bonds are represented by dashed lines
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compounds, estimated by the center-of-gravity
frequencies [11], decreases in the order
MiPA>III>I>II (νgc(OH), cm–1: 3525 for MiPA [11];
3634 for III; 3704 for I; and 3741 for II), indicating
that salt formation weakens these interactions.

In the IR spectrum of compound II, the
asymmetric and symmetric stretching vibrations of
cations νas,s( 2HN

+
) are observed at 3413 cm–1 and in

the 3168–3026 cm–1 range, respectively. Bending
vibrations δas,s( 2HN

+
) appear at 1625–1500 cm–1. The

asymmetric and symmetric stretching vibrations of
ammonium cations νas,s( 3HN

+
) in the IR spectra of

salts I and III are observed as broad, intense bands
around 3036 cm–1; in the Raman spectra, they appear
as medium-intensity singlets at 3006 and 3001 cm–1,
respectively.

The fact of proton transfer with the formation
of ammonium groups in salts I and III is confirmed
by the IR bands of medium intensity for asymmetric
NH bending at 1615 cm–1 and strong symmetric
scissoring vibrations at 1520 cm–1. In the Raman
spectra, they appear as weak singlets at 1624, 1616,
1515, and 1508 cm–1, respectively.

In the IR spectrum of compound II, d(NH2)
vibrations appear in the 1625–1507 cm–1 range as a
shoulder at 1583 cm–1 and two bands of strong
(1583 cm–1) and weak (1507 cm–1) intensity. Bands
in the regions 1210–1180, ~1060, and ~1005 cm–1

are attributed to librational modes, while those in the
937–818 cm–1 range correspond to wagging vibrations
of 

3HN
+

 and 
2HN

+

 groups.
The free pyramidal sulfite ion −2

3SO  belongs to the
C3v point group and exhibits four fundamental vibrational
modes: ν1 (A1) – 967 cm–1, ν2 (A1) – 620 cm–1,
ν3 (E) – 933 cm–1, and ν4 (E) – 469 cm-1. Due to
the low local symmetry of the ion in the crystal, all
fundamental vibrations are expected to be IR- and
Raman-active, and the degeneracy of the E modes is
fully lifted [6].

In the IR spectrum of salt I, the S–O stretching

vibrations ν1 and ν3 of −2
3SO  ion are observed as strong

and weak bands at 912 and 954 cm–1, respectively. In
the Raman spectrum, these appear as three lines at
962, 922, and 882 cm–1. Splitting of the ν3 (E) Raman
band into two components suggests a distortion of the
sulfite ion geometry in the crystal lattice of I, as well
as the involvement of the ion in inequivalent hydrogen
bonds of the OH⋅⋅⋅O and NH⋅⋅⋅O types (similar to
[6]). Additionally, a distinct shoulder at 505 cm–1

and two strong bands at 478 and 435 cm–1 in the IR
spectrum, along with two Raman lines at 487 and
441 cm–1, are attributed to the splitting of the doubly
degenerate out-of-plane deformation mode ν4(Å) of

ion. The symmetric bending vibration δs (ν2) of −2
3SO

Table 1

Crystallographic data, X-ray diffraction conditions, and

structure refinement parameters for compound III

Characteristic Value 
Formula C6H20N2O6S 
Mr 248.30 
T, K 293(2) 
Crystal system triclinic 
space group P-1 
Unit-cell parameters: 9.0753(8) 

a, Å 
b, Å 10.3038(7) 
c, Å 13.6845(14) 
α, 0 99.491(7) 

β, 0 94.712(8) 

γ, 0 90.119(7) 
V, Å3 1257.7(2) 

Z 4 
ρ, g/cm3 1.311 
Absorption coefficient 
µ(MoKα), mm–1 

0.270 

Range θ, 0 2.991–25.999 
Index ranges –11≤h≤9; –11≤k≤12; –

16≤l≤16 
Crystal size, mm 0.340×0.220×0.070 
F000 536 
Transmission coefficient 
Тmin/Тmax 

0.914/0.981 

Reflections collected 4861 
Independent reflections 
with Ihkl>2σ(I) 

2440 

Rint 0.0944 
Completeness, % 98.5 
Refinement method Full-matrix least-squares 

on F2  
Number of parameters 
refined 

282 

RF/wR
2 for observed 

reflections 
0.0787/0.1802 

RF/wR
2 for all 

independent reflections 
0.1305/0.2182 

S 0.979 
∆ρmin/∆ρmax, e/Å3 –0.288/0.295

using literature data [11,13]. The IR and Raman
spectra of compounds I–III display broad bands in
the 3413–3001 cm–1 region, attributed to symmetric
and asymmetric stretching vibrations ν(NH3), ν(NH2),
and ν(OH). A multiplet with a maximum above
3500 cm–1 corresponds to ν(OH) vibrations in
aggregated particles containing intermolecular hydrogen
bonds of the OH⋅⋅⋅N type. The relative strength of
intermolecular hydrogen bonds in the synthesized
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ion is observed in the IR spectrum as relatively intense
bands at 610 and 621 cm–1, and in the Raman
spectrum as weak lines at 653, 631, and 624 cm–1.

Assignment of sulfate ion absorption bands in the
IR and Raman spectra of compound III was performed
using data from ref. [6]. In the IR spectrum, the
symmetric stretching mode ν1 appears at 986 cm–1;
(ν1=971 cm–1 in Raman spectrum), and the
asymmetric stretching ν3 appears at 1120 cm–1 (Raman
spectrum: 1111 cm–1). The bending mode ν4 is observed
as a doublet at 681 and 610 cm–1 in IR (Raman
spectrum: 682, 648, and 623 cm–1), while ν2 appears
as a doublet at 436 and 433 cm–1 (Raman: 477 and
434 cm–1).

In the IR spectrum of compound II, the
asymmetric stretching vibrations νas(SÎ2) appear as a
strong-intensity doublet at 1234 and 1208 cm–1. The
symmetric stretching νs(SÎ2) is represented by a
multiplet of lines with varying intensity in the
1180–1030 cm–1 region. The S–O stretching vibration
is seen as a high-intensity doublet at 551 and

Table 2

Bond lengths in the structure of compound III

Table 3

Bond valence angles in the structure of compound III

Bond Bond angle, 0 Bond Bond angle, 0 
O(4)–S(1)–O(3) 111.40(14) O(9)–C(2)–C(3) 108.4(4) 
O(4)–S(1)–O(2) 109.60(13) C(1)–C(2)–C(3) 111.3(4) 
O(3)–S(1)–O(2) 108.63(13) N(2)–C(4)–C(5) 111.6(3) 
O(4)–S(1)–O(1) 109.34(14) O(10)–C(5)–C(4) 111.6(3) 
O(3)–S(1)–O(1) 109.14(13) O(10)–C(5)–C(6) 108.4(4) 
O(2)–S(1)–O(1) 108.68(14) C(4)–C(5)–C(6) 111.2(3) 
O(7)–S(2)–O(5) 109.38(14) N(3)–C(7)–C(8) 110.2(3) 
O(7)–S(2)–O(6) 109.51(13) O(11)–C(8)–C(9) 108.1(4) 
O(5)–S(2)–O(6) 108.85(14) O(11)–C(8)–C(7) 111.2(3) 
O(7)–S(2)–O(8) 111.19(15) C(9)–C(8)–C(7) 110.5(3) 
O(5)–S(2)–O(8) 109.30(13) C(11)–C(10)–N(4) 115.3(3) 
O(6)–S(2)–O(8) 108.57(13) O(12)–C(11)–C(10) 119.2(4) 
C(2)–C(1)–N(1) 116.6(4) O(12)–C(11)–C(12) 106.1(4) 
O(9)–C(2)–C(1) 117.3(5) C(10)–C(11)–C(12) 112.5(4) 

547 cm–1. The zwitterionic structure of compound II
is supported by the observation that the position of
the ν(NH) band in the IR spectrum shows no
significant shift, similar to aminomethanesulfonic acid
(AMSA) and its N-alkylated derivatives [6].

Upon attempted recrystallization from aqueous
solution, the ammonium sulfite salt MiPA (I)
undergoes hydrolytic sulfoxidation, converting
into the corresponding sulfate III. Similarly, the
N-alkylated AMSA derivative II is oxidized via a
hydrolytic redox process to sulfate III as well.

Thus, chemisorption of SO2 in aqueous MiPA
solution leads to the formation of ammonium sulfite
(reaction (1)). Upon addition of formaldehyde, a
condensation reaction occurs (reaction (2)),
accompanied by sulfoxidation of S(IV) to S(VI),
yielding an N-alkylated AMSA derivative of zwitterionic
structure (similar to [6]). However, these compounds
are unstable in aqueous solution in the presence of
atmospheric oxygen (reactions (3) and (4)).
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2CH3CH(OH)CH2NH2+SO2+H2O→
→[CH3CH(OH)CH 2NH 3] 2SO3 (1)

CH3CH(OH)CH2NH2+SO2+CH2O+H2O→
→CH3CH(OH)CH2N

+H 2CH2SO3
– (2)

[[CH3CH(OH)CH2NH3]2SO3+

+1/2O2 → O2H [CH3CH(OH)CH2NH3]2SO4           (3)

2CH3CH(OH)CH2N
+H2CH2SO3

–+2H2O→
→[CH3CH(OH)CH2NH3]2SO4+SO2↑+

+CH2O↑+CH3OH↑ (4)

This is the second known case where the product
of the interaction between an ethanolamine derivative
and SO2 (the corresponding ammonium sulfite)
undergoes hydrolytic sulfooxidation of S(IV) to S(VI)
in the presence of atmospheric oxygen, forming
ammonium sulfate (reaction (3)), similarly to [6,14].
In the case of tris(hydroxymethyl)methylamine
(TRIS), from the reaction medium

Table 4

Hydrogen bonds D–H⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅A in the structure of compound III

Notes: Symmetry transformations for atom A: 1 – –x+1,–y+1,–z+1; 2 – x,y+1,z; 3 – x–1,y,z; 4 – –x+1,–y,–z+1;
5 – x+1,y,z; 6 – x+1,y–1,z; 7 – –x+2,–y,–z+1.

D–H⋅⋅⋅A d(D–H), Å d(H⋅⋅⋅A), Å d(D⋅⋅⋅A), Å ∠(DHA), 0 
N(1)–H(1A)⋅⋅⋅O(6)1 0.89 2.07 2.924(3) 160.7 

N(1)–H(1A)⋅⋅⋅O(8)1 0.89 2.55 3.139(4) 124.3 

N(1)–H(1B)⋅⋅⋅O(1)2 0.89 2.21 2.991(3) 146.5 

N(1)–H(1B)⋅⋅⋅O(1)1 0.89 2.38 2.981(4) 125.2 

N(1)–H(1C)⋅⋅⋅O(2)1 0.89 2.52 2.954(4) 110.6 

N(1)–H(1C)⋅⋅⋅O(7) 0.89 2.20 2.985(4) 146.6 

O(9)–H(9)⋅⋅⋅O(7) 0.82 1.97 2.788(4) 179.2 

O(10)–H(10)⋅⋅⋅O(5) 0.82 1.98 2.770(3) 162.7 

N(2)–H(2A)⋅⋅⋅O(3)3 0.89 1.99 2.860(4) 166.3 

N(2)–H(2B)⋅⋅⋅O(2)4 0.89 1.93 2.799(3) 163.4 

N(2)–H(2C)⋅⋅⋅O(5) 0.89 2.64 3.147(3) 117.4 

N(2)–H(2C)⋅⋅⋅O(8) 0.89 1.97 2.864(3) 176.7 

C(4)–H(4D)⋅⋅⋅O(11) 0.97 2.62 3.315(5) 128.4 

O(11)–H(11)⋅⋅⋅O(1) 0.82 1.94 2.749(3) 166.8 

N(3)–H(3A)⋅⋅⋅O(1) 0.89 2.63 3.166(3) 119.4 

N(3)–H(3A)⋅⋅⋅O(3) 0.89 1.98 2.867(3) 179.8 

N(3)–H(3B)⋅⋅⋅O(6)1 0.89 1.94 2.800(3) 161.5 

N(3)–H(3C)⋅⋅⋅O(8) 0.89 1.97 2.845(4) 168.9 

O(12)–H(12)⋅⋅⋅O(4) 0.82 1.97 2.769(4) 165.5 

N(4)–H(4A)⋅⋅⋅O(4) 0.89 2.24 3.005(3) 144.6 

N(4)–H(4A)⋅⋅⋅O(6)4 0.89 2.47 2.926(4) 112.4 

N(4)–H(4B)⋅⋅⋅O(5)6 0.89 2.18 2.972(3) 147.4 

N(4)–H(4B)⋅⋅⋅O(5)4 0.89 2.43 3.017(4) 123.6 

N(4)–H(4C)⋅⋅⋅O(2)7 0.89 2.07 2.922(3) 160.3 

N(4)–H(4C)⋅⋅⋅O(3)7 0.89 2.54 3.144(4) 126.1 

Fig. 3. Rietveld refinement for powder diffractogram of

compound III. Experimental pattern is shown as red circles;

calculated pattern is shown as black line; vertical bars show the

Bragg position for lines; bottom line shows the difference

between experimental and calculated intensities in every point
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SO2–TRIS–CH2O–H2O, a product of incomplete
hydrolytic decomposition of the corresponding
N-alkylated AMSA derivative,
[(HOCH2)3CN+H3][HOCH2SO3

–], was isolated [6].
The compound CH3CH(OH)CH2N

+H2CH2SO3
–, in

contrast, undergoes more complete hydrolysis to
ammonium sulfate, [CH3CH(OH)CH2NH3]2SO4,
(reaction (4)).
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Ð.ª. Õîìà, Â.Ì. Áàóìåð, Â.Î. Ãåëüìáîëüäò, Í.Ô. Ôåäüêî,
Â.Â. Ìåí÷óê, Ñ.Â. Âîäç³íñüêèé, Þ.Â. ²øêîâ, ².Ì. Ðàê³ïîâ,
Ä.Â. Ìåí÷óê

Ïðè âçàºìîä³¿ â ñèñòåìàõ «ä³îêñèä ñ³ðêè–2-
ã³äðî- êñèïðîï³ëàì³í (MiPA)–âîäà» òà «ä³îêñèä
ñ³ðêè–MiPA–ïàðàôîðì–âîäà» óòâîðþþòüñÿ ñóëüô³ò
2-ã³äðîêñèïðîï³ëàìîí³þ [CH3CH(OH)CH2NH3]2SO3 (I)
òà N-(2-ã³äðîêñè-ïðîï³ë)àì³íîìåòàíñóëüôîêèñëîòà
CH3CH(OH)CH2N

+H2CH2SO3
– (II), â³äïîâ³äíî. Âêàçàí³

ñïîëóêè ïðè íåçàëåæí³é ïåðåêðèñòàë³çàö³¿ ³ç âîäíîãî
ðîç÷èíó â ðåçóëüòàò³ ã³äðîë³òè÷íèõ ïåðåòâîðåíü ïå-
ðåòâîðþþòüñÿ â ñóëüôàò 2-ã³äðîêñèïðîï³ëàìîí³þ
[CH3CH(OH)CH2NH3]2SO4 (III). Îäåðæàí³ ïðîäóêòè îõà-
ðàêòåðèçîâàíî ìåòîäàìè åëåìåíòíîãî òà ðåíòãåíîñòðóêòó-
ðíîãî àíàë³çó, ²×-, ÊÐ, ßÌÐ 1H òà 13Ñ ñïåêòðîñêîï³¿, à
òàêîæ ìàñ-ñïåêòðîìåòð³¿. Ñïîëóêà III êðèñòàë³çóºòüñÿ â
òðèêë³íí³é ñèíãîí³¿ (ïðîñòîðîâà ãðóïà P-1, a=9,0753(8),
b=10,3038(7), c=13,6845(14) Å , α=99,491(7), β=94,712(8),
γ=90,119(7)0, V=1257.7(2) Å 3, Z=4). ²×-ñïåêòð ñîë³ I ïîêà-
çóº âàëåíòí³ êîëèâàííÿ ñóëüô³ò-àí³îíà ν(SO) (ν1 òà ν3), ïðåä-
ñòàâëåí³ ñìóãàìè ïðè 912 òà 954 ñì–1, â³äïîâ³äíî. Êîëè-
âàííÿ ³îíà δs (ν2) ñïîñòåð³ãàºòüñÿ â ²×-ñïåêòð³ ó âèãëÿä³
â³äíîñíî ³íòåíñèâíèõ ñìóã ïðè 610 òà 621 ñì–1. Â ²×-ñïåêòð³
ñïîëóêè II êîëèâàííÿ νas(SÎ2) ïðîÿâëÿþòüñÿ äóáëåòîì ïðè
1234 òà 1208 ñì–1; νs(SÎ2) íàäàíî ìóëüòèïëåòîì ë³í³é
íà ä³ëÿíö³ 1180–1030 ñì–1. Ïðè ñïðîá³ ïåðåêðèñòàë³çàö³¿ ç
âîäíîãî ðîç÷èíó ñóëüô³ò àìîí³þ MiPA (I) ï³ääàºòüñÿ ã³äðî-
ë³òè÷íîìó ñóëüôîîêèñëåííþ, ïåðåòâîðþþ÷èñü íà â³äïîâ³-
äíèé ñóëüôàò III. Àíàëîã³÷íî, N-àëê³ëîâàíà ïîõ³äíà AMSA
II òàêîæ îêèñëþºòüñÿ ã³äðîë³òè÷íèì îêèñíî-â³äíîâíèì ïðî-
öåñîì äî ñóëüôàòó III.

Êëþ÷îâ³ ñëîâà: ä³îêñèä ñ³ðêè; 2-ã³äðîêñèïðîï³ëàì³í;
àìîí³ºâèé ñóëüô³ò; àìîí³ºâèé ñóëüôàò; êîíäåíñàö³ÿ;
ñóëüôîîêèñíåííÿ; ñïåêòðàëüí³ õàðàêòåðèñòèêè.
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Interaction in the systems «sulfur(IV) oxide–2-
hydroxypropylamine (MiPA)–water» and «sulfur(IV)
oxide–MiPA–paraform–water» leads to the formation of
2-hydroxypropylammonium sulfite [CH3CH(OH)CH2NH3]2SO3

(I) and N-(2-hydroxypropyl)aminomethanesulfonic acid
CH3CH(OH)CH2N

+H2CH2SO3
– (II), respectively. These

compounds, upon independent recrystallization from aqueous
solution, are transformed into 2-hydroxypropylammonium sulfate
[CH3CH(OH)CH2NH3]2SO4 (III) as a result of hydrolytic
transformations. The obtained products were characterized by
the methods of elemental and X-ray structural analysis, IR,
Raman, 1H and 13C NMR spectroscopy, and mass spectrometry.
Compound III crystallizes in triclinic class (space group P-1,
a=9.0753(8) Å , b=10.3038(7) Å , c=13.6845(14) Å ,
α=99.491(7)0, β=94.712(8)0, γ=90.119(7)0, V=1257.7(2) Å 3,
Z=4). The IR spectrum of salt I shows the valence vibrations of
ν(SO) sulfite anion (ν1 and ν3), represented by bands at 912 and
954 cm–1, respectively. The vibration δs (ν2) of SO3

2– ion is
observed in the IR spectrum as relatively intense bands at
610 and 621 cm–1. In the IR spectrum of compound II, the
vibrations νas(SO2) appear as a doublet at 1234 and 1208 cm–1;
νs(SO2) is represented by a multiplet of lines in the
1180–1030 cm–1 region. Upon attempted recrystallization from
aqueous solution, the ammonium sulfite salt MiPA (I) undergoes
hydrolytic sulfoxidation, converting into the corresponding sulfate
III. Similarly, the N-alkylated AMSA derivative II is oxidized
via a hydrolytic redox process to sulfate III as well.

Keywords: sulfur dioxide; 2-hydroxypropylamine;
ammonium sulfite; ammonium sulfate; condensation;
sulfoxidation; spectral characteristics.
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