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Ïðè âçàºìîä³¿ â ñèñòåì³ «îêñèä ñ³ðêè(IV)–òðèñ(ã³äðîêñèìåòèë)ìåòèëàì³í

(Tris)–âîäà–àðãîí» óòâîðþºòüñÿ ñóëüô³ò òðèñ(ã³äðîêñèìåòèë)ìåòèëàìîí³óìó

[(HOCH2)3ÑNH3]2SO3 (I). Îäåðæàíèé àìîí³ºâèé ñóëüô³ò I îõàðàêòåðèçîâàíî ìåòî-

äàìè åëåìåíòíîãî àíàë³çó, ðåíòãåíîôàçîâîãî àíàë³çó, ²×-ñïåêòðîñêîï³¿ òà ìàñ-ñïåê-

òðîìåòð³¿. Ñïîëóêà I êðèñòàë³çóºòüñÿ ó òðèêëèíí³é ïðîñòîðîâ³é ãðóï³ P–1 ç òàêèìè

ïàðàìåòðàìè êîì³ðêè: a=10,6227(17) Å, b=10,6714(12) Å, c=14,7461(19) Å,

=110,392(11)0, =110,194(13)0, =91,034(12)0, V=1452,24 Å3, Z=4. Â ²×-ñïåêòð³ ñîë³

I âàëåíòí³ êîëèâàííÿ (SO) àí³îíó (1 òà 3, â³äïîâ³äíî) íàäàí³ ñìóãàìè â ä³àïàçîí³

1039–910 ñì–1. Äâ³ ñìóãè ñåðåäíüî¿ ³íòåíñèâíîñò³ ïðè 503 òà 429 ñì–1 òà äâ³ ñëàáêî¿

³íòåíñèâíîñò³ ïðè 519 òà 467 ñì–1 â³äíåñåíî äî äåôîðìàö³éíèõ êîëèâàíü (NÑÑ),

(ÑÑÎ) òà d(
2
3SO  ). Ñèìåòðè÷íå äåôîðìàö³éíå êîëèâàííÿ s(

2
3SO ) àí³îíó 2

3SO
ïðîÿâëÿºòüñÿ ó âèãëÿä³ ñìóãè ñåðåäíüî¿ ³íòåíñèâíîñò³ ïðè 619 ñì–1. Ç âëàñíèõ êî-

ëèâàíü êàò³îíó â ²×-ä³àïàçîí³ I â³äçíà÷åíî íàÿâí³ñòü øèðîêèõ ñìóã (ÎH) ç ìàêñè-

ìóìîì á³ëÿ 3400 ñì–1. Â ä³àïàçîí³ 3290–2365 ñì–1 ñïîñòåð³ãàþòüñÿ øèðîê³ ñòðóêòó-

ðîâàí³ ñìóãè âàëåíòíèõ êîëèâàíü 
3N H



-ãðóï, ùî áåðóòü ó÷àñòü ó Í-çâ’ÿçóâàíí³.

Êîëèâàííÿ as,s( 3N H


) ïðîÿâëÿþòüñÿ ó âèãëÿä³ äâîõ ïîð³âíÿíî ³íòåíñèâíèõ ïîëîñ

ïðè 1634 òà 1550 ñì–1. Tris ìàº ó ñâî¿é ñòðóêòóð³ çíà÷íå ÷èñëî Í-äîíîðíèõ òà

Í-àêöåïòîðíèõ öåíòð³â, ùî ñïðèÿº ïðîöåñó ñóëüôîîêèñëåííÿ S(IV)S(VI) ó ïðî-

öåñ³ âèòðèìóâàíí³ ïðîäóêòó ² íà ïîâ³òð³, íà â³äì³íó â³ä ³íøèõ åòàíîëàì³í³â.

Êëþ÷îâ³ ñëîâà: îêñèä ñ³ðêè (IV), òðèñ(ã³äðîêñèìåòèë)ìåòèëàì³í, àìîí³ºâèé ñóëüô³ò,

ñóëüôîîêèñíåííÿ, ñïåêòðàëüí³ õàðàêòåðèñòèêè.
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Âñòóï

²íòåðåñ äî ð³çíèõ àñïåêò³â õ³ì³¿ ïðîäóêò³â
âçàºìîä³¿ îêñèäó ñ³ðêè(IV) ç âîäíèìè ðîç÷èíà-
ìè îðãàí³÷íèõ îñíîâ ïîâ’ÿçàíèé ç íåîáõ³äí³ñòþ
âèð³øåííÿ ïðîáëåìè óëîâëþâàííÿ SO2 ç òåõíî-
ëîã³÷íèõ ãàç³â ³ ïîäàëüøî¿ óòèë³çàö³¿ ïðîäóêò³â
ñîðáö³¿ [1–3]. ßê ïîêàçàíî ó ðîáîò³ [3], ñêëàä
ïðîäóêò³â âçàºìîä³¿ îêñèäó ñ³ðêè(IV) ç âîäíèìè
ðîç÷èíàìè N-âì³ñíèõ îðãàí³÷íèõ îñíîâ (Am)
ðåãóëþºòüñÿ îñíîâí³ñòþ ë³ãàíä³â: óòâîðåííÿ àìî-
í³ºâèõ ñîëåé ñ³ðêîâì³ñíèõ îêñèàí³îíîâ ô³êñóºòü-
ñÿ ó ðàç³ pKa Am4,63. Â³äîì³ ïðèêëàäè îòðè-
ìàííÿ àìîí³ºâèõ ñóëüô³ò³â ÿê ïðîäóêò³â âçà-

ºìîä³¿ ó ñèñòåìàõ «SO2–Am–H2O» íå÷èñëåí³.
Òàê, âèä³ëåí³ òà îõàðàêòåðèçîâàí³ ó ³íäèâ³äóàëü-
íîìó ñòàí³ ñóëüô³òè ïðîòîíîâàíèõ ôîðì àì³íî-
ãóàí³ä³íó [4], N-(2-ã³äðîêñèåòèë)åòèëåíä³àìèíó
[5], N-ìåòèëìîíîåòàíîëàì³íó [6]), à òàêîæ ã³äðî-
ñóëüô³òè N,N,N’,N’-òåòðàìåòèëãóàí³äèí³þ [1] òà
åòàíîëàìîí³þ [6,7]).

²çîìåðí³ ã³äðîñóëüô³òàì àìîí³ºâ³ ñóëüôî-
íàòè ñêëàäó [(n-Alk)4N](H–SO3) ðàí³øå [8] áóëè
âèä³ëåí³ ç ðåàêö³éíèõ ñèñòåì «SO2–Am–H2O–
C2H5OH» (Am – [(C2H5)4N]OH, [(n-C4H9)4N]OH,
[(n-C5H11)4N]OH); ç [(n-C3H7)4N]OH ó ïîä³áíèõ
óìîâàõ ñèíòåçó óòâîðþºòüñÿ ï³ðîñóëüô³ò ñêëàäó
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[(n-C3H7)4N]2(S2O5). Ç ñèñòåìè «SO2–EDA–H2O–PEG»
(EDA – åòèëåíä³àì³í; PEG – ïîë³åòèëåíãë³êîëü)
âïåðøå áóâ âèä³ëåíèé ìîíîàìîí³ºâèé ñóëüô³ò
ñêëàäó [H2NCH2CH2NH3]2(SO3) [2], óòâîðåííÿ
ÿêîãî ðàí³øå áóëî çàô³êñîâàíî ó ñèñòåì³
«SO2–EDA–H2O» ìåòîäàìè ðÍ-, ðåäîêñ- òà êîí-
äóêòîìåòð³¿ [9]. Îáìåæåí³ñòü â³äîìèõ ïðèêëàä³â
ñòðóêòóðíî îõàðàêòåðèçîâàíèõ àìîí³ºâèõ ñîëåé
ñ³ðêî(IV)âì³ñíèõ îêñèàí³îí³â – ã³äðîñóëüô³òó
òåòðàìåòèëãóàí³äèí³þ [1], ìîíîã³äðàòó ñóëüô³òó
àì³íîãóàí³äèí³þ [4] òà ìîíîã³äðàòó ñóëüô³òó
N-(2-ã³äðîêñèåòèë)åòèëåíä³àìîí³þ [5] ïîâ’ÿçà-
íà, íà íàøó äóìêó, ç ëåãê³ñòþ ïåðåõîäó ñóëüô³-
òíèõ ôîðì ó ñóëüôàòí³ â ðåçóëüòàò³ «íåêàòàë³-
òè÷íîãî» àâòîîêèñëåííÿ [3,10,11].

Ó äàí³é ðîáîò³ îïèñàí³ ìåòîä ñèíòåçó, ðå-
çóëüòàòè âèâ÷åííÿ áóäîâè òà ñïåêòðàëüíèõ õà-
ðàêòåðèñòèê íîâîãî àìîí³ºâîãî ñóëüô³òó – ñóëü-
ô³òó òðèñ(ã³äðîêñèìåòèë)ìåòèëàìîí³þ
[(HOCH2)3ÑNH3]2SO3 ((TrisH)2SO3), ùî áóâ âèä-
³ëåíèé ÿê ïðîäóêò âçàºìîä³¿ îêñèäó ñ³ðêè(IV) ç
âîäíèì ðîç÷èíîì òðèñ(ã³äðîêñèìåòèë)ìåòèëàì³-
íó (Tris) ó àòìîñôåð³ àðãîíó.

Åêñïåðèìåíòàëüíà ÷àñòèíà

Ñóëüô³ò òðèñ(ã³äðîêñèìåòèë)ìåòèëàìîí³þ (I)
Â òåðìîñòàòîâàíó êîì³ðêó, çàïîâíåíó àð-

ãîíîì, ïîì³ùàëè çíåãàçîâàíèé ðîç÷èí Tris
(0,05 ìîëü) ó 30 ìë âîäè òà ó ðåæèì³ áàðáîòó-
âàííÿ ïðîïóñêàëè êð³çü íüîãî SO2 ç³ øâèäê³ñòþ
50 ìëõâ–1 ïðîòÿãîì 45 õâ (T=293 K). Îäåðæà-
íèé ðîç÷èí âèòðèìóâàëè ïðîòÿãîì äîáè ïðè
ê³ìíàòí³é òåìïåðàòóð³ ó ãåðìåòè÷íî çàêðèò³é
êîì³ðö³, ïðîäóâàëè àðãîíîì òà âàêóóìóâàëè äî
ïîâíîãî âèäàëåííÿ âîäè. Âèä³ëåíèé êðèñòàë³-
÷íèé ïðîäóêò I á³ëîãî êîëüîðó (7,96 ã, âèõ³ä
98,16%) íå ï³ääàâàëè äîäàòêîâîìó î÷èùåííþ.
Ìàñ-ñïåêòð EI I: [MTris–CH2OH]+ (m/z 90, I,
100%); m/z 72, I, 28%; m/z 64, I, 49%; m/z 48, I,
15%; m/z 32, I, 48%; [CH2=NH2]

+ (m/z 30, I, 45%).
Çíàéäåíî, %: C 29,83; H 7,54; N 8,58; S 9,81.
C8H24N2O9S. Ðîçðàõîâàíî, %: C 29,62; H 7,46;
N 8,64; S 9,89. Ì 324,36.

Ñóëüôàò òðèñ(ã³äðîêñèåòèë)ìåòèëàìîí³óìó (II)
Ïðè ïåðåêðèñòàë³çàö³¿ ç âîäíîãî ðîç÷èíó ²,

à òàêîæ ïðè çáåð³ãàíí³ íà ïîâ³òð³ (ïðîòÿãîì òèæ-
íÿ) ñïîëóêè ² îòðèìàíèé êðèñòàë³÷íèé ïðîäóêò
II á³ëîãî êîëüîðó. Ìàñ-ñïåêòð EI II: [MTris–
CH2OH]+ (m/z 90, I, 100%); m/z 72, I, 24%; m/z
60, I, 53%; m/z 44, I, 18%; m/z 42, I, 43%;
[CH2=NH2]

+ (m/z 30, I, 40%). Çíàéäåíî, %:
C 28,91; H 7,25; N 8,45; S 9,38. C8H24N2O10S. Ðîç-
ðàõîâàíî,%: C 28,23; H 7,11; N 8,23; S 9,42.
Ì 340,35.

Àíàë³ç âì³ñòó âóãëåöþ, âîäíþ òà àçîòó

ïðîâîäèëè ç âèêîðèñòàííÿì åëåìåíòíîãî ÑÍN-
àíàë³çàòîðà, ñ³ðêè – çà Øåí³ãåðîì [12]. ²×-ñïåê-
òðè ïîãëèíàííÿ ðåºñòðóâàëè íà ñïåêòðîôîòî-
ìåòð³ Spectrum BX II FT-IR System (Perkin-Elmer)
(ä³àïàçîí 4000–350 ñì–1, çðàçêè ãîòóâàëè ó âèã-
ëÿä³ òàáëåòîê ç KBr); ìàñ-ñïåêòðè EI – íà ïðè-
ëàä³ ÌÕ-1321 (ïðÿìå ââåäåííÿ çðàçêà ó äæåðå-
ëî, åíåðã³ÿ ³îí³çóþ÷èõ åëåêòðîí³â 70 åÂ). Ðåíò-
ãåíîñòðóêòóðíå äîñë³äæåííÿ ñïîëóê âèêîíàíî íà
äèôðàêòîìåòð³ «Xcalibur-3» (Oxford Diffraction
Ltd.), (MoKa-âèïðîì³íþâàííÿ, ãðàô³òîâèé ìî-
íîõðîìàòîð, CCD-äåòåêòîð Sapphire-3). Ðåíòãå-
íîôàçîâèé àíàë³ç âèêîíàíèé íà ïîðîøêîâîìó
äèôðàêòîìåòð³ «Siemens D500» (ãåîìåòð³ÿ Áðåã-
ãà-Áðåíòàíî, âèïðîì³íþâàííÿ CuK, Ni-ô³ëüòð)

Ðåçóëüòàòè òà îáãîâîðåííÿ

Ó ìàñ-ñïåêòðàõ ñîëåé I è II ô³êñóºòüñÿ
³íòåíñèâíèé ï³ê ³îíó [MTRIS–CH2OH]+ – õàðàê-
òåðíîãî ïðîäóêòó ôðàãìåíòàö³¿ åòàíîëàì³í³â [13].
Õàðàêòåðèñòèêè ïðîäóêò³â ôðàãìåíòàö³¿ Tris ó
ìàñ-ñïåêòðàõ éîãî àìîí³ºâèõ ñîëåé I òà II, à òà-
êîæ òàáóëüîâàíîìó ìàñ-ñïåêòð³ Tris (https://
w e b b o o k . n i s t . g o v / c g i / c b o o k . c g i ? I D =
C77861&Mask=200) çíàõîäÿòüñÿ ó äîáð³é â³äïî-
â³äíîñò³ [10].

Ïî äàíèì ðåíòãåíîôàçîâîãî àíàë³çó ñïî-
ëóêà I â³äíîñèòüñÿ äî òðèêë³ííî¿ ñèíãîí³¿ ïð.
ãð. P–1, a=10,6227(17) Å, b=10,6714(12) Å,
c=14,7461(19) Å, =110,392(11)0, =110,194(13)0,
=91,034(12)0, V=1452,24 Å3, Z=4). Çã³äíî ç äà-
íèìè ðåíòãåíîñòðóêòóðíîãî àíàë³çó, ñïîëóêà II
ÿâëÿº ñîáîþ àìîí³ºâèé ñóëüôàò, ñòðóêòóðíî îõà-
ðàêòåðèçîâàíèé ðàí³øå [11].

Ðåçóëüòàòè àíàë³çó ²×-ñïåêòðó I íàâåäåí³ â
òàáëèö³, â³äíåñåííÿ êîëèâàíü ïðîâåäåíî ç âè-
êîðèñòàííÿì äàíèõ [10,14].

Çã³äíî ç äàíèìè [14] â³ëüíèé ï³ðàì³äàëü-

íèé ³îí 2
3SO  â³äíîñèòüñÿ äî òî÷êîâî¿ ãðóïè C3v

òà ìàº ÷îòèðè îñíîâíèõ êîëèâàëüíèõ ÷àñòîò:
1(À1) – 967 cì–1, 2(À1) – 620 cì–1, 3(Å) – 933 cì–1,
4(Å) – 469 cì–1, ïðè÷îìó âíàñë³äîê íèçüêî¿ ëî-

êàëüíî¿ ñèìåòð³¿ ³îíó 2
3SO  ó êðèñòàë³, óñ³ éîãî

îñíîâí³ êîëèâàííÿ ïîâèíí³ áóòè àêòèâíèìè ó
²×- òà ÊÐ-ñïåêòðàõ, à âèðîäæåííÿ êîëèâàíü ïî-
âèííî ïîâí³ñòþ çí³ìàòèñü. Ó ²×-ñïåêòð³ ñîë³ I
âàëåíòí³ êîëèâàííÿ (SO) ³îíó (1 òà 3, â³äïî-
â³äíî) íàäàí³ ñìóãàìè â ³íòåðâàë³ 1039–910 ñì–1.
Äâ³ ñìóãè ñåðåäíüî¿ ³íòåíñèâíîñò³ ïðè 503 òà
429 ñì–1 òà äâ³ ñëàáêî¿ ³íòåíñèâíîñò³ ïðè 519 òà
467 ñì–1, âî÷åâèäü, îáóìîâëåí³ êîëèâàííÿìè

(NÑÑ), (ÑÑÎ) òà d(
2

3SO ). Ñèìåòðè÷íå äåôîð-

ìàö³éíå êîëèâàííÿ s(
2

3SO ) (2) ³îíó 2
3SO  ïðî-
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ÿâëÿºòüñÿ ó âèãëÿä³ ñìóãè ñåðåäíüî¿ ³íòåíñèâ-
íîñò³ ïðè 619 ñì–1.

Ç âëàñíèõ êîëèâàíü êàò³îíà â ²×-ä³àïàçîí³
I â³äì³òèìî íàÿâí³ñòü øèðîêèõ ñìóã (ÎH) ç
ìàêñèìóìîì á³ëÿ 3400 ñì–1. Â ³íòåðâàë³ 3290–
2365 ñì–1 ñïîñòåð³ãàþòüñÿ øèðîê³ ñòðóêòóðîâàí³
ñìóãè âàëåíòíèõ êîëèâàíü 

3HN


-ãðóï, ÿê³ áåðóòü

ó÷àñòü ó Í-çâ’ÿçóâàíí³. Êîëèâàííÿ as,s( 3HN


) ïðî-

ÿâëÿþòüñÿ ó âèãëÿä³ äâîõ ïîð³âíÿíî ³íòåíñèâ-
íèõ ïîëîñ ïðè 1634 òà 1550 ñì–1.

Òàêèì ÷èíîì, â ïðîöåñ³ õåìîñîðáö³¿ îêñè-
äó ñ³ðêè(IV) âîäíèì ðîç÷èíîì Tris áåç äîñòóïó
êèñíþ ïîâ³òðÿ óòâîðþºòüñÿ àìîí³ºâèé ñóëüô³ò:

SO2+H 2O+2RNH2(RNH3) 2SO3. (1)

Tris ìàº ó ñâî¿é ñòðóêòóð³ çíà÷íå ÷èñëî Í-
äîíîðíèõ òà Í-àêöåïòîðíèõ öåíòð³â, ùî ñïðèÿº
ïðîöåñó ñóëüôîîêèñëåííÿ S(IV)S(VI) [10]:

(RNH3)2SO3+O22(RNH3)2SO4, (2)

ïðè÷îìó ðåàë³çàö³ÿ âêàçàíîãî ðåäîêñ-ïåðåòâî-
ðåííÿ, ïîä³áíî [10,11], çä³éñíþºòüñÿ â ïðîöåñ³
âèòðèìóâàííÿ ïðîäóêòó ðåàêö³¿ (1) íà ïîâ³òð³.
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3HN


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 (
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as,s(NH2), as,s( 3HN

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
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
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²×-ñïåêòðàõ Tris òà I*

Ïðèì³òêà: * – äåôîðìàö³éí³:  – íîæè÷í³, d – ïîçàïëî-

ùèíí³;  – â³ÿëüí³;  – êðóòèëüí³;  – ìàÿòíèêîâ³;

 – ë³áðàö³éí³.
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SYNTHESIS AND SPECTRAL CHARACTERISTICS OF
TRIS(HYDROXYMETHYL)METHYLAMMONIUM
SULFITE

R.E. Khoma a, b, *, V.O. Gelmboldt c, A.A. Ennan a, V.M. Baumer d,
R.M. Dlubovskii a, S.V. Vodzinskiy a, b
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b Odessa I.I. Mechnikov National University, Odessa, Ukraine
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d Institute for Single Crystals of the National Academy of
Sciences of Ukraine, Kharkiv, Ukraine
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It was established that the interaction in the system «sulfur
(IV) oxide–tris(hydroxymethyl)methylamine (Tris)–water–argon»
yielded tris(hydroxymethyl)methylammonium sulfite
[(HOCH2)3CNH3]2SO3 (I). The obtained ammonium sulfite I has
been characterized by the methods of elemental analysis, X-ray phase
analysis, IR spectroscopy and mass spectrometry. Compound I
crystallizes in the three-line space group P–1 with the following cell
frame parameters: a=10.6227(17) Å, b=10.6714(12) Å,
c=14.7461(19) Å, =110.392(11)0, =110.194(13)0, =91.034(12)0,
V=1452.24 Å3, and Z=4. IR spectrum of the salt I reveals (SO)
anion stretching vibrations (1 and 3, respectively) that are
represented by the bands in the region of 1039–910 cm–1. Two
bands of medium intensity at 503 cm–1 and 429 cm–1 and two weak
bands at 519 cm–1 and 467 cm–1 are ascribed to the deformation

vibrations (NÑÑ), (ÑÑÎ) and òà d(
2
3SO  ). The symmetric

deformation oscillation of the s(
2
3SO  ) anion is expressed as a medium

intensity band at 619 cm–1. The presence of broad bands (OH)
with a maximum of about 3400 cm–1 is observed from the cation
eigenmodes in the IR region of compound I. There are wide structured

bands of stretching vibrations of 
3N H



-groups participating in H-

bonding in the region of 3290–2365 cm–1. The fluctuations of

as,s( 3N H


) appear as two relatively intense bands at 1634 cm–1 and

1550 cm–1. Tris has a significant number of H-donor and H-acceptor
centers in its structure which contributes to the process of sulfoxidation
S(IV)S(VI) in the process of product I air-curing, unlike other
ethanol amines.

Keywords: sulfur oxide (IV); tris(hydroxymethyl)-
methylamine; ammonium sulfite; sulfooxidation; spectral
characteristics.
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