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Buausinne KHCJIOTHOCTH HOHHBIX KHAKOCTEH
OpPEeHCTEe0BCKOI0 THIIA HA CKOPOCTh peaKIuu
aleTaJU3aluM IJIMIEePHHA ¢ AlleTOHOM

Tlpedcmagnenvt pe3ynomamsl UCCIEOO0BAHUS KUCTOMHBIX U  KAMAIUMUYECKUX
CBOLICME UOHHBIX JHCUOKOCmell OpeHcmedoscko2o muna umuoaszonuesozo psoa A[HSO4],
A[CF3S0s/, A[CHsSO3] u A[CHsCOO] @ peaxyuu yukiokonOeHcayuu 2iuyepuna
¢ ayemonom. C UCHOIL306aHUEM KOHOYKMOMEMPUUECCKO20 MemOodd DPACCUUMAHbL
mepmoounamuueckue noxazamenu xuciomuocmu (pKa). Iokazano, umo cxopocmo
peaxyuy Koppeiupyen ¢ ROKA3ameiem KUCLOMHOCMU UOHHOU dcudkocmu. IIpode-
MOHCIPUPOBAHA BOZMONCHOCb MHO20Kpamuo2o ucnoavzoeanus A[HSO4] 6 kaue-
cmee Kkamaauzamopa.

KiroueBble CII0BA: UOHHBIE HCUOKOCMU OPEHCMeO06CKO20 MUNnd; KOHCHAHMbL
KUCTIOMHOU OUCCOYUAYUU; AYeMATU3AYUs; 2IUYEPUH; AYemOH.

B mocnemHue roapl B CBSI3H € IMIMPOKOM MOCTYHMHOCTHIO riumepuna (l), sB-
JIIONIErocs MOOOYHBIM TPOIYKTOM Tpou3BoacTBa ouomusens (10% ot ero 00-
mero HpOH3BO}ICTBa), U €ro HH3KOI71 CTOUMOCTBHIO 3HAYUTCIIbHOC BHUMAHHUEC y)le.]'[f[—
€TCsI Pa3BUTHIO MIPOIIECCOB C €r0 MCIOIb30BAHHEM B KAYECTBE CTPOMTEIBHOTO OJ10-
ka. OJHAM U3 TaKuX MEPCIEKTHBHBIX HampaBieHUi sBisteTcs cuute3 msatu- (1)
u mectuwieHHbx anetaneit (111) Ha ocHoBe rmmepuna (puc. 1). Ot coeaune-
HUSI IIUPOKO BOCTPEOOBAHbI B POU3BOICTBE IOJIMMEPOB, (hapMaleBTHUCCKOH U
KOCMETHYECKOHN MPOMBIIIIEHHOCTH M APYTHX OTPACIsX.

CHs CHs
HsC.CHs
Hz?-OH o ;)&O o><o
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H-g-OH + CH,CCHy —> *
H,C - OH CH,OH OH

Puc. 1. Peaxknust KoHAEHCAIMK [NIMLEPUHA C alETOHOM

B nwureparype B KauecTBE KaTalH3aTOPOB MPEAJIOKEHO HCIONb30BATh
M-TOJYOJCYNb(OKUCIOTY, KaTHOHUTH KVY-2-8 um AmOepmmct-15 [1]. Omnako
9TU CUCTEMbl UMEIOT HENOCTaTKM, CBA3AaHHBIC C pereHepalnueil U HU3KOU cTa-
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OWIBHOCTBIO KaTaM3aTOPOB, MOATOMY MOUCK HOBBIX KAaTAIUTHYECKUX CHUCTEM
SIBJISIETCS] BA)KHOM 3a7adei.

Pemenniem nanHO# Tpo0JIeMBI MOKET OBITH MPUMEHEHHE CHCTEM Ha OCHOBE
nonHbIX xunkocted (MXK). Jlerkocts otneneHusi, oOyclOBIEHHAs HX HU3KOM
PacTBOPUMOCTBIO BO MHOTHX OpPraHMYECKHX Cpeaax, 00ecreunBacT BO3MOXK-
HOCTb UX MHOTOKPaTHOI'O MCIOJb30BaHUA. B mocnennue 15 et 3HauuTenbHOe
BHUMAHHE YIEISETCS CHHTE3y M HCCIEIOBAHUIO KHCIOTHO-KATAIUTHIECKUX
cBoiictB DK OpeHcTe0BCKOTO THIIA, KOTOPble B CBOEM COCTaBe MMEIOT HOH
Bomopoaa (H*), gamre Bcero B KUCIBIX (YHKIHOHAILHBIX IPYIIAX, HAPUMED
[HSO4], [CFsSO3] 7, [CH3SO3]™ [2, 3]. U3mensst npupoay KaTHOHA WK aHHOHA,
MOXXHO BapbHpOBATh B IIMPOKUX TpeAeniaX MX KUCIOTHBIE CBOWCTBA U TaKUM
00pa3oM ynpaBJsTh Kak CKOPOCTBIO, TAK U CEIEKTUBHOCTHIO Tiporiecca [Tam xke].
A7 OIEHKH CHIBI KHUCIIOTHOTO IIEHTPAa B 3TUX COSNUHEHHUSIX Yalle BCETO HC-
MOJIL3YIOT MHAUKATOPHBIA METOJl, OCHOBAHHBI Ha H3MEpPEeHUH CIEKTPo(oTO-
METPUYECKH TMPOTOHUPOBAHHBIX W HEMPOTOHHUPOBAHHBIX (DOPM MHIAMKATOPOB B
pactBope [2—4]. OnHako IpUMEHEHHE PE3yIbTATOB ATOTO METOA ISl OOBsICHE-
HUS KaTanuTtudeckux cBodcTB MK TpeOyeT Hanmuuus NaHHBIX Ui OOJBIIOTO
KOJIMYECTBa KOHLEHTpaUuili pacTBopoB. KpoMe Toro, HeoOXOINMO YYHUTHIBATH
crenugpmIecKkoe B3aUMOACHCTBHE MEKIY KATHOHOM WITH aHHOHOM M MHIHKATO-
POM, MCHOJB3yeMbIM IS aHAlIHW3a KHCIOTHOCTH pacTBopa. B manHOW pabote
IUTSL OLIEHKH CHUIBI KHCIOTHOTO HeHTpa MK OpeHcTemoBckoro Tuma MMUAa30IHi-
esoro psma A[HSO.], A[CFsSO3], A[CH3sSO3] 1 A[CH3COO] u ero Bausinus Ha
KaTaJUTUYECKHE CBOWCTBA B PEaKIMU IUKIOKOHACHCAIIUH TJIMIEPHUHA C alleTo-
HOM (cM. puc. 1) HaMU TPEIOKEHO MCIIOIB30BaTh TEPMOJINHAMUYECKUE TIOKa-
3arenu kuciaoTHocTH (pKy).

BKCHepHMeHTaJH)HaH 4acTb

B pabGote ucnosnb3oBaiu rmiepud (99,5%, Sigma-Aldrich), aneron (99,5%,
Sigma-Aldrich), areronnTprit 4..a, okuch npormiena (Sigma-Aldrich), metanos
(Acros Organics), H2SO4 (98%, o.c.4.).

WX OpencTenoBckoro THra OBUTH MMOTYYEHBI MO agallTHPOBAHHON METOIH-
ke, omucaHHoi B pabote [5]. MK cuHTe3mpoBaHa m00aBlieHHMEM K LBUTTEP-
HOHY, [oJIyueHHOMY U3 1-metmnumuaaszona u 1,4-6yrancynsrona mpu 80-90°C,
SKBUMOJISIPHOTO KOJIMYECTBA COOTBETCTBYIONIEH KHCIOTHL. CTPyKTYypHl M 000-
3Havyenust VDK mpuBenens! B Tab. 1.

DNeKTpOnpPOBOAHOCTh ALETOHOBBIX pacTBopoB VDK Oblia m3MepeHa npu
25°C B obnactu Kouuenrpauuii 7,5-1076-4-10~* monb/in. Usmepenust mpoBo -
JIUCh B CTEKISIHHOM S4eWKe C IJIATMHOBBIMU JJIEKTPOJAMH, pa3Mep KOTOPBIX
(1 x 0,1) cm?. Koncranra snekrpoxumudeckoii sueiiku (K = 0,5636) Obuia onpe-
JIeTICHa C MCIOJb30BaHKWEeM cTaHgapTHHIX pactBopoB KCl mo meronuke, omu-
caHHOH B pabdote [6].

Peakuus xoHIeHCAMU TIIMLEPHHA C allETOHOM MPOBOJAMIACH B CTEKJISTHHOM
TEPMOCTaTHPOBAaHHOM PEAKTOpE, CHAOKEHHOM MEIIANKoil M oOpaTHBIM XOJIO-
mtebHEKOM, mipu 55°C. B peakrop 3arpyxanock 0,52 MMOnb KaTamu3aropa,
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21,7 mmonb ruuepuna, 43,6 mMonp anetona u 0,16 MMoinb okTaaekana. s
aHalln3a COCTaBa PEaKLIMOHHOM CMECH Yepe3 ONpe/ielieHHbIe HHTEPBAJIbl BpeMe-
HU oTOMpancs 1 MII peakIIMOHHOW MAacChl, MPOAYKTHI PEAKIIMH 3KCTParupoBa-
JIUCh CMECHIO, cocTosIIel u3 5 mil aTunanerara, 0,5 mi Boasl u 0,1 r ruapokap-
OoHata HaTpusi. DPUPHBIN CIIOW OTACISIICS, U PACTBOPCHHAS BOJA YIAISIach
pu [00aBJICHUH Cylb(haTa HaTPHS.

Tabonuma 1
Crpykrypsl MK OpencTe10BCKOro Tuma, 3Ha4eHus1 UX NpeaeTbHOi MOJISIPHOI
nexTponpoBoaHocTH (Ao), H KoHCTaHT qucconmamun (pK) B pacTBope anerona

0O6o03HaucHUE Ao pKa ( K;):/;%HL)
[ A[HSO 67,4 5,12 1307 £ 21
/N\\/N\/\/\SO3H HSO, [HSO4] ) ;
[\
/N\/N\/\/\SOSH CF4S05 A[CF3S0s] 109,3 5,07 1278 +£9
— A[CH3SO 48,2 5,77 1393 +9
NSNS g0 |CHSO [CHsSO3] : ,
[\

/N\/N\/\/\SOBH CH3CO0 A[CH3COO] 41,1 6,40 1459+ 8
HCI _ _ 40[7] | 1395+1
HNO3 - - 3,6 [Tam xe]| 1358 +1
CF3SOsH _ — |27 [Tamxe]| 1278+9

* PAHA — IPOTOHHOE CPOJICTBO aHUOHA COMPSKEHHON KUCIOTHI [8].

[Tosryuennslit pactBop aHammsupoaiics mMetonoM [KX. Xpomartorpaduye-
CKMi aHamu3 mpoBomwics Ha xpomartorpade Agilent 7820 ¢ mmamenHo-
HMOHU3AIIMOHHBIM JIETEKTOPOM (KamwuisipHas KojoHka HP-5 25 m).

Pe3yabTaThl u ux o0CyKaeHHE

Hccredosarnue kucaiomuulx ceoticms VK bpencmedosckoeo muna

KonaykroMeTprueckue u3MepeHus MPOBOIUIINCH B PACTBOPE alleTOHA C CO-
nepkaaneM Bogbl < 0,01 mac. %. MomsipHast 3JeKTpOoIpoBOANMOCTE pa30aBIicH-
HBIX pacTBOPOB (A) pacCUUTHIBATIACE IO (POpPMYIIE:

7\’:1000' (X_XO) (1)

C
IIe A — OKBHBAICHTHAs AIICKTPOIPOBOAHOCTH pacTBopa 1-1 aiexTposmura
(Omt-cM?r-5kB™Y), % — yaenbHas 3JIEKTPONPOBOAHOCTE pacTBopa 1-1 amekTpo-
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auta (Om-cM™Y), ¥o — ylenbHas dIeKTPOIPOBOAHOCTD PACTBOPUTENS (s are-
toHa 1-107" Om-em™), C - MOJISIpHAst KOHIICHTPALUS BelIecTBa (MOJIb/T).
3HaueHus A (puc. 2) ObLIM MMOTyYSHBI C IIOMOINIBIO YpaBHeHUs1 Konbpayia:

A=%y—AJC, )
rJie Ao — MpeneIbHas MOJIIPHAS dJIEKTpUYecKasi IPOBOJUMOCTb, T.€. AJIEKTpHYe-
CKasi TPOBOJMMOCTD TIpH GeckoHeYHOM pasBeneHud (A — Ao npu C — 0), A —
SMIUpPUYECKass KOHCTAHTa, 3aBUCAINAs OT MPUPOIBI pacTBoputeis. Paccunran-
HbIE 3HaYeHUA Ao IPUBENIEHBI B Ta0II. 1.

120 1
100 4
A [CF;SOjA
".‘“n 80 4 W [CH,S0,lA
s @ [SOHIA
NE 60 - ® [CH,COOlA
=
]
-
= 404
s
<
204
0

0,000 0,005 0,010 0,015 0,020 0,025
c"”, (MOJlb/J])l/z
Puc. 2. Koppemsmus CH>—)\ mis pactBopos MK 6peHCTen0BCKOTO THIIA

B anieToHe npu 25°C

Jyia pacyera KOHCTaHTHI JUCCOIMALIMN OBIIT UCIOJIB30BaH TpaduvecKuil Me-
TOJ. YpaBHEHHE

2
o -C
K= , 3
1-C ®)
rae o = Afho, mpeoOpa3oBaHo B ypaBHEHHE
11, nC @

IMpsiMast TuHES, TOMyYeHHast B koopauHatax 1/A-AC, oTcekaeT 0Tpe3oK Ha och

OpaMHAT, paBHBIH 1/Aho, a TaHIeHC yria HaKJIOHA HPAMOH paBeH —;

ko
0 d
pemsinnu B koopauHatax 1/A—AC npusenenst Ha puc. 3.

OrnpesienieHHbIe JaHHBIM METOIOM 3HAYEHMs MOKazateneil kuciaoTHoctd (pK,)
npuBenieHbI B Ta0. 1. Jlyisa cpaBHEeHHsI TTOKa3aHbl 3HAYeHUS pK, Iis MUHEpaib-
HbIX KucioT, Takux kak HCl, HNO3 u CF3SOsH. IIpencraBieHHbie JaHHbBIC yKa-
3BIBAIOT Ha TO, 4TO Kuciblie MK ciabee 3THX KHCIOT, YTO, BEPOSATHO, MOKHO

OOBSICHUTD BIIMSIHUEM HUMHIa30JIMEBOI0 (bpaI‘MCHTa Ha MOABMKHOCTH IIPOTOHA.
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A[CH,COO0]

0,15+
A[CH;S04]
o

A[HSO,]
0,104

/A

0,054
A[CF;S0,]

0,00 4 T T 1
0,000 0,002 0,004 0,006

Cx
Puc. 3. Koppemsinust 1/A-AC mist pactBopos MK GpeHcTeJOBCKOTO THIIA
B arieroHe mpu 25°C

CornacHo NOJIy4YeHHBIM JaHHBIM, cuiia KucioTsl MK 3aBucur ot Tuna anuo-

Ha ¥ CHW)KAETCS B PALY:
A[HSO4] ~ A[CF3S03] > A[CH3SO3] > A[CH3COOQ].

B uenom 310t psig cornacyerca ¢ ”3AMEHEHUEM BEIMYMHBI IPOTOHHOTO CPOJICTBA
comnpsbkeHHOU kucnoTel (PA), To ecTb ¢ cujioi aHMOHA. JJaHHYIO KOppesiuio
MOXXHO OOBSCHHUTH B paMKaxX dJIEKTpOCTaTU4YecKor Teopuu. PaccmaTtpuBas aHu-
OH Kak cepy, IMEIOIIYI0 OTPUIATENbHBIN 3aps]], paBHBII OCHOBHOCTH aHHOHA,
HETPYIHO 3aMETUTh, YTO YMEHBIIEHUE KOJMYECTBA AaTOMOB KUCJIOPO/ia B aHUOHE
MPUBOJNT K YBEJIIMYEHUIO MJIOTHOCTH 3apsiia Ha aTOME KHCIOpOAa M, COOTBET-
CTBEHHO, K YMEHbILIEHHUIO 3HAYEHHsI KOHCTAHThI JUCCOLMALINN KUCIIOTHI.

Hccnedosanue xamanumuueckux ceoticms MK bpencmedosckozo muna

Karanutnyeckue croiictBa MK OpeHCTEIOBCKOTO THIA OBUTA UCCIIEIOBAHBI
B peaKIMy MUKIOKOHACHCAIINH TJIMIIEPHHA ¢ alleToHOM (cM. puc. 1) mpu 55°C u
MOJIFHOM COOTHOIIICHUH alleTOH/TIUIEpUH, paBHOM 2 : 0. OCHOBHBIC PE3YIIbTATHI
MOKa3aHbI B Ta0IMI. 2.

Tabnuma 2

Kartanutnyeckue cpoiictea MK B peakuum HMKJI0KOHAEHCALHU
IJIMIEPHHA ¢ ALeTOHOM ™

Bpemsi, MUH Kongepcus (1), % (“)**CeneKTHBHOCTb’ %(III)**
60 38,3 97,9 2,1
180 88,6 98,7 1,3
240 100 98,2 1,8
60 30,7 98,0 2,0
180 70,6 97,9 2,1
60 23,7 97,8 2,2
180 52,1 98,7 1,3
60 20,3 97,7 2,3
180 43,5 98,2 1,8

* Venosus skenepumenta: 21,7 MMons riuiepuna, 43,6 MMoib anetona, 0,52 MMOJIb KaTasu-
3aropa, 0,16 MMoJIb OKTaeKaHa, 55 °C.
" O603HaueHue cM. Ha puc. 1.
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CortacHO MOMYyYeHHBIM TAHHBIM, OCHOBHBIM MPOJIYKTOM PEaKIUH SBIISCTCSI
NSATHWICHHBIH  30JbKeTanb  (4-ruapoKkcuMeTmn-2,2-aumMeTui-1,3-1MoKcoan)
(I, em. puc. 1) ¢ cenekruBrOCTHIO 97,7-98,7%. CENEKTHBHOCTD 110 HIECTUYUIICH-
HoMy ametaiio (2,2-mumermi-1,3-nuokcanoi-5) (I1l, cm. puc. 1) He mpeBsITaeT
2,3%, 9TO XapaKTEepHO ISl OPEHCTEIOBCKUX KHCIIOT.

Kak BumHO U3 MpencTaBiIeHHBIX Pe3yabTaToB (CM. Tabl. 2), CKOPOCTh peak-
UK ¥, COOTBETCTBEHHO, BBIXOM (I1) 3aBUCAT OT THIIa aHHOHA, BXOJAIIETO B CO-
ctaB MK, u cHmxkatorcs B psay:

A[HSO4] > A[CF3SO3] > A[CH3SO3] > A[CH3COQ].

OTOT psix oOBACHIETCS M3MEHEHHEM BeNn4nH pK,, pacCUNTaHHBIX 10 JAaHHBIM
KOHAYKTOMETpHruecKux u3mepenuit (puc. 4). Bexon (I1) BozpacraeT ¢ yBenude-
HUeM cuibl kucinotHoro neHtpa MK OpencremoBckoro tuma. HaOmromaemas
KOPPEJISIHUS COTIaCyeTCs C MEXaHM3MOM PEaKIHK B MPUCYTCTBUH OPEHCTEIOB-
CKUX KHCJIOT, COTJIACHO KOTOPOMY B MPUCYTCTBHUH OPCHICTEIOBCKHX KHCIIOT
mpoayktel (I1) u (1) obpasyrorcst B pesynbrare TpaHCHOPMAIMH KOPOTKOKH-
BYILIETO KapOKaTHOHA, BO3HUKAIONIEro Oiarojgaps aKTHBAWH KapOOHHMIBLHOMN
TpYIIBI Ha OPEHCTETIOBCKOM KHUCIIOTHOM LIEHTPE.

100

Y. A ASOH
N
N
75 - \
N
. A .
NS N
s ACFSO, ™
E S AICH;S0,
S 50 4 AR
= < L _, AICH,CO0]
& N SO H A ~
E -0 NS0 180 mun
R~ LR A[CH,S0,]
254 AICF,50,] S-l AICH,COO]
i’

60 Mun

0 T T T T
5,0 55 6,0 6,5

PK,

Puc. 4. Bnusinue cunbt K (pKa) Ha Bexoz (11)
B peaKlnu HUKJIOKOHIeHcauuu riaunepuHa (I) ¢ aieronom

Ha npumepe naunbosee aktueHON cucteMbl A[HSO4] u3yueHa BO3MOXKHOCTB
MHOToKpatHoro wucnons3oBanust VMOK. [uknnueckre MCHBITaHUS TPOBOIMIN
MIPY MOJBHOM COOTHOIICHHUH aneToH/riauuepud = 4,1/0,8 Moi1. % B IpUCYTCTBHH
karaiuzaropa u 0,25 moit. % okTanekana, B Teuenue 240 mun npu 55°C. [Tocne
KaXJ0ro KaTaIMTUYECKOrO IUKJIAa MPOAYKTHI PEaKLUHMU BBLACISUIA SKCTPaKLUEH
stunaneratoM, a A[HSO4] cymmnn nox Bakyymom nipu 110°C B Teuenne 2 4 u
KCIIOJIb30BAJIM B CIEAYIOLIEM LUKJE. DKCIIEPUMEHTANbHbIE JaHHbIE YKA3bIBAIOT
Ha TO, uTO KaTanutudeckue cBoictBa A[HSO.] He U3MEHSIFOTCSI CYIIECTBEHHO B
TedeHue 3 nuknos (puc. 5). Berxox (1) B 1-m, 2-m, 3-m nukiax 601 98,2, 97,9
97,5% COOTBETCTBEHHO.
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Beixog (), %
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Puc. 5. U3menenue Brixona (1) B IUKIMIECKAX UCTIBITAHUSX KATAIUTHYCCKUX CBOWCTB
A[HSO4] B peaximu uukiIoKoHAeHcamn rimiepuHa (1) ¢ aneronom

3aki0ueHne

B paboTe mpencTaBieHbl pe3yibTaThl H3MEPEHHS AIICKTPOIPOBOAHOCTH KHC-
aeix DK umupasonuesoro psga cocraa A[HSO4], A[CFsSO3], A[CH3SO3] u
A[CH3COO], tepmoanHamuueckue mokasarenn KucaoTHocTH (pK,), paccuu-
TaHHBIE 110 KOHIYKTOMETPHYECKUM JaHHBIM. Y CTAaHOBIIEHO, 4TO BennunHa pK, 3a-
BHUCHT OT THIIa aHHOHA U CHIKaeTcst B psiy A[HSO4] ~ A[CFsSO3] > A[CH3SO3] >
> A[CH5COO].

Karanutuyeckue cpoiictBa MK uccrienoBanbl B peakiiy IUKIOKOH/ICHCA-
UM TIHIEprHa ¢ areroHoM. COTIacHO MOJyYSHHBIM JaHHBIM, OCHOBHBIM ITPO-
IYKTOM DPEakIUy sBJseTCs MaTHwiIeHHbId 30mbketans (II) ¢ cerekTHBHOCTBIO
97,7-98,7%, ckopocts peakuuu u Bexoq (I1) koppenupyroT ¢ mopsakoM nu3me-
HeHus cuitbl KUCIOThl (pK,). TTokazana BO3MOXKHOCTh MHOTOKPATHOTO HCIOJb-
soBanus A[HSO4] B kauecTBe KaTanuszaropa. B TeueHne Tpex IUKIOB B IIPUCYT-
creur A[HSO4] Beixon (1) cymiectBerHo He n3mensuics u coctaisi 97,5-98,2%.

Paboma svinonnena 6 pamxax eocyoapcmeenno2o 3adanus Mncmumyma kama-
uza CO PAH (npoexm AAAA-A17-117041710082-8).
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Effect of acidity of Bronsted acidic ionic liquids
on reaction between glycerol and acetone

Bronsted acidic ionic liquids (BAILs) with an imidazole cation (A), such as
A[HSO4], A[CF3SOs], A[CH3SO3], and A[CHsCOO], were synthesized. The acid
properties of BAILs in acetone were studied by the conductometric method. The dis-
sociation constants (pKa) were calculated from electrical conductivity data. It was
found that the acidic strength of BAILs in acetone decreases in the following order:
A[HSO4] ~ A[CF3SO3] > A[CH3SO3] > A[CH3COOQ]. This trend is an agreement
with the proton affinity of conjugate acid and electrostatic theory.

Catalytic properties of BAILs were investigated in the reaction between glycerol
and acetone. This reaction can be of interest because of glycerol transformation to
biodiesel additives, for example, five-membered solketal (2,2-dimethyl-I,3-dioxane-4-
methanol, (1)), which improves the cold properties and lowers viscosity in biodiesel
formulation. The catalytic properties of BAILs were investigated at 55°C at an ace-
tone/glycerol molar ratio of 2.0 and an amount of BAIL of 0.8 mol.%. It was found
that in the presence of BAILs, the main product was (I1) with 97.7-98.7% selectivity.
Selectivity towards six-membered acetal (2,2-dimethyl-dioxane-5-ol) was insignifi-
cant, which is typical for Bronsted acids.

Analysis of acidic and catalytic properties of BAILs indicates that Bronsted acidi-
ty is a key factor for the adjustment of the reaction rate. The reaction rate and yield of
(I1) decrease with decreasing pKa. The high reaction rate and yield of (lI) are
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achieved in the presence of A[HSO4] with high Bronsted acidity (pKa). This trend is
an agreement with the reaction mechanism, which is based on the transformation of a
short-lived cation formed by the activation of the oxygen atom of the carbonyl group
of acetone on Bronsted active site of catalyst.

Stability of A[HSO.] catalyst in the reaction mixture was investigated by a recy-
cling test at an acetone/glycerol molar ratio of 4.1 and an A[HS04] amount of
0.8 mol. %, at 55 °C for 240 min. After each catalytic cycle, A[HS04] was separated
from the reaction mixture by extraction of products by ethyl acetate. A[HS04] was
desiccated under vacuum at 110 °C for 2 h. It was demonstrated that A[HS04] can be
used repeatedly without significant loss in catalytic activity during at least three cata-
lytic cycles. The yields of (I1) in cycles after 240 min of reaction were 98.2, 97.9, and
97.5%, respectively.

Keywords: Bronsted acidic ionic liquids; dissociation constants; acetalyzation;
glycerol; acetone.

References:

[EEN

. Maksimov A.L., Nekhaev A.l., Ramazanov D.N. Ethers and Acetals, Promising Petrochemi-

cals from Renewable Sources. J. Petroleum Chemistry. 2015;55(1):3-24. (In Russian)

2. Greaves T.L., Drummond C.J. Protic ionic liquids: Properties and applications. Chem. Rev.
2008;108:206—237.

3. Amarasekara A.S. Acidic ionic liquids. Chem. Rev. 2016;116(10):6133-6183.

4. Xing H., Wang T., Zhou Z., Dai Y. The sulfonic acid-functionalized ionic liquids with
pyridinium cations: acidities and their acidity-catalytic activity relationships. J. Mol.
Catal., A: Chem. 2007;264(1):53-59.

5. Gui J., Cong X., Liu D., Zhang X., Hu Z. Novel Bransted acidic ionic liquid as efficient
and reusable catalyst system for esterification. Catal. Commun. 2004;5(9):473-477.

6. Handbook of physicochemical values / ed. A.A. Ravdelya, A.l. Ponomareva. L.: Chemis-
try, 1963. 231 p. (In Russian)

7. Timofeeva M.N. Acid catalysis by heteropoly acids. Appl. Catal., A: Gen.
2003;256(1):19-35.

8. Johnson K.E., Pagni R.M., Bartmess J. Bransted acids in ionic liquids: fundamentals, or-

ganic reactions, and comparisons. Monatshefte fur Chemie / Chemical Monthly.

2007;138(11):1077-1101.

Information about the authors:

Lukoyanov Ivan A., Student, Department of Ecological Problems of Technosphere Safety, Novosibirsk
State Technical University (Novosibirsk, Russia). E-mail: ivan 1 ukoyanov95@mail.ru

Timofeeva Maria N., Doctor of Chemical Sciences, Leading Research Fellow, Boreskov Institute of
Catalysis SB RAS; Professor, Department of Ecological Problems of Technosphere Safety, Novosibirsk
State Technical University (Novosibirsk, Russia). E-mail: timofeeva@catalvsis.ru

Panchenko Valentina N., Associate Professor, Department of Ecological Problems of Technosphere
Safety, Novosibirsk State Technical University (Novosibirsk, Russia). E-mail: panchenko@catalysis.ru
Adonin Nikolay Yu., Doctor of Chemical Sciences, Head, Laboratory of Catalytic Processes for
Elementoorganic Synthesis, Boreskov Institute of Catalysis SB RAS (Novosibirsk, Russia). E-mail:
adonin@catalysis.ru

Prikhodko Sergey A., Candidate of Chemical Sciences, Senior Researcher, Boreskov Institute of Cataly-
sis SB RAS (Novosibirsk, Russia). E-mail: spri@catalysis.ru

35



