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TBEPJO®A3ZHOE DOTOKCUJIMPOBAHUE
APOMATHYECKHUX KUCJIOT

Memooom mexanoxumuueckozo meepooPasHozo cunmesa 6 GUOPAYUOHHOM annapame 6nepevie
NOAYYEeHbl IMOKCUTUPOBAHHbIE NPOU3BOOHbIE OEH30UHOU KUCIOMbL U ee XJ0p- U HUMPO3AMEUeHHDIX.
Ilpoyecc  IMOKCUTUPOBAHUS  OCYWECMGIANU  NPU  B3AUMOOCUCTNEUY  OEH30UHbIX  KUCIOM  C
noausmunenenuxorem  II2I-6000.  Ilpodykmer  peakyuu  0Xapaxkmepuz08aHvl  MemoooM
HK-cnexmpockonuu. Ycmanoeneno, umo 9moKCunuposanue 6eH30UHbIX KUCIOM OCYUWeCmENsiemcs no
Kapbokcunbrvim epynnam. Cmenens npeepaujeHusi UCXOOHBIX KUCIOM 8 NPOOYKMbL PeaKyull 3a6UCUM
Om 8PeMEHU MEXAHOAKMUBAYULL.

Knioueevle cnosa: 6Gensotinas xucioma, opmo-XaopOeH30UHAsS KUCAOMA, OpPmMo-HUMPOOEeH30UHAs
Kucioma, noausmuneHenuxons (II21-6000), mexanoxumuueckue meepoogasuvie peaxyuu, HK-

CNneKmpocCKonust.

IHocTanoBka npoodeMbl

B Hacrosimee Bpemst BO BceM MHUpE 3HAYUTEIBHO
BO3POC MHTEpEC K MPOBEIACHUIO TBEPAO(Pa3HBIX XU-
MHUYECKHUX PEaKUUid MpU ACUCTBUU HA PEAKLUOHHYIO
cMech Mexanmdeckux cui [1...5]. DTo cBs3aHo ¢
TEM, YTO MEXaHOXMMHYECKUH crioco0 MpoBeleHUS
peakuuii 3HaYUTEeNbHO MpOILE, JAEUIeBie, a B psle
ciydaeB 3¢ (eKTHBHEe, YeM peann3alus peakiiuii B
pacTBoOpe, MOCKOJIbKY TaKHe MPOLIECCHl HE CBSI3aHbI
C MCII0JIb30BAaHUEM PACTBOPUTENEH, KaTaln3aTOpPOB,
peaxkyuy NpOBOAAT NMPH KOMHATHOHM TeMIeparype U
MIPY 3HAYUTEIBHOM COKpAIIEHUH BPEMEHH pearupo-
BaHwms [6...11]. DTO MEPCIEKTUBHO IJIT TEXHOJIOTHH
MOJTyYEHUs JIEKapCTBEHHBIX (POpM, MOBEPXHOCTHO-
aKTHBHBIX BELIECTB, COPOCHTOB, PEIOKC-TIOIMMEPOB
u ap.

OTBeTHOH peakiuel TBepABIX TEN Ha JCHCTBUE
MEXaHMUYECKUX CHJI ABJsieTcs Aepopmanus, KoTopas
3aBHCHUT OT THIIA TBEPOIO Tejla U XapakTepa Mexa-
HUYECKOI0 HAarpy>KeHUSI U KOTOpPask BHI3BIBAET U3MeE-
HEHMS CTPYKTYpHI BemiecTBa. CyliecTBEHHbIE U3Me-
HEHMS CTPYKTYPBI TBEPABIX TEJI BIUSIOT Ha MX pe-
aKIIMOHHYI0  CIIOCOOHOCTH [12].  Xapakrtep
MEXaHOXMMHUYECKHUX  MPOIECCOB  OMpEAeNseTcs
COOTHOUIEHHEM MEXIY CKOPOCTBIO IOTJIOUICHHS
YOPYroll MEXaHHYECKOH OHHEPrUU U CKOPOCTBHIO
MexaHoxuMuueckoi peaknuu [13]. Ha ocHoBanun
3TOr0 COOTHOILIEHHUS Pa3JeNIioT MPOLECCH MEXaHO-
XMMUYECKON aKTUBALlMM TBEPABIX TNl O3 XuMHue-
CKHX peakiuil (Hampumep, MEXaHOXMMHYECKas aK-
TUBAIMA TBEPABbIX KaTalM3aTOPOB) U pEaKIHH, Mpo-
TEKAIOIUE B YCIOBUSAX MEXaHOXMMHYECKOH aKTH-
BalllH, — MEXaHOCHHTE3.

IIpu npoBeaeHUN MEXaHOXUMHUYECKUX PEaKLIHN
CYLIECTBEHHOE 3HayeHHE HMMEET CTENeHb IpeBpa-
IIEHUS. UCXOTHBIX KOMIIOHEHTOB B TPOAYKTHI Peax-
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LM, KOTOpasi 3aBHCHUT, MIPEXKAE BCETO, OT MPUPOIBI
pearupyonmx BeLeCcTB, BEIMUYUHBI MEXaHUYECKOH
SHEPruM, MOJBOJMMON K PpPEaKUHOHHOM CMECH, U
BPEMEHH IIPOBEICHUS PEAKLIUH.

B »T0# CBsI3U uccenoBaHUs 3aKOHOMEPHOCTEH
NPOTEKaHUsI TBEPAO(PA3HBIX MEXaHOXUMHUECKUX
peakuuii B 3aBHCHMOCTH OT BapbHpOBaHHUS Mapa-
METPOB MEXaHHMUYECKOW HArpys3Kd SIBISIOTCS aKTy-
aIbHBIMHU.

Peakiust sTokcunupoBanus (B oOmiemM Buae —
AIKOKCHJIMPOBAaHMS) Ba)KHA B OPraHUYE€CKOM CHHTE-
3€, IOCKOJIBKY NMPOIYKTHI 3TOH PEaKLUU HCIIOJb3Y-
J0TCS B KaueCTBE MPOMBIIIJIEHHO Ba)KHBIX HEHOHO-
TCHHBIX MMOBEPXHOCTHO-aKTHBHBIX BELIECTB, CMAaYH-
BAIOIINX, 3MYJIBTUPYIOIMX W CTaOMIU3UPYIOLINX
areHToB B JHCIEPCHBIX CHCTEMax pa3IN4HOrO
Ha3HAa4YeHHA. DTOKCHIMPOBAHHWE OPTaHMYECKUX CO-
€AMHEHUHA C TIOJyYeHHEM JSTOKCHIJIATOB OOBIYHO
MPOBOJAT TPH J00aBIEHUHM Ta3000pa3HOTO ATHIIE-
HOKCH/Ia K COEIMHEHUSIM, COAEP)KALIUM aKTHBHBIN
BOJIOPOJ B cOCTaBe KapOOKCHJIbHBIX, THAPOKCHIIb-
HeIX Wi amuHorpymm [14]. IIpoBenenue peaxiuu
STOKCUIIUPOBAHUS XUMHUYECKUMHU METOJIaMHU JIOCTa-
TOYHO TPYAOEMKO, MTOCKOJIBKY CBS3aHO C HCIIONB30-
BaHMEM T'a3000pa3HOr0 OKCHIA ITHJICHA, HATMYHEM
KaTajau3aTopa, IIUTEIHHOCTBIO TMporecca (dYackl),
BBICOKOM TeMrepaTypoii [15].

B cBs3M ¢ 3TUM HccnenoBaHHE BO3MOXKHOCTH
MIPOBEJICHNUSI MEXAHOXUMUYECKOTO CHHTE3a 3TOKCH-
JUPOBAHHBIX TPOU3BOIAHBIX OPTAHMYECKUX KHCIIOT
MOJKET OKa3aTbcsi OoJiee MEepCHeKTUBHBIM, Y€M Tpa-
JUILAOHHBIA METO/I.

AHAIU3 TMOCHETHUX HMCCIEeAOBAHMII M MyOJauKa-

107071
Wntencudukanus TBepa0(ha3HOrO CHHTE3a CO-
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€IUHEHUN SIBJISIETCS OJHOM M3 OCHOBHBIX 33Ja4 Me-
xaHoXuMuH. MexaHoxumudeckue 3(GeKTsl B oc-
HOBHOM pealu3yloTCs B ammaparax ¢ BBICOKOU
SHEPrOHAMNPSHKEHHOCTHIO, TAKUX KaK BBICOKOMHTCH-
CHUBHBIC BHOpaIMoHHBIC W IleHTpoOekHbIe [1]. s
MpOTeKaHusi TBEPAO(a3HBIX XUMHUECKUX PpEeaKInit
HauOosee OJaronpusTHBIC YCIOBHUS MOTYT OBITh
CO3/IaHbI B CHEIHMaIbHBIX BHOPAIMOHHBIX ammapa-
Tax-MexaHopeakropax. [Ipm BuOpammm BO3HWKaeT
3¢ (HeKT UHTEHCUBHOTO MEXaHUYECKOTO B3aUMOJICH-
CTBHUSI MEXKJy YacTHIIAMU W O00bEMaMU MHOTOKOM-
MMOHEHTHBIX cucTeM. [lpm 3TOM BO3HHKaeT Tak
Ha3bIBAEMbIN «BHOPOKHITSIIUI CIOH, TO €CTh Ype3-
BBIYaiHO MHTEHCHBHBIC OTHOCUTEIIBHBIC KOJIcOaHUs
TBepAbIX dacTui. C TOYKH 3peHUs] MPOTEKAHUS Me-
XaHOXUMHYECKUX PEaKIHi UMEHHO Takue 3(h(OEKTHI
MPECTaBISIIOT HAWOOJBIINA WHTEPEC, MOCKOIBbKY
OHH CTUMYJHPYIOT MEXaHOXHMHUYECKHE PEaKIIIH
[16,17]. BuOpaumuoHHBIE AammapaThl-MeXaHOpPEaK-
TOPBI CHEIHMATBHBIX KOHCTPYKLHUH MO3BOJISIOT MPO-
BOAWTHh XHMHYECKHE peakuuu B TeueHue 5...10
MUH, TOTJa KaK B IICHTPOOEIKHBIX alaparax Bpems
pEaKIMU MOXET JIOCTUTaTh HECKOJIBKMX 4acoB. Mc-
MOJIb30BaHUE BHOPAIMOHHBIX amnmapaToB HauOojee
1eecoo0pa3Ho UMEHHO B CITydae XPYIKHX MOJIEKY-
JIIPHBIX KPUCTAJUIOB OPTAaHUIECKUX COCTUHEHHN.

MexaHOXUMUYECKUM pEeaklusiM MEXIy TBep-
JBIMA HU3KOMOJICKYJIIPHBIMH OPTaHMYECKUMH CO-
€IMHECHUSMH TIOCBAIIEHO OTHOCUTEIFHO HEOOIbIIOe
YUCIIO UCCIEeNOBaHMW. B nureparype omnucaH psin
TBepA0(ha3HbIX MEXaHOXUMHUECKUX PEaKIHii opra-
HUYECKOTO CHHTE3a, TaKWX KakK JTepuduKaius,
IUKITU3aIUs], TaIOTeHUPOBaHUE, 3aMEIleHUe Tajo-
TeHa, THJIPOTreHONN3, OKHUCJICHHUE, alWIHNPOBaHHE
[3,18,19] u 1ap. MexaHOXHMHYECKHE PEAKIHU
STOKCHIJIUPOBAHUS OPTaHWYECKHX COCIUHEHWA B
JUTEpaType He OMUCAHBI.

eab (3apauun) uccjaeqoBaHus

Lenbto paboThl OBUIO TPOBEACHUE TBEpAOda3-
HOW peakiy MEXAy apoMaTHYeCKHUMH KHCIOTaMH
(6eHzoitHas, opmo-xnOpOEH30MHAS U OpMO-HUTPO-
OensoiiHas) u mnojudTWIeHrMKoaeM (T13I-6000)
MEXaHOXMMUYECKUM METOJJOM B BHOPallMOHHOM
ammapare Tpy BapbHPOBAHUY BPEMEHHU aKTHBAIIUH U
HCCIIeIOBaHNE MPOAYKTOB peakuuu Metogom WK
CHEKTPOCKOITHH.

OcHOBHOIi MaTepuaJI Hcc/IeI0BAHMS
MexaHOXUMUYECKUEe TBepAOQasHble peaKiuu
opraanyeckux kuciot ¢ I13I-6000 mpoBoanim B
BuOpanmonHom ammapate 75T-IpM mpu wacrore
BuOpanun v=50 ['m u ammmryne 4=3,0...5,0 Mm.
Benuunua Bubpoyckopenmst (1=4n’Av?) cocrasisiia
296...493 M/Cz; cuia, MEeUCTBYIOIIas Ha CJIOH MaTe-
pHuana co cTopoHsl pabouero tena maccod Mr=1,13

3(25)'2021

BECTHWK [JOHELIKOrO HALIMOHANBLHOIO TEXHUYECKOIO YHUBEPCUTETA

kr, cocraBmsna 334..557 H (F=Mrxl). Kunernde-
ckas sHeprus (K, Jx) pabodero Tema maccoit My
MEPEXOIUT B MOTCHIIUAIBLHYIO SHEPTHIO CHJI YIpY-
roctu Je(hOpMUPYEMBIX TBEPJABIX YaCTHUI[ PEaKIU-
oHHo# cmecn, U,, [Ix [20]:

rie V=Awo=2nvA=0,942...1,57 m/c — BUOpPOCKO-
pOCTb.

KommuecTBo 3HEprum, mpuxopsiieecss Ha enu-
HUILYy MacChI BEIECTBA (Macca PeakIMOHHOW CMECH,
m=2 1), cocrasmuio K (U,)/m=0,25...0,70 JIx/r.
BenuanHa OTHOIIEHWS! BEIMYWHBI CHJIBI K €IUHUIIE
Macchl peakiuoHHo# cmecu, F/M=167,0...278,5
H/r. Bpemsi MeXaHOXMMHYECKOW aKTUBAI[UM CMECH
peareHToB (Tax) cocTaBisuio S u 10 MuH.

HK-cniekTpbl perucTpupoBaiid Ha CIEKTPOMETPE
Bruker Tensor 37 FTIR Spectrometer B tabierkax
KBr.

Ha puc. 1...3 npuBenensl MK-cnexkTpsl KoMmo-
HEHTOB MEXaHOXMMUYECKUX PEaKIUil: OCH30MHOM
KHCJIOTBI, Opmo-XJIOp- W OpmMO-HUTPOOCH30MHBIX
kuciot, I[191-6000 u mpoAayKTOB B3aMMOJCHCTBUSA
apomMaTtuueckux kuciot ¢ [191-6000.

~

800 1600 1400 1200 1000 800 600
V, e’

Puc. 1. UK-criekTpsl 00pasIioB:
1 — OGen3oliHas KHUCIIOTa; 2 — OeH30iHAsS KUCIOTA +
I13I'-6000; 3 — [13I'-6000; Bpemst ak THBUPOBaHUSI
PEaKUMOHHBIX CMece 5 MUH
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v
Ly

1750 1700 1650

1800 1600 1400 1200 1000 800 600 Vv, CM
v,em’
a 0

Puc. 2: a — 0630pHbIe UK-CTIEKTpHI:
1 — opmo-xnopbOeH3oitHas KUcnoTa; 2 — opmo-xinopoen3oiinas kuciora + [130-6000
(Bpems akTuBupoBanus 5 mun); 3 — [191-6000;
6 — TIOJIOCHI TIOTJIOMIEHHUS BAIGHTHBIX KoJieOanuit C=0O-rpynmnsl MeXaHOAKTUBHPOBAHHOMN
PEeaKIMOHHOMN cMecu opmo-xiopben3oitHas kucnora + [131-6000 npu pa3nuaHOM BpeMeHU
€€ aKTUBUPOBAHMUS, Tk, MUH: 1 — 5; 2 — 10

V

1800 1750 1700 1650
Vi em’!

1800 1600 1400 1200 1000 800 600
v, em’!
a S

Puc. 3. a — 0030pnbIe UK-criekTpsl: 1 — opmo-HUTPOOCH30HHAS KUCIIOTa;
2 — opmo-auTpodben3oiiHas kucnora + [13I'-6000 (Bpems akTUBUPOBaHUS 5 MHH);
3 —[I2I'-6000;
6 — TIOJIOCHI TIOTJIOMICHUS BAIEHTHBIX KoJiebannit C=0O-Tpymsl MeXaHOaKTUBUPOBAHHON
PEaKIMOHHOM CMeCH opmo-HUTpoOeH30iHas kucnora + [191-6000 mpu pa3nuuHOM BpeMEHH
€€ aKTUBUPOBAHUS, Tax, MUH: 1 — 5; 2 — 10
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Ta6mmma. MK-criekTpockonmiecKue XapakTepUCTHKN OCH30WHBIX KUCIIOT
Y TIPOIYKTOB MX 3TOKCHIINPOBAHUS

Kucnota YacToTs! nojoc nornomenns C=0-koacOaHuid, em’
Vc—o B CIIEKTPE KUCTIOTHI V-0 B CIIEKTPE MPOIYKTA PEAKITHH
bensoitnas 1688 1714
Opmo-XJI0pOCH30MHAS 1694 1727
OpMO-HUTPOOEH30HHAS 1683 1728

o

R

0
OH
MA
+ HO-(CH,-CH,-0-CH,-CH, ) ,-OH — Q)Lo\ (CH,-CH,-0-CH,-CH,) -OH+ H,0
R

Puc. 4. Cxema peaknuu 3TOKCHINPOBAHAS OSH30HHBIX KHCIOT MEXaHOXUMHIECKAM METOI0OM

B UK cnekrpax cmeceil, MolXy4eHHBIX B pe-
3yJbTaTe MEXaHOAKTHUBAIINU, IPUCYTCTBYIOT TOJIO-
CBbl TIOTJIOIICHUSI MCXOIHBIX PEareHTOB U HOBEIE,
KOTOpBIE MOYKHO OTHECTH K IIPOAYKTaM peakuuu. B
00JIaCTH TOTJIONICHNS BAICHTHBIX KOJEOaHMH Kap-
OOHUIFHOW TPYIIBI PETUCTPUPYIOTCS JIBE MOJIOCHI,
OJIHa U3 KOTOPBIX OTHOCHUTCSA K MOTJIOLIEHUIO Ba-
neatHoro C=0 xomnebaHus KapOOKCWIBHOW TpPYII-
el kucaoThl, Ar-C(O)OH, a apyrasi, cMeleHHas B
BBICOKOYACTOTHYI0 00nacth Ha 20...35 cM™ (Tab-
nUIa), MOXKeT OBITh OTHECEHAa K BAJICHTHBIM KOJIe-
OaHMsAM KapOOHWIBHOW TPYHIBl 00pa3yromerocs
cnokaoro a¢upa, Ar-C(O)O-R. Cumkaercs WH-
TEHCUBHOCTh BaJIeHTHbIX OH-kojie0aHui KUCIOTHI
B o6mactu 2700-2500 cm™. Tlociae OYHCTKH mMyTeM
BBICQXKICHHUS M30BITKA KUCIOTHI 3TH IMOJIOCH UCYe-
3a0T. M3MeHeHHs mpereprieBaeT 00JIaCTh IOTIIO-
meHust nedopmarmonnbix kosedanun OH-rpymm:
960-890 cm™. BMeCTO HIMPOKOIl MONOCHI MOINIO-
menns [I9T ¢ makcumymom npu 960 cm™ pern-
CTPHpYIOTCSL HOBBIE MONOCHl mpH 950-940 cm™,
YTO, BO3MOXXHO, CBSI3aHO Kak ¢ Hamuuuem y I1OT
BTOPOH, Henpopearuposasmen, OH-rpynmnel, Tak u
CO CTPYKTYpHBIMH HW3MEHEHWSIMH B pe3ylibTaTe
TBepAo(da3HOi peaknuu. ITO JaeT BO3MOXKHOCTH
MpeArnojarath, 4T0 B YCIOBUSX MEXaHOXHMHUYeE-
CKOTO CHHTe3a OEH30IHBbIE KHCIIOTHI B3aWMOJCH-
ctByioT ¢ [13I'-6000.

Peaknum 3TOKCHIMPOBAaHHA apOMaTHYECKHX
KHUCIIOT NMPOBOJWIIM B JBYX peXUMaxX — MPU MeXa-
HoakTUBamuu B TeueHne 5 m 10 mumH. YyacTku
UK-crekTpoB, oTBeuaronye 3a BaJCHTHBIE KOJle-
OaHuss KapOOHWJIBHOW TpPYIIBI, NPUBEICHBI Ha
puc. 26 u 36 B yBenudeHHOM Macmtade. M3 atux
JNAHHBIX CIEAYEeT, YTO MPH YBEIUYCHHH BPEMEHH
MEXaHOXMMUYECKON akTuBauuu 10 10 MUHYT u3-
MEHSIOTCS COOTHOIIEHUSI MHTEHCUBHOCTEH MOJIOC
MOTJIONIEHUS, KOTOPhIE OTHOCSTCS K BaJICHTHBIM
kojebanuamM C=O-rpynn HCXOOHBIX KHCIOT U
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STOKCUJIMPOBAHHBIX MPOAYKTOB peakuuu. Ilpu
3TOM BO3pacTaeT HMHTCHCUBHOCTH I10JOC IIOIJIO-
meHuss C=O-Tpymln 3TOKCUIUPOBAHHBIX MPOJYK-
TOB. B 3TOl CBf3M, OYEBUJHO, YTO YBEIUYECHUE
BPEMEHH MEXaHOXMMHUYECKOT0 BO3JCHCTBUS MPH-
BOJMT K BO3PACTAHUIO CTENEHHU MPEBPAIICHUS HC-
XOJIHBIX KOMIIOHEHTOB pEaKIHOHHON cMecu B
IPOOYKTHl MEXaHOCUHTE3A.

[Ipeamnonaraemast cxema MEXaHOCHHTE3a
STOKCUJIMPOBAHHBIX MPOU3BOTHBIX OCH30MHBIX KHC-
JIOT B YCIOBHUSX MEXaHOXMMHYECKON aKTHBaLlMU
(MA) npuBenena Ha puc. 4.

VYBenuueHue KOJNIWYEeCTBa 3TOKCHMIMPOBAHHBIX
MPOAYKTOB pEaKIUd B PEAKIMOHHOW CMECH IpH
JaJIbHEHIIIEM YBEJIMYEHUH SHEPTUH MeXaHOXUMHUYe-
CKOM aKTHBallMM MOMKET OKa3aThCsl IOJIE3HBIM C
TOYKH 3pEHHs] TEXHOJIOTUH TIONy4eHHUS IOBEpX-
HOCTHO-aKTHBHBIX BelIecTB. M3BECTHO, YTO rajio-
reH3aMellEeHHbIE U HUTPONPOU3BOJIHbIE OEH30WHON
KHCJIOTBI MIPUMEHSIOTCA Kak aHTHMUKPOOHBIC Cpeji-
CTBa B TEXHUYECKUX KHUAKOCTIX [21]. B pesynprarte
PeaKMu STOKCHIMPOBAHUS TaKUX OCH30MHBIX KHUC-
JIOT BO3MOJKHO IOJIyYEHHE TaJIOTEH- U HUTpO3ame-
IICHHBIX HEHMOHOTEHHBIX MOBEPXHOCTHO-aKTUBHBIX
BEIIECTB, KOTOpBIE OyAyT 00JanaTh aHTHMHUKPOO-
HBIMHU U OaKTEPULUIHBIMU CBOMCTBAMH.

BriBoabI

IlomyueHsl HOBBIE aKTyallbHblE HayyHBIE pe-
3yJNbTaThI, OTHOCSAIIUECS K Pa3BUTHIO METO/Ia MeXa-
HOXHMHUYECKOE STOKCHIMPOBaHHE OEH30WHOM KHC-
JOTBl U €€ TIPOMU3BOJHBIX, B JHEPrOHANPIKEHHOM
BUOpAIIMOHHOM amrapare.

N3MeneHus CTpyKTypBsl MaKpOMOJEKYJ 3TOKCH-
JMPOBAaHHBIX TPOU3BOIHBIX OCH30MHBIX KHCIIOT
noaTeepxkaeHo merogamu MK-ciektpockonuy.

[lokazaHo, YTO MeEXaHOXUMHYECKAs PEaKITHs
STOKCHIIUPOBAHMS OSH30MHBIX KHCIOT OCYIIECTBIIS-
eTcsl 0 KapOOKCUIIBHBIM TPYIIIIaM.
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YCTaHOBIEHO, YTO CTENEeHb MPEBPALICHUS HC-

XOIIHBIX KOMIIOHEHTOB pEaKIMOHHONH CMeCH B
STOKCHJIUPOBAHHbBIC MPOU3BOIHBIC OCH30MWHBIX KHC-
JIOT 3aBUCHUT OT BPEMEHU MEXaHOXUMHUYECKON aKTH-
BallHH.
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SOLID-PHASE ETHOXYLATION OF AROMATIC ACIDS

Background. The interest in carrying out solid-phase chemical reactions under the action of mechani-
cal forces on the reaction mixture is since the mechanochemical method of carrying out the reactions
is much simpler, cheaper, and in some cases, more efficient than the implementation of reactions in
solution. Mechanochemical processes are not associated with the use of solvents, catalysts; the reac-
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tions are carried out at room temperature and with a significant reduction in the reaction time. This is
promising for the technology of obtaining dosage forms, surfactants, sorbents, redox polymers, etc.
Investigation of the regularities of the course of solid-phase mechanochemical reactions depending on
the variation of the parameters of the mechanical load is relevant. The study of the possibility of car-
rying out the mechanochemical synthesis of ethoxylated derivatives of organic acids may be promising
for the preparation of halogen-substituted and nitro-substituted nonionic surfactants that will have an-
timicrobial and bactericidal properties.

Materials and/or methods. Mechanochemical solid-phase reactions of organic acids with PEG-6000
were carried out in a 75T-DrM vibration apparatus at a vibration frequency v = 50 Hz and an ampli-
tude A = 3.0...5.0 mm. The value of vibration acceleration was 296...493 m/s*; the force acting on the
material layer from the side of the working medium with the mass MT = 1.13 kg was 334...557 N. The
time of mechanochemical activation of the reagent mixture was tAK =5 and 10 min.

IR spectra were recorded on a Bruker Tensor 37 FTIR Spectrometer in KBr pallets.

Results. It was shown by IR-spectroscopy that the solid-phase reaction of ethoxylation of benzoic ac-
ids proceeds through the carboxyl groups. The spectra of activated reaction mixtures contain absorp-
tion bands of the initial reagents and new ones, which can be attributed to the reaction products. In
the absorption region of the stretching vibrations of the carbonyl group, two bands are recorded, one
of which belongs to the initial acid, and the other, shifted to the high-frequency region by 20...35 sm™,
can be attributed to the stretching vibrations of the C=0 group of the resulting compound. With an in-
crease in the time of mechanochemical activation, the ratios of the intensities of the absorption bands
of the stretching vibrations of the C=0 group of the initial acids and the ethoxylated reaction products
change. In this case, the intensity of the absorption bands of the C=0 groups of the ethoxylated prod-
ucts increases. It is shown that an increase in the time of mechanochemical action leads to an increase
in the degree of conversion of the initial components of the reaction mixture into products of mecha-
nosynthesis.

Conclusion. For the first time, the possibility of solid-phase mechanochemical synthesis of ethoxylated
derivatives of benzoic acids in an energy-intensive vibration apparatus is shown. Changes in the
structure of macromolecules of ethoxylated derivatives of benzoic acids were confirmed by IR-
spectroscopy. It was shown that the mechanochemical reaction of ethoxylation of benzoic acids is car-
ried out at the carboxyl groups. It was found that the degree of conversion of the initial components of
the reaction mixture into ethoxylated derivatives of benzoic acids depends on the time of mechano-
chemical activation.

Keywords: benzoic acid; ortho-chlorobenzoic acid; ortho-nitrobenzoic acid; polyethylene glycol
(PEG-6000); mechanochemical solid-phase reactions; IR-spectroscopy.
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