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Knrouesvie cnosa:
a00umueHo-2pynnosoti memood, opeanu- B cmamve 0600uer vl numepamypHuie OaHHbLe U HOLyHeHHble ABHIO0-
uecKue cOeOUHeHUsT, PAcmEopsl, PUUKo-  PaMil Pe3ybamvt ONUCAHUS, CUCEMAMUSAUUU U NPOZHO3UPOBA-

XumuUecKue c60UCMed, mepmMoouHamu-  HUS 8 Pamkax adOumueHo-pynnosozo nooxoda Gusuko-xumude-
ueckue XapaxmepucmuKy, napamempvl  CKUX CB0LICING OP2AHUYECKUX BEU4eCTNE PASTIUUHBLX KTACCO8 U UX Pac-
NOMAPHOTE ONACHOCMU, MeMnepamypa Maeopos, a maxice NAPAMEMPO8 NONAPHOTE ONACHOCIU HUOKOCHE.
B8CNBIUUKU

BBenenmne

B maHHOII cTaTbe 0600IIEHBI TMTEPAaTypHBIE JAaHHbIE U IOTy4eHHbIE aBTOPAMU Pe3y/Ib-
TaThl 110 NIPYMEHEHNIO aJAUTUBHO-TPYNIIOBOIO MOAXO/A [/ OIVCAaHMA U IIPOTHO3MPOBAHNA
PasIMYHBIX QU3NKO-XMMIYECKMX CBOJICTB U ITapaMeTPOB IIOXKapHOI OIACHOCTM OpraHMde-
CKMX PacCTBOPUTEIEI.

ViccnemoBanume B3aMOCBA3M MEX/y CTPOEHMEM COEIMHEHNII U IX CBOMICTBAMI OCTAeTCA
aKTya/JIbHOV XMMUYECKOIl 3ajjadeil. B paMkax aggMTHBHO-TPYNIIOBOTO METOAA 3Ty MpobieMy
MO>YKHO PELIUTD U KAY€CTBEHHO, I KOJIMYECTBEHHO. Y Ka3aHHBII IIOJXO/ II03BOJIAET C JOCTaTOY-
HOJI TOYHOCTBIO IIPOTHO3MPOBATDH CBOJICTBA MHOXXECTBA HOBBIX 00'bEKTOB, VICIIO/Ib3ysI JAHHBIE
JUI CPaBHUTE/IBHO HeOOJIBIIOTO YMC/Ia IPYMIL B TO >ke BpeMs OTK/IIOHEHM OT afijiUTUBHOCTH
CllelyeT pacCMaTpUBATh KaK pe3yabTaT B3aMMHOTO BIMAHMA aTOMOB U I'PYIIIL B MOJIEKYJIE Op-
TaHMYECKOTO COeIMHEeHNA. B Hacrosee BpeMsA afUTUBHBIE CXEMbI MIMPOKO MCIOIb3YIOTCA
JUIL pac4eTOB CBOJICTB MOJIEKYI B ra30BoI1 (hase. [I/11 KOHAEHCHPOBAHHBIX CHCTEM, B TOM YNICIIe
IULA PaCTBOPOB, AU TUBHO-TPYIIIOBOI METOJ Pa3BUT HEJOCTATOYHO. ITa IpobjIeMa pelaeTcs
B HACTOAIIeil paboTe /I SHTA/IbINMITHBIX XapaKTePUCTUK CONbBATAIVIN PACTBOPEHMS OpPTaHM-
YeCKMX COeMHEHUI B MHAVBUAYa/IbHBIX U CMEIIAHHbBIX PACTBOPUTENIAX, a TAKXKE /I ITapaMeT-
POB MO>XapHO OIIACHOCTY YKUIKOCTEN.
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1. CYII.I;HOCTI), K}IaCCI/I(l)I/IKaI.H/I}I U TEOPETUIECKOE o6ocHOBaHUe npaBuwiI aJIUTUBHOCTU

Metoponornyeckas 11e1eco00pasHOCTb MIPYMEHEHNS aiiTIBHO-TPYIIIIOBOTO IIO/X0Aa
JUIS QHAJIM3A U CYICTeMATU3alyy GU3MKO-XMMUYECKIX Y TePMOJVHAMUYIECKIX XapaKTePUCTUK
VIHJVIBYY&IbHBIX BEIEeCTB 1 pacTBOPOB OeccriopHa. [Ipesxe deM mepeiiTyl K aHaIM3y 1uTepa-
TYPHBIX JaHHBIX B paMKaX afJUTUBHO-TPYIIIOBOIO MeTOHa HEOOXOJAVMO KOPOTKO OCTaHO-
BUTCS Ha €TI0 CYTHU U er0 TeopeTndecKoM 060cHoBaHNM. CyTh MeTO/a 3aK/II0YAETCsI B TOM, YTO
Be/INYMHA KaKOTro-1Mb0 CBOVICTBA BEIeCTBAa PACCYMTHIBACTCSA B BUJIe CYMMBbI BK/IQJIOB IPYII
aTOMOB, COCTABJIAIOIVX MOJIEKY/Ty JAHHOTO BellleCTBA. Y Ka3aHHBIN MOJXOJ IO3BOJISET C JI0-
CTaTOYHOJ TOYHOCTBIO IIPOTHO3MPOBATh CBOJICTBA MHOXKECTBA HOBBIX OO'bEKTOB, MICIIOJIb3YsI
JlaHHBIE JIsI CPAaBHUTE/IbHO HEOO/IBLIOTO YMC/Ia TPYNIL. B To >ke BpeMsi OTKIIOHEHMsI OT afiiyi-
TUBHOCTY CJIe[lyeT pacCMaTpPUBATh KaK pe3y/IbTaT B3aIMHOTO B/IMSAHNUA aTOMOB I TPYIII B MO-
JIeKyJIe OPTaHNYECKOTO COeVIHEHNS.

Y>Ke [aBHO XMMMKaM U GU3MKAM CTaJI0 U3BECTHO, YTO OONBUIMHCTBO CBOWICTB CPAaBHU-
TEJIBHO CIOXKHBIX MOJIEKYI MOKHO IIPEJICTaBUTh B BUJE CYMMBI COOTBETCTBYIOIVX BK/IaJ0OB
aToMOB win cBsseit. OJHUM U3 OCHOBOIIONOXXHUKOB mpaBui agnutuBHoctu C. benconom B
KHure «TepMoxuMumdeckas KuHeTuKa» [1] jaHa Kmaccudukanus ajiUuTUBHBIX CXEM.

[laHHO€ CBOJICTBO MOJIEKY/IbI (B IPUOIVIKEHNN HY/IEBOTO IOPsANKA) SIBISAETCA CyMMOI
COOTBETCTBYIOLINX CBOJCTB BCeX aTOMOB. KajoMy aToMy B MOJIEKy/ie MOKHO IPUIINCATh
oIpefie/IeHHOE apIyaJbHOE 3HAUYeHVIe PACCMAaTPUBaeMOro CBOJICTBA. B 0JHOM-eJIHCTBEHHOM
CTy4ae 3TO IPaBUIO BBINOJHAETCS aOCOMIOTHO TOYHO - KOTAA pedb MAET O MOJIEKY/IAPHON
macce. benconom [1] caenan BeiBog 0 TOM, 4TO usMUECcK MOJOOHBIE IMIUPUIECKIE 3aKOHO-
MEpPHOCTY OCHOBAHBI Ha TOM, YTO CYJIBL, JIe/ICTBYIOLIVIE MEXY AaTOMaMV BHYTPY MOJIEKY/IbI VI
MEXXJy aTOMaMy Pa3/IM4YHbIX MOJIEKYII, SB/IAIOTCA O4eHb OnmuskopeiicTByomuymu. OHM feil-
CTBYIOT Ha PacCTOAHMAX 1-3 aHrcTpeMa. VI3-3a 3TOro MHAMBUAYAIbHBIE AaTOMBI B /110001 MOJIe-
KyJIe JAI0T IOYTH ITOCTOSIHHBIE BK/Iabl B TaK/e CBOVICTBA, KaK KO3(pPUIMEeHT IperoMIeH s,
Y@- u VIK-crieKTpbl mOr/IonieHrst, MarHUTHAsI BOCIIPUMMYNBOCTD, @ TAK)Ke SHTPOTINS, MOTISIP-
Hasi TEIUIOEMKOCTbD U Ia)ke TeIIOTa 00pa3oBaHMs BEIeCTB B ra3oBoii ¢ase. TOUHOCTD pacueToB
10 ATOMHO-[IIUTUBHOI CXeMe 3HaYeHMIT SHTPOIINH, TETJIOEMKOCTH 1 TEIIOTHI 00pa30BaHMs
JlajleKa OT 9KCIePUMEHTAIbHOI.

[TpubnuxeHreM mepBOTO MOPSI/IKA SIB/ISETCS AAUTUBHOCTD CBOVICTB CBsi3ell. B pabore
[1] mpuBeseHa cBOKa BeMYMH BKIA/IOB CBsI3€ /I pacuyeTa HEKOTOPBIX TEPMOXMMUYECKNX
XapaKTepUCTUK BelecTB. [lokazaHo, 4To MpubmKeHne affuTUBHOCTY CBsI3ell II03BOJISIET pac-
CYNTATh TEIUIOEMKOCTDb Y SHTPOIMIO BEIIECTB C MOTPEIIHOCTBIO Mopsaaka 4 J[>k/(Monb rpax) u
SHTA/IBIINIO 0OPAa30BaHNUsI TA30B CO CpeHel MOrPerHOCThI0 8 KII>K/Mob. YKa3aHHOe IPUOIN-
JKeHMe JJaeT Of[IHAKOBbIe 3HaUeHVISI CBOJICTB I30MEPOB ¥ I09TOMY He MOXKET VMCIIO/Ib30BaThCs
JUIS1 COTIOCTAB/IEHS VX CBOVICTB. VI30MepHbIe pas3nyusi, KOTOPbIE SIBISIOTCS C/Ie[ICTBUEM 3Ha-
YYTE/TbHBIX cTepudecKux 9 eKkToB, He MOTYT OBITh OXapaKTePVU30BAHBI C IOMOLIBIO IIPOCTHIX
IpaBWI AfUTUBHOCTI. B 9TOM ciTy4ae Hy)KHO CpaBHMBAThb CBOVICTBA IHAVIBUIYa/IbHBIX COEMM-
HEeHUIA.

B cnepyromem npubnvkennn (mpu6IvpKeHN BTOPOTo MOPsifiKa) CBOVICTBA MOJIEKYII pac-
CMaTpPUBAIOTCA KaK CyMMa i TUBHBIX BK/IJIOB, IPVHAIJIEXKAI MM Pa3/IMYHbIM IPYIIIIaM, BXO-

JAIIMM B MOZIEKyy. ['pyny onpenenaoT Kak MHOTOBAJIEHTHBIV aTOM BMECTE C €TI0 JIMTaH/IaMM,

9
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TO €CTb C ATOMaMJ, C KOTOPBIMM OH CBsA3aH [2]. MoseKybl, cofiepykaliye OfyiH MHOTOBa/IeHT-
Hblit atoM (H,O, CHCLs) u, cnegoBaTenbHO, OfHY TPYIIILY, He MOTYT PacCMaTpMBAThC Ha OC-
HOBe IIPaBIJI A/ifUTUBHOCTY CBOJICTB rpymil. C yBe/yeHeM YiciIa 3aMeCTUTeTIeN B MOJIeKyIe
BO3pacTaeT ¥ KOMYECTBO TPYIIL. JTO COCTaB/IsIeT OCHOBHOE OTpaHMYEHMe 3TOro MeToha. B
IpUOIVKEHNM BTOPOTO HOPSI/IKA CYI[eCTBEHHO MOBBINIAETCSI TOYHOCTD pacyeToB. Tak Terio-
€MKOCTb ¥ 9HTPOIIMIO BellleCTB MO>KHO PacCYUTaTh C MOTPENIHOCThIO nopsanka 1.2 [hx/(Monp
Tpaji), a SHTAIBIINIO 0OPA30BAHNA Ia30B - CO CPEIHEN MOTPEITHOCTDIO 2 KII>K/MOTIb.

Bce apnuTBHBIE ITOAXOAbI MOXKHO pacCMaTpUBATh KaK IMPAKTHYECKOe IIPUMeHeHNe II0-
CTy/IaTa KJIACCUYECKOI TeOPUY XMMUYECKOTO CTPOEHMS, CYLIHOCTb KOTOPOTO 3aK/I04YaeTcs B
TOM, YTO CBOJCTBA MOJIEKY/I U BellleCTB, MMeIoIIye Xapakrep (pakTopoB eMKOCTH, MOTYT ObITh
IIpe/iCTaBJIeHbl B BUJie CyMM CBOJICTB IO CTPYKTYPHBIM 9JIeMEHTaM, IlapaM, TPOKaM U T. I.

CTPYKTYPHBIX 3JIEMEHTOB. DTO BbIpakaeTcsl GopMyIoit

L=YL+> L,+Y L+ (1.1)
k k.l

k,.m

rge L — cBOMICTBO MOJIEKYIIbI M/ BeIeCTBa; Ly, Liy, Lijm — IapIyaJbHble 3HAYEHNA CBOVICTBA L,
IpUXOAALIeca Ha CTPYKTYPHBIIl 37IeMeHT, NIapy, TPOMKY U T.J. CTPYKTYPHbBIX 97IeMEHTOB.

YroOBl UCIIONB30BaTh TAKOV IIOAXOJ, HEOOXOAMMO KaaccupuuMpoBaTh CTPYKTypHBIE
a/eMeHThl. [IpMHIMIBL KlIaccu@UKanuMy CTPYKTYPHBIX S7IEMEHTOB OIIMCAHBI, HAIpUMep,
B. M. TareBckum B kuure [3]. B cooTBETCTBMM CO BTOPBIM IIOCTYTATOM K/IACCUIECKOT TEOPUI
XMMIYECKOTO CTPOEHM, KOTOPBIl C/IeffyeT 13 IIePBOro IOCTY/IaTa O CBA3Y CTPOEHNUA M CBOJICTB
MOJIEKY/I U BEIIeCTB, OT/eIbHbIE CTPYKTypHBIE 3/1eMeHTHI (S;) ¥ TPYIIIBI CTPYKTYPHBIX 3/1eMeH-
T0B (S), S;), BXOAsAIMe B pa3Hble MOJIEKY/IbI VI Pa3Hble BellleCTBa (MaKpoTesna) MOTYT OBITh
KTaccuUIMpPOBaHbl OoJIee VI MeHee JIeTa/IbHO TaK, YTO Ha CTPYKTYPHBIII 3/IeMEHT OIIpefe-
JIEHHOTO B/fia (Pa3HOBMUIHOCTM) B MIOOBIX MOJIEKY/IaxX (BelljeCTBaX) IPUXOANTCS NPUOIVDKEHHO
OJVHAKOBaA MMapIVaabHas BeJIMYNHA PACCMAaTPUBAEMOTO CBOJICTBA, IMEIOIIEro XapakTep (ak-
TOpa eMKOCTY VM XapaKTepU3YIOLIEero MOIeKyly B IenoM. OnpenensiommmM (akKToOpoM 1 OCHO-
BOJI K/IaCCUUKALUY CTPYKTYPHBIX 3/1eMEHTOB SIB/IAETCS ONVHAKOBBIV AaTOMHBIN COCTAaB Y IIPU-
OMVDKeHHO OIMHAKOBas paBHOBECHas reoMeTpudeckas KoHpurypamus. V3 aToro crenyer, 4To
TaKJe CTPYKTYpHbBIE 3JIeMeHTBI OY[yT MMeThb PMO/IVDKEHHO OVHAKOBYIO 37IEKTPOHHYIO IIOT-
HOCTD ¥ IUVIOTHOCTD JIByX4aCTMYHOJ BEPOSATHOCTH B IIpefie/lax 00beMOB aTOMOB, BXOAAIINX B
CTPYKTYPHBIII 37IeMeHT, U, B pe3y/nbTaTe, SHEPreTUYeCKyl0 3KBMBA/JEHTHOCTb. B HacTosllee
BpeM: C LIe/IbI0 Pasfie/IeHNss MOIEKY/Ibl Ha ()parMeHThI MCIIONIb3YIOTCA 3aKOHOMEPHOCTH, yCTa-
HOBJICHHBIE B PaMKaX K/IaCCUYECKO TeOPUY XMMIYECKOTO CTPOEHA U CBOVICTB MOJIEKYT [ 3, 4,
5]. CormacHO 3TMM 3aKOHOMEPHOCTSIM, CTPYKTYPHbIE 97IeMEHTBI, OTHOCAIINECS K OFHOMY BULY,
TO eCTb O/IM3KMe IO paBHOBECHON KOHQUTypaLuy, MMeIT OfVHAKOBYI0 (GOPMYITy XMMude-
CKOTO CTPOEHI U OJVIHAKOBOE IIepBOe OKPY>KEeHHe.

YuuTeiBasd HNpUOMDKEHHYI SKBJMBATEHTHOCTb CTPYKTYPHBIX 3/IEMEHTOB, YpaBHEHUe
(1.1), B KOTOPOM YYUTBIBAIOTCA TOJIBKO CTPYKTYPHBIE 3/1eMEHTHI ¥ UX Iaphl, B KOTOPBIX CTPYK-
TYpPHBIE 57IEMEHTBI PacIOIaraloTCA PAROM WM pasfie/ieHbl OHUM (parMeHTOM, MOXHO Iepe-
IJICaTh B BUfie
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L= ZI:KILI + ;Zu:n;’JLI’J. (1.2)

B stom BeIpaxkenyy BemmauHbl K' i1 11, TpefcTaBIA0I e KOMNIeCTBA CTPYKTYPHBIX JJ1e-
MEHTOB ¥ Iap 3/IeMEHTOB, ONPEe/IAI0TCS MCXOAA U3 MOJIEKY/LIPHOTO COCTaBa M CTPOEHMS.
[TapimanbHble 3HaYEHUS CBOVICTB MOT/IM OBl OBITH PACCIMTAHBI PETPECCMOHHBIM METO[OM Ha
OCHOBe HeOOJIbIIIOTO YNC/Ia 9KCIePUMEHTAIbHBIX IaHHBIX. OTHAKO B TAKOM BUJIe BBIPaXKEHIE
(1.2) He MO>KeT OBITDH MCIIONB30BAHO /IS PETPECCHOHHOTO aHA/IN3a, TaK KaK KOIM4YecTBa CTPYK-
TYPHBIX 9JIEMEHTOB 1 T1ap CTPYKTYPHBIX 9JIEMEHTOB OKa3bIBAIOTCS MHEIHO 3aBucuMbIMu. [To-

3TOMY UCIIOTIb3YeTCsI BIpaxkeHue [2]

P=ZK]p]. (1.3)

B ypaBuennn (1.3) p' - apdexTnBHaA MapumanbHasa BeMINHA CBOICTBA, KOTOPas BKIIO-
JaeT KpOMe VICXOJHbIX MapI[iaIbHbIX BE/INYNH, IPUXOAAIXCA COOCTBEHHO HA CTPYKTYPHBII
3JIeMeHT Sy, TaplyaJIbHble Be/IMYVHBI, IIPUXOAAIINEC Ha Iapbl CTPYKTYPHBIX 37IEMEHTOB IIep-
BOTO OKPY)XEHIA 971eMeHTa . DTV 3HaueHu p' y>ke MOTYT ObITb IIPAKTIUYECKI OIIpefie/IeHbI pe-
TPECCHIOHHBIM METOIOM M3 SKCIIePUMMEHTATbHBIX NaHHBIX /IS HEOOJBIIOTO YMC/IAa MOJEKY/I
paccMaTpuBaeMoro pspa.

2 HPI/IMCHCHI/IC AJAUTUBHO-TPYIIIIOBBIX METOAOB /151 aHAaAN3a M CUCTEMATHM3anun
CBOJICTB OpraHN4YeCKUX COCI[I/IHCHI/Iﬁ

2.1. icnonp3oBaHMe afAUTIBHBIX CXeM J/I aHA/IN3a CBOJICTB MHAUBIAYaNbHbIX Be-

1EeCTB

AHanu3 MMeIXCs JAHHBIX [TOKa3al, 4YTO 9TOT METOJ Haubojee LIMPOKO pa3paboTaH
JUIsL PacyeTOB TePMOAMHAMIYECKIX [TapaMeTpOB 00pa3oBaHs MOJIEKYI B Ta3oBoii ¢ase [1, 5],
TernoT (a3oBbIX HepeXofoB [6]. PaboTel B 9TOM Hampas/ieHUM MPOBOJATCS [0 HACTOSIIETO
BpeMeHN. ABTOpamu [7] o6Cy>kX[eHbl ¥ MHTEPIPETUPOBAHbI HA OCHOBE BKJIAJOB ATOMOB, CBSI-
3eJl, TPYII ¥ B3aMOJEVICTBMII MEXY HUMU B MOJIEKY/Ie SHTA/IbIINM 00pasoBaHUs B ra30BOI
¢dase MUpUANHOB U NX MPOU3BOAHBIX (METWINVPUANHOB, TUAPOKCUINNPUANHOB, AMUHOIIN-
PUAVHOB, IVAHOIMPUANHOB U T.IL.).

Ha nporspxenun pspa et aBTopsl [6, 8, 9, 10, 11] mocieoBaTeIbHO IPUMEHSIIN iV -
TMBHO-TPYIIIOBOJ ITOAXOM K CBOJICTBAM BEI[eCTB Pa3INYHbBIX K/IACCOB B KOH/JEHCHPOBAHHOM
cocrostHuu. ViMu 6b11a pa3paboTaHa cxeMa pasfie/ieHus MOJIEKY/I Ha CTPYKTYpPHBIE 3JIEMEHTBI C
y4eTOM UX IepBOro OKpy>keHus [11], yanteiBaomjas pekomeHpanuu (2, 3, 4, 5]. B xauecrse
($parMeHTOB UCIIOIb3YIOTCA I'PYIIIBI AaTOMOB, KOTOPbIE B pAfe CIy4aeB COBNAJAIT ¢ PYHKIIN-
OH/IbHBIMM TPYIIIaMy, IPUHATBIMI B opranndeckoit xumun (Hanpumep -CH,-, -O-, -C(NO,)
u 1..). B pabore [9] amauTMBHO TpyNIoBOJl MeTOJ IPUMEHEH JyIsI MOJIBHBIX O00BEMOB
XKUAKOCTeN, B pabote [8] — w1 sHTanbnuil 06pa3oBaHNA BeIeCTB B KOHAEHCHPOBAHHOM CO-
crossayn. [IpoBopuTca pabora IO pasBUTHIO 6a3bl YNMC/IEHHBIX TEPMOXMMIYECKUX NAHHBIX U
METOJ0B IIPOTHO3MPOBAHIA CBOJICTB OpraHNYecKux pagukanos [10]. OcobeHHOCTN IpUMeHe-
HIIA QIAUTYBHO-TPYIIIOBOTO ITOAXO/Ia K HEKOTOPBIM CBOJICTBAaM BEIIeCTB ITPOaHA/IN3UPOBAHbI
aBTopoM [11].

11
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2.2. Vicnonp3oBaHue aAAMTIBHBIX CXEM [/ aHA/IN3A M CUCTEMaTU3aLMI CBOJICTB pac-
TBOPOB

ITpu mccnenoBaHNMM CBOVICTB PaCTBOPOB METOMKA IPYIIIOBOJ aAIUTUBHOCTH MCIIONIb30-
BaHa JI/Is1 ONIVICAHNS NTAPIMaTbHBIX MOIBHBIX 00beMOB Q/IKAHOB B MH/VBNIYa/IbHBIX alIPOTOH-
HBIX pacTBOpuTe/sx [12]. Ilpu pasnokeHuy mapryanbHBIX MOJIBHBIX 00BEMOB CHe/IaHbl HO-
IBITKY TEOPETUYECKOro 0O00CHOBaHM KO3 PUIEeHTOB ypaBHeHMI. Tak, aBTopbl paboTsl [13],
OCHOBBIBAsICh Ha TEOPUY MaCIITAOHBIX YacTuly [14], mokasamy, 4To CBOOOIHBIIL YIEH B ypaB-

HEeHNM JIs1 Pas3/Io>KeHVs MapIiaIbHbIX MOJIBHBIX 00BEMOB JODKeH ObITh paBeH SRT.
V' =¥° +nV°(CH,)+2V°(CH,). (2.2.1)

910 HabmoaeTcs I MaplyaJbHbIX MOJIBHBIX 00BEMOB @IKAaHOB U IIVKIOAJIKAaHOB B
TeTpaxJIOpMeTaHe.

B pabote [15] s onucanus o aBTOPBI MCIIOTIb30BA/IN 3aBUCYMOCTD
VO=aV,+b. (222)

O6ocHOBaHMEM MCIIOTb30BAHHOTO BBIPA>KEHN SIBJISIETCS, IO MHEHUIO aBTOpoB [15], TO,
4T0 BaH-Iep-BaanbcoB MOIAPHBI 00beM (V) IpeAcTaBIsAeT aiANTIBHYIO BE/IYNHY OTHOCHK-
TEJIbHO CTPYKTYPHBIX parMeHTOB MOJIeKy/L. BoipaxkeHnne (2.2.2) MCIOMB30BAHO AJIA Pasjoxe-

— ]
HUs1 V' anmkaHoB B Bofe [15], apoMaTuyecKnx CoeiHEHNIT U XIOPATIKAHOB B TETPAX/IOPMETAHe,
QJIKAHOB, COIMPTOB U LIMK/INYECKUX COeIVHEHMIT B 6eH3one [16].

— ] )
PaccmaTpmBas oTknoHeHuA V© OT IpOCTOI afIUTUBHONM CXeMbI KaK CIe[iCTBJE B3aIMO-
IeVICTBSA TPYIIII B MOJIEKy/Ie, B paboTtax [17, 18] ucronb3oBaHO ypaBHEeHME

Vo=V, + 3 nl+> P, (2.2.3)

rie V. — KOHCTaHTa, He 3aBUCAIAs OT pa3Mepa MOJIEKY/I pACTBOPEHHOTO BEI[eCTBa; #; — YVICIIO
TPYIIII JAHHOTO BUAQ; I; — MHKpeMeHT o0'beMa Ha TaKyIo TPyIy; P; — 41c/Io cocefHIX B3auMo-
IeICTBYIOIMX IPYIII; O; — AeKPEMEeHT 00beMa, 00YC/IOB/IEHHbIIT B3aMO/e/ICTBII€M TPYIIIL.

AROVTUBHO-TPYNIIOBOI METOJ HaXOAMT IIpYMEHEHMe /I aHa/lIu3a U APYTUX TePMOJM-
HaMIYeCKIX CBOJICTB pacTBOpOB. B paborax [19, 20] B pesynbTaTe aHanmaa TepMOAMHAMIYE-
CKMX JQHHBIX IMApATAV} A/IKAHOB ¥ HEKOTOPBIX MX MOHO- ¥ NOMMQYHKIVIOHAIbHBIX IIPON3-
BOJJHBIX PacCYMTAHBI BK/IA/bl YIIEBOZOPOSHBIX PaVKaIOB U IO/IAPHBIX IPYIII B 9HTA/IBIINIO,
SHTPOINIO U 9Hepruio ['mb6ca rupparanmy MoIeKy1 opraHndeckux coegyHenuit. Ilogpoouee
UICIIONIb30BaHHas aBropamn [19, 20] agauTuBHas cxeMa OyeT pacCMOTpeHa Ha IpuMepe 9H-
Ta/IBIINIHBIX XapaKTePUCTUK IMAPaTALVIN.

MerTop, TpynnoBoOI afANTUBHOCTY IIPYMEHAETCA U B IIPUK/IAIHBIX MICCTIeOBaHMAX. TaK,
JUIS OTIpefie/IeHNsI OJHOI 13 ITIABHBIX XapaKTePUCTVK IIOBEPXHOCTHO-aKTVBHBIX BEIIeCTB - Be-
NVYYHBIL TUApoduIbHO-MIo¢mIbHOro 6ananca (I'71B) - ucrnonp3yoTcs rpynioBsle 4ncia, OT-
paxarommue I'JIB crpykTypHbIx eguanI Monekysnsl [TAB [21]. ['pynmossie uncna b1y npesio-
»KeHbI [leByicoM [22] ele u a1 TepMOAVHAMIYECKOTO 0OOCHOBAHMS YMICeIT TUAPOPVIIBHO- TN -
nodunpHOro 6amanca [TAB.
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Aptopamn pa6otsl [10] oTMedaeTcsi codeTaHue B METO/ie TPYIIIOBOI afiiUTVBHOCTY He-
00XOIVIMOJ TOYHOCTY C OTHOCUTE/IBHO IIPOCTO ¥ HAI/IAAHOI GOpMOIT IpUMeHeHNsl. ITO Je-
JTaeT yKa3aHHBIN 1T0oAXof 3¢ (eKTVBHBIM JJI1 MaCCOBBIX PACYeTOB.

2.3. Ilpumenenne afAUTUBHO-TPYIIIOBBIX METOOB /I aHA/IM3a M CMCTEMAaTU3alm
SHTAIBINMITHBIX XapPAKTEPUCTUK PACTBOPOB OPTaHNMYECKNX COENVIHEHWI B MHIMBUZYalb-

HbIX paCTBOPUTENAX

O630p MUTEpaTYpHBIX JAHHBIX IIOKA3bIBAET, YTO P VICCTIEHOBAHNY SHTAIBIIMITHBIX Xa-
PaKTEPUCTUK PACTBOPEHMS U CObBATALIVY BEI[eCTB MIPUMEHSIOTCS Pa3/IMyHble CXEMBI afiIN-
TUBHO-TPYIIIOBOTO ITOJXOJa, HO Yallle BCETO aHa/IN3 MOJYYEHHBIX JJAHHBIX OIPaHNYMBAETCS
OIlpefie/ieHNeM BK/Iafla METWIEHOBOJ TpyNIBl. B KOHTeKcTe HacTosIel paboThl 1ienecood-
PasHO PacCMOTPETh BOIIPOC aANUTUBHOCTY SHTAIBIINI PACTBOPEHN S, COIbBATALIMN U UCIIape-
HISI OPTaHMYECKVX COeMHEHNII OTHOCUTE/IbHO BK/IaI0B HEIIOJLIPHBIX IPYIIII HA IIpUMepe He
TOJIBKO YTJIEBOZOPOZIOB, HO U MX QYHKI[MOHATBHBIX IPOM3BOHBIX. VIMerolyiecs: 9KCIIepUMeH-
Ta/IbHbIE JaHHbIE He MO3BOJIAIOT CHeIaTh JOCTATOYHO OOLIMX BHIBOJOB OTHOCUTEIbHO aJIy-
TUBHOCTY BKJIa[JOB IOJISIPHBIX (PYHKIMOHAIbHBIX TPYIIIL.

Ha puc. 2.3.1 npuBeeHbI 3aBUCUMOCTY SHTAIBIINI PACTBOPEHNSI TOMOJIOTOB Pa3/IMYHbIX
K/IaCCOB OPTraHNYeCKMX COeAVHEHNII B BOJIE.

OHTaNbIINM PACTBOPEHNUS CIMPTOB OIIpefie/ieHbl B paborax [23, 24, 25, 26, 27, 28], amu-
HOB —([27, 29], ankunaneraroB — [30], kapOOHOBBIX KucnoT — [27], nuonos - [31, 32], keToHOB
- [33, 34], a¢pupos - [35], N-metunankunamupos [27] u N-ankunaneramnunos [27]. AHamorny-
Hble 3aBYICIMOCTY IIOJTy4eHBbI /I CYNIb(OKCUAO0B — [31] 1 BelecTB APYTUX KIACCOB.
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Puc. 2.3.1. 3aBMCUMOCTY 9HTA/IBIINIT PACTBOPEHNA OPTaHMYECKUX COeHEHMII HEKOTOPBIX TOMONTOTUYECKUX Ps-
noB B Bofie ipu 298.15 K oT uncia aTOMOB yI/Iepofia B yITI€BOGOPOAHBIX PafiyiKanaxX X MOMEKYI:
1- Kap6OHOBbIe KUCJIOTBI; 2 — aJIKaHOJIbI; 3 — KETOHBI; 4 — AUObL; 5 — N-MeTU/IaTKUIaMUbl; 6 — aMUHbI
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BupHo, 4TO SHTAIBIINY PACTBOPEHMA BEL[eCTB B BOJe U3MEHAIOTCA He aJAIUTUBHO OTHO-
curenbHO N: B TIpefie/laX BCETO TOMOIOTMYECKOTO psAfia. YBe/lIMdeHne pasMepoB alKMIbHOTO
pagukana 1o Nc = 2-3 BHOCUT 5K30TEpPMIUYECKUI BK/Iafl B 9HTA/IbIINIO pacTBOpeHMA. JlambHe-
IIee MPYCOEAVHEHVIe MEeTUIEHOBBIX PaiMKa/IOB IPUBOAUT K ob6patHOMY addexTy. Takum 06-
pasoM, afJUTUBHOCTb OTHOCUTEIbHO METU/IEHOBOI TPYIIIbl B SHTA/IbIINAX PACTBOPEHUS MO-
HOQYHKIOHA/IbHBIX OPTAHNYECKVX COeIVMHEHMII B BOJIe HAYMHAET COOMIOIaThCs, HAaUMHASA C
TpeTbero 4JeHa TOMOIOTNYecKoro pAfa. Habmogaemblil Xof 3aBUCKMOCTI aBTOPHI [36] 06b-
SICHSIIOT KOHKYPUPYIOLIVIM JieiiCTBYEM I'ApopOOHOI ruapaTauy M 0cOOEHHOCTEl MeXaH3Ma
pacTBOpeHMs YacTUIL] Pa3IMYHOTO pa3Mepa B Bofie. [Ipeobmaganme rugpodobHOI rupaTannm
IIpY PacTBOPEHUM IEePBbIX YWIEHOB TOMOJIOTMYECKOTO PsAfla CBA3BIBAETCA C T€M, YTO 4aCTUIIbI
He6O0JIbIIOro pasMepa MOTYT pa3MellaThCA B ITyCTOTAX, MMEIOIUXCA B CTPYKType Boabl. Takoe
00BbsCHEHNe, IO MHEHNIO aBTOPOB [36], MOATBEpK/AAeTCSA TeMIIepaTypHOIL 3aBUCHMOCTbBIO 9H-
Ta/bInii pactBopenuA. Ha puc. 2.3.1 npuBefeHbl SHTANbINY PACTBOPEHNUA CIIMIPTOB B BOJE
npu 273.15 1 298.15 K. Bxnag rupodoOHOI rupaTany CHYDKAeTCs P MTOBBIILIEHNUY TeMIIe-
patypsl pactBopa. B pesynbrare 3aBucumoctyt AH® = f(N.) craHOBsTCA 60/Iee MOHOTOHHBIMIL.

Beimre 6611 pacCMOTpeHBI 3aKOHOMEPHOCTY B MI3MEHEHMM SHTAJIbIINIL paCTBOPEHNA Be-
mecTB B Boge. Ha 3Tux TepMOXMMMYECKMX XapaKTepUCTUKaX Hanubojiee OTYET/INBO IIPOSIBIIA-
€TCA HEMOHOTOHHOCTb M3MEHEHNA CBOJCTB B TOMONIOTNYeCKOM pAfy. OIHaKO M3BECTHO, YTO
SHTAJIbIINA PACTBOPEHM Bell[eCTBA ABJIAETCA CYMMOI 9HTA/IbIINIL ero MICIIAPEHN U CONIbBaTa-
vy MosteKyiL. IToaToMy Lemecoo6pa3Ho IpoaHaN3MpoOBaTh AAAUTIBHOCTD STUX TEPMOXVIMU-
YeCKMX XapaKTePUCTUK U B CBA3M C 3TUM YMECTHO PacCMOTPeTb BOIIPOC O BAMAHUM MeXK4a-
CTUYHBIX B3aMIMOJIEVICTBIII PACTBOPEHHOE BEIIECTBO - PaCTBOPUTENb M PACTBOPUTEND - pac-
TBOPUTE/Ib B pAaCTBOPE U MEXMOJIEKY/IIPHBIX B3aUMO/IeJICTBMII B KOH/JEHCPOBAaHHOM PacTBO-
pPeHHOM BelljecTBe Ha Bup, 3aBucuMOCTi A,H® = f(Nc). 3aBUCMMOCTY SHTA/IBIINII TUpATALIUN
BEIleCTB HECKOJIBKMX TOMOJIOTUYECKNX PAJOB IIPUBENEHDI Ha puc. 2.3.2.
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Puc. 2.3.2. 3aBUCHMOCTY SHTANBINI TUApaTanyu: 2-KeToHOB (1), 1-aMuHOB (2) 1-ankaHonoB (3), MOHOKapOOHO-
BBIX KUCoT (4), nuonos (5) mpu 298.15 K ot 4ncia aTOMOB YI7IEPOZa B YIIEBOJOPOLHBIX PaMKA/IaX MX MOJIEKY/L
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BupHo, 4TO afAUTUBHOE yMEHbIIeHNe SHTAIbIUII IUApAaTALUI BelleCTB OTHOCUTETbHO
MeTWUJIEHOBOJI Ipymibl TpoucxoguT npu N2 3. To ecTb 3aKOHOMEPHOCTI B M3MEHEHUAX SH-
TJIBIINII PACTBOPEHMs OOYC/IOB/IEHbI ISMEHEHUsAMY SHTaNbIMil ruppatauyn. [logTBepxae-
HIeM NIpUBEJeHHbIX BBIBOJIOB CTYy>KaT pPe3y/IbTaThl MOTy4eHHble aBTopamu [23, 35, 36]. B pa-
6oTe [36] oTMeuaercs, YTO HECMOTPSI Ha JJOBOJIBHO BBICOKMII KOI(QPUIVIEHT KOPPeALun 3a-
Bucumocteit A:H° = f(N.) [yis1 ciupTOB ¥ aMUHOB BK/IaJi METMIEHOBOM Tpymisl B A.H° pasnu-
yeH. Hanmpumep, ana cnuproB oH usmensercs ot 7.6 xkJbx/monb gna Ci-C; go 3.9 xJ[>x/mMonb
st Cs—Cs. OHAKO anguTUBHOCTD OTHOCUTENbHO CH,-rpymms! 6ymer cobimoaarhes, ecmm pac-
CMaTpMBATh PasHOCTb MEX/Y SHTA/IbIIMEN TUIpaTaliy MOIeKybl M A.H° "croxxHOo" monsp-
Hol1 rpynnsl tuna -CH,OH mmm -CH,NHo.

B Tabmuue 2.3.1 npencraBieHsl K09 UIMEHTHI ¥ perpecCHOHHbIE IIapaMeTphl YpaBHe-
Huit Bupa (2.3.1) anmpokcuMaruy SHTIbIUI TUAPATAIY ATIKAHOB, KETOHOB Y Q/IKAHOJIOB JI/IS
TOMOJIOTOB C YMCJIOM aTOMOB YIJIepojia B pajjKase 0ojbllle TPeX, pacCYMTaHHbIe HAaMU paHee
[37] o aKcepuMeHTaIbHBIM JAHHBIM /IS a/IKAaHOB 13 paboTsel [38], mis keToHOB — [34], ms
aJIKaHOoJIOB — [28].

Ta6mmua 2.3.1. Koapduiments ypaBruenuit AH® = ax + byNc anmpoxcuManuy SHTaIbINI TUAPATALIMY TOMOJIO-
TOB OPraHMYeCKMX coefpyHenni mpu 298.15 K

CoennHeHns an bx s R Nc
H-AJIKaHBI -15.51 -2.58 0.12 0.9996 3-6
2-Keronsr* -38.57 -3.00 0.41 0.9988 4,6,8

1- AZIKaHOJIBI -47.68 -3.44 0.30 0.9988 3-7

AH® =ax + bNNC, (231)

rfie N — 41C/I0 aTOMOB YITIEpOJa.

Bornee coBepiieHHyI0 agauTHBHYI cxeMy (ypaBHeHue (2.3.2)) MCIIO/NTb30BamM aBTOPBI
[39] mys1 pasnorkeHNs SHTANBIINI TUIPATALlMY IPOM3BOSHBIX IIUTO3MHA C Pa3/IMYHBIM YJCIIOM
u pacnionoxerrieM CH,-rpymn B Morexye

AH® = Ao + 2niZ;, (2.3.2)

Te n; U Z; — KONMM4YeCTBO U BUJ, BbI/Ie/IeHHBIX TPYIIIL.

JIJ1 TMAPOKCH-, METOKCH- ¥ METW/IATOB LINTO3VHA C OAMHAKOBLIM 4ncioM CH,-rpynm
AH° oTimganuce. Pasmnays ObIv CBsI3aHBI C TEM, KaKVM aTOMOM 3aMeHEH aTOM BOZOpPOfia B
MeTIIbHON Tpymme. Boigenensl crepyromue cTpykrypHble ameMmeHTel: CH,(C), CH,(N),
CH2(O) m O. OHrampnum mx rupparagmm cocraBwm: -59 * 1.5, -8.6 = 1.3, -14.3 £ 2.1,
-149 + 1.8 x/bx/monb cooTBeTcTBeHHO. Ay = -131,2 kJ[K/MOnb paccMaTpuBamach
KaK SHTA/IbIIMS TUAPATAlMY He3aMELIeHHOTO LUTO3VHa (3KCHepUMEeHTa/IbHOe 3HauyeHVe
-128,9 x]I>x/Monb).

Cy1ecTBeHHO MeHblIle 10 CPAaBHEHMIO C BOJHBIMY PACTBOPaMI MCCIeSOBaHA afUTHB-
HOCTb TePMOXVMMMYECKIX XapaKTepUCTVK HEBOJAHBIX paCTBOPOB HeaIeKTponmnToB. [Tofassio-
IIee YVC/I0 JaHHBIX OTHOCUTCS K PacTBOPaM almKaHOB. Kak yke yIioMuHanoch, SHTaIbIIUY pac-
TBOPEHMSI TOMOJIOTOB /IKAHOB OTIpefie/ieHbl IPUOIN3NUTENHHO B 40 OpraHNYeCcKNX pacTBOPH-
TeJSIX PpasIMYHON XMMmdeckoir mnpupopnst [40, 41, 42, 43]. IlonsapHble IpPOU3BOJHBIE
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YITIEBOJOPOJIOB MCCTIEIOBAHBI B MeHee IIMPOKOM Habope pacTBopuTenell. VI3BeCTHBI HaHHbIE
11 pspa ankui6ensonos [40], ciupros [40,44,45], amuHoB [44], a¢upos [35], ketoHOB [46],
aMupos [47].

Ha puc. 2.3.3 npepncraBieHbl 3aBMCMMOCTY SHTA/IBIINI paCTBOPEHMS TOMOJIOTOB 1-ajKa-
HOJIOB B OPTaHMYeCKIX pacTBOpuUTeNAX oT Nc.

& n
18.0 - = — 1

1354 —
¥
= ] v 2
= v
2 9.0- 7
4
‘ 3

Ap
N
T
0y
N

Puc. 2.3.3. 3aBUCHMOCTY SHTAIBIINII pACTBOpPEeHNs: 1-alKaHO/IOB B LikiIorekcane (1), mponnneHkapboHnare (2),
mumerwiacynbdokcupe (3), popmamupe (4), stmnenrnmmkorne (5) u Metanore (6) mpu 298.15 K ot uncia atToMos
yriepojza B yIrli€eBOA4OPOAHBIX paJMKajlaX X MOJIEKYIT

AHajiornyHble 3aBYICUMOCTY HAOMIONAIOTCA U /TSI BEIECTB APYTMX TOMOJIOTMYECKNX Psi-
noB. BupHo, 4TO BIJ M30TepM Ha puc. 2.3.3 pe3Ko OT/INYAOTCA OT BIJIA aHA/IOTVYHBIX 3aBUCU-
MOCTeV i1l BOGHBIX pacTBOPOB (cM. puc. 2.3.1). Vi3aMeHeHue SHTaIbIUI PaCTBOPEHMS TOMO-
JIOTOB B HEBOJHBIX PaCTBOPUTEIAX IPOVMCXOIUT MEHee JpaMaTU4YHO, YeM B Bofie. AIJUTUBHOE
OTHOCUTENbHO Nc YBeIMYEHNE SHTANBINII PaCTBOPEHNA HAYMHAETCA YK€ CO BTOPOTO 4IeHa
romojiornyeckoro psaga. V gaxe orknonenus A, H® mepBoro 4ieHa OT ajiNTUBHOTO M3MEHEHN
He3HaYUTeIbHBI.

AHanorn4yHble 3aKOHOMEPHOCTY HAaO/IIOJAI0TCS B M3MEHEHMSIX SHTA/IBIINI COMbBATAIIN
TOMOJIOTOB B HEBOJIHBIX pacTBOpUTeNAX (puc. 2.3.4).

B Tabnuie 2.3.2 npencrasiers K03b UIMEHTDI ypaBHeHnmit Bupa (2.3.1). Ina pacuera
UCIIO0/Ib30BaHBI 9KCIIEPUMEHTAIbHbIE JAHHbIE MIJIs1 A/IKAaHOB 13 paboTsl [41], mis ankunbeHso-
0B — [40], m1g KeToHOB — [46], mng ankaHonos — [40, 45].
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Puc. 2.3.4. 3aBUCHMOCTY SHTA/IBIINI COMbBAaTALUM 1-a/IKaHOIOB B IMKIorekcate (1), mponmienkapbonare (2),
mnmerwicynbdokcupe (3), popmamupe (4), sTmnenrmmkorne (5) u Metanore (6) mpu 298.15 K ot uncia aToMos
yriepoza B yIrlieBOO4OPOAHBIX paAMKajaX X MOJIEKYIT

CpaBHeHue IIpyBefieHHBIX B Tabmnax 2.3.1 u 2.3.2 BeIMuuH [0Ka3bIBaeT, 4T0 K0apu-
IIVIEHTBI A U bx perpeccrOHHBIX YpaBHEHNUI /11 BOSHBIX paCTBOPOB B OCHOBHOM 0o0JIee OTpu-
LJaTe/IbHBI 110 CPaBHEHUIO ¢ HeBOAHBIMU. ClielyeT OTMETUTb TaKXKe, 4YTO B BOJIHOM pacTBOpe
BKJIaJibl METUIEHOBOV IPyNIIbl (K03 duimeHT by) B 9HTANIBIINY TUAPATALVY BELl|eCTB, U3YyYeH-
HBIX TOMOJIOTMYECKIX PSOB, CUIBHO AuddepeHIpoBanbl. B HeBOHBIX pacTBOpax Koaddu-
IIVIEHTB! by TOMOJIOTOB MIMEIOT O/IM3Kye 3Ha4yeHVs. DTO O3HAyaeT, YTO B HEBOIHBIX Cpefjax
rpynnbl CH, ABIAIOTCA 9HEPTeTMYECKM SKBUBAIEHTHBIMY HE TOJIBKO JJIS1 MOJIEKY/I OJHOTO IO-
MOJIOTMYECKOTO PAJA, HO U /1A MOJIEKYJI CO€IVTHEHNI Pa3/IMYHON XMMUYIECKO IPUPOJIbI.

AHajrornyHble BBIBOABI 00 a[iiNTMBHOM BKJIafie Q/JIKMIBHOTO pajMKaaa B HTA/IBINIO
CONbBAaTAlMM OPTAaHMYECKUX COEIVHEHMI Pa3IMYHBIX TOMOJIOIMYECKUX PANOB B HEBOJHbIX
pacTBopuTenAX chenaHbl aBTopamy [48]. ITo Mx MHeHUIO, CyIIeCTBEHHBIM apryMEeHTOM B
HIOJIb3Y 3TOTO ABJIAETCA PAaBEHCTBO YITIOBBIX KO3((UIMEHTOB 3aBMCUMOCTEN MEX]Y SHTa/Ib-
el CONMbBAaTAlVIY I MOJIEKY/LIPHON pedpaKxiiyeil, HaliIeHHBIX [/Is AIKAHOB, KETOHOB U /-
(daTMyecKnx CMpTOB.

VI3smeHeHMe SHTaIbIINI CONTbBATALIVY COESVHEHNI, IIPMHAJIEKALIX TOMOIOTMYECKOMY
pARY, IOKAa3bIBAEeT, YTO MEXYACTUYHbIE B3aMMOJENCTBUA B PAaCTBOPE ABJIAKTCA OCHOBHOM
IPUYMHOJ HEMOHOTOHHOCTY M3MEHEHVs SHTaIbINII pacTBOpeHys. OcOOeHHO 3TO IPOSIBIIA-
eTCsl B BOJHBIX PacTBOPaxX BCIIEACTBME OCOOEHHOCTEN CTPYKTYPBI BOADI, CBS3aHHBIX C Ha/M-

qyeM CETKU BOOOPOOHBIX CBs3eil.
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Ta6mmua 2.3.2. Koadduiments: ypasuernit A.H° = ax + byNc almpoKCUMaIy 9HT/IbINI CONbBATALINI TOMO-
JIOTOB OPTaHMYECKVX COeVHEHNIT B HEBOFHBIX pacTBOpuTenax npu 298.15 K

Pacrsopurens AnkaHbl AnknnbeH3onpl Ketonnt AnKaHONBI

bx an bx an bx an bx an
MeNO, -2.96 -0.06 -3.07 -28.31 - - -3.14 -24.40
Me,SO -3.18 1.17 -3.21 -29.79 -2.89 | -21.03 -3.27 -35.09
MeCN -3.39 -1.39 -3.50 -29.90 - - -3.56 -27.48
C4HqO5 -3.62 0.66 -3.42 -30.92 - - -3.64 -27.07
Me,NCOH -3.70 -1.04 -3.58 -32.29 -3.56 | -20.37 -3.86 -33.77
Me,NCOMe -3.94 -0.66 -3.60 -32.69 - - -3.92 -35.38
H,NCOH -3.83 -3.42 -3.61 -27.90 - - -3.86 -32.88
MeOH -4.09 -1.96 -3.84 -31.04 -3.72 | -17.17 -4.33 -33.65
EtOH -4.33 -3.14 -4.09 -30.90 - - -4.36 -33.88

Bu"OH -4.60 -2.65 -4.36 -30.04 - - - -
(CH,OH), - - - - - -3.80 -33.62
CCly -4.66 -1.77 - - -4.53 | -14.78 -4.89 -14.44

ITpumeuanue. Koadduuyent kopperanun 4 Bcex cydaes He Hipke 0.999, craHjlapTHOE OTKIIOHEHMe He IIPeBbl-
mraet 0.6 k[x*Momnp .

Ta6nuna 2.3.3. Koadduimentsr ypapaennit A,H = ax + buN.

Bemecrsa an bx se R Nc
Hwurpuner 29.9 2.78 0.4 0.9999 1-5
ITpoctoie a¢upsr 12.1 3.62 0.9 0.9904 4,6,8,10
AJIKmnanerarsl 27.4 3.73 0.4 0.9949 1-4
Keronst (MeCOR) 27.1 3.83 0.3 0.999, 1-5
Anxundopmuarst 20.6 4.07 0.9 0.9809 1-4
MerunankaHoaTbl 27.5 4.20 0.1 0.9999 1-4
ITMIaNIKaHOAThI 29.8 4.26 0.5 0.9939 0-2
Hyonbl 58.2 4.78 0.6 0.9932 2-5
AKaHOBI 32.5 491 0.2 0.9999 1-8
AnkaHbl 1.8 4.96 0.1 0.9999 5-16
AnxunbeH3ob 30.9 5.05 0.6 0.9999 1-6
Kucnoret 25.8 7.96 0.7 0.9999 0-4

H‘DMME%QHME. NC - 4ucno aToMOB yriepoja B pafnKaae MOJIEKYIbl BEIIECTBA.

AHanM3 TaHHBIX 110 SHTAJIBIVAM UCIAPEHM S OPTaHNYeCKUX BeIIeCTB IOKa3bIBaerT [6, 35,
41, 46, 49, 50] ux agaUTMBHOE I3MEHEHVe OTHOCUTETbHO BK/IaJja METU/IEHOBOJ TPYIIIIBI B IIpe-
fleTlaX KaXK/oT0 TOMOJIOTMYECKOTO psAfa. DTO WUIICTPUPYIOT IpUBeNeHHble B Tabmume 2.3.3
IlaHHBIE perpecCMOHHOTO aHanu3a 3aByucumoctelt A,H = f(N.) 114 alKaHOB ¥ X MOHO(YHKIIV-
OHAJIbHBIX IIPOU3BOAHBIX. CllelyeT OTMETUTD, YTO aAUTUBHOCTD SHTAJbINI UCIIAPEHNS OT-
HocutenbHO Bkaaia CH,-rpynmel cobmofaercs B Ipefie/lax TOYHOCTU OIIPefie/IeHNs SHTalIb-
it vicmapenus BemecTs (0.5-2 kJI»k/Mo/b), KOTOpast Ha MOPANOK YCTYIIaeT TOYHOCTY Kajlo-
pUMeTpuYecKNX u3MepeHui A,H°.

B pabote [51] afAnTUBHBI TOAXOJ K ONMMCAHNIO S9HTA/IBIINIT MCIIAPEHNsI OPTraHNYeCKIX
COeNVHeHMII IPYIMEHEH B MPUOVDKEHUM affTUBHOCTY CBsA3eil ¥ rpymil. [Iyid pacyeToB wic-
II0/Ib30BaHO YpPaBHEHME
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AuH = AH(Y) + nAH(CH). (2.3.3)

B Berpaskenuu (2.3.3) AyH(Y) - sHTanbnuA ucnapeHnsa QyHKIVMOHATbHON TPYIIIbL 1 U
AH(CH) - uncno n Bxiap caseit C-H B sHTanbnmio ncnapeHnsa MojIeKy/sl. B MeTnieHoBoM
pagukane e cBsasu C-H, B MeTwipHOM papukane - Tpu. PesynbraTtsl pacuero AH(Y) n
AyH(CH) npusepnensl B paborax [51, 52]. ABropamu [53] oTMedaeTcsi OrpaHMYEHHOCTD ITOJTY-
YeHHBIX B paboTax [51, 52] Be/M4MH 1O ABYM IPUYMHAM: BO-TIEPBBIX, /IS allIPOKCUMALIIN
ObUIV VICTIOTb30BaHbI BemmunHbl A, H, paccunTaHHble 10 ypaBHeHMIo Kinaneiipona-Kiaysuyca,
a He 9KCIlepMMeHTabHble cTaHgapTHble A,H ipu P=1 atm u T = 298.15 K; Bo-BTOpBIX, McC-
0/1b30BaMCh A,H TONBKO /1A Hepa3BeTBIEHHBIX aIKAHOB U UX Mpou3BogHbIX. OHAKO, KaK
M3BECTHO, Pa3BETBJIEHHOCTD YITIEBOJOPOJHOI IIeNM CUIbHO BIMAET HA SHTA/IbIINN UCTIApEHNA
COeAVIHEeHNI, yMeHbIIas VX BennunHy. [To MHeHMIo aBTOpOB [53], pa3BeTB/IEHHOCTb MOJIEKYT
yBE/INYMBAET BEPOATHOCTb BHYTPMMOJIEKY/LIPHBIX KOHTAKTOB. [I0CKONIbKY Ipyu pUKCHUPOBaH-
HOM 3HaYeHN! pa3Mepa MOJIEKY/IbI (paBeHCTBe V., COeIMHEHMII C pa3BeTBICHHOI I Hepa3BeTB-
JIEHHOJ IIeTIbI0) CYMMapHO€e 4JIC/IO MEXMOJIEKY/IAPHBIX ¥ BHYTPUMOJIEKYISIPHBIX KOHTAKTOB
0CTaeTcs MOCTOAHHBIM, YBe/IM4YEeHM e BHYTPUMOJIEKY/IAPHOTO B3aMMOZECTBIA IIPY pa3BeTBIe-
HIY MOJIEKYJI OCTab/IAeT MeXMOJIEKY/LIPHOE B3aNMOJeICTBIE. DTO IPUBOANUT K YMEHbIIEHIIO
SHTATBIINM VICIAPEHN . Y YU ThIBas BhIIIIECKa3aHHOE, YHIU(DUKALNA YITIeBOZOPOLHBIX pparMeH-
ToB HabopoMm cBsseit C-H [51] npexncraBnsercs HenpaBoMepHoit. B pabore [53] mpemnmoxeHo
UICTIO/Ib30BAaTh B KaUeCTBE CTPYKTYPHBIX (PparMeHTOB AaTOMHO-TPyHIoBble cocTansionye CHs,
CH,, CH, Cn Y, a sHTa/nbIMI0 MCHIAPEHNA MOJIEKY/Ibl AlIIPOKCYMIUPOBATH BbIPA)KEHNEM

AvH = pAH(Y) + nAH(CHs) + mAH(CH,) + kAsH(CH) + IAuH(C), (2.3.4)

e p, n, m, k, | - 4ucno coorBercTByMoIMX rpynn B Monekyne AH(Y), AyH(CHs), AuH(CH,),
AH(CH) n AyexH(C) — cOOTBETCTBEHHO, BKJIafbl (PYHKIIVOHAIBHOI TPYIIIIBI ¥ YI/IEBOLOPOJ-
HbIX ¢pparmenToB CHs, CH,, CH u C B 9HTa/IbINIO VICTIApEHNA.

Pemennem cucrembl ypaBHeHuy Bupaa (2.3.4) s 56 alKaHOB Pa3IMYHOTO CTPOECHMS
ObUIY OIpefie/ieHbl BKIAbl B 9HTaIbINIO ucnapenus pagukanos CHs, CH,, CH u C, kotopsbie
paBHBI 5.7410.30, 4.9610.06, 2.63%0.50 u 0.4140.50 x/I>x/Momb cooTBeTCTBeHHO. B [53] Takxke
ykasbiBaeTcs, 4To BKIag A,H(C) man n npu pasnoxxenvu A,H MOXeT He yYUTHIBaTbCA. Bpipa-
JKEeHUe JIA PA3IoKeHVA 9HT/IbIVM MCTIapeHys OyieT BBIIIAAETD CIeAYIM 06pa3oM:

AH = p AvH(Y) + nAH(CHs) + mA,H(CH,) + kA,H(CH), (2.3.5)

e p, n, m, k — 9ucno coorsercTBytomuX rpymnn B Monekyne; A,H(Y), AuH(CHs), AuH(CH,) u
AyH(CH) - cOOTBeTCTBEHHO, BK/Iafibl PYHKIVIOHA/TILHO I'PYIIIBI U YITIEBOJOPOJHBIX hparmMeH-
toB CHs, CH, 1 CH B sHTanbnmio ncrapenns.

Pemennem cucrem ypaBHenuit Buza (2.3.5) aBropamu [53] ObUM ompefesieHbl MHKpe-
MEHTBI IPYIII A1 15 K/IacCOB OpraHNYecKuX MOHOQYHKIIVOHATIbHBIX coeyHenmit. [Tomyden-
Hble UMM JaHHbIe IIpVBefieHbl B Tabmie 2.3.4. [Iy14 pacyera UCIIO/Ib30BaHbI CTAaHAAPTHDIE SH-
TIbIINY UCTIapeHns u3 pabot [6, 54]. IIpencraBieHHble BeMYMHDI IIOATBEP>KAAIOT BHIBOZ O
TOM, YTO 9KBMBATEHTHOCTD cBsA3eil C-H B MEeTMHOBOM, METIMIEHOBOM /1 METV/IBHOM pafifKaiax
coelVHeHMIt He cobmonaeTcA. boee Toro, A1 HEKOTOPBIX TOMOIOIMYeCKUX pARoB BK1ax CH,-
TPYIIIBL B 9HTA/IBINIO MCIIapeHus npesbinaeT Bkaag CHs- rpynmsl.
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HIYeCKMX coegyHeHnit mpu 298.15 K

OT XUMWUU K TEXHOJIOTUW ptIEARETNITEYIV

Ta6muma 2.3.4. Bkiagsl yrieBofopofHBIX paiuKaloB ¥ GYHKIVMOHAIbHBIX IPYIII B SHTA/IbIINY MICIAPEHNUA Opra-

TOM 2, BbIMYCK 2, 2021

Pan CH CH, CH; Y n
>C=C< 2.75%0.14 4.9610.02 8.20+0.11 0.09+0.40 12
COOH 2.40£0.19 4.95%0.40 4.85x1.70 45.9042.20 9

Ankanbl 3.2410.43 4.94+0.03 5.8710.07 56
OH 2.77+0.27 4.94+0.07 4.18%0.40 33.02%0.80 25
Cl 3.07£0.19 4.83%0.03 5.131£0.20 13.60£0.40 13
SH 1.86+0.39 4.83%0.03 4.41+0.06 17.65%0.09 15
O 2.7940.31 4.80+0.06 5.56+0.30 6.7610.90 26
Br 3.08£1.62 4.77£0.02 4.64+0.20 17.89£0.40 14
COO 2.7610.12 4.74%0.09 4.52+0.80 20.68%2.00 16
I 2.47%0.47 4.47%0.05 4.03%0.10 23.3140.20 9
NH; 2.47+0.21 4.45+0.11 3.45%+0.40 19.29+0.70 10
CHO 2.38+0.59 4.45%0.10 6.5510.20 18.8740.30 4
CN - 4.42+0.10 3.31£0.70 27.87£1.30 14
S - 4.3840.06 4.16+0.06 19.2240.30 7
CO - 4.2340.13 3.37£0.20 24.20£1.00 26

Ipumeuanue: n - YNUCIO COEJVMHEHMNIA.

OTnnunsa 3HaueHUI BKIaJja MEeTUIeHOBOI Ipynnbl B A,H, onry4eHHble pa3HbIMU aBTO-
pamu (cM. Tabm. 2.3.3 u 2.3.4), 00yC/IOB/IEHbI B OCHOBHOM pas3/IMYHBIMYU HabopaMu 9KCIepu-
MEHTATbHBIX JAHHBIX, VICHOTb30BaHHbIX [ PerpecCOHHOTO aHanm3a. B obmem coydae mo-
CTOSTHCTBO Ay H CTPYKTYPHBIX 97IEMEHTOB COOTIOIAETCS B IIpefie/iax KOHKPETHOTO FOMOJIOTIYe-
CKOTO pAfa coefuHenuii. OJHaKoO, UCXO/A U3 TPYIIIOBBIX BK/IAaZl0B METM/IEHOBBIX PaJINKaJioB,
3HAa4YeHMA KOTOPBIX OIpefie/IeHbl C MAKCYMATIbHOI TOYHOCTbIO, MOJKHO BbI/IE/INTb HECKO/IBKO
TPYIIII TOMOJIOTMYECKIX PAROB ¢ Onmuskumy 3HadeHuAMu A,H° pagukama CH,. Hanpumep, x
OIHOJI IPYIIIIe MO>KHO OTHECTM a/IKaHbI, a/IKEeHbI, AIKAHOJIbI, KAPOOHOBbIE KUCTIOTHI, K IPYTOI
— XJ10p- 11 OPOMIIPOM3BOAHBIE A/IKAHOB, IIPOCTBIE VI CTIO>KHBIE 3QUPHL, K TpeTbell — aMIHBI, HUT-
PWIbI, anb/leTUAbl, KeTOHbI. Ecy NMpusHATh JOCTOBEPHOCTb MCIIO/NIb30BAHHBIX I aHa/IN3a
9KCIIepMMEHTAIbHBIX BeuuH A,H, To ykazaHHasA 6/1130CTb IPYIIIOBBIX BK/IAJIOB MOXKET CBM-
JIeTeNIbCTBOBATH 00 OJVTHAKOBOJ reOMeTPUIEeCKOV KOHPUTYpALINU ¥ SHEPreTIIeCKO S9KBMBA-
JIEHTHOCTY CTPYKTYpHBIX ¢pparmenToB (CH,) B BbII€/IeHHBIX TPYIIIaX COMHEHNIL.

Hns uccnenoBanys aifUTUBHOCTY IPYIIIIOBBIX BK/IA[IOB B 9HTA/IbIINY TUAPATALIIY MOJIe-
KyJI OpTaHMYeCKIX COoefiHeHMIT aBTOpsI [19, 20] ncnonb3oBanu ypaBHeHMe

AH = AwH + AH(H) + SAH(Y) + 8:H(Y 1, Yz ryiv2). (2.3.6)

AHanorn4Hble BbIPAXEH S VICIIOIb30BA/IVCD /1A IPYTUX TEPMOAMHAMMNYECKIX PYHKII
ruppataun (AX°, X =G, S, G,).

AcvH - Bkap o6pasoBanms nonoctu B pacrBopurene, A.H(H) - Bkinag B3aumoperictBus
HeIIO/IAPHOIL 9acT! MOJIEKY/bI ¢ Bofoit, AH(Y) - BKIaj B3aMMO/elICTBIA IO/IAPHO TPYIIIIBI
Boj1oit, 0:H(Y1,Y2Ivi.y2) — IONpaBKa, yYUTHIBAKOIIAsl B3ayMHOE BJIVsIHVE HOJISIPHBIX TPYII B
no/MMQYHKIMOHANBbHO Monekye. Benmnunna [AwH + A:H(H)] nmpupaBHuBanach sHTampnmm
ruppatanum yriresogoponos A.H (RH), koTopble anmipoKcMMIPOBaIN TMHETHBIM YpaBHEHNEM
(2.3.7).
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Bemmunnbl A;H XapaKTepu3yOT M30TEPMUYECKUI IIEPEHOC PAaCTBOPEHHOIO BEILECTBA,
IIpe/ICTaB/IEHHbIN CXEMOIL:

I'mmoTreTnyeckui nmeanbHbIN ras c ['MnoTeTndecKkuit ueanbHbI BOSHBIA pacTBOP

KOHIleHTparuert 1 monb/om’ C KOHIeHTpauueit 1 Monb/om’

3HadeHna A H pacCYUTBHIBaNNCh U3 INTEPATYPHBIX JaHHBIX A H°, XapaKTepU3YIIINX IIe-
PEHOC 110 CXeMe C IONPABKOM Ha M3MEHEHME VICXOJHOTO CTAaHJAPTHOTO COCTOAHMSA PaCTBOPEH-
HOTO Bell|eCTBa:
. I'mnoreTndeckuit uaeanbHbI BOGHBI PacCTBOP
MHea)’[beII/I ra3 B CTaHOAPTHOM .
—> B CTaHJApPTHOM COCTOAHUN (C KOHIEHTpalen

cocrossHyy (mpu P = 1 at™m) 1 momb/gm’)
MOJIb/IM

AH = as+ bsS.(RH), (2.3.7)

rie S»(RH) - miomanp moBepxHocTH N MOJIEKYI YI/IEBOJOPOAA, ONIpefie/ieHHasl U3 IPYIIIOBBIX
BK/Iaf0B 110 MeTofuKe bouau [55]. B aToM cirydyae BKIaj yI1eBOJOPOSHBIX PAAMKaIOB OIIpesie-
JISITICSL COTTIACHO BBIPAYKEHUIO

AH = bsS.(R). (2.3.8)

B ¢opmyne (2.3.8) S.(R) - mromags mOBepXHOCTM YITIEBOZOPOAHBIX PafNKanoB. [l
CHs;, CH,, CH n C Benmnunnst S,(R) paBubr: 2.12, 1,35, 0,57 1 0 cM’/MONIb COOTBETCTBEHHO,
3HaueHusa AH(R): -4.81, -3.06, -1.29 u 0 xJ[>x/Monb. ABTopamu [19, 20] y4nTbIBanoch BIusHME
HOJISIPHOV TPYIIIBI Ha THIPATALIMIO YITIEBOJOPOJHOTO paaMKaia. B ToM ciydae, eciiy MeTUIIb-
HBII pafiuKan ObUI HEIOCPe[CTBEHHO CBsA3aH ¢ (YHKIVMOHATBHO T'PYIIION, S9HTA/IbINA €ro
ruppatanuy yBennuyBanach Ha BemmunHy O.H[CHs(Y)] = 1.8 x/Ix/monb. Cinenyer OTMETUTD,
YTO YIIeBOJZOPOJHbIE PA/IVIKA/IBI BHOCAT OfMHAKOBbIE BKJIAJbI B BE/IMUVMHBI 9HTA/IBIINIL TUpa-
tauyu AcH u AcH°. CpaBHeHne Bbipakernit (2.3.8) u (2.3.1) mokaseiBaer, 4T0 by = bsS,(CH,).
[ToripaBka Ha M3MeHeHMe VICXOJHOTO CTaH/JaPTHOTO COCTOSIHMS YITIEBOJOPOZA BIIUsET Ha Be-
JIVYYHY ds. BKIagp! HOsApHBIX Tpyn B paboTe [19] paccunTsiBanm, MCXO/s 13 SHTAIBIINI T -
parauyy MOHOQYHKIIVOHATbHBIX COeAMHEHMIL:

AH(Y) = AHRY) - AwH + AH(H) = AH(RY) - [as+ bsSu(R)]. (2.3.9)

[TompaBKy, y4MTBHIBAIOIIVe B3aVMOBIMAHNE IIOIAPHBIX I'PYNI B 0MQYHKIMOHATbHBIX
MOJIEKY/IaX, OIIPEEIIAIN 110 YPABHEHNIO

O:H(Y 1, Yo 1v1v2) = AdH(RY 1Y) - [as+ bsSw(R)] - ZAH(Y) - 6.H(CH3). (2.3.10)

B Beipaskenun (2.3.10) m - 41C/I0 METVIBHBIX TPYIIIL, HETIOCPEICTBEHHO CBS3aHHBIX C Te-
tepoaromoM Y; 8:H(CH;) paBro pasnoctu A.H[CH3(Y)] - AcH(CHs).

['pymnmoBble BKIagbl B TEpPMOAMHAMIYeCKe PYHKIMY TUIpaTalliy, pacCYNTaHHbIE aBTO-
pamu pabor [19, 20] npuBenens! B Tabmuie 2.3.5.

BeiBozgs! aBTOpoB padot [19, 20] cormacyoTcs ¢ pesy/nibTaTaMy, U3JI0XKEHHBIMI BBIIIIE.
OHepreTMKa I'MApaTalyy BELIeCTB YCUINBACTCA IIPY YBEIMYEHUM [JIMHBL YITIEBOLOPOJHOTO
pamMKana MojeKy/l. BKIafbl IIOMIAPHBIX TPYIII COCTABIIAT CYI[ECTBEHHYIO YaCTh SHTATIBIINNI
TUfIpaTalliy BCIEACTBYME OOpasoBaHMA BOJOPONHBIX CBs3ell HEINEeKTPOIUT — Bopa. V3
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IpUBEIEHHBIX JAHHBIX BUIHO, YTO, KaK IMPaBUJIO, He COOMIOAETCS afiflUTUBHOCTD OTHOCH-
TEe/IbHO BKJI/IOB IOJIAPHBIX TpyHIl. Tak yaBoeHHbI BKIafl B AcH° TUAPOKCUIBHOI I'PYTIIbI a/l-
KaHOJIOB 00JIbIlIe IT0 CPaBHEHMIO C SHTaAbIMel rugpatanyy AByx OH-rpynm guonos.

ViccnemoBanue HecrienudUyecKoil CObBATAIIY APOMATUYECKUX COEAMHEHUI B HEBOJI-
HBIX PaCTBOPUTELAX, IIPOBeJleHHOE aBTOpamu [42, 56, 57, 58] mokasano, YTO SHTATBIINM UX He-
crienuUYIecKoil COMbBATALUN AAUTUBHBI OTHOCUTE/IBLHO TPYNIIOBOIO COCTaBAa MOJIEKYIL
Bxsag, xoropsiit BHOCUT B AH°, HanpuMep, ajibfieTUAHAsA IPYNIA B Pa3MNYHbIX apOMaTuye-
CKUIX COeiMHeHVX (OeH3amberny, n-X10poeH3anbaerny, 9-auTpanberiy), OfMHaKoB. Bxiay
B SHTAJIBIIMIO COIbBATallVI/, BHOCKMBIN apOMAaTUYECKUM PAfMKA/IOM 3aBUCUT OT €TO pasMepa,
HO He 3aBUCUT OT TOTO, CBA3aH /1M apOMATUYECKUI paUKall C aJlbJEeTUIHON ITPYIIIOi, HUTPO-
TPYIIION TPYMIION M rajoreHoM. Panee B pabote [59] Ha ocHOBe MccefoBaHUA OOTBIIOTO
KO/IMYeCTBa PAacTBOPOB apOMAaTUYECKUMX COEIAVHEHUII B MeTaHONe U AuMeTmndopMamuie
TaloKe ObUIO TIOKA3aHO, YTO B OO/IBIIMHCTBE CIy4aeB COOMIORAeTCA affUTUBHOCTD B SHTAJIb-
IUAX TIEPEHOCA APOMATUYECKUX COeIMHEHMIT B TOM CITy4ae, eC/Ii OTCYTCTBYeT crielupuieckoe
B3aMMOIeICTBIE.

Ta6nuna 2.3.5. I'pynnossle BKIagsl B TepMOAMHaMudecKe GYHKIMY TUAPATALMI COSRMHEHNUI

AG° A S° -AH°
I'pynma
kxJI>k/Monb x/mons K kJI>x/MoB

CH; 6.17 -1.36 4.81
CH, 3.93 -0.86 3.06
CH 1.67 -0.36 1.29
C 0 0 0
OH (mepBr4HbIe CIMPTEI) 8.6110.45 29.0£0.2 37.6£0.5
OH (BTOpMYHBIE ¥ TPETUYHBIE CIIUPTHI) 12.72 30.0 42.8
NH; (mepBuyHbIe aMIHBI) 9.15%0.40 27.4+0.3 36.5+0.2
NH (BTOpMuHbBIE aMUHBI) 12.61 29.4 42.0
N (TpeTmyuHbIe aMUHBI) 11.56+0.63 26.9+0.2 38.5+0.4
O (mpoctsie 3¢upsr) 4.92 21.7 26.6
COOH (xapb0HOBBIE KMC/IOTBI) - - 38.442.5
COO (cmoxxuble a¢upsr) 5.27 22.1 27.5
CO (xeToHbI) -0.77 24.7 23.8
CONH (BTopuuHble aMI[bI) - - 60.2
CONH, (mepBu4HbIe aMUJBL) - 47.6 -

bonpiioe BHMMaHMe yheneHo N3y4eHNIo afANTUBHOCTY BK/IaJja apOMaTNYECKOTO LIMK/Ia
B SHTA/IBIINY COJIbBATAINIO OPTAHNYECKUX COeJUHEHNII B HEBOJHBIX cpefax [60, 61, 62]. As-
TOpaMJy YKa3aHHbIX pabOT Ha IpUMepe SHTAIbIINII CONbBaTalyy OeH30/1a, HaTaINHA, aHTpa-
1eHa, qudeHna, anleHapTeHa peHaHTpeHa 11 a300eH3071a 0OHAPYXKEHO, YTO COMbBATAILVS He3a-
MeIIeHHbIX apOMAaTUYeCKNX MOIMIMKINYECKUX COeAVHEHMII ¢/1ab0 3aBUCUT OT IPUPOABI Op-
FaHMYeCKUX PaCTBOPUTEIElt. DTO MO3BOJIMIIO VIM Cie/IaTh BBIBOJ, 00 YHUBEPCAIbHOM XapaKTepe
CONbBATAIVIM B M3yYEHHBIX CYCTEMaX. Y Be/IYeHNe YIc/ia OeH30IbHBIX Sfiep [0 ABYX B HadTa-
JVHE ¥ [0 TpeX B aHTpaleHe U (peHaHTpPeHe YCUIMBAET COMbBATAIVNIO 3TUX COEAVHEHMII IO
CpaBHeHMIO ¢ 6eH30/10M NpUMepHO B 1,6 1 3,2 pa3a cOOTBETCTBEHHO. [IpM4MHOI 9TOTO ABIIA-
eTCsl yHUBepCa/IbHasl COMbBATAlM TOIOTHNUTE/IbHBIX O€H30/IbHBIX KOJTel]. VIcxoas 13 Toro, 4To
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MEXXMOJIEKY/IIPHOE B3aMIMOJIEIICTBYIE B MCCIEOBAHHBIX CHCTEMAX OCYILeCTBIIACTCS, [10-BUN-
MOMY, IO TT-Tl-TUITY ObUI Cie/IaH BBIBOJ, O TOM, YTO SHTA/IBIINA CObBATALIIV OIIPe/ie/IsIeTCs YyC-
JIOM JIeTIOKa/IM30BaHHbIX TT-97IeKTPOHOB B COIPSDKEHHOI crcTeMe cBs3eit. OKasamoch, 4To OT-
HOILIEHVe S9HTA/IBIINY COJIbBATALVIN MCC/IEOBAHHBIX YITIEBOZOPOROB K YMCITY TT-97eKTPOHOB UX
CONPSDKEHHBIX CUCTeM (1) IMeeT TOCTOSIHHYI0 BeTM4MHY. ITO I03BojIMyI0 aBTopaMm [60, 61, 62]
HOTYy4YNUTh KOPPESILMOHHOE ypaBHeHMe I/is1 pacdeTa A H° HesaMeljeHHbIX apOMaTIYeCKUX YT-
JIeBOZIOPOIOB B HEBOJHBIX Cpefjax

AHP = -(5.440.17)n. (2.3.11)

CremyeT OTMETUTD, OHAKO, YTO BBIABUHYTOe aBTOpamu [60, 61] mpexnmonoxenne o He-
3aBMICYMOCTY 3HTA/IbIINII COIbBATALMM HE3aMELeHHbIX MOMIUKINYECKUX YITIEBOJOPOOB OT
IPUPOJBI PACTBOPUTEIS IPEACTABIsIeTCA Majio yoenuTenbHbIM. CpepHee 3HaueHne A.H° GeH-
30713, paBHOE cormacHo ¢opmyre (2.3.11) -32.5 k[[)x/MO/b AB/IAETCA CIUIIKOM I'PYOBIM IIpH-
OmKeHMeM. DKCIlepUMeHTalbHbIe JaHHbIe, IOTy4eHHble aBTOpaMi [61, 62], IOKa3bIBAIOT, YTO
pasmnuus B AcH° 6eH3orna, HadTamMHa M aHTpalleHa B PAa3INYHbIX PAaCTBOPUTE/ISAX JOCTUTAIOT
5-6 x/I)x/momnb. Kpome Toro, aBropamu [42, 63] mokasaHo, 4To conbBaTalys 6eH30/1a B OT/IN-
qIie OT COJIbBATALINM AIKAHOB VMIMeeT CYLeCTBEHHYIO CIeM(UIeCKYI0 COCTABIIAIIYIO I B 3HA-
YUTEbHOI CTENEeHM OIpefensaeTca MOMAPHOCThIO pacTBOpuTenA. Benencreue aToro ypasHe-
He (2.3.11) 1enecoo6pasHo UCIIOIB30BATH C YI€TOM BIIVSHUS PACTBOPUTEIIA Ha CONIbBATALIIO
HOIMUMKINYIECKUX COEIVHEHNIA.

B pabotax [60, 64] B pesynpTaTe TEPMOXMMUIECKOTO MCCIEJOBAHNA HEBOJHbIX PacTBO-
poOB GeH30/1a 1 ero MPOM3BOAHBIX BbIIeNEeHbI BKIabl pasmnyuHbix 3amectuteneit (OH, Cl, Br,
CHO, CHj3, NO») B sHTanbnmy compBaTalMy COefMHEHNIT apoMaTideckoro psja. s same-
CTUTesIeN, He BCTYNAIOLINX C MOJIEKY/IaMy OpPTaHMYeCKUX pacTBOpPUTENIell B JOHOPHO-aKIel-
TopHoe B3anmopeiictsue (Cl, Br, CHs), mpe/yio’keHo 1CIONMb30BaTh CpefHNe IS Psifia PacTBO-
puTeneil BeMM4MHbI BK/IafoB rpyni. CodeTaHye MOTy4YeHHbIX TEPMOXMMUYECKNUX XapaKTepu-
CTUK 3aMeCTUTeeN C BeIMYMHAMM SHTA/IbIINIA CONbBATAllMV He3aMelJeHHbIX apOMaTU4eCKIX
YITIEBOLOPOJIOB, PACCINTAHHBIX IO popmyrte (2.3.11), COCTaBM/IO OCHOBY IIPeJ/IO>KEHHOTO aB-
Topamn [60-62, 64] MeTofa pacyeTa SHTAIBIINII CONMbBATAIIVIY APOMATUYECKIX COeIVHEHUI B
HEeBOJHBIX cpefiaX. [IokasaHO TakKe, YTO ITOT IOAXOJ, CIIPABE/IUB /It OONIBIINHCTBA apOMa-
TUYECKUX COeAVHEHNII (He TONbKO YITIeBOJOPOMIOB, HO U IeTePOIVIK/INIECKNX COeNMHEHNI).
ITpu 3TOM yKasbIBaeTCs, YTO IOJIOKEHNE 3aMECTUTENIA B MOJIEKY/Ie He UTPaeT CyIleCTBEHHOM
POV TIpY YCIIOBUY, YTO 3aMECTUTENIb He 00pa3yeT BHYTPUMOJIEKY/LIPHOI BOJOPOSHON CBA3N
C IPYTMM 3aMeCTUTEIEeM UM TeTepoaToMoM LuKia. CiemyeT 0>XKUgaTh, YTO MPEJIOKEHHAS Me-
TofiMKa OyzieT 6oJlee CIpaBe/IBa /1S COeAVHEHMIT, MOJIEKY/Ibl KOTOPBIX IMEIOT KPYIIHbIE apO-
MaTUY€eCKIe UKD

AQIUTUBHO-TPYIIIIOBOI METO/] HAXOAUT IMPOKOe IPMMeHeHMe TPV MHTepIIpeTal i 9H-
TAIBIIMITHBIX K09 ()NILIMEHTOB IIapHBIX B3auMOJeicTBui [65, 66, 67, 68]. BemmunHbl sHTaNb-
NUIHBIX KO09()PUIMEHTOB TeTepOTaKTMYECKNX IAapHBIX B3aMMOJEVICTBUII HE3JIEKTPOIUTOB
(x 1 y) B BOMHOM pacTBOpe allpOKCUMIPOBAINCH YPAaBHEHNEM B 3aBMICMMOCTM OT YMCIIA K-
BJBAJIEHTHBIX METM/IEHOBBIX TPYIII B MOJIEKYTIE

h., = mh(CH,-X) + h(Y-X), (2.3.12)
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rie h(CH:-X) u h(Y-X) - Bknagbl B My, IapHBIX B3aMMOJEIICTBIII METVJICHOBOJ ¥ MOJISIPHON
(Y) rpymn pacTBOPEHHOTO BelleCTBa ¥ C MOIEKYJION X; 1 - KOM4YeCTBO 9KBUBaneHTHbIX CHa-
rpymnn B Mojekyse. CornmacHo [65] MeTHHOBasI TPyIIa 9KBUBaJIEHTHA II0/IOBMHE, @ METWU/IbHAS —
nonyropa CH,-rpynmam. 9T0 paBHO3HAYHO VCIIO/Ib30BAHMIO II€PBOTO NMPUOIVDKEHUSA afi-
TMBHOTO ITOJXO/ia - afifATBHOCTY CBs3ell, B JaHHOM ciydae cBsseit C-H, kak B pabote [51].
CreyeT OTMETUTD, YTO B YKa3aHHOM IIOJIXOJie BbIIe/IeHNe CTPYKTYPHBIX pparMeHTOB HeloCTa-
TOYHO 060CHOBaHO. OUeBY/IHO, YTO METVUHOBbIE IPYIIIIbI AJIKV/IbHBIX PAINKaTIOB, CBA3aHHBIX C
pas3nMYHBIMYU QYHKIMOHATIBHBIMI TPYIIIAaMM, He SIB/IAIOTCS 9KBMBA/JTeHTHbBIMU. Tak Ipy aHa-
nu3e koapduimeHToB M., aMUIOB C MOYEBMHOI B BOJHOM pacTBOpe [67] aBTOpaMu yCTaHOB-
neHo, uto BermuuHbl H(CH,-X) pasniyHsbl A1 TPeTUYHBIX ¥ BTOPUYHBIX (II€PBUYHBIX) aMM-
IoB. BerencTBye 9TOrO MCIIONIB30BaHNMe IPYHINIIA 9KBYBAICHTHBIX METIUIEHOBBIX TPyl [65]
BCTpevaeT OIpefie/ieHHbIe TPYSHOCTI ¥ OTPAHNYMBAETCS MaIbIM HAOOPOM BeIL[eCTB.

BrirensnosxeHHOe ITOKa3bIBaeT, YTO aAUTIBHOCTD CBOJICTB PACTBOPOB MHTEHCUBHO VIC-
CTIefiyeTCs Y IIPYMEHSIeTCs I MHTepIIpeTali Myl SHTA/IBIINITHBIX XapaKTePUCTUK PACTBOPOB Op-
raHM4ecKux coepyHernit. OfHaKo NpyMeHseMOoe BbIfie/ieHNe B KaueCTBe OCHOBHOTO CTPYKTYP-
HOTO (pparmMeHTa MOJIEKY/IbI METM/IEHOBOJI TPYIIIBI 1 aHA/IN3 COOMI0fIeHNs ee BKIaJia B TepMO-
[VMHAMIYeCK1ie XapaKTePUCTUKY SAB/ISAETCS SOBOIBPHO OTPAaHMYEHHOI CXeMOIi, He MO3BOJIAIO-
1eli cAenaTbh 000CHOBAaHHBIX BBIBOJIOB O B3aIMOCBSI3Y CBOVICTB PaCTBOPOB C COCTABOM Y CTPO-
eHIeM MOJIEKY/I pACTBOPEHHOTO BellleCTBa. B CBsA3M ¢ 9TMM BO3HMKaeT 3aiaya IpyMeHeHMs HO-
BBIX 60JIee Pa3BUTBIX CXeM Pas/IOXKeHMsI MOJIEKY/I Ha CTPYKTYpHbIe (parMeHThI U UX MCIOb-
30BaHV U/ aHA/I3a 9KCIIePUMEHTA/IbHBIX JAHHbIX.

3. HoBasa cxema BbIIEIEHNA CTPYKTYPHBIX q)paI‘MeHTOB B MOJIEKYyIaX OPraHnm4e€CKmux
COCI[I/[HCHI/Iﬁ. OHPCI[C}ICHI/IC BKIIAJJOB B TEPMOXMMHUYIECKNE XAPAKTEPUCTUKN OPTAHNYIECCKUX
COC,T.[I/[HCHI/If;I I ¥IX paCcTBOPOB B BOJ€ 1 HEBOOHBIX PACTBOPUTENAX

3.1. TepmoxumMudecKne XapakTepUCTUKI PACTBOPEHNA U TMIPATALIJ OPTaHMYEeCKIX
COeMHEHMIT HOPMATTbHOTO CTPOEHNA

BepHeMcs K 3aBMCHMMOCTAM 9HTA/IbINI PACTBOPEHNA M IMpaTaliuyl OPTaHMYECKUX CO-
eIVTHEHMII OT YMCJIa aTOMOB YIJIEpOjia B pafiuKae ux MojeKys. Kak y»e yKasbIBanoch, IpU4n-
HOJ HEMOHOTOHHOTI'O MI3MEHEHMA STUX XaPAKTEPUCTUK MOTYT ABATHCA CMEHA MEXaHM3Ma I/ -
paTanyy MOJIEKy/I IpYU YBeMYEHUN MX pa3MepoB 1 ruapodobHas ruapaTanysa. OfHaKO ecmn
UL MOHO(YHKIMOHA/TbHBIX COeIVHEHMII IPUBEJeHHOE BBIIIe OOBsACHEHNE IPefiCTaBIIACTC A
JIOTUYHBIM, TO [ HOMM(YHKIVOHAIBHBIX, B TOM YNC/Ie TeTepOPYHKIMOHA/TBHBIX, COefIUHe-
HUII OHO BBIIVIAUT He BIONHe yoenuTenbHbIM. HanmpumMep, sKkcriepuMeHTaIbHbIE TaHHBIE II0-
Ka3bIBaIoT (CM. puc. 2.3.1), YTO yBe/IM4eHNe SHTA/IBIINI PACTBOPEHMS O, (D-AMO0IOB HAYMHAETCS
¢ 1,6-rekcanpuona. [lo6aBieHre METUIEHOBBIX TPYII B PAAY AIKOKCUITAHONOB BBI3BIBAET
YMEHbILIEH)E SHTA/IbIINI PACTBOPEHNA IIPU IIEPEXOJE OT METOKCUSTAHO/MA K 9TOKCUITAHOIIY
[69], HECMOTpsI Ha TO, YTO B MOJIEKY/Ie METOKCUITAHOJIAa y>Ke COEP>KUTCS METU/IbHBIN U JiBa
METUIEHOBBIX paiKaia. AHaIOTMYHBIN IPYMEP NPEACTaB/AET yBeINYEHME YTIEBOJOPOIHOTO
pammkana B pAgax N-ankumaneTamuos n N-mMeTunankunamugos (cm. puc. 2.3.1). Takum 06-

Ppa3oM, IpUBENEHHDBIE NAaHHbIE ITO3BO/IAIOT KOHCTAaTUPOBATh, YTO B JII000M TOMOJIOTMYECKOM
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PSZly He3aBUCKMO OT pasMepa (QYHKI[MOHAIbHOJ IPYIIIbI HAO/MI0faeTCsl YMEeHbIIeH/ e 9HTaIb-
IIJI pacCTBOPEHNA OPTaHMYECKVUX COE[VHEHNII B BOZE OT IIEPBOTO KO BTOPOMY WIEHy psfia
BCJIE[ICTBMIE CM/IBHOTO YBEIMYEHNA SK30TepMUYHOCTH Tuppataumyu. [IpudamHO 3TOTO ABIIA-
eTCsl, BEPOATHO, He MI3MeHeHNe 00IIero pasMepa MOJIEKYIT M CBSI3aHHAsA C 9TUM CMeHa MeXa-
HI3Ma TUZIpaTalliy MOJIEKY/I, @ OCOOEHHOCTY TUApATAlVV YITIeBOLOPOSHBIX pafyKajoB, CO-
fiepKaImux He 0ojiee IBYX aTOMOB YITIEpPOJia.

Vcxopa M3 CTpOeHMsSI MOJIEKY/I aIKaHOB M B COOTBETCTBUM C peKOMeHpaumsamu [2, 3]
OOBIYHO BBIFEIAIOT (C yI€TOM IIepBOTO OKPYXKeHM ) YeThIpe CTPYKTypHbIX ¢pparmenTa: (C)CHs,
(C).CH,, (C);CH, (C)4C [6, 8]. 3mecp B ckoOKax yKa3aHO 4MC/IO U BUJL aTOMOB B IIEPBOM OKPY-
YKEHUY BBIIE/ICHHOTO CTPYKTYPHOTO 3/IeMeHTa. B MoJeky/ax MOHODYHKIVIOHATTbHBIX ITPOM3-
BOJHBIX IIpeJie/IbHBIX a/MM(aTIYeCKIX YITIeBOJOPOIOB KpOMe TPYIII, YKa3aHHBIX JJIS a/IKaHOB,
crpykrypubiMu 91eMenTamu 6ynyt: (Y)CHs, (Y)CH2(C), (Y)CH(C)2, (Y)C(C)s n Y(C). Cumso-
noM Y ob6o3HaueHa PyHKIMOHANbHAs rpynia, HanpuMep: -OH, -Cl, -NO,, -COOH u 1.11. Pa3-
Mepbl YITIeBOJOPOSHBIX PAINKATIOB YBE/IMYMBAIOTCSA IO Mepe IOSABIEHNs B MOJIEKY/IaX COeM-
HeHMi1 rpymnn B crepytomeit nocnegosarenbHocTy: (Y)CHs, (Y)CH,(C), (C)CHs u (C),CH,. Ber-
Jle/IeHHbIe CTPYKTYPHBIE 97IEMEHTBI IMEIOT Pas3MIHOe IIepBOe OKPY)XXEHUE U, C/IelOBATE/IbHO,
Pa3IMYHYI0 PaBHOBECHYI0 T€OMETPIIECKYI0 KOHPUTYPAVIO U ABJIAIOTCSA SHEPreTUYeCKy He-
9KBUBA/ICHTHBIMI. [109TOMY JIOTMYHO TIPEIIONONKNUTD, YTO BK/IA[bl B SHTAIBIINY TH/[paTaLIAI
Y PacTBOpPEHMs YKa3aHHBIX IPYNI OYAyT pasmMuHbIMU. V TONMBKO HauMHaA C TPETbeTo WIeHa
TOMOJIOTMYECKOTO Psifia, YITIEBOJOPOMHBIN DPafiMKal YI/IMHACTCS BCAEACTBME JOOABIEHN
tonbko rpymmsl (C),CH,. VIMeHHO ¢ 3TOro MOMeHTa C/lefiyeT OXXIAATh MOHOTOHHOTO VI3MeHe-
HIA SHTAIBIINM PACTBOPEHNA B TOMOJIOTMYECKOM DAY YITIEBOAOPOIOB M VX MOHO(]YHKIIVO-
HaJIbHBIX IPOM3BOJHBIX. Y UMTBIBAsA BhIIIE CKa3aHHOE OTHOCUTETBHO BBI/ITICHNA CTPYKTYPHBIX
3/IEMEHTOB B MOJIEKYJIe, OTMETHM, YTO HAaO/II0aeMblil XOf 3aBMCUMOCTeN Ha puc. 2.3.1 n 2.3.2
He ABJIAETCA HeOXXMIaHHBIM. HeTpyHO 3aMeTuTh, 4TO MOAXON aBTOPOB [36] paBHO3HAYEH BBI-
BOJ]aM, C/Ie/TAHHBIM BBIIIIE, ICXO/A 3 U3MEHEHNUA CTPOSHNI MOJIEKY/I B TOMOJIOTYECKOM PALY.
JlelicTBUTENBHO, €C/IM BBILEMNTD B KauecTBe moApHoit rpymmsl gpparmert (Y)(CH,), To fans-
Helllllee yBe/IMYeHNe pasMepa MOJIEKY/I TOMOJ/IOTOB OCYILIEeCTBIAETCS BCIEACTBIE [OOABICHNS
rpynmsl (C)2(CH,). Aranornyssii 3¢ ¢eKT MposBIIAeTCA B SHTAIbINAX COMbBATAI[N KETOHOB
u 9¢upoB B 1uKIorekcare [35]. B coorBeTcTBUM € Knaccudukanyei CTpyKTypHBIX pparmMeH-
TOB [2], pagukansl CH; Has3bIBaroT KoHIIeBbIMY dparmMenTamu, CH, — nenoyeynsimMu pparmeH-
TaMy. DHTA/IbINY TUpATal[My MeTaHa VI 3TaHa OTKIOHAIOTCA OT JIMHENHON 3aBUCUMOCTI Ha
puc. 2.3.2 IOTOMY, YTO X MOJIEKY/IbI COCTOAT TOJIbKO 13 KOHIIEBBIX (PparMeHTOB.

[TepetineM Terepb K KOMMYECTBEHHOMY ONMCAHNIO SHTA/IBIINITHBIX XapaKTePUCTUK pac-
TBOPEHM U TMApaTanyy opraHndecknx Bemects. B.M. TateBckmnii [2] BpifensgeT aBa IpUHIN-
MIaJIbHO PA3/IMYAIONIVXCA MTOAX0A K Pa3fe/IeHNI0 MOJIEKY/T Ha CTPYKTypHbBIe 91eMeHThL. [1ep-
BBIil IIpEATIoIaraeT TaKoe pasfeneHye MOJIeKY/Ibl, IpM KOTOPOM Ka)KJoe AP0 MPVHAJJISKNAT
TOJIBKO OJHOMY CTPYKTYPHOMY 3JIEMEHTY, TO €CTb I'PaHMI[bI MEXJY CTPYKTYPHBIMIU 3IeMEH-
TaMI He IPOXOZAAT 4epe3 sAfipa. Bo BTopoM MeTofie pasjie/ieHVe MOJIEKY/Ib Ha CTPYKTYpPHBIE
3JIeMEeHTBI IIPOUCXOMUT TaKUM 00pa3oM, YTO OT/ie/IbHbIE sJpa MOTYT IIPVMHAJIEKATh IBYM WIN
HEeCKOJIbKVMM CTPYKTYPHBIM (parMeHTaM, TO €CTb TPAHMUIbI MEX/Y CTPYKTYPHBIMU 3/IeMEH-

TaMU IIPOXOJAT 4Yepe3 HEKOTOpble sAnpa. B Hacrosmieit pabore ObUI MCIONIB30BaH BTOPOIL
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nopxop. B kauectBe OCHOBHOrO )parMeHTa yI/IeBOJOPORHBIX PayIKa/IoB B HACTOsAIIEN paboTe
BbIOpaHa cBs13b CH. IT0 c/ie/1aHo 10 HeCKOIbKUM IPUYMHAM: BO-TIEPBbIX, 60/IbIIast HeTanmsa-
LSl TI03BOJISIET, He M3MEHssI YMC/IO CTPYKTYPHBIX 3/IEMEHTOB, BKIIOUNUTh B PaCCMOTpPEHINE
6onbiee KomnuecTBo BeriectB. [Ipn Boibope CH-cBsi3eit B kKauecTBe CTPYKTYPHOTO 3/IeMEHTa
MeTaH, HalpyMep, BKIIOYAETCsI B PACCMOTPEHNe, a IPU BbIOOpe B KauyecTBe CTPYKTYPHOTO
¢dparmenTa 6ojee KPYIHOIT YacTULbI TpeOyeTcs foOaBIeHMe ee K MaTpulie JaHHBIX. Bo-BTo-
PBIX, /IS TOTO, YTOOBI He MCIIONMb30BATh JPOOHDIE 3HAUEHN /ISl BK/IAIOB PAINKAJIOB, HAIIPU-
Mep, B MOJIEKY/IaX MyPaBbIHOII KMCIOTHI ¥ popMaMuoB. CrieyeT OTMETUTD, YTO BHIOPAaHHYIO
CXeMy pasfie/leHrst MOJIEKY/I Ha CTPYKTYpPHbIe parMeHThI crefyeT KaaccuuimpoBaTh KakK aji-
IUTUBHO-TPYIIIOBYIO CXEMY, 8 He CXeMY aiiluTUBHOCTH CBsI3eil. ITO C/IefyeT U3 TOTo, ITO, BO-
HePBBIX, B Hell BbleneHbl GYHKIVOHAIbHbIE TPYIIIIB; U, BO-BTOPBIX, BbiienieHHble CH-CBs131 B
Pa3HbIX YI/IeBOLOPOIHBIX Pa/iKaIax He sIB/IAITCS 9KBMBameHTHhIMI. CyMMMPOBaHEM BK/Ia-
JIOB CBsI3€ll MOYXHO IIOTYYUTDb BK/IA/Ibl COOTBETCTBYIOIIMX YITIEBOJOPOHBIX PaiIKajIOB.
Vcxons us dopmyner (1.3) A1 sHTaABINIL PAaCTBOPEHNS, CONbBATALINY, IEPEHOCA U VIC-

HapeHI/IH a)II/I(l)aTI/[‘IeCKI/IX YI‘HCBOI[OPOJIOB MOJXHO 3aIICaTb Bpra)KeH]/Ie
AH° = pAH(CH), + SAH*(CH), + tAH°(CH),+ hAH®(C) + dAH°(CH)-+ eAH°(CH), (3.1.1)

rge AH°(CH),, AH°(CH),, AH°(CH),, AH°(CH)-, AH°(CH)= - BK/Ia/ibI B 9HTa/IbIINIIHYIO XapaK-
Tepuctuky CH-cBA3M epBUYHOTO, BTOPMYHOTO U TPETMYHOTIO aTOMOB yriepoaa, CH-cBaAseit
IpY KPaTHBIX (IBOVIHO ¥ TPOJIHOI) YI/IEPOJi-YITIEPOHBIX CBA3SIX COOTBeTCTBeHHO; AH(C) —
BKJIaJl 4YeTBEPTUYHOTO aTOMa YITIEPOJa, KOTOPBII MOXKET PacCMaTPUBAThCA KaK ITOIPaBKa K
Brinagam CH-cBsiseit; p, s, t, h, d v e - 41cIa cOOTBETCTBYIOLINX (PparMeHTOB B MOJIEKY/Iax, KO-
TOpbIe OIPe/e/IAI0TCA UCXOM U3 VIX CTPOSHMA.

Ilna amudaTndecknx yriaeBoZOpPOAOB, SHTATBIINY TUpATallM KOTOPBIX IPUBEJECHDI B
tabnmue 3.1.1, MmaTpuria 3Ha4eHuit p, s, t, h, d u e npepcrasnena B Tabmuue 3.1.2. Bkmagbl BbI-
JeJIEHHBIX CBA3€M HAXOMAATCA METOJOM MHOXXECTBEHHOJ JIMHENHONM perpeccun. Pesynbrarbl
pacdera npuBeneHsl B Tabmie 3.1.3.

Heb6ospIne morpeniHocTy ONMCaHns CBUAETENbCTBYIOT 00 afeKBaTHOCTY BBIOPaHHOI
mopemyu. Heyurenuble casu C-C ABIAIOTCA, BEPOATHO, SKPaHUPOBAHHBIMM VM HE BHOCAT Cy-
I[eCTBEHHOTO BK/IaJja B MEXXMOJIEKY/IApHOe B3auMoperictBue. OyHKIMOHA/IbHAS IPYIINA Y all-
KaHOB OTCYTCTBYeT, [IO9TOMY B IIpefie/laX IOTPeIIHOCTY JaHHBIX CBOOOHBIN WieH paBeH 0.

AHamu3 paHHBIX Tabmuubl 3.1.3 IOKasplBaeT, YTO KOHIIEBBIE CTPYKTYpHbIE T'PYIIIIBI
(cBs3u CH mepBIMYHBIX YITIEPOSHBIX ATOMOB U, COOTBETCTBEHHO, METV/IbHbIE PA/IIKaJIbI) TTI]-
paTHpOBaHBbI CYIIECTBEHHO 3K30TepMIYHee IeroueyHbIX. COOTHOIIEHE SHTA/IBIINIL TH[paTa-
IIVIYI METVJIEHOBOTO ¥ METVM/IbHOTO PaiNKajIOB COCTaBjIsieT nMpubmsuTenbho 1:3,ane 1: 1.5
KaK MOYKHO OBbIJIO OXKIIATh, cxops u3 KomndectBa CH-cBsseit. [TomydeHHbIe pe3y/IbTaThI 103-
BOJISIIOT IIPEJIIONOXUTD, YTO 9¢ddeKT rmapodoOHOI TUApaTaluyl CBsA3aH C TMApaTalyei
VIMEHHO KOHIIEBBIX CTPYKTYPHBIX IPYIIII B MOJIEKY/IaX. VI3 JaHHBIX Tab/mmubl 3.1.3 BUJHO TakxKe,
4TO SHTAIbINYU IMApaTanyy cBa3yu CH y TpeTM4HOro aToMa yriepoya ¥ 4eTBepTUYHOrO aTOMa
yI7TIepofia MIMEIOT ITOJIOKWTe/IbHble 3HaueHMs. Bemrunusl AcH® CTpYKTYpHBIX GparMeHTOB AB-

JIAI0TCA IMTaplUa/IbHbIMY BETVMYMTHAMMU.
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Ta6muma 3.1.1. DHTanbnun TUApaTanuy HelloMApHBIX BermecTs mpu 298.15 K, uncio MOJIEKYJI BOJbI B COIbBATHOM
obomouke HenonmsapHoit yactuusl (N) u Ban-gep-BaanbcoB 06beM HENOMSAPHON 9acTULbL v,y = V,, / N (HM?)

Pacrs. Pacrs.
-AyH° N v,+10? -AyH® N v,+10?
BelIeCTBO BelIeCTBO
He 0.59 11.7 0.94 n-CsH, 28.3 31.9 9.64
Ne 3.8 12.9 1.13 n-CeHa 31.1 354 11.34
Ar 11.98 16 2.25 n-C;Hys 339
Kr 15.29 17.3 2.44 CH, 14.62 18.1 3.84
Xe 18.99 18.3 3.61 C.H, 16.46 18.8 3.97
0O, 10.66 15.1 2.16 c-CsHg 23.26 22.8 5.1
N2 11.45 15.8 2.65 CH,=C,H, 21.64 23 5.66
CH, 13.18 16.9 2.84 CH,=C;H, 24.88 26.7 7.36
C,Hs 19.52 21.3 4.53 i-C4Hyo 24.19 27.7 7.94
CsH; 23.27 24.8 6.24 C(CHs)4 23.26 30 9.64
n-CsHyo 25.92 28.4 7.94

ITpumeuanue. VIcionb3oBaHbl JaHHbIE, Tony4eHHbIe [lekoM u [xmmioM B padorax [ 70, 71]. Vi, u3 pabotsr [55], a — [72].

Ta6mmua 3.1.2. KomuuecTBo BbIe/IEHHBIX CTPYKTYPHBIX 9/IEMEHTOB B MOJIEKY/IaX YITIEBOOPOJOB
VYrneBogopon, (CH), (CH); (CH): (©) (CH)- (CH)=

CH, 0 0 0 0 0 2
CH, 0 0 0 0 4 0
CH,=C,H, 3 0 0 0 3 0
CH,=C;Hs 3 2 0 0 3 0
CH, 4 0 0 0 0 0
C;Hs 6 0 0 0 0 0
CsHs 6 2 0 0 0 0
n-CsHjo 6 4 0 0 0 0
n-CsHi, 6 6 0 0 0 0
n-CeHi4 6 8 0 0 0 0
n-C;His 6 10 0 0 0 0
i-C4sHyo 9 0 1 0 0 0
C(CHs)4 12 0 0 1 0 0

[TapunanbHble BeIMYMHBI CBOVICTB MOTYT MMETh pasnuyHble 3Haky. Pusndecku sHfO-
TepMuaHOCTh Tuppatanyy ¢pparmenToB (CH): n (C) MOXXHO OOBSACHUTD CTepUYECKUMU 3a-
TPYZHEHUAMY, BO3HUKAIOLIVIMI BC/IE[ICTBYUE PAa3BeTB/ICHNA YITIEBOJOPOLHOTO pagMKaia.

Ta6mmma 3.1.3. Bkmagbl CTpyKTYpHBIX pparMeHTOB B SHTANIBIINY TUAPATALIVMN, MCIIAPEHNS U PACTBOPEHUS B BOZIE
yrnesogopogos mpu 298.15 K

CBoOIICTBO (CH), (CH), (CH): (O (CH)- (CH)= se
AH° -1.41 -3.31 5.64 16.51 -4.04 -7.51 0.3
AH® 2.48 1.95 2.76
AH° 1.07 -1.36 8.40

IIepexona K 9HTanbIMAM PACTBOPEHMA M TUApATaliMM IPOM3BOAHBIX YIIEBOJOPOJOB,
HY>KHO OTMETUTD OJHY BaXKHYI0, Ha Halll B3IJIA]], 3aKOHOMEPHOCTD. IIpuBeieHHble Ha puc. 2.3.1
U 2.3.2 3aBUCHMOCTM CBUJETETIbCTBYIOT O TOM, YTO B JII00OM TOMOJIOTMYECKOM PsAY (B TOM
qyCcle Py aJIKaHOB) HE3aBUCUMO OT pasMepa (YHKIMOHATbHON TPYIIbI HaOTIOfaeTcs
YMEHbIIIEH)E JHTA/JIbIIMII PAaCTBOPEHMA OPTaHMYECKMX COEIVHEHMII B BOJE OT IEPBOTO KO
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BTOPOMY WIEHY PAJa, BCIEACTBYIE CUIBHOTO YBe/INYEHNA 9K30TepMIYHOCTY ruapaTanun. [To-
BUZIMMOMY, OCOOEHHOCTY I'MApaTalMyi MeTaHa M 9TaHa, 00YC/IOB/ICHHbIE SHEPIeTIYECKOI IK-
BUBAJICHTHOCTBIO ITpy ruppatanyy ux CH-cBA3eil, COXpaHATCA Y IPY TUAPATALVIY METUIb-
HOTO, 3TWJIBHOTO, 3TVJIEHOBOTO U T.II. PaJMIKaJIOB, CBA3aHHBIX C (PYHKIIVIOHA/IbHOI IPYIIION 1
cofiep>Kalyx He 6ojiee ABYX aTOMOB YITIEPOfia. TO BBIPAXKAETCA B TOM, 4TO /LA KXJOTO M3
TaKMX pajgyukanoB Bce CH-cBsA3Y ABJAIOTCA 9KBUBAJIEHTHBIMU. B Tabmumax 3.1.4-3.1.7 Takue
cBs3u o6o3HaueHs! (CH)y, To ectb oHU sBstIOTCA hparmenTamu CH, pacronoskxeHHbIMY B Iep-
BOM OKpYy>XeHuM QYHKIMOHANbHOM rpynisl. Credyem 0cob6o ommemumy, 4mo évioesieHue ma-
KUX opazmenmos A6/sAemcs NPUoPUmenHoim.

Ta6muma 3.1.4. KomudecTBo BBIfIeJICHHBIX CTPYKTYPHBIX 97IEMEHTOB B MOJIEKY/IaX aIKaHOJIOB, SHTA/IBIIUY UX MC-
MapeHus U pacTBOpeHMs: B Bofie ipu 298.15 K

AH° AH°
CoenuHeHue (CH)y | (CH), | (CH), | (CH), Y. Y:
9KCII A 9KCII A
MeOH 3 -7.32 37.48
EtOH 5 0 0 0 0 0 -10.17 42.23
Pr"OH 4 0 3 0 0 0 -10.12 47.48
Bu"OH 4 2 3 0 0 0 -9.41 52.09
Pe"OH 4 4 3 0 0 0 -7.82 56.78
Hex"OH 4 6 3 0 0 0 -6.56 61.74
Hep"OH 4 8 3 0 0 0 -5.37 66.83
Oc"OH 4 10 3 0 0 0 -3.40 71.00
Pr'OH 7 0 0 0 1 0 -13.05 -0.18 45.35 0.41
Bu’0OH 6 0 3 0 1 0 -13.18 -0.02 49.72 -0.40
Bu'OH 3 0 6 1 0 0 -9.33 0.00 50.77 0
Bu'OH 9 0 0 0 0 1 -17.20 0.55 46.80 0.00
Pe’0OH 5 0 6 0 1 0 -12.80 0.66 53.30 -2.00
Pe'OH 8 3 0 -18.60 -0.55
Hex?OH 5 2 6 0 1 0 -12.59 -0.47 56.81 -3.25
Hep*OH 5 4 6 0 1 0 -12.68 -1.90 62.62 -2.21

ITpumeuanue. 3pech u B Ta0M. 3.1.4-3.1.7A = AH Gxen) - AHC(pacs).

Ta6muma 3.1.5. KomdecTBo BbIIe/IEHHBIX CTPYKTYPHBIX 3JIEMEHTOB B MOJIEKY/IaX [JMOJIOB, SHTAIBIIUY UX UCIIape-
HUA U pacTBOpeHMs: B Bofie mpu 298.15 K

AH° AH°
Coennnenue (CH)y (CH), Y.
3KCII. A 9KCII. A
HO(CH,),OH -6.87 -0.08 65.60 0.02
HO(CH,);OH 6 0 0 -8.67 0.22 72.40 -0.03
HO(CH,),OH 8 0 0 -10.46 0.53 79.30 0.02
HO(CH,)sOH 8 2 0 -10.59 -0.64 86.80 0.00
HO(CH,)sH 8 4 0 -10.90 -1.99 87.00 -7.32
HO(CH,)sOH 8 8 0 -7.10 -0.27
HO(CH,)yOH 8 10 0 -5.40 0.39
MeCHOHCH,OH 6 0 1 -10.48 0.18 71.20 0.00
Me(CHOH),Me 8 2 -14.72 -0.18
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Ta6muma 3.1.6. KonudecTBo BBIfIeJICHHBIX CTPYKTYPHBIX 97IEMEHTOB B MOJIEKY/IaX KeTOHOB, 9HTA/IBIINM UX MCIIA-
peHuA u pacTBopeHus B Bofie pu 298.15 K

Coennnenne (CH)y (CH); (CH), Y, Y: AH” AH°
9KCIL A 9KCIL A
MeCOMe -10.17 30.50
EtCOMe 8 0 0 0 0 -10.72 34.95
Pr'COMe 7 0 3 0 0 -10.21 38.50
Bu"COMe 7 2 3 0 0 -9.46 42.33
Pen"COMe 7 4 3 0 0 -8.95 46.10
EtCOEt 10 0 0 0 0 -10.90 0.06 38.60 -0.13
PriCOMe 10 0 0 1 0 -10.63 -0.48 36.80 -0.14
Pr'‘COPr 14 0 0 2 0 -9.60 0.47 40.44 0.15
Bu'COMe 12 0 0 0 1 -9.50 0.00 43.40 0.00

Ta6muma 3.1.7. KommaecTBo BBIe/IEHHBIX CTPYKTYPHBIX 3JIEMEHTOB B MOJIEKY/IaX METWIATKaHOATOB, SHTA/IbIINN
VX MCTIapeHNA U pacTBOpeHus B Bofie mpu 298.15 K

CoegnHenue (CH)y (CH); (CH), Y. Y; AH® AH°
MeCOOMe -7.81 31.69
EtCOOMe 5 0 0 0 0 -8.65 36.02
Pr"COOMe 4 0 3 0 0 -8.04 40.10
Bu"COOMe 4 2 3 0 0 -7.28 44.32
Pr‘COOMe 7 0 0 1 0 -8.62 38.90
Bu'COOMe 9 0 0 0 1 -7.32 42.30

Ecnu st MeTMnbHOTO pajiMkasa 3To JTOTUYHO, TO, HAIIPUMeED, /IS STUIBHOTO pafiiKaia,
COiepyKalllero KpoMe MeTV/ICHOBOTI TPYIIIIBI ellle ¥ MeTVIbHYIO TPYIIITY, 9Ta MJies sIB/ISeTCS HO-
BoI1. Bo3Bpamiasce k MpuYMHaM, BBI3BIBAIOIMM HEMOHOTOHHOCTD M3MeHeHMs1 A,H° ot N¢ n
HeMMHeNMHOCTb n3MeHeHnsa A.H® ot N¢, MOXKHO OTMETUTH, YTO OHAa MOYKET ObITh BhI3BaHA OCO-
OeHHOCTAMM I'MApATALMY YI/IEBOLOPOLHBIX PayKajIOB, COJep KalIX He 6otee IBYX yI/Iepoy-
HBIX aTOMOB, CBSI3aHHBIX C TeM, 4TO Bce uX CH-cBsA3U ABNAIOTCA 9HEPreTMYeCKN SKBMBAJICHT-
HpiMu. Ceasu (CH), n (CH); B pyHKI[MOHAIBHBIX IPOM3BOJHBIX YITIEBOZOPOMIOB IIPECTaB-
JISIIOT cO0O0VI CBA3Y, yAaleHHbIe OT (PYHKIMOHAIBHOI IPYIIBI 60/Iee YeM Ha JiBa YI/IepPOHBIX
aroma. B Tabmuitax 3.1.4 n 3.1.5 s npuMepa IpefiCTaBIeHbl MaTPUIIBI MCXOIHBIX JAHHDIX /IS
1-ankaHoIOB U OL,®-TMOJIOB.

BupHo, uro B 1-ankaHomax MakcumanbHoe uncno ¢parmentoB (CH)y cocraBisier 5 u
IPVMHALIEKUT STWIBHOMY paguKany. B o,o-anonax MakcumMaabHOe KOMYECTBO (PparMeHTOB
(CH)y cocTaBnseT 8 v IpMHAIeKNUT YeThIpeM METH/IEHOBBIM IPYIIIIaM. JIMeHHO mosToMy ycu-
JIeHNe 5K30TePMIYHOCTI PAacCTBOPEHNSA B PsAAY 1-a/IKaHOTOB 3aKaHYMBAETCSA TAHONIOM, a B
PALY OL,M-A1OIOB - 1,4-6yTaHAMOMIOM.

B cootBerctBuu ¢ popmynoit (1.3) sHTanbIMM PacTBOPEHNS, CObBATALINN, IIEPEHOCA U
UCIIapeHN s MOHO(YHKIIVIOHA/IbHBIX IPOM3BOAHBIX A/IKAHOB MOYKHO BBIPA3UTh COOTHOIIEHIEM

AH° = AH°(Y,) + dH(Y;) + dH(Y:) + yAH°(CH)y + pAH°(CH), + sAH°(CH), +

12
+ tAHP(CH), + hAHY(C), (3.1.2)
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rge AH°(CH)y - nakpemenTsl CH-cBA3elt B yI7IeBOOPOJHBIX pafiKaaX, BXOAAILINX B IIEPBOE
okpyXeHne gynkiyonanpHoit rpynnsl; AH(CH),, AH°(CH),, AH°(CH): n AH°(C) - BkIamst
CTPYKTYPHBIX (PparMeHTOB YIJIEBOZOPOAHBIX PaAMKA/IOB, OTCTOSAMIMNX OT (PYHKLMOHATHHON
rpynIbl 6ojiee YeM Ha JIBa YITIEPOAHBIX aTOMa; ¥, P, S, t M h — KO/IMYeCTBO BbIJle/IeHHBIX dpar-
MeHTOB; AH°(Y,) — BKIax pyHKUIMOHAIBHOI TPYIIIIbI, CBSI3aHHOI C IEPBMYHBIM aTOMOM YTJIe-
poma; 0H°(Y,) u SH°(Y,) — mompaBKy, yIUTHIBAOIINE Pa3IN4NA B SHTAIBINAX COMbBATALINN
(YHKLIVMOHATIBHBIX TPYIII, CBA3aHHBIX C BTOPUYHBIM M TPETUYHBIM aTOMaMI YI/Iepojia 110 OT-
HOULIEHNIO K (QYHKLMOHATBHON TPYIINe, CBA3AHHON C MepBUYHBIM aTOMOM yriepoja. Bximaj
(YHKLMOHAIBHO TPYIIIIBL, CBA3aHHON C BTOPMYHBIM yIiepogHbIM aToMoM [AH(Y,)], MO>XXHO

omnpenemTb cymMmMmyposanueM BemmanH AH°(Y,) u coorBercTByromeit nomnpasku OH(Y,) mo
dbopmyre
AH*(Ys) = AH(Y,) + SH(Y,). (3.1.3)

AHajoryHOe BBIpaKEHME MCHONb3yeTcA UIA pacdeTa BKIafia (PYHKIMOHAIbLHON

TPYIIIBL, CBA3AHHOM C TPETUYHBIM yITIepofHBIM aToMoM [AH(Y)]:

AH°(Y) = AH°(Y,) + 0H°(Y)). (3.1.4)

Koadppuunents! ypasuenus (3.1.2) npn semannax AH(Y,), AH(Y,) n SH(Y,) pis mo-
HOQYHKI[MOHA/IbHBIX COeAVHEHNIT PaBHBI e[[VIHMIIE.

B tabmmuax 3.1.4-3.1.7 npuBeieHbI KOMMYECTBA BbIJJe/ICHHBIX CTPYKTYPHBIX (PparMeHTOB
B MOJIEKy/IaX MOHOQYHKIIVIOHATIbHBIX COeVIHEHNIT HEKOTOPBIX TOMOJIOTMYECKUX PSAMIOB U JIN-
TepaTypHbIE JAHHbBIE T10 SHTA/IBIINAM UX PAaCTBOpPeHMA B Bofie U ucnapenud npu 298.15 K. [lna
QJIKAaHOJIOB JICIIOIb30BAHBI JINTepaTypHbIe JaHHbIe [23, 73, 24, 25], nna guonos - [31, 32, 74,
75], mist aMmuHOB — [27, 29], /151 KETOHOB M METM/TATIKAHOATOB — [35], /is1 KapOOHOBBIX KUC/TOT
- [27], nnsg ankunaneraTos - [30].

PacyeTHbIe BeMYMHBI BKIAZIOB BBIIE/ICHHBIX CTPYKTYPHBIX (PparMeHTOB B SHTAIBIINY
PacTBOpeHMs B BOJie U MCIIAPEHNA MOHODYHKI[MOHAIbHBIX OpTaHNYEeCKIX COeIMHEHNUIT HeKO-
TOPBIX TOMOJIOTMYECKNX PAJOB NpyBeneHs! B Tabmuax 3.1.8 n 3.1.9. ViHkpeMeHT QyHKIMO-
HaJIbHOJI TPYIIIIBI paCCYNTAH KaK CBOOOIHBII YWIeH B YPaBHEHUM PETrPeCcCy.

Heb6onplye MOTpemIHOCTY ONMCAHNs CBUAETENIBCTBYIOT O TOM, 4TO IIPE/IO>KeHHAs MO-
lelib aZleKBaTHO OTpa)kaeT SKCIIEPMMEHTA/IbHbIE NaHHbIE. YKa3aHHbIE IIapaMEeTPhl Perpeccum
IPUBEEHDI I ONMCAHMA SHTA/TBIIMIHBIX XapaKTEPUCTUK BELIECTB HOPMAaIbHOTO CTPOEHMA.
B ra6nume 3.1.10 mpepcraBieHbl MHKPEMEHTBI CTPYKTYPHBIX PparMeHTOB B 9HTA/IBIINY THJpa-
TaLNM, KOTOPbIe PaCCYNTAHBI 110 popmyrie (3.1.5), NCIOIb3ys COOTBETCTBYIOLIVIE TaHHbIE BK/IA-
0B (ParMeHTOB B 9HTA/IBIINY PACTBOPEHMS U McIapeHys n3 Tabmmn 3.1.8 u 3.1.9.

BsaumocBsa3p MEXY YKa3aHHbIMU SHTAJIBIINAMU BbIpa’kKaeTCsl COOTHOIIECHNEM

AH® = AH° - AHP. (3.1.5)

B dopmyne (3.1.5) AcH°, A,H® m AyH® — COOTBETCTBEHHO SHTA/IBIINY CONbBATALMNU (TV]-

paranum), pacCTBOpeHN I UCTIAPEHNA PACTBOPEHHOTO BEIeCTBaA.
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Ta6mmua 3.1.8. Bkmagsl CTPYKTypHBIX (pParMeHTOB MOJIEKY/T B SHTA/IBIINY PACTBOPEHVISI MOHO(YHKIIMOHAIBHBIX
coeuHeHN B Bofie mpm 298.15 K
Coennuenuns dopmyna Y Y, |(CH)y| (CH);|(CH),| (CH);| Y; Y: se
Huomnet 178
(mna coequHeHMI R(OH), OH -1.30 | -1.05 | 0.52 0.53
(0.18)
n3 1abm. 3.1.5)
Amasionst 144 | 0.16 | -1.88
(mnsa coequHeHMI ROH OH -3.04 | -1.43 | 0.67 | -0.57 0.32
(0.00) | (0.26) | (0.55)
u3 Tabn. 3.1.4)
AMuHbBI
Nc=1-8
Keronst 0.81
(mnsa coequHeHMI R,COR, C=0 -9.14 | -0.18 | 0.32 0.08 1.83 0.10
(0.48)
n3 1abm. 3.1.6)
Cynbdoxcunpl
Nc=1-4, R"SOMe S=0 -9.80 | -1.50 | 0.67 | -1.33 0.83
6-8
Kucnoret
Nc=1-5
MeTnmanKaHOAaThl
(mnst coemmuenmit R"COOMe |COOMe| -6.55 | -0.42 | 0.38 0.06 0.87 3.01 0.00
u3 tabm. 3.1.7)
AnkunaneraThbl
Nc=1-5

R"NH, NH, -18.1 | -2.95 | 0.66 1.77 0.03

R"COOH | COOH | -0.48 | -0.22 | 0.55 | -0.04 0.05

R"OOCMe [OOCMe| -4.68 | -0.81 | 0.07 | -0.02 0.00

ITpumeuanue. 3gecs u B Ta61. 3.1.9 K03 puuyeHT KOppe ALY /IS COeANHEHNIT HOPMAIBHOTO CTPOEHIISI He HIDKe
0.99. CranzapTHas IIOTPEIIHOCTD (se) ZaHa Ayt omycanuAa A,H° BelllecTB HOPMaIbHOTO CTpoeHM. B ckobkax mpu-
BeJleHbI IIOTPEIIHOCTY omycanuA A,H° 130MepoB Ipy UCIOIb30BAaHNM 3HAUYEHUII BK/IAZI0OB U3 JAaHHOI TaOIMIIbL.
Nc - 4ncIo aTOMOB yI/Iepofia B pafiyIKajie COeqMHEeHN A, UCKITI0YasA QyHKIVIOHATBHYIO TPYIIILY.

AHanms pe3y/nbTaToOB pacyeTa IOKa3bIBAeT, YTO BKIAbI CTPYKTYPHBIX (PparMeHTOB B 9H-
TA/IbIINY PACTBOPEHN, ICITAPEHNA U TUIpATAllMY JIOBOJIBHO CUJIBHO Pa3INYaloTCA /IS pa3HbIX
romosiorndeckux psagoB. OcobeHHo Benmuku paszmyus g pparmeHToB (CH)y. B atom nposs-
nsieTcs1 BIsiHMe QYHKIMOHATBHON IPYIIIIBI Ha YITIEBOJOPOAHBIN pagyukan. OfHako He HabII0-
JAeTCAd OTYET/IVBO BBIPaXK€HHOJ 3aBMCUMOCTY MEXY BEeIMYMHAMU BK/IaI0B HENOAPHOTO
¢parmenta (CH)y 1 pyHKUMOHA/IBHOI I'PYNIBl B SHTAJIBINY VICIIAPEHNUA U PaCTBOPEHMS B
BOJIE.

B 10 >Xe Bpems [1s1 3HTa/IbIINII TUpaTally BEMIECTB MOXKHO OTMETUTD TAKYI0 B3aMIMO-
cBs3b. JlaHHBIe, IpefcTaB/ieHHble B Tabmie 3.1.10, MOKa3bIBaIOT, YTO MMEETCs] TeHIeHIUS K
cuMOaTHOMY M3MeHeHuo MHKpeMeHTOB cBssell (CH)y u (CH), ¢ ofHOIT CTOPOHBI U MOJIAPHOI
TpyHnbl — ¢ Apyroii. Taxke CUIbHO pa3nMyalOTCA BKIa[bl B 9HTAIbINITHbIE XapaKTePUCTUKA
KOHIIeBbIX (pparmentoB. Hanmenbine pasnuuns Habmopaorcs mist CH-cBs3eit BTOpUYHBIX
aToMOB yriepoaa. PaccMoTpyuM noppo6Hee BKIabl YI/IEBOJOPOIAHBIX (ParMeHTOB B SHTA/Ib-
IV TUApATally OPTaHNYeCKNX coenyHeHuil. Hamy o6Hapys>keHa IpsMO IMpOIOpLIMOHaIbHAS
3aBMCUMOCTb MeXAy BKnafgamu ¢parmentos (CH), u (CH)y B A:H° MosneKy, IpuBeeHHas Ha

puc. 3.1.1. 9Ta 3aBUCHMOCTD ONNCHIBAETCA KOPPENALVOHHBIM YPaBHEHNEM

AH°[(CH)y] = 1.22 A:H°[(CH),], se = 0.08, R = 0.9948. (3.1.6)
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V3 puc. 3.1.1 BULHO TaxKe, YTO IVHEIHAsA KOPPesLMs Hab/MoaaeTcss MeX/y BKIagaMu
¢dparmentoB (CH), u (CH)y B 9HTanpnmu ncnapeHus BeIiecTs.

Tabnuna 3.1.9. Bxmagpl CTpyKTYpHBIX (parMeHTOB MOJIEKY/I B SHTAJIbIIMY UCIAPEHUsI MOHO(PYHKIMOHAIBHBIX
coepuHenuii npu 298.15 K
CoegmHeHus dopmyna Y Y, |(CH)y| (CH),|(CH),| (CH),| Y, Y: se
Huomnet
(mna coequuenMit R(OH), OH 2590 | 3.43 | 3.76 -1.23 0.04
u3 Tabm. 3.1.6)
Ankun6eH3071b1I
Nc=1-8
AJKaHOBI
. -1.81 | -2.04
(mna coequuenMit ROH OH 30.35 | 2.38 2.38 2.52 -4.93 | 0.23
(0.0) | (0.40)
u3 Tabm. 3.1.5)
AMUHBI
Nc=1-8
Sdupst
Nc =2 -5, PriOPr
Kertonst 179
(mna coemmuuenmit R;COR; C=0 18.48 | 2.03 1.90 1.95 (0.15) -2.34 | 0.23
u3 Tabn. 3.1.7)

R"Ph Ph 3227 | 1.67 | 3.01 1.89 0.79

R"NH, NH, 39.16 | -3.85 | 233 | 2.42 0.29

ROR o 21.00 | 0.60 1.93 1.22 1.07 0.00

Hurpumnbr
Nc=1-4
Kwncnorst
Nc=1-6
MetnnankanoaTsl
(mst coemmueHMIt RCOOMe [COOMe| 25.19 | 2.17 | 2.11 | 2.08 -1.45 | -2.38 | 0.00
n3 Tabm. 3.1.8)
AnkumaneraThbl
Nc=1-5
AnxnndopMuarsl
Nc=1-4

R"CN CN 2992 | 1.03 1.56 1.24 0.00

R"COOH | COOH | 35.58 | 3.78 | 4.58 | 3.24 0.80

R"O0OCMe |OOCMe | 2691 | 1.51 1.42 1.96 1.09

R'OOCH | OOCH | 1542 | 2.84 | 1.67 | 2.09 0.00

Ta6muma 3.1.10. Bxmansl cTpyKTypHBIX pparMeHTOB MOJIEKYII B SHTA/IBIINY TUPATalVi MOHODYHKIIMOHAIbHBIX
coeguHeHu npu 298.15 K

Coemunenne ®opmyna Y Y, (CH)y | (CH), | (CH), | (CH), Y. Y:

AnkunaneraTbl R"O0OCMe OOCMe | -31.59 | -2.32 -1.35 -1.98

Keronst RiCOR; C=0 -27.62 | -2.21 -1.59 -1.87 2.60 4.17
AMuHbBI R"NH, NH, -57.31 0.90 -1.67 -0.65

AJIKaHOJTBI ROH OH -33.40 | -3.80 | -1.71 | -3.09 0.89 2.09 3.60

Metunankanoarst | R"COOMe COOMe | -31.74 | -2.59 | -1.73 | -2.02 2.32 5.39

Iuonsr R(OH), OH -27.34 | -447 | -3.24 -0.55

Kucnotet R"COOH COOH | -36.06 | -3.99 | -4.03 | -3.27

Ona onmcpIBaeTCs KOPPEIALNVIOHHBIM YpaBHEHNEM
AH°[(CH)y] =-0.99 + 1.43A,H°[(CH),], se=0.23, R=0.9738. (3.1.7)

Beimre 6pU10 ITOKa3aHO, YTO OJVHAKOBBIE YITIEBOZOPOAHbIE (PParMeHThl BHOCAT pas/ind-

HbI€ IIO0 BEIMYMHE BKJIA[lbl B SQHTAJIBIINN TUApaTalUN COCHI/IHQHI/II?I Ppa3HbIX TOMOJ/IOTUYIECKUX
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psnoB. [TonmydeHHble JaHHBIE CBUIETEIBCTBYIOT O TOM, YTO B O0IeM C/Iydae MOJeNMpPOBaHIe
YITIeBOJOPOMHBIX PafiNKaloB GYHKIMOHATBHBIX OpPraHNYeCKUX COeAVHEHNII pafiiKalTaMy yT-

JIEBOJOPOAOB IMEET CYIIECTBEHHbIE OTPAHNYICHNA.

44 g
{ AHI(CH)

3 khK/morb 36

2

T
-3 1 2 3

AHT(CH),],
k[Dx/Morb

Puc. 3.1.1. Koppenauuu Mexay MHKpeMeHTaMu CTPYKTypHbIX ¢pparmentos (CH), u (CH)y B sHTanbmmum ucnape-

Hus (a) u ruppaTanyn (6) coefuMHEeHNIT HEKOTOPBIX TOMOIOINYECKUX psARoB mpu 298.15 K: 1 — MoHOKap6OHOBBIE
KUC/IOTHI, 2 — aIKaHOJIbI, 3 — MeTU/IA/IKAaHOAThI, 4 — a/JIKMIalleTaThl, 5 — KEeTOHBI, 6 — anKI/m(bopMmaTbI, 7 — an-
KIIOEH30/IBL, 8 — IIpOCTbie 3PUPDI, 9 — ATKUTHUTPUIBL

MCXOI[H 3 BEJINMYNMH BKJIIaJOB yrHeBOHOPOHHbIX (bpaI‘MeHTOB, COCONMHEHNA NCCIEI0BaH-
HBIX TOMOJIOTMYECKMX PAJOB MOXKHO pasfie/InTb Ha ABe rpynmnsl. K mepBoit rpymnmne oTHOCATCA
coefyiHeHMs, (YHKUMOHATbHAS TPYyINIIa KOTOPBIX HE COJEPXXUT YITIEBOJZOPOLHOTO aTOMa
(HampyMep, alIKaHOJIBL, TPOCThIe 3PUPHI, cynbdokcuasl). Bkaagsr pparmenros (CH)y n (CH),
B OHTA/IbIINN paCTBOPeHI/IH n I‘I/II[paTa]_[I/[I/I 9TUX COeI[I/[HeHI/IIU/[ NMEIT 607[b]_H]/[e OTPI/[]_[aTeTIbeIe
3HaueHus. K ipyroii rpymie npuHaajesxaT COefUHEeHNs, B COCTaBe PYHKIVIOHATBHO IPYIIIIBI
KOTOPBIX MIMEETCs aTOM yIlepojia (Harmpumep, CI0XKHbIe 3(UpPHI, KeTOHBI). [/ 9TUX coenyHe-
HUJI BKJIaJbl CTPYKTYPHBIX yrieBogoponHbix pparmenToB (CH)y u (CH), B A.H° n A H® B cpen-
HeM Ha 1.3 x/I>k/MO0JIb MeHee OTpUIIATe/IbHBI 10 CPABHEHNIO C COeIMHEHNAMMI MepBOIi TPYIIIbI

" yrieBogopogamMiL.

3.2. TepmoxumMmyecKkne XxapaKTepuCTUKI PaCTBOPEHU:A M COMbBATALMI COeTVHEHNIA
HOPMaJIbHOTO CTPOEHNA B HEBOIHBIX Cpefiax.

JHTepecHO paccMOTpeThb C/IEAYIOLINIT BOIIPOC: COOMIONAIOTCSA /TN 3aKOHOMEPHOCTH BJIN-
SAHUA COCTaBa ¥ CTPOEHMA MOJIEKY/I pACTBOPEHHBIX BEIIECTB Ha MX TUAPATALINIO IIPY COIbBATa-
LMY MOJIEKY/I OpPTaHMYeCKIX COeIHEeHI HeBOGHbIMY pacTBoputenamu? Ha puc. 2.3.2 npuse-
JIEHbI 3aBMCUMOCTY SHTA/IbIINI PACTBOPEHMA aIKAHO/IOB B HEKOTOPBIX HEBOJHBIX PaCTBOPU-
Te/AX Pa3IMYHONM XMMIYECKOI IPUPO/IbI ¥ oNsApHOCTH. Kak yke 0TMedanoch Bhlllle, B HEBOJI-
HBIX CpeflaX TakKe HaOII0gaeTca HEMOHOTOHHOCTD M3MEHEeHV sl SHTAIBIINII PAaCTBOPEHNA B IO-
MOJIOTMYeCKOM PSRy BemjecTB. OZHAKO CpaBHEHNUe C BOGHBIMM pacTBopamm (cM. puc. 2.3.1)

IIO3BOIAET OTMETUTD, YTO B OPTaHNIECKUX PACTBOPUTE/IAX OTKIOHEHUA APHO IIEPBLIX YIECHOB
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OT XUMWUU K TEXHOJIOTUW ptIEARETNITEYIV

TOMOJIOTMYECKOTO psfia OT MMHUM, oOpasyeMoil A,H® cleyommux roMoIoroB CyIeCTBeHHO
MeHblure. O6paboTka BemmunH A,H° 1o mpejioskeHHOI MeTOfMKe IpUBeIa K pe3yabTaTaM,
IpefiCTaB/IeHHBIM B Tabmmuax 3.2.1 n 3.2.2.

Jna pacdera MCIIONb30BaHbl IUTEPATYpHbIE 3KCIIEPVMEHTAIbHbIE JAHHbIE IO 3HTAJIb-

IIAM pacTBOPEHNSA COeMHeHNI u3 pabor [35, 40, 45, 76].

Ta6muma 3.2.1. Bkmagsl cTpyKTYpHBIX (pparMeHTOB MOJIEKYI B S9HTA/IBIINY PAaCTBOPEHMNA Y CO/IbBATALINY A/IKAHO-
JIOB B HEBOIHBIX pacTBOpuTesAx mpu 298.15 K

PacrBopuTtens (OH), (CH)y (CH), (CH), R se Y, Y:
AH° 17.91 0.02 0.34 -0.06 0.8731 0.63
c-CeHiz
AH° -12.45 -2.35 -2.04 -2.58
-2.91
AH® 3.02 1.09 0.52 0.72 0.9999 0.04
MeCHCH,CO; (0.60)
AH° -27.33 -1.29 -1.86 -1.80 2.02
-2.23
AH° -5.36 1.32 0.71 0.89 1.0000 0.00
AH° -35.72 -1.06 -1.67 -1.63 2.70
-0.28
AH° -3.35 0.92 0.40 0.62 1.0000 0.00 -1.47
Me,NCOH (0.13)
AH° -33.71 -1.45 -1.98 -1.90 1.76 3.46
AH® -0.26 0.09 0.25 0.16 0.9991 0.05
MeOH
AH° -30.61 -2.29 -2.14 -2.36
AH° -1.10 0.64 0.40 0.57 0.9972 0.23
H,NCOH
AH° -31.45 -1.73 -1.98 -1.95
AH° -1.07 0.49 0.52 0.52 0.9999 0.01
(CH,OH),
AH° -31.42 -1.89 -1.86 -1.99

Ta6muma 3.2.2. BKragsl cTpyKTypHBIX ParMeHTOB MOJIEKY/I B 9HTA/IbIINY PACTBOPEHUA U CONbBATALINI MOHO-

(YHKIMOHA/IPHBIX COeAMHEHNI B IUKIoreKkcane mpu 298. K

1-AnkaHOMBI
KeTonst MeTtumankaHoaTbl
I'pynma n=1-5
AH® AH° AH® AH° AH® AH®
Y, 17.91 -12.45 12.96 -5.52 10.1 -15.06
(CH)y 0.02 -2.35 -0.56 -2.59 -0.5 -2.67
(CH), 0.34 -2.04 -0.08 -1.98 -0.13 -2.24
(CH), -0.06 -2.58 -0.67 -2.62 -0.57 -2.65
Y, 1.08(0.90) 2.87 -0.13 1.32
Y: 1.41 3.75 0.91 3.29
se 0.63 0.26 0
R 0.8731 0.9889 1

BI/II[HO, 9TO B HEBOJHDBIX PACTBOPUTE/IAX PA3NININA B 9HEPTETUKE CO/IbBATAllVIMI BBINETIEH -

HBIX CTPYKTYPHBIX (PparMeHTOB MOJIEKY/I JAHHOTO TOMOJIOTMYEecKoro psga (cm. tabm. 3.2.1,
3.2.2) u, cnefoBaTeNbHO, OOPa3sOBAHHBIX VMM YITIEBOJOPOJHBIX PafiMKaloOB MeHee 3HAuu-
TEJIbHBI 110 CPAaBHEHNIO C BOGHBIMY pacTBopamu (cM. Tabi1. 3.1.10). IIpupona pacTBopuTes mo-

pasHOMY BIINAET Ha COOTHOIIEHM)E BKIAaJOB HEIIO/LIPHBIX pparMeHTOB. B acconumpoBaHHBIX
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BOJJOPOJTHBIMIU CBSI3SIMU PACTBOPUTEIAX (MeTaHO, GOPMaMUL, SITUIEHITIMKO/Ib) BCE BbI[e/IeH-
Hble CTPYKTypHBbIe (pparMeHTbl BHOCAT HMPUONIU3NTEIbHO OJVIHAKOBBIE BK/IaJbl B SHTA/IBIINNI
conbBaTauyy 1-ankaHonoB. B HenmonmsapHOM 1ukiorekcane nukpemenTsl csaseit (CH)y n (CH),
1-a/IKaHOJIOB, KETOHOB U METWIATKAHOATOB (cM. Tabm. 3.2.2) B A.H® npubnusurtenpHo Ha 0.5
kJIx/Monb sk3oTepMmyHee Bkaanos rpynm (CH).. VMHTepecHO, 4TO aHa/lIOrMYHasA, TONIBKO 60-
Jiee BbIpa>KeHHasl, 33aKOHOMEPHOCTD XapaKTepHa JIJI BOJHBIX paCTBOPOB. B anpoToOHHBIX uIio-
JISIPHBIX PacTBOPUTEIAX (IpommaeHKapOoOHAT, AMMETWICYTb(OKCHUs, AMMeTHAPOpMaMIT)
Hao6opoT Bkaazmsl csiseit (CH)y 1-ankanonoB npubnusutenpHo Ha 0.5 k[[x/Monb 6omee 9H-
JOTepMIMYHBI TI0 cpaBHeHuIo ¢ Bkmafamu cBsaseit (CH), u (CH),. Takue >ke BBIBOJBI MOXXHO
Clie/IaTh OTHOCKUTE/IBHO ONMCAHMsI SHTA/IBIINIA MICIAPEHNsI OPTaHNYeCKUX COeIMHEHMIT, KOTO-
pble MO>KHO PacCMaTpPUBATh KaK SHTAIBIINY X CAMOCO/IbBATALIV.

CpaBHeHue BK/IalOB yITIeBOJOPOMHBIX CBsA3eil OXHOTO Buaa B A.H® coeiMHEHMIT pasHBIX
TOMOJIOTMYECKUX PAROB (1-a/KaHOIBI, KETOHBI M METW/IA/IKAHOATHI) (CM. Tabs1. 3.2.2) mOKa3bl-
BaeT VX 9HEPTreTNYeCKYI0 9KBYBaJIECHTHOCTb.

B ta6muie 3.2.3 mpepcraBieHbl BKIAJbl CTPYKTYPHBIX (pParMeHTOB MOJIEKY/T H-a/IKAHOB
B 9HTAJIBIINY X CONTbBATALN B PA3HBIX PACTBOPUTEIISX.

Ta6mmma 3.2.3. Bkabl CTPyKTYpHBIX PParMeHTOB MOJIEKYIT B 9HTA/IbIINM COMbBATALIVN H-aIKaHOB B HEKOTOPBIX
pactBopuTeax npu 298.15 K

PacrBopurenn p> KIx/cm? (CH), (CH),
H,O 2.298 -1.41 -3.29
H,NCOH 1.446 -1.91 -1.85
(CH,OH), 1.048 -2.03 -1.81
MeOH 0.859 -2.05 -1.69
c-CsHiz 0.281 -2.35 -1.91
MeCHCH,CO; 0.474 -1.81 -1.10
Me,SO 0.570 -1.59 -0.87
Me,NCOH 0.574 -1.85 -1.41

IOTU BeINMYMHBI paccunTalbl, VCIIO/TIb3YyA paHee€ YCTaHOBJIEHHbIE HAMJ 3aKOHOMEPHOCTHU
MeEXOYy 3HTa/IbIIMAMMU COIbBATallN 1 BaH—I[ep-Baa)IbCOBbIMI/I MOJIAPHBIMU ob’beMaMI alIKaHOB

II0 C/IEAYIOIIMM YPaBHEHUAM:

AH°(CH);, = [b,V.(CH,)]/2 = (10.23b,)/2, (3.2.1)
AH°(CH), = [b,V.(CH3) + a,/2]/3 = (13.67b, + a,/2)/3, (3.2.2)

rge mapamerpst V,(CHz) = 10.23 cm?/monb n V,,(CHs) = 13.67 cm®/monb npefcrasisior Ban-
Jilep-BaabCOBBI MOJLIPHBIE 00'beMBbI METV/IEHOBOII IPYIIIIbI ¥ METM/IBHOTO pajyiKajaa COOTBET-
CTBEHHO 10 laHHBIM boHan [55]. Bemunnsl b, 11 @, — 9T0 K03 PUINEHTE ypaBHEHN A, 3HaYe-
HYIS1 KOTOPBIX JI/Is1 HEKOTOPBIX pacTBOPUTEJIeNl IIpuBefieHs! B Tabmuie 3.2.4 [77]:

AH° = a, + b,V,,. (3.2.3)

Panee [77] Hamu 6bU10 IOKA3aHO, YTO KO3GUIMEHT d, — 9TO NTapaMeTp, He 3aBUCALINIA

OT pa3Mepa MOJIeKY/I aJIKaHa ¥ OIpe/ie/iAeMblil €r0 CTPOeHMEM 1 CBOVICTBAMI PacTBOPUTEIIA.
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Comnocrasnenne BoipaxeHuit (3.2.1) u (3.2.2) jokasbIBaeT, 4YTO BeJIMYMHA d, XapaKTepM-
3yeT pasinyyie B 9HTAIbIMAX COMbBATALINN KOHIIEBBIX U [[eIIOYE€YHBIX (PParMeHTOB YITIEBOO-
POJHOTO pajyKana. B BOGHBIX pacTBOpax KO3QQUIMEHT a, MMeeT MaKCUMaTbHOe 3HaueHue
(-12.2 xI>x/mo71b), U, CIeKOBaTENbHO, KOHIIeBbIe pajukanbl (CHs) BHOCAT cyliecTBeHHO 60/1b-
mmit BKIag B AcH® 1o cpaBHeHMIo ¢ 1ieriodedHbiMu pparmentamu (CH,). B HeBogHBIX pacTBO-
pax koo puIMeHT a, MMeeT Manylo BeMUNHY 1 Pas/IN4ys B 9HEpPreTUKe COMbBAaTAlN KOHIIe-
BBIX U LIeTI0YeYHBIX (pparMeHTOB HeBemKu. [IpeobpasoBannem ypaBHeHus (3.2.3) MOXKHO II0-
JIy9UTb TAaKKe BBIPXKEHWs /I pacdera BKIafgoB CH-CBs3M TpeTMYHOro aToMa yriaepoja

(3.2.4) v yeTBepTHMYHOTO aToMa yriepopa (3.2.5).

AH°(CH),=6.78b, + 1.3 - a,/2, (3.2.4)
AH°(C) =3.33b, + 4.6 - a.. (3.2.5)

CpaBHeHue HaHHBIX Tabmui 3.2.2 u 3.2.3 nokassiBaeT, uyto rpynna (CH), BHOCUT oueHb
O/113Kye 10 Be/IMYyHe BKIaIbl B 9HTA/IBIINY CObBATALINY YITIEBOJOPOLOB U X MOHOPYHKIIN-
OHaJ/IbHBIX IIPOV3BOHBIX B HEBOLHBIX PaCTBOPUTENSX. B TO ke Bpems Bkmagpl CH-cBsi3eit ep-
BUYHBIX aTOMOB YITIepOfia MOHO(YHKI[MOHA/IBPHBIX COeVHEHMII 0ojee 9K30TEPMUYHBI IO
CPaBHEHMIO C COOTBETCTBYIOUIVMM BelTMYMHAMM anKaHOB. OHAKO CBOJICTBA PacTBOPUTELS
OKa3bIBAIOT Ka4eCTBEHHO OfINTHAKOBOe BsAHMe Ha nHKpeMeHTs! rpymn (CH)s u (CH), 1-anka-
HomoB. O6e 9TV BeIMYMHBI BO3PACTAIOT [PV YBENNIEHUN IUIOTHOCTY SHEPTUM KOTe3UM pac-
TBOPUTE/IA B BBIJIEJIEHHBIX TPYIIIAX acCOLMMPOBAHHBIX ¥ HEAacCOLMMPOBaHHBIX H-cBA3aMU

pactBoputeneit [77].

Tabnuua 3.2.4. MonbHbie maccot (M, r/mornb), Ban-zep-BaanbcoBsl 1 MonbHble 06beMsl (V,, 1 V, cm*/Monb), 9H-
tanbiun ucnapenus (A,H®, kK[I>x/Mo7b), IOTHOCTY 3Hepruy Koresun pactBopureneit (k[x/cv®) n koadpduim-
eHTBI ypaBHeHNs (3.2.3) alIpOKCUMALNY SHTAIBIINIT COMbBATALINI H-aIKaHOB (d,, KIK/MO1b, by, KIDx/cM?) 11pu
298.15K

N PacrBoputenn M Vi \4 AH° P av bv

1 Tpustunamun 101.19 76.03 139.86 30.03 0.197 1.25 -0.476
2| Tenran 100.21 78.49 147.48 36.57 0.231 1.38 -0.483
3 | Iuxmorexcan 84.16 61.38 108.78 33.03 0.281 1.07 -0.459
4 | Xnopbyran 92.57 55.98 105.35 34.31 0.302 1.68 -0.458
5| Terpaxnopmeran 153.82 52.29 97.09 32.43 0.308 1.37 -0.456
6 | Xmopodopm 119.38 43.50 80.66 28.45 0.322 0.76 -0.425
7 Mesutunen 120.20 140.46 2.19 -0.477
8 | Ormmanmerar 88.11 54.47 98.50 35.14 0.332 1.94 -0.402
9| Tomyon 92.14 59.51 106.85 37.99 0.332 1.80 -0.451
10| Texcamernndocporpmamug [ 179.20 113.91 175.67 61.10 0.334 0.48 -0.412
11| benson 78.11 48.36 89.41 33.85 0.351 2.32 -0.424
12| Aueron 58.08 39.04 74.04 31.30 0.389 1.73 -0.380
13| Juxnopsrtan-1.2 98.96 44.30 79.45 34.38 0.401 3.17 -0.380
14| JInoxcan-1.4 88.11 49.62 85.70 36.95 0.402 1.74 -0.387
15| Ilpommnenkap6oHaT 102.09 49.78 85.09 42.80 0.474 3.10 -0.354
16| IumermmameraMup 87.12 57.04 93.02 50.23 0.513 1.99 -0.385
17| Oumermndpopmamup, 73.10 46.77 77.41 46.89 0.562 1.45 -0.362
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N PacrBoputens M |\ \%4 AH® P av bv
18| OMCO 78.13 44.71 71.30 43.09 0.570 3.31 -0.311
19 Aueronutpun 41.05 28.37 52.85 32.90 0.576 0.89 -0.331
20| Hwurpomeran 61.04 30.47 53.96 38.36 0.665 1.93 -0.289
21| 1-OxTtaHon 130.23 92.28 158.41 72.90 0.445 1.48 -0.468
22| 1-byranon 74.12 51.36 91.96 52.47 0.544 0.45 -0.450
23| 1-IIpomanon 60.10 41.13 75.17 47.48 0.599 -0.35 -0.436
24| Oranon 46.07 30.90 58.69 42.23 0.677 -0.23 -0.423
25| MeraHon 32.04 20.67 40.74 37.48 0.859 0.79 -0.400
26| 2-Ilpomanon 60.10 41.12 76.95 45.35 0.557 -0.28 -0.427
27| t-byranon 74.12 51.34 94.88 46.82 0.467 1.40 -0.426
28| OTuneHrnMMKONH 62.07 36.54 55.92 61.10 1.048 -0.397
29 Dopmamug 45.04 26.23 39.88 60.13 1.446 -0.85 -0.374
30| Bopa 18.02 10.43 18.07 44.01 2.298 -12.22 -0.275
31| [HOuatundopmamup, 101.13 67.23 1114 50.32 0.429

32| HOuaTwrameraMup 115.18 77.50 127.3 54.11 0.406

PesroMupys nomy4eHHble pe3y/IbTaThl IO HEBOJHBIM PaCTBOPaM OPTaHMYECKUX COEMIHE-
HIJI HOPMAJIbHOTO CTPOEHN, MOXXHO CHEIaTh BBIBOJI, YTO IIPY ONMCAHUY MX SHTa/JIbIIMITHBIX
XapaKTePUCTUK MOXXHO OTPAaHNYNTBCA BBIfIeTIEHVIEM TOIBKO ABYX CTPYKTYPHBIX (PparMeHTOB:
CH-cBs3eit B paMKaiax, pacloN0>KeHHbBIX B IEPBOM OKPY)XeH!Y QYHKIVIOHATBHO I'PYIIIIbI I

CH-cBs3ell B ocTaBIIeMcs pajinKare.

3.3. HPI/IMCHCHI/IC AJAUTUBHO-TPYIIIIOBOIO METOAA /I MCCAEXOBAHNA BIAVUAHNA U30-
ME€pUN HA TEPMOXVIMNYIECCKNE XaPAKTEPUCTUKHN COTbBATAIIVIYI OPTAHNYIECKNX HEITTEKTPOIN-

TOB

PaccmoTpuMm npo6iieMy BIAVISTHUS M30MEPUM Ha SHTA/IbITUITHbIE XaPAKTEPUCTUKIU PACTBO-
PEHVS, CONMbBATALMY ¥ VCIIAPEHMsI OPraHNIecKuX BelecTB. CIeyeT OTMETUTD, YTO KOIMYe-
CTBO [aHHBIX [JI1 M30MEPOB CYIECTBEHHO YCTYIAeT MX UMCTY IS BEleCTB HOPMAIbHOTO
cTpoeHMst. B cBsi3u ¢ 9TMM pa3BuUTHe affUTUBHO-TPYIIIOBOTO METOAA A/IsI IIPOTHO3MPOBAHNUS
CBOJICTB M30MePOB sIBJISIETCS AKTYaIbHOI 3a/adeit. [I1s1 ee OCyIecTBIeHNSI HEOOXOAMMO TaKXKe
PEIINTD BOIPOC: KaK B JAHHOM C/Ty4ae MOXKHO MCITOIb30BATh 110 CYIECTBY CXEMY afANTHBHO-
cru cBsseit? Panee 6bUI0 OTMEYEHO, YTO IPUOIVKEHNE AANTUBHOCTY CBsA3€N €T OJHAKO-
BbI€ CBOVICTBA /151 n30MepoB [1].

Oco6eHHOCTD IpefyIaraeMoit CXeMbl BbIfie/IEHVSI CTPYKTYPHBIX pparMeHTOB MOJIEKYII 3a-
K/IIOYAEeTCSI B TOM, YTO OfimHaKoBble cBsisu CH, BXopsiuive B pasHble PaMKaybl, SBISIOTCSI
9HEpreTMIecKy HeIKBUBATEHTHBIMMI. KpoMe TOro, OffiiHaKOBbIE [0 COCTaBY QPyHKIMOHATbHBIE
TPYIIIIbI TAKXKE SIBJISIIOTCS SHEPTeTUYECKY HEIKBUBAJIEHTHBIMU C YIE€TOM UX IEPBOTO OKPYXKe-
Hst. TakuM 06pasoM, pasimmaist SHTATbIUITHBIX XapPAKTEPUCTUK M30MEPOB YINUTHIBAIOTCS, BO-
HePBBIX, ITyTeM BbifeneHns cBsi3u CH TpeTnyHOro aToMa yreposa, YeTBEpTUYHOTO aTOMa yT-
Jlepofia B YITIEBOLOPOIHBIX PaiiKaIax MOEKY, BO-BTOPBIX, BBE[leHIEM IIONPABOK, XapaKTe-

PU3YIOIUX OTINYNE BKIada (bYHKL[MOHa)IbHOﬁ[ Ir'pymiibl, CBSI3aHHOI C IIEPBUYIHBIM aTOMOM
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yI7Iepofia, OT BKIaZ0B (PYHKIMOHAIBHBIX TPYIIIL, CBA3aHHBIX C BTOPUYHBIM ¥ TPETUYHBIM aToO-
MaMM yriepoja. BrickasaHHbIe MOIOXKeHUA oTpaxalT ypaBHeHus (3.1.1) m (3.1.2). Pacuer
BK/IQIOB YKa3aHHBIX CTPYKTYPHBIX (ParMEHTOB IPOBOAVIIV IIO[ICTAHOBKOJ B BBIPAXKEHIA
(3.1.1) m (3.1.2) sHTaNBIMITHBIX XapaKTepPUCTUK 1M30MepoB U BKIanos cesaseit (CH)y, (CH), u
(CH), 8 AcH° MO7IeKyn1 HOpMaJIbHOTO CTpoeHuA. PacueTHbIe JaHHbIE IPUBeAeHbl B TaO. 3.1.8-
3.1.10, 3.2.1 u 3.2.2. [Torpemrnoctu onpepenenns semau (CH),, (C), (Y)s, (Y), npuBeneHHbIe
B YKa3aHHBIX TaOIMIaX SBIAIOTCSA CPefHUMM apuMETUYeCKMMI MOTPEUTHOCTAMY IJIs M30-
MepHbIX MO/IeKyn 13 Tabmuy 3.1.4-3.1.7, 3.2.1 n 3.2.2.

AHanu3 pe3ynbTaTOB pacyeTa IOKa3bIBaeT, YTO MIPeIO>KeHHAsA CXeMa pasfie/leH s MoJIe-
KyJI Ha CTPYKTypHBIe GparMeHTHI ITO3BOJIAET YAOBIETBOPUTE/IBHO OIICATh SHTA/IbIINITHbIE Xa-
PaKTepUCTUKIU COeIMHEHNII He TOIbKO HOPMa/IbHOTO CTPOEHNA, HO ¥ MIX U30MEPOB.

[IpuBeneHHbIe TaHHBIE IOKA3bIBAIOT, YTO SHTATBIINY MCIIAPEHNA BTOPUYHBIX U TPETUY-
HBIX aJIKAaHOJIOB, KETOHOB Y METV/IAJIKAHOATOB MEHbIIIe COOTBETCTBYIOLINX BEIMYMH HepBUY-
HBIX COeIVIHEeHMIT. ABTOPBI [53] 0OBACHAIOT 9TO CTepUYeCKMMU IPUIMHAMY OCTTabIEHIS MEeX-
MOJIEKY/IAPHBIX B3ayMOpeNcTBuIL. IlomydeHHbIe JaHHBIE ITO3BOJIAIOT CHETATh BBIBOM, UTO
Ha/mryye PyHKIMOHA/ILHON I'PYIIIIbL, CBA3aHHON CO BTOPMYHBIM YI/IEPOTHBIM aTOMOM, BHOCUT
IIOCTOSIHHBIN BK/IaJi B HTAJIbIINMM VCHAPEHUs ATKAHOJIOB 1M KeTOHOB. OO0 3TOM CBMAETENb-
ctByoT Hebonpue (< 0.5 x[[x/monp) norpenrnoctu 3Hadenuit (Y), (cm. tabm. 3.1.9). [lns co-
eIVIHEHWIT APYTUX TOMOJIOTMYECKIX PSALOB OLIEHUTD OCTOsAHCTBO BKIafoB (Y), u (Y), He mpen-
CTaBJIAETCSI BO3MOXKHBIM, TaK KaK VIMEIOTCsI JaHHbIE TOJIBKO JJIs1 OJHOTO IIPefICTaBUTENA Psfa.
Crnenyer 00OpaTUTh BHMMAaHME Ha TO, YTO /I SHTA/IBIINIL ICIIAPEHNUS )KUAKOCTEl OTPULIATeb-
Has IOIpaBKa K I'PYIIIOBOMY BKJIaJly COOTBETCTBYET 3HAKy PasHOCTV SHTAIBIINII UCIIApEeHN
BTOPMYHOTO U IIEPBMYHOTO COeNVHEHMII. BelmdnHa MOMpaBKy Taloke O/M3Ka pasHOCTU SH-
TIBIINI MCIApeHNA. ITO 00YCIOBICHO TeM, YTO BK/IA/Ibl YI/IEBOLOPOSHbIX (PParMeHTOB B 9H-
TIbIINY UCTIAPEHNs UMEIOT O/1m3K1e 3HaueHMs. [109ToMy, HeCMOTpPs Ha CU/IbHBIE Pa3/Nyysa
TPYIIIOBOTO COCTaBa n30MepoB (cM. Tabs. 3.1.4-3.1.7), cyMMapHbIe BK/IA[ibl YITIEBOLOPOJHBIX
PanMKaNIoB COefVHEHNs HOPMAJIbHOTO CTPOEHMsS U €r0 M30Mepa, COflepIKalllero BTOPMYHBIN
aToM yIIepofa, OymyT NpuOIM3UTeTbHO OAVHAKOBBIMIL. AHA/IOTMYHbIE COOTHOIIEHNA HabII0-
JAIOTCA IS pa3HOCTY SHTAJIBIINIL VICIAPEHM TPEeTUYHBIX U IEePBUYHBIX COENVHEHNUI 1 IO-
npaskoii (Y),. Takum o6pasoM, yMeHbIlIeH)e SHTATbINI MCIIAPEHNS I30MEPOB, COIEP>KaIIX
BTOPWYHBIE ¥ TPeTUYHble (QYHKIVOHATbHbIE TPYIIIbI, MOXXET OBITb 0OYC/IOBIIEHO He TONIBKO
CTepUYECKVMI TIPENATCTBUAMU MEKMOJIEKY/IIPHOMY B3aMIMOJEICTBIUIO, HO U CYI[@CTBEHHBIM
M3MeHeHUeM CPOJCTBa (CIIOCOOHOCTY) BTOPUYHBIX ¥ TPETUYHBIX (PYHKIVIOHA/IBHBIX TPYIII K
crienpIecKOMy B3aMMOMENICTBUIO. YMeHbIeHne criocobHoct OH-rpynn k crenydirye-
CKOMY ME>XMOJIEKY/IIPHOMY B3a¥IMOJIEVICTBUIO IOATBEPXK/AeTCA, B YACTHOCTH, PE3KUM OC/Ia0-
JIeHUeM 3JIeKTPOHOAKI[eNITOPHBIX cBOVICTB (E7Y) B psapy 1-6yranon (0.60) — 2-6yranon (0.50) —
TpeT-6yTanon (0.41) [50]. Hann4ne B MoJieKy/laX TpeTMYHOTO aTOMa YIIepOfia TaKk>Ke IMPUBO-
JIUT K YMEHBIICHNIO SHTA/IBIINI UCIIAPEHVS BellleCTB. ITO VIUIIOCTPUPYIOT, HAIPUMeED, JAHHbIE
JUTs aKaHoJIOB (cM. Tabi. 3.1.4) u ankaHoB (cM. Tab. 3.1.3). Bxkinag rpynnst (CH), mmeet otpun-

LJaTe/IbHYI0 Benmn4nHy (cM. Tabm. 3.1.9).
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OHTaIBIINM CONMbBATALIMM MOJIEKYJI, COfep KAlX BTOPUYHBIE U TpeTU4YHble (PYHKLNO-
Ha/IbHbIE IPYIIIIbI, B HEBOJHBIX PACTBOPUTE/AX MEHEE 3K30TEPMUYHDI 110 CPABHEHMIO C MOJIe-
Ky/IaMJ TIEPBMYHBIX (QYHKIVIOHATBHBIX IIPOU3BOMIHBIX YIIEBOZOPOAOB. ITa 3aKOHOMEPHOCTD
HaXOIUT  OTPa)XeHMe, HalpuMep, B  COMbBATalMM  MOJEKyn  ankaHomoB  N,N-
numeTnndopmamMunoM (cM. Tab. 3.2.3). ITo aHamornm ¢ SHTATBINAMMI UCTIAPEHNA OC/IabIeH1e
9HEPTeTVKY CONMbBATAIVM MOXKHO OOBSCHUTDb, BEPOATHO, CTEPUUECKUM (AKTOPOM ¥ MEHb-
VMM 3/IEKTPOHOAKLEITOPHBIMI CBOJICTBAMI BTOPUYHBIX M TPETUYHBIX TUAPOKCHUIBHBIX
rpyni. [Tocnenusas npuynHa MeeT 60/IbIIOE 3HAYEHME, €C/U y4ecThb, uTo Me;NCOH obnmagaer
BBICOKOJI 3/IEKTPOHOJIOHOPHOI criocobHocThi0. Ha puc. 3.3.1 mpepcTaBieHbl KOppesnun
MEX/y SHTA/IbIINAMY COMbBATALMY, BKIalaMy GYHKIMOHATBHBIX TPy B A.H° 11 37IeKTPOHO-

aKI[eTITOPHBIMM CBOJICTBaMU M30MepOB OyTaHOTIA.

60+ AH’, kx/vorts 1
40 1
1 - o e 2
20 1 T
peTuyHble BTopniHbie MNepsuyHbIE
0 T T T T T T T T T !
] 0,40 0,45 0,50 0,55 0,60
-20 EI'N
1 — ¢ <3
404 N 4
] .- 5
'60 1 - & — 6

Puc. 3.3.1. 3aBUCUMOCTb SHTAIBINIT UCTIApeHNUs, IUApaTauyu u conbpatanyu B N,N-mumernndopmamuse mnep-
BUYHOTO, BTOPMYHOTO, TPETUIHOTO OYTAaHOIOB U BKIAI0B MX (PYHKLMOHAIBHBIX TPYIIII OT 9/IEKTPOHOAKIIETITOP-
HOI1 CIIOCOOHOCTU CIMpTOB: 1, 5, 6 — MONEKYNAPHbIE SHTA/IbIIMITHbIE XaPAKTEPUCTUKY; 2, 3, 4 — BKIa#bl TPyl B
SHTa/IbIMIIHbIE XapaKkTepucTuky; 1,2 - A,H®, 3,6 - AH®, 4, 5 - A(H®° B Me,NCOH

JlHade M3MEHAIOTCA SHTANbIIMU IMpaTauyuyu usomepos. V3 puc. 3.3.1 BupHO, 4TO 3H-
TAIBIINY TUAPATAIMY CTAaHOBATCA Oornee ak3orepmuynbiMu oT Bu"OH k Bu?OH n Bu'OH.
OpHako M3MeHeHMe BKIa[JOB I'MPOKCUIbHBIX TPYII B SHTA/IbINU TUAPATALY IPOUCXOANUT
NOf0OHO M3MEHEHMI0 BK/IAJIOB STUX TIPYNI B SHTATBIIMU MCIAPEHMS M CONbBAaTallUM B
N,N-pumernndopmamuse. To ects BKmaf crienndudeckoi combBaTanuy o6ycIoBIeHHOI [0-
HOPHO-aKILIEIITOPHBIM B3alIMOJIEJICTBYIEM HOJIAPHOI I'PYIIIBI C paCTBOPUTEIEM CIIOCOOCTBYET
ocnabnenuto ruppatanuu Bu?OH n Bu'OH 1o cpaBrennio ¢ Bu"OH. V3 aroro crepyer, 4To
Ha0/mojaeMoe yBe/Tn4eHe 9K30TepMIUYHOCTY ruzpartanyy Motekyn Bu?OH n Bu’OH o6ycnos-
JIEHO BKJIQJIOM Hecrenn@uryuecKoi IMgpaTalyy Wi IUApaTaLyell yI7IeBOLOPOSHBIX PafilKa-
noB. [laHHbIe, IpefcTaBIeHHble B TabmuIe 3.1.4, MOKa3bIBAIOT, YTO IIPK IIepeXofie OT HOPMaJlb-
HOTO OyTVMIOBOTO CIIVPTa K BTOPUYHOMY U TPETUYHOMY CIMPTaM IPYIIIIOBOIL COCTaB MOJIEKYT
CUIBHO M3MEHseTCs B CTOpOoHY yBenmdenus ¢pparmentos (CH)y. Bxmagsl atux rpynn B AH°
MOJIEKY/T MMEIOT MAaKCMMAa/IbHO 9K30TEPMIYHbIE 3HAYEHNA CPEM BbI/IEIEHHbBIX YI/IEBONOPOJ-
HBIX (ParMeHTOB.
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[TompaBKM K SHTaIbIMAM TMUApATAlVM HA BTOPUYHYI0 (YHKIVOHAJIBHYIO TPYIITY
(cM. Tab. 3.1.10) nMeroT O61M3KMe 3HAUEHVS IJIS1 BEI[eCTB Pa3HbIX TOMOJIOTMYECKUX PALOB (Ke-
TOHBI, METV/IAJIKAHOATBHI, alIKaHO/IbI). OfHAKO MOXKHO OTMETUTD, YTO M30MepUsI MOTIEKYII, 00y-
CJIOBJIEHHAs Cofiep>KaHyeM (PyHKIMOHA/IbHBIX IPYIIIL, CBA3aHHBIX C BTOPUYHBIM M TPETUYHBIM
aTOMaMM YI/IepOJia, B MEHbIIIel CTeIIeH) OTPaXKaeTCsl Ha SHTAIbIVAX TU/[PATAIVV AIKaHOJIOB.
[TompaBku k Bmagy ruppatanuy (OH), I HUMX MUHMMa/IbHBI IO CPAaBHEHNIO C METHJIa/IKa-
HOATaMI I KETOHAMM.

CyMMapHbIit 3QQeKT BIMAHNA U30MEPUI Ha SHTANBIINY MCIAPEHNUA U TUpaTalli OT-
pakaeTcs B BeIMYMHAX ITOTPABOK K BKJIAJly IIEPBUYHBIX PYHKIVOHATBHBIX I'PYIII B 9HTATBIINN
pacTBOpeHMsI MOHO(MYHKIMOHAIbHBIX coefirHeHni B Boge. CormacHo tabmue 3.1.8 atu 1mo-
IPaBKV MOTYT VIMETb pas/NYHble 3HAKN.

[Tony4yeHHbIe BeIMYMHBI BKIaOB CTPYKTYPHBIX (PPAarMEHTOB MOXXHO MCIIO/Ib30BATD J/IS
IPOTHO3MPOBAHNS JHTANBIINII PACTBOPEHNUS U COMbBATALIMN M30MEPOB alKAHOJOB, AMOJIOB,
KETOHOB U METV/IA/IKAHOATOB B BOJIE V1 HEBOJIHBIX PaCTBOPUTE/IAX.

3.4. OHTANBNNITHbIE XapAKTEPUCTUKU PACTBOPEHM Y TUAPATAMI AMIIOB

PaccmoTrpuM Teneppb sHTaIbIMIIHbIE XaPaKTEPUCTUKMA PACTBOPEHNS, CONbBAaTAL[IN U VIC-
HapeHNs COeAVHeHNI, 00pa3oBaHHbBIX 13 PPArMEeHTOB MOJIEKY/T Pa3HBIX TOMOIOTMYECKIX Ps-
noB. BemencrBue OTMeUeHHOI 0COOEHHOCTI CTPOEHNS TaKye COeVIHEHVs MHOT/A Ha3bIBAIOT
reTepoQyHKIVMOHANTbHBIMU. B aHHOM paspienie 6yayT o6CyX/ieHbI HEKOTOpbIe CBOJICTBA BOJI-
HBIX PaCTBOPOB aMIJOB. VIHTepec K MCC/IelOBAaHNI0 PaCTBOPOB aMI/IOB B BOJ€ ¥ CMEIIaHHBIX
pacTBOpUTENIAX 00YC/IOB/IEH, ITTABHBIM 00pa3oM, BO3MOXXHOCTBIO UX VICIIONb30BaHMA 1A MO-
e poBaHuA GparMeHTOB OMIOMOJIEKYIL.

13 3aBUCUMOCTY BKIaZlOB CTPYKTYPHBIX (PparMeHTOB OT IPUPOJIbI OPTaHIIECKIIX COeIY-
HEHUII CJIefiyeT, YTO B MOJIEKY/IaX OPTaHNYECKVX COeTHEeHNIT, 00pa3oBaHHBIX 13 pparMeHTOB
MOJIEKY/I pPa3HbIX TOMOJIOTMYECKUX PAJOB, CIIENYET BBIENATh COOTBETCTBYIOINE CTPYKTYPHbIE
aneMeHTHL. [IponmmocTpupyeM 3To Ha IpUMepe BOAHBIX pacTBOpoB amujioB. O6mas ¢popmyna
MOJIEKYJI TPeTUIHbIX aMI/JOB MOHOKapOOHOBBIX KIC/IOT, COTEPIKAIVX YI/IeBOOPOIHbIE Pajin-
KaJIbl HOPMa/IbHOTO CTPOEHNA, IIPUBEJIEHA Ha CIIEAYIOLEN CXeMe:

(CHy),;7—CH,
N -

H,C—(CH,),—C
n | \
O (CHy)y—CHj

Hipxe mpezcraBieHa Ta >ke GopMy/a ¢ BbIIE/T€HHBIMIU CTPYKTYPHBIMM pparMeHTaMu B
MOJIEKy/IaX aMIU0B MOHOKapOOHOBBIX KIIC/IOT.

YiN[2(CH)y N]—S1 N [2(CH)S,N]—3 (CH)p,N

3<CH>p,A—sA[2(CH)S,A]—yA[z(CH)Y,A]—c—N\
5 yan[2(CH)y x]—s2.N[2(CH) N]—3(CH),, x
Vimn asnamworca ceasu CH nepBuYHBIX U BTOPUYHBIX aTOMOB yrnepoja u cesasu CH B

pafyKanax, paclo0KeHHbIX B IepBOM OKPYXeHI! (PyHKIMOHA/IbHO Ipynbl. B kayecTBe Ta-
Kol rpynnel BoigeneH ¢parmeHT O=C-N. Crenyer 0co60 NMOAYEpKHYTb, YTO BbIJETICHHBIE
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CH-cBs3u, pacnionoxxennsle B ampyie [(CH)pa, (CH)sa, (CH)a] n B N-3amecturenax [(CH),n,
(CH)sn, (CH)n] He ABIAIOTCS 9KBMBATEHTHBIMY, KaK 9TO IIPUHATO CYUTATh B paborax Byna un
CaBupmxa [65] n gpyrux aBTopoB [66].

Vimeromyecs B nmuTepaType NaHHBIE 10 SHTAIBIMIIHBIM XapaKTepPUCTUKAM PACTBOPEHNS
KUIKMX aMUJIOB METaHOBOI, 9TAaHOBOII, IPONAHOBOI, OyTaHOBOII 11 IEHTAaHOBON KUC/IOT Pa3-
nr4Hoit crenienn N-3amennenus (27, 78] npusenens! B Tabnuie 3.4.1. B coorBeTcTBUY € IpK-
Be[IeHHBIMI Bblllle GOPMYy/IaMy IIPECTaB/IeHbI JaHHbIE TOIbKO /IS IePBUYHBIX, BTOPUYHBIX U
TPETUYHBIX aMUJIOB, B KOTOPBIX 3aMECTUTE/IIMI y aTOMOB a30Ta SABJIAIOTCA YITIEBOZOPOHbIE
pajVIKaIbl H-aTKaHOB.

Ta6muma 3.4.1. CranjapTHbIe SHTATBINY PACTBOPEHNS aMUTOB MOHOKap6OHOBbIX KICIOT B Bofie mpm 298.15 K,
BUJ, ¥ KOJIMYECTBO BbIJIE/IEHHBIX CTPYKTYPHBIX (parMeHTOB B MOJIEKY/IaX aMMUIOB M MX BK/Iafibl B 9HTA/IBIINMU pac-
tBOpeHus. [lapamerpsl perpeccun se = 0.41 xJlx/monb, R = 0.9994

Amup, A H® AH° | (CH)pn | (CH)sn | (CH)y | (CH)pa | (CH)sa | (CH)a (NH)
H,NCOH 1.97 -58.2 0 0 0 0 0 1 2
MeHNCOH -7.00 0 0 3 0 0 1 1
Me,NCOH -15.22 -62.1 0 0 6 0 0 1 0
Et,NCOH -17.97 -68.3 0 0 10 0 0 1 0
MeHNCOMe -13.36 0 0 0 0 3 1
Pr"HNCOMe -15.76 3 0 0 0 3 1
Bu"HNCOMe -14.72 3 2 0 0 3 1
Me,NCOMe -21.42 -71.7 0 0 6 0 0 3 0
Et;NCOMe -24.08 -78.2 0 0 10 0 0 3 0
MeHNCOEt -14.87 0 0 3 3 0 2 1
Me,NCOEt -22.34 0 0 6 3 0 2 0
MeHNCOPr" -16.02 0 0 3 3 2 2 1
MeHNCOBu" -15.02 0 0 3 3 4 2 1
EtHNCOH 0 0 5 0 0 1 1
EtHNCOMe 0 0 5 0 0 3 1
EtMeNCOH 0 0 8 0 0 1 1
EtMeNCOMe 0 0 8 0 0 3 1

Bxmapp! rpynn AH(Y) =7.88 -0.64 0.52 -0.68 -1.49 -0.15 -3.18 6.31

Ha ocHOBe npejio)XeHHOI CXeMBI /sl IIPUBeJEHHOT0 Habopa aMIIOB BbIE/IEHO BOCEMb
CTPYKTYPHBIX (pparMeHTOB: IIeCTh YITIEBOJOPOAHBIX CBs3ell, cBsA3b NH u ¢yHKuMOHaNbHAS
ammpHas rpynmna N-C=0. Bug n Konn4ectBo CTPYKTYpHBIX (pparMeHTOB yKasaHbl B Tab/uiie
3.4.1. Oco6eHHOCTBIO BBIJIETIEHVSI CTPYKTYPHBIX (ParMEeHTOB B MOJIEKY/IaX aMUMIOB SBJISIETCS
TO, YTO ATOM YIJIEPOa OTHOCUTCS ¥ K aMU/IHOII TPYIIILE, ¥ K YITIEBOJOPOLHOMY PafgyKay Kic-
JIOTHOTO ocTatka. IloaToMy B Monekynax ¢popmaMuzioB Boifensercs ogHa CH-cBs3b B epBoM
OKpY)XeHuy GYHKIVIOHAIBHOI TPYIIIBL, IpUHAIeXKalast auuiy. I/ aMuioB YKCyCHOIA, Ipo-
HIOHOBOIL 1 T.[I. KIC/IOT aTOM YITIEPOa KapOOKCUMIBHOI TPYIIIBI TAK)Ke BKIIOYAETCSI B Pafii-
KaJI alyIa, XOTs CTPYKTYpHBIX pparmentoB CH aTotT atoMm He faet. B pesynbrate Takoro mog-
xofja MakcuManbHoe 4ncno ¢pparmeHToB (CH)a /U1 JaHHOTO psfla COEOVIHEHUII PaBHIETCS
TpeM ¥ HPUHAJISKUT KUCTOTHOMY OCTaTKy YKCYCHOJ KMCIIOTBI. BbIfeneHue CTPYKTypHBIX
¢bparmenToB B N-3amecTuTensiX MPOBENEHO AHATOTMYHO  MOHOQYHKIMOHATbHBIM
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coenvHeHysM. CrielyeT OTMETUTb TaKXe, 4TO BbiienieHue cBsaseit CH, Bxopsmux B mepBoe
OKpY>KeHNe (PYHKI[MOHATIbHOI IPYIIIIBI, IMeeT IPHOPUTETHOE 3HAUEHIE.

Vicxops us ¢dopmynsl (1.3), SHTaMbINM PaCTBOPEHNUA aMUIOB B BOJIe MOXKHO BBIPAa3UTh
COOTHOILIEHVEM

AH° = AHY(Y) + hAH(NH) + pAH*(CH), s + SAH*(CH), s + aAH*(CH) s+

3.4.1
+ pNAHO(CH)p,N + SNAHO(CH)S,N + I’IAHO(CH)N, ( )

TZie IapaMeTphl h, p, s, a, P, Sx, 1 IPEACTAB/IAIT KOMNYECTBO CTPYKTYPHBIX (pparMeHToB orpe-
JIeTIEHHOTO BUJA U ONIPENIEAIOTCA ICXOA U3 COCTaBa M CTPOEHM A MOJIEKYNT aMu/0B. VX 3Have-
HUSA TIpUBefieHb! B Tabmuie 3.4.1.

PesynbraThl perpeccmoHHOTO pacueTa BKIaJOB CTPYKTYPHBIX PParMeHTOB B SHTA/IbIINN
pacTBOpeHMs aMUZIOB B BOJie IIpeficTaByieHbl B Tabmuie 3.4.1. Kak u paHee, MHKpeMeHT (PyHK-
IIVIOHA/IBHOM TPYIIIbI PacCYNTAH KaK CBOOOIHBIN YiIeH B ypaBHeHMN perpeccun. Hebombie
IIOTPEIIHOCTY ONMCAHNA CBUJIETENILCTBYIOT O TOM, 4TO IIPETIOKEHHAA MOJIE/Ib a[JeKBATHO OIM -
CBIBAa€T 9KCIEPVMEHTAIbHbIE JAHHbIE [JIS TIEPBUYHbIX, BTOPMYHBIX ¥ TPETUYHbIX aMIJIOB Pas-
MMYHON cTeneny N-3aMenieHns, TOrfa Kak MCIO0/Ib30BaHe KOHIEIII SKBYBAJIEHTHBIX Me-
TWIEHOBBIX I'PYII [65] He ZaBayIo Takoil BO3MOXXHOCTH. B pabore [67] mpu uccnegoBannm Bm-
AHUA COCTaBa VM CTPOEHMS aMUIOB Ha MX SHTAJIbIIMITHBIE XapaKTePUCTUKM U KO3 PUImeHThI
MAapHBIX B3aMMOJIEVICTBMII B BOJHBIX PacTBOPaX IPUXOAMUIOCH BBIIENATH C ONHOV CTOPOHBI
TPYIITy TPETUYHBIX aMUJIOB, C IPYTOJ CTOPOHBI TPYIITY IIEPBMYHBIX ¥ BTOPMYHBIX aMUz0B. Kak
BUJIHO, TIpeJljIaraeMblil HaMI IIOIX0f, 06majjaeT 60bIIel OOIIHOCTBIO, A IOMTyYeHHbIE Pe3y/lb-
TaThI IIO3BOJIAIOT PACCYNUTATD C BBICOKOV TOYHOCTBIO SHTA/IbIIMITHbIE XapaKT€PUCTUKN PACTBO-
PEHNA B BOJie pANA HEVICCTIETOBAHHBIX aMI/JOB MOHOKapOOHOBBIX KUCIOT Pa3/IMYHON CTeNIeHN
N-3amemenns (Hampumep, aMIUIOB COAEP)KAIINX pasHble PafMKajbl, CBI3aHHBIE C ATOMOM
asora). [Tomy4yeHHBIe pe3y/nbTaThl IO3BOIAIT OLIEHUTD SHTAIbINY pacTBopeHuA B H,O Heko-
TOPBIX M30MepOB aMuyioB 13 Tabiusl 3.4.1. Tak pacuer misa N-mernnmmsobyrupamupa (h = 1,
a=1,pn=06,n=3,p=s=sy=0) gaer Bemmunny A,H° = -15.7 x/I>k/M0/b, KOTOpas XOPOIIO
COITIaCyeTCsl C 9KCIepUMEHTAIbHBIM 3Ha4eHueM, paBHbIM —15.8 k[[>x/mMonb [27]. OgHako mis
N-usonpommnaneramuga (h=1,a=3,n=7, p = px =s = sy = 0) pacuetHoe (-15.9 xJI>x/M071b)
U 9KcnepuMeHTanbHoe (-17.2 xJI>k/Morb) [27] 3HaU4eHN CYI[eCTBEHHO Pas/INdaroTC.

K coxxanenuto, B 1Mreparype OTCYTCTBYIOT HaJ/leKHbIE KaTOPUMMETPUYECKMEe JaHHbIE 110
SHTA/IPIVIAM UCIIAPEHVA aMIJIOB IIPOIIAHOBOI, OYTaHOBOI U IIEHTAHOBOJ KMC/IOT, YKa3aHHBIX
B Tabmuie 3.4.1. OTo He JjaeT BO3MOXKHOCTM OOCYAMUTb XapaKTEPUCTUKM MX TMAparauyu. B
CBSA3Y C 3TVM J/IbHENINI aHamu3 6yneT npoBefieH st N-MeTu- ¥ N-3Tii3aMeleHHbIX aMU-
JI0B MyPaBbUHOJ ¥ YKCYCHOI KCIOT. OCOOEHHOCTBIO CTPOEHNS VX MOJIEKYI C TOYKY 3PEHS
JVICIIOTIb30BAaHHOJ B HAcCTOsAIIEN paboTe cxeMbl BBIIE/ICHNA CTPYKTYPHBIX (PparMeHTOB ABJIA-
eTCsl HaJIM4Me TO/IbKO YI/IEBOJOPONHBIX (PParMEHTOB, BXOAAIINX B IIepBOE OKpyXKeHMe (yHK-
L[MIOHAIbHOM Tpynnbl. [109TOMy SHTanbIMITHbIE XaPAKTEPUCTUKI PACTBOPEHNS, COTbBATALIIN
M ICTIAPEHM A MO>KHO BBIPAa3UTh COOTHOLIEHNEM

AH° = AH(Y) + hAH°(NH) + aAH(CH)a + nAH(CH)x. (3.4.2)

PesynbraThl pacyeTa BK/IAaZOB BBIJE/IEHHBIX I'PYNI B 9HTA/JbIMIHBIE XapaKT€PUCTUKA
pacTBOpeHNs, ICIapeHNs Y TUApATALMy aMUIOB IIpeCTaB/IeHbl B Tabmuie 3.4.2.
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Bupno, 4To skcnepuMeHTanbHble BenmmdmHbl A H® n A,H° IpeKpacHO ONMCBHIBAIOTCA B
PaMKax MCII0/Ib30BAHHOI CXeMBI BbIJieJIeHUA CTPYKTYPHBIX (pparMeHTOB. BKIagpl Tpymni B 9H-
TJIBIIVY TUZIPATALV aMU/JOB ObIIV PacCYNTAHBI 110 ypaBHeHuIo (3.1.5) 13 3HaYeHMIT COOTBET-
CTBYIOIIVX BK/IaZlOB B 9HTATBIINY PACTBOPEHNS U MCIapeHns 13 Tabmuier 3.4.2.

AHanu3 IOTy4YeHHBIX BE/IMYMH IIOKa3bIBaeT, YTO MI3MEHEHNA B COCTABE ¥ CTPOECHUN yTIIe-
BOJIOPOJJHOTO pajiyiKajia KMCIOTHOTO OCTaTKa OKa3bIBAIOT 3HAYNMTE/NbHO OO0JIbIliee BAMAHNE Ha
SHTa/IbIIMIHbIE XapaKTePUCTUKN aMUJOB.

Ta6muua 3.4.2. Bragbl CTPyKTYpHBIX (PparMeHTOB B SHTA/IBIINM PACTBOPEHNSA B BOJE U UCIIApeHMA NePBIYHBIX
U TPEeTUYHBIX aMIJ0B MYPaBbIHOI U YKCYCHOI KUC/IOT M Tekcamermndocorpuamupa mpu 298.15 K

(CH)~ (CH)4 (NH) (Y)
AH° se AH® se AH® se AH® se
AH® | -0.68 0.01 -3.08 0.02 6.58 0.05 -8.10 0.05 | -37.28 | 0.9999 [ 0.05
AH | 091 0.06 1.78 0.11 9.42 0.26 39.51 0.52 44.65 | 0.9998 | 0.23
AH® | -1.59 -4.86 -2.84 -47.61 -81.93
DN 1.09 0.01 0.57 0.02 7.95 0.06 19.53 0.11 19.2 [ 0.9999 | 0.05

N;PO R se

Bxap rpynmst (CH)a B A:H° B Tpu pasa npesbimaet Bxnaj rpymnmnsl (CH)n. Comocrasre-
HYle BeJIMYUH JyIs TeTepOQYHKIMOHATBHBIX ¥ MOHOQYHKIIVIOHA/IBHBIX COENVHEHUI, IIpUBe-
meHHbIX B Tabnumax 3.4.2 u 3.1.10, mokasbiBaeT, 4TO BeymmumHa BKaaga cBsasu (CH), B AH°
aMIZIOB He COOTBETCTBYeT BenmunHe Bkaaga cssu (CH)y, BXxopsieit B Omypkaiiiiee OKpyxe-
HIIe KapOOKCHU/IBHO TPYIIIBI KAPOOHOBBIX KUC/IOT. TaxKe He HAOIIOAETCS KOMMYECTBEHHOTO
cootBeTCcTBUA MeXAy BKmasoM cBs3u (CH)n B AcH° aMujioB ¢ BKIaZiOM CBsi3eil, BXOJAILINX B
6mpkaiiiee OKpy>keHye GyHKIMOHAIbHON TPYIIIIBI IEPBUYHBIX aMVHOB. OJJHAKO MOXKHO OT-
MeTUTb, uTo BKIaf cBsasell (CH)y B A.H®° kapOOHOBBIX KUCTIOT CYLIeCTBEHHO O0JIee 9K30TepMI-
veH BK1aga rpynn (CH)y B A.H° nepBUYHBIX aMITHOB.

VIHKpeMeHTbI BbIJIe/IEHHBIX YI/IEBOLOPO/IHBIX CBA3€N B SHTATbINM MICIIAPEHNS aMI/IOB
pasnuyaroTcA 3HAYMTEIbHO MEHbIle, YeM MX BKJIafibl B 3HTanbIuy rugparauym. [lockonbky
SHTAJIPIINS PACTBOPEHMSA SAB/IAETCA CYMMOJ SHTA/IbIINIA CONMbBATAllM M MICIIAPEHMS PacTBO-
PEHHOTO Bell[eCcTBa, IPMYMHA HEMOHOTOHHOCTY SHTA/IbIIMITHBIX XapaKTepUCTUK PacTBOPEHNA
B TOMOJIOTMYECKOM Py aMUZIOB 3aK/II0YAeTCA BO B3aMIMOJEICTBUAX PaCTBOPEHHOE BEIlleCTBO
- pacTBOpUTE/Ib, a HE MeKYACTUYHBIX B3aMMOJIEMICTBUAX B KOHJICHCPOBAHHOM PaCTBOPEHHOM
BeljecTBe. PaHee 6BUIO ITOKa3aHO, YTO 9TO XapaKTEPHO I BeleCTB OOJBIINHCTBA KIacCOB
OpTraHMYeCKNX COefVMHEeHMII. 3Iech TaKXKe YMECTHO OTMETUTb, YTO HauOOJbIlVe pasInmdus
BK/I[IOB HEIIO/IAPHBIX IPYII MMEIOT MECTO B BOZHOM pacTBope. TpakToBka atoro adpdexra
MOYKeT 3aK/II0YaThCA B CIeAyIoleM. B sHTambmy rupaTaumy CTpyKTypHBIX (PparMeHTOB BHO-
CUT BKJIa/l U3MEHEHe BO B3aIMOJIEVICTBUI PaCTBOPUTENb - paCTBOPUTEIb, BBI3BAHHOE BHeCe-
HIIeM MOJIEKYJI PaCTBOPEHHOTO BellleCTBa. ITOT BK/IAJ] MMeeT MaKCUMa/lIbHOe 3HaUeHNe B BOJI-
HBIX PacTBOPaX.

PaccMoTpuM BK/Iazibl MOJIAPHBIX TPYNIT B SHTAIBINY TUAPATALIY aMI/IOB MyPaBbIHOI
M YKCyCHONM KMCHOT. Bupno, uto mHKpeMeHT NH-rpynmbel B A.H° NpeBbIIaeT BKIAf, 3TON

TPYNIBl B MEXMOJIEKY/IDHOE B3aMMOJENCTBME B YMCTBIX XUAKMX amupax (A,H°). Ito
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ABJIAETCS OCHOBHOJ NIPMYMHO SHAOTEPMIYHOCTY PaCTBOPEHM S IIEPBUYHBIX AMUIOB B BOJIE.
[Tonmo>xxutenpHble 3HaYeHNsA A H° XapaKTepHbI U IS NEPBUYHBIX apOMATUYECKMX AMUHOB.
A H° anmnmua B H,O pasna 1.82 x/I>x/monb [79], 1.88 x[Ix/Monb [80]. Mo>kHO mosaratb, 410
9HJOTEPMUYHOCTD PACTBOPEHVS IEPBUYHBIX AMUHOB OOYC/IOB/IE€HA paspyLIAIOLUIVIM Jieil-
CTBJMEM Ha BOJY VX 3/IeKTPOHOAKI[EIITOPHBIX IPYIIL. BepoATHO, aHA/IOTMYHBIM JIelICTBMEM 00-
napaer HuTporpynna. A,H° aurpomerana (CHsNO;) B Boge paBHa 3.23 x/I>x/monb [81]. BeiBog
0 JecTabuu3alyy BOZHOTO OKpY>KeHus okoso NH,-rpynn ¢popmaMuia u MOYeBMHBI CAe/TaH
aBTOpamn [82, 83] B pe3ynbTaTe N3ydeHM [UIEKTPUIECKOI IIPOHNIIAEMOCTH X BOJHBIX pac-
TBOPOB 1 IIOIJIOLIEHNS 3/IeKTPOMAarHUTHOTO M3Ty4eHNsA MU/UIMMETPOBOTO Aualas3oHa J/IMH
BOJIH.

AMuiHasA rpymna BHOCUT 3HAYNTEIbHBIN 9K30TePMIUYECKII BK/Ia/] B SHTAIBIINY TUApa-
TallMM M pacTBOPeHMs aMMU0B (CM. Tabs. 3.4.2) BCIeACTBUE CIOCOOHOCTH K JJOHOPHO-aKIe-
TOPHOMY B3aMMO/JIeJICTBIIO C PacTBOpUTE/IeM. B paMKkax IpejioXeHHO MOJIE/N pas3ioXKeHns
SHTATBIINITHBIX XapaKTePUCTUK COMbBATAINY HA BKIAbl MHKPEMEHT aMVUHON TPYIIIIBI SBJIA-
€TCs1 IIOCTOSTHHO Be/IMYVHOM /I BCeX M3Y4eHHBIX aMuioB. OJJHAKO M3BECTHO, YTO 0OYCIIOB-
JIeHHBIe Ha/IM4JeM 9TOJ TPYIIIbI JOHOPHbIE YIIC/Ia aMUOB pasmmyHbl. [JoHopHoe uncno (DN)
IpeACTaB/sAeT  SHTAIbIMUIO  B3auMmopeiictBus  (kkam/monb) amupma ¢ SbCls B
1,2-guxnoparane.  Bemmumusr DN mma popmammpa,  N,N-pumermndopmamupa,
N,N-guatundopmamuya, N,N-mumerunaneramuaa, N,N-gustnnanerammzia M rekcaMeTHI-
dbocdorpuamupa pasusl 36, 26.6, 31.0, 27.8, 32.1 u 38.8 kxan/monb [50]. BumHo, 4TO M3MeHeHME
JIOHOPHBIX YlCeJl He COOTBETCTBYeT M3MEHEHNIO SHTA/IbIINII TUAPATALIMY IaXKe /I TPeTUIHbBIX
amMuzioB. VI3 aToro cremyert, 4TO M3MEHEHMEe COCTaBa ¥ CTPOEHMS YITIEBOLOPOAHOTO pajyuKaia
[I0-Pa3HOMY OTPa’KaeTCs Ha TEPMOAVHAMMYECKUX XapaKTepPUCTUKAX IMpaTalui ¥ B3aMO-
nevicrBusa amunos ¢ SbCls. HemanosaxHoe BimAHMe Ha B3auMoneiicteua aMunos ¢ SbCls oka-
3bIBaeT, BEPOATHO, UX COMbBATalMA 1,2-AUXIOPITAaHOM.

dopManbHO JOHOpPHBIE YMC/IA MOJIEKY/T aMULOB MOXKHO TaK)Ke ONNCaTb ypaBHEHMEM
(3.4.2). Bxmagpl BbIfIe/IeHHBIX CTPYKTYPHBIX (PParMeHTOB I ITapaMeTphbl Perpeccuy MpecTas-
neHsl B Tabmuiie 3.4.2. BuyHo, 4To McHonb3yeMas cxeMa BbIeTIeHU CTPYKTYPHBIX (PparMeHTOB
II03BOJISAET a/IeKBATHO OMNICATDh JOHOPHBIE YMC/Ia aMIJI0B. B pesynbTaTe MOABIIAETCS BO3MOXK-
HOCTb C BBICOKOJI TOYHOCTBIO IPOTHO3MpOoBaTh DN /14 Apyrux coefvHeHnit. Vicrnonbsys 3Ha-
4yeHVs BK/IafjoB B DN BbIie/IeHHBIX TPyII 13 Tabmuubl 3.4.2 ¥ IPYIIIOBOI COCTaB MOJIEKY/ N-
Metmndopmamuza, N-atunpopmamupa, N-metnnaneramnupa, N-atunaneramuaa N-meTna-N-
atundopmamuaa u N-metnn-N-arunaneramuaa u3 Tabmuuel 3.4.1, 6bUIM pacCUUTAHBI UX JIO-
HOPHbIE 4MCIIa, KOTOpble coctaBum 31.3, 32.5, 33.5, 34.6, 36.8 n 37.9 KKan/MOIb COOTBET-
CTBEHHO.

Vcnonb3ys momyuieHue o6 sHepreTndyeckoil skBuBaeHTHOCTH ¢parmMentoB (CH)n B
TPETUYHBIX aMUJIaX MYPaBbIHOI M YKCYCHO KIC/IOT U B TeKcaMeTnadochoTpraMuie Mbl pac-
cuntamu BKiag rpynnsl NsPO B fonoproe ynucio [(CHs).N];PO. Bennunna atoro Bkiaga co-
craBwIa 19.2 kkan/Monb. BupHO, 4TO IIO/Ty9eHHOE 3HaUeHe TPYO/I3UTEIbHO PaBHO COOTBET-
cTBytoLeMy BKTamy ammuaHol rpymnmsl NCO (19.5 kkan/monb). [TomydeHHBI pe3ynbTaT cora-

CyeTcs ¢ BBIBOJAMI aBTOPOB [84, 85] 0 TOM, 4TO IjeHTpaMi OTPUIIATE/IbHOTO 3apsAfa B aMUfiaxX
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KapOOHOBBIX KUCTIOT U reKcaMeTmndochoTprammfe ABIAI0TCA aTOMBI KICTOPOJa.

K Ba)KHBIM XapaKTepUCTMKAaM MEXYACTIYHBIX B3aMOJIEIICTBIIL B PACTBOPE OTHOCATCSA
K03 PUIMEHTDI MAPHBIX B3aMMOJEVICTBUI (9HTAIBIINIIHBIE - Ny, SHTPOIMITHBIE — Sy U THO0-
COBBI KO3(pPUIMEHTHI - g). OHU OTpakaloT cymMapHbIil 3¢ deKT oT mepekpbiBaHus cep
CONbBATAIVIM MOJIEKY/I M [AIOT KOMMYECTBEHHYI0 MH(POpMaNio 06 SHepreTuke B3aMMOJeli-
CTBUA PAaCTBOPEHHBIX HE3NEKTPONUTOB. Ha OCHOBaHMM 3HAKOB M COOTHOIIEHMII BEINYMH
K09 PUIMEHTOB MapHBIX BELIeCTB B BOZHOM PacTBOPE (g Mxx Sxx) BCE HEINMEKTPONIUTHI
Kraccuuuyposansl Ha IUAPodoOHbIE (gu< 0, Tsux>hw> 0), TuapodMIbHBIE MOYEBIHOIIOR00-
Hple (gu< 0, ho<Tsw< 0) u TUApOdUIBbHBIE Caxapo30HOJOOHbIE  BellecTBa
(o> 0, he>Tsw> 0) [36, 86]. BropuuHble 1 TpeTU4HbIe aMUIbI MOHOKapOOHOBBIX KUCTIOT OT-
HeceHbI K Iipo(OOHBIM He3NIeKTPONNTaM, GopMaMny — K TUAPOPIIbHBIM BemiecTBaM [86].
OHTanbIMitHbIe K03 (PNUINMEHTHI TAaPHBIX B3aMIMO/IEVICTBIII aMUMIOB B BOJIe OTIpe/ie/IeHbI aBTO-
pamu [65, 67, 87, 88, 89] u mna H,NCOH, MeHNCOH, EtHNCOH, Me;.NCOH, Et,NCOH,
H,NCOMe, MeHNCOMe, Me;NCOMe, Et,NCOMe, Me,NCOEt cocrabumm -115.0, -272.0, -
350.0, -737.0, -1767.0, 12.0, -286.0, -1081.0, -2355.0, -1797.0 [I>k Kr/MO/Ib* COOTBETCTBEHHO. Be-
JMYIUHBL My N-MOHO- ¥ [jYI3aMell[eHHBIX aMIJI0B [IOTIO>KNUTE/IbHBI M YBEINYMBAIOTCS C POCTOM
pasMepoB YIIIeBOZOPOSHOrO painkana MoyeKyil. [TonmoxxnrebHble 3Ha4YeHNA My BBI3BAHBI 9H-
JIOTepPMIYHBIM IIPOL[ECCOM B3aMMOZEIICTBIA TU/IPATVPOBAHHBIX YIJIEBOJOPONHBIX PAINKa/IOB
U TO/IAPHBIX TpymiL. Ilo MHeHMIO aBTOPOB [67, 86], 9SHAOTEPMIYHOCTD ITOTO IIporecca oby-
CJIOBJIEHA JleTVpaTalyeil YIIIeBOZOPOSHBIX PafVIKa/IOB IIPY COMVDKEHUY Pa3HOTUITHBIX COJb-
BaTHBIX 000/104YeK B3aMMO/IeJICTBYIOLIVIX MOJIEKY/I B BOJJHOII Cpefie.

PerpeccroHHBIM aHaMM30M JJaHHBIX TaOMuIbI 3.4.1 U1 3HaUeHMII hy HA OCHOBE YpaBHEHMSI
3.4.1 6pUIM OIIpesie/ieHbl BK/Ia/Ibl BbIE/ICHHBIX IIO/IPHBIX U HETIOISPHBIX IPYIIIT B 9HTA/IbIINII-
Hble K09 UIMEHTDI ITAPHBIX B3aMMOAECTBIIT aMII-aMIJ] B BOGHOM pacTBope mmpu 298.15 K.
/3 uMerommerocss MaccuBa HAaHHBIX OBUIM JMCK/IIOUEHBI IapaMeTpbl UIA arerammpa, N-
Metmnaneramyzia u N-stwidpopmamupa, BeIIagaolye 13 OONBIINHCTBA 3aBUCUMOCTel [78].

3HavyeHus BK/IaJOB TPYIII ¥ TapaMeTPBl perpeccuy MpejcTaBieHsl B Tabnuie 3.4.3.

Ta6muua 3.4.3. BK1agbl CTpYKTYpHBIX (ParMeHTOB B 9HTA/IbINMITHbIE KO3 GUIVMEHTDI IIaPHBIX B3aMOIEICTBUI
amup, — amup, B Bofie mpu 298.15 K

(CH)x (CH)a (CH)Ap (NH) (Y) se R

288.4 233.7 296.5 469.2 -1290 86 0.9985

[Tony4eHHbIe pe3y/nIbTaThl IOATBEPXKAAIOT BBIBOABL, ClleIaHHbIE B paboTax [67, 86], o no-
JIOXXVUTETbHOM BKJIaJe YITIeBOJOPOIHBIX Pa/iUKA/IOB B BeIMUINHBI My Takke BUHO, YTO BEJIN-
yyHbI BK1af1oB rpynn (CH)y, (CH)a u (CH)ap 61u3ku Mexxay co6oii. CrieficTBYE€M 3TOTO SIBJIS-
€TCs1 BO3MO>KHOCTD MCIIO/Ib30BAHNA KOHIIETIIVM SKBMBA/IEHTHBIX METV/ICHOBBIX IPYMII [65, 67]
JUISL aHa/IM3a BIMSTHMS COCTaBa Y CTPOEHVSI MOJIEKY/I aMMJOB Ha UX SHTAIbINITHbIE K03 du-
LVIEHTbI ITAPHBIX B3aMMOJEVICTBUIL

W= Ney, Hoy o+ H, (3.4.3)

B ¢opmyne (3.4.3) Ny, - 4MCI0 S5KBUBAICHTHBIX METVJICHOBBIX TPYIII B MOJIEKY/Ie aMUAa
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(CH—FPYHHbI CUMTATNUCh SKBUBaIeHTHLIMHU IIOIOBUHE MeTU/IeHOBOM I'pynIibl, pagnKasl CH; -

TIO/TyTOpa METW/IEHOBBIM Ipynnam); H, . - BK/IaJ| OT B3aUMONIENCTBIA METVU/IEHOBO IPYTITIBI
C MOJIEKY/IOV aMMAAR; [, . - YCPeJHEHHBI BKIaJl OT B3aMMO/IeVICTBIA MOISPHOM TPYIIIbI C MO-

JIEKY/I0i1 aMIZia B BOTHOM PacTBOpe.

Comnocrasenne Beipakernit (3.4.1) u (3.4.3) mokasbIBaeT, YTO IOC/IEAHEE HE YINTHIBACT
BiIaga rpynnel NH. CrenctBreM 3TOro sABIsAeTCs HEOOXOAMMOCTDb pasfe/ieHNs aMUIOB Ha
TPYIIIBI B 3aBUCUMOCTH OT CTelleHM N-3aMelleHNs, a UMEHHO Bbljle/IeHNe TPYIIIbl TPeTUYHbIX
aMnJoB, y Kotopbix rpynna NH orcyrcrsyer. I'pynma NH BHOCUT 3HaYMTEe/IbHBIN ITONTOXMN-
Te/IbHBII BKJIaJl B BE/INYMHBI Hy. [10/10KMTEIbHAS Be/IMYHA BK/Iaia 9TOJ TPYIIIBI MOXKET OBITh
00ycoB/ieHa fiecTaby3anyer ee BOJHOTO OKPY)XEeHU.

Bxsrazipl HeMOJLAPHBIX IPYII B SHTA/IBIINY PACTBOPEHM aMUIOB B Boje (cM. Tab. 3.4.1),
B OT/IYME OT VX BK/IaJIOB B SHTA/IbIIMIIHbIE KOS PUIIVIEHTHI, CYIIIeCTBEHHO Pas3IMyaroTcs. JTo,
II0-BUVIMOMY, CBSI3aHO C TeM, YTO SHTA/IbINIIHbIe KO3 UIMEHTHI TaPHBIX B3aVMO/EICTBIUI
PacCUMTHIBAIOTCS U3 KOHIIEHTPALVIOHHBIX 3aBMCUMOCTE} SHTANbINII ITepeHoca BellecTB. To
€CTb, U3MEHEHNA B COCTaBe M CTPOEHUN YI/IEBOJOPOJHBIX PAVKA/TIOB KIUCIOTHOTO OCTaTKa U
N-3amecTuTenei 0ka3plBAIOT O/IM3K0Oe BIMsIHIE HA SHTAIBINY IIEPEHOCA aMIJOB. AHATIOTHY-
Hbl1 9 ekt HabMOgaeTCA U IS SHTATBIINIT IIEPEHOCA aMIJIOB U3 BOJIBI B CMELIIaHHBIE pac-
TBOPUTENIN U, C/IeOBATEIbHO, /I SHTA/IbIUIHBIX KO3 UIMEHTOB MTapPHbIX TeTePOTaKTIYe-
CKVIX B3aVIMOJIEVICTBUII aMUJi — HEIIEKTPouT [78].

B 3akm0ueHe MOYKHO OTMETUTH OCHOBHBIE UTOTM.

[TpennoskeHa aggUTUBHO-TPYNIIOBAs CXeMa Pa3/IOKeHNUsA SHTANbIMIIHBIX XapaKTepu-
CTUK pacTBOPOB OPTaHMYECKNX HEe3/IeKTPOIUTOB Ha BKIaAbl. B kauecTBe CTpyKTypHBIX (ppar-
MEHTOB MOJIEKY/I BbIJe/IeHbl PYHKIVIOHa/NbHBIe Ipynisl 1 CH-CBs3U B yI/IeBOZOPOHBIX pajiu-
Kajax, mpu4deM BbifesieHHble CH-cBA3M B yI/IeBOSOPOAHBIX pajiiKaiax He SIBJIAI0TCA 9KBMBA-
nenTHBIMU. KiaccuuimpoBaHsl Tpy BUJa YITIeBOJOPOJHBIX CBsI3€l: KOHIIEBBIE I [[elI0YeYHbIe
CH-cBs3n, CH-cBa3y, BxogAmme B IepBoe OKpyXeHne GyHKIMOHAIbHO rpynmsl. K mepsomy
OKPY>XKeHMI0 (YHKI[MOHA/IbHOJ TPYIIIBI OTHECEHBI CTPYKTYpHBbIe (PparMeHThbI, HEIOCpef-
CTBEHHO CBSfI3aHHbBIE ¢ (PYHKINMOHAIbHOI T'PYIIION U OTCTOALIME OT Hee Ha OJVH aTOM yIJIe-
poza. B Mojekynax opraHn4ecKmx coefiuHeHMiT, 00pa3oBaHHBIX 13 PPAarMEeHTOB MOJIEKYII pa3-
HBIX TOMOJIOTMYECKNX PAJOB, BbI/Ie/IeHbl COOTBETCTBYIONIVE CTPYKTYpHbIe 971eMeHThI. [Tpenio-
JKeHHad a/IINTUBHAA CXeMa II03BOJII/IA YYeCTb OCOOEHHOCT CTPOEHM IIePBBIX YIEHOB TOMO-
JIOTMYeCKVX PSAIOB, COeMHEHNII HOPMIbHOTO CTPOEHMA U UX M30MEPOB.

Konressle crpykrypHble rpynms! (cBs3u CH nepBUYHBIX YI/IEPOLHBIX aTOMOB U, COOT-
BETCTBEHHO, METV/IbHbIE PA/IKa/IbI) TUAPATHPOBAHBI CYLIeCTBEHHO 9K30TepMIYHee I[ell04ey-
HbIX. COOTHOLIEHNE SHTA/IBIINIA TUipaTaliiyi METMIEHOBOTO ¥ METM/IbHOTO PAaJVIKa/IOB B a/IKa-
HaX cocCTaBjsieT npubmsuTensHo 1 : 3, a He 1 : 1.5, Kak MOXKHO OBUIO OXKMJATh MICXONS U3 KO-
nuaectBa CH-cBszeit.

Bxsazibl yI71eBOJOpOSHBIX CBsA3EN B 9HEPreTUKY CO/MbBAaTalMM COeAVIHEHMI, IIpUHAIe-
JKAI[X Pa3HbIM TOMOJIOTMYECKMM psfiaM, CyIIeCTBeHHO pasnmdaiorcsa. Hambosnbime pasmm-
4yt xapaktepHsl it CH-cBsi3ell mepBoro okpy>keHus (pyHKIMOHAIbHON IPYIIIBI, HAUMEHb-

mme — s CH-cBs3eit nenbeBbIX METUIEHOBBIX IPYIIIL.
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Omnpepenenpl BKIAfbl BBIIE/IEHHBIX CTPYKTYPHBIX ()ParMeHTOB aMU/IOB B SHTA/IbIINMN
TUfIpaTalliy, SHTIbIVITHbIE KO3((UIVIEHTH TaPHBIX B3aUMOMEVICTBUI U JOHOPHBIE YMC/Ia
amupoB. IIokasano, 4TO yBenm4eHne pasmMepa yrieBOSOPOJHOIO pajiiKaia alyIa BHOCUT Cy-
I[eCTBEHHO OOJIBIINII BK/IAJ] B YCU/IEHME CONIbBATAllM} aMIIOB II0 CPAaBHEHNIO C M3MEHEHVEM
papukanoB B N-3amecturenax. OTMedeHa BOSMOXHOCTD MICIIOJIb30BAHHOTO aJUTUBHOTO Me-
TOJja OIMCATh C €VHBIX MMO3MINI TEPMOJIVTHAMIYECKIIE CBOMICTBA pAaCTBOPOB IIEPBUYHbIX, BTO-
PUYHBIX ¥ TPETUYHBIX AMIJIOB.

Bxmanpl BbIIE/IEHHBIX YITIEBOJOPOMHBIX 5/IEMEHTOB B SHTA/IbIIMIIHbIE XapaKTePUCTUKI
PacTBOpOB OpTaHMYECKUX COENMHEHMII B HEBOJHBIX CpelaX pasIudyaroTcs CylleCTBEHHO
MEHBIIE T10 CPABHEHMIO C BOAHBIMIU pacTBOpaMu. [Ipy pasmokeHuu 3HTaJIbIIMIHBIX XapaKTe-
PUCTUK HEBOJIHBIX PACTBOPOB OPTaHMYECKMX HESNIEKTPOIMTOB MOYKHO OTPaHNYNTBCA BbIfIENe-
HIeM TOJIBbKO JIByX CTPYKTYpHBIX (pparmeHToB: CH-CBS3ell B pafyKanax, paclolo>KeHHBIX B

IIepBOM OKpY>KeHMu PpyHKIMOHaIbHO rpymmbl 1 CH-cBA3ell B ocTaBIIeMcs pafiuKare.

4. IlpuMeHeHMe HOBOM AAVITMBHON CXeMbI [/l aHA/IN3a M CUCTeMaTU3alM TePMO-
AMHAMUYECKMX XapaKTepUCTUK BOXHBIX PaCTBOPOB

B aToMm pasperne paccMOTpUM IPUMEHMMOCTD IPeJIOXKeHHOTO Iofixoxa [77] o ananu3sa
VI CUCTeMATH3aLMY JPYTUX TePMOMHAMIYECKIX XapaKTepUCTUK BOAHBIX pacTBOpoB. OcTaHo-
BUMCS Ha TEPMOJVIHAMIYECKMX XapaKTePUCTUKAX OJHOATOMHBIX CIIMPTOB, KaK 9TO OBLIO Clie-
nmaHo B pabotax [90, 91]. [Ins aTOro Kmacca OpraHnYecKuX COeAVHEHNI B IUTepaType IMeeTcs
ofHa 13 HanboMbIIMX 633 JaHHBIX.

B rabnuie 4.1 mpyBefieHbI BUJ, U KOIMYECTBO CTPYKTYPHBIX (PParMeHTOB, BbIJje/IEHHbIX B
COOTBETCTBMU C UCIIOIb3YEeMOII CXeMOJT B MOJIEKY/IaX Psifia OfHOATOMHBIX CIIMPTOB, /ISl KOTO-
PBIX M3BECTHBI OO'beMHbIE CBOJVICTBA, TEIVIOEMKOCTHBIE VM SHTPOIMITHBIE XapAaKTEPUCTUKI UX
Ipefie/IbHO pa3baBIeHHBIX BOJHBIX PaCTBOPOB.

YkasaHHbIe TePMOZMHAMIYECKIIe XapaKTePUCTUKY BOZHBIX PACTBOPOB /IKAHO/IOB ObLIN
OIVICaHbI ypaBHEHMEM, aHAJIOTMYHBIM popmyrie (3.1.2):

AP° = AP°(Y,) + 8P°(Y.) + 8P°(Y,) + yAP(CH)y + pAP°(CH), +

+ SAP°(CH), + tAP(CH), + hAP*(C), (4.1)

rge AP° - pusnko-xuMmyeckoe niay TepMofnHaMmdeckoe cBoiictBo; AP°(CH)y — MHKpeMeHThI
CH-cBs3eil B yI/I1IeBOJJOPOIHBIX PaiNKa/IaX, BXOJAIINX B IIEPBOE OKPYyKeHe QYHKI[MOHATTBHON
rpymmnsr; AP°(CH),, AP°(CH),, AP°(CH), n AP°(C) - BKI1afbl CTPYKTYPHBIX (PParMeHTOB yITie-
BOJIOPOJHBIX PAINKaJIOB, OTCTOSIINX OT PYHKIVIOHA/IBHO IPYIIIBI 60/Iee YeM Ha JiBa YI/IepOJ-
HBIX aTOMa; ¥, p, S, t U h — KOMM4ecTBO BbIfeNneHHbIX ¢pparMeHTOB; AP°(Y,) — BKIag QyHKIMO-
HaJIbHOJ TPYIIIIBI, CBA3aHHO C IIEPBUYHBIM aTOMOM yriepoza; OP°(Y,) n dP°(Y,) - mompaBku,
YYUTBIBAIOLIVE PA3/INYNA B SHTAIBINAX COMbBaTAlNMM QYHKIVOHAIBHBIX I'PYIII, CBS3aHHBIX C
BTOPMYHBIM U TPETMYHBIM aTOMaMU yIJIepoja MO OTHOIIEHMIO K (YHKI[MOHATBHOI TpyIIIIe,
CBA3aHHOJ C IEPBUYHBIM ATOMOM YTJIEPOfia.
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B Tabmmue 4.1 (mocmenHss CTpOKa) NpeAcTaBIeHbl pacCUMTaHHble BK/IafIbl TPYIII B IIpe-
Jle/IbHbIe MTapIyaIbHble MOIbHBIe 00beMbl (V,” ) aKkaHOIOB 1 MapaMeTpbl perpeccun. s pac-

YeTa MCIO/Ib30BaHbI TUTePaTyPHbIE JaHHBIE IO I7Z°O u3 pabot [92, 93, 94, 95, 96].

Ta6nuna 4.1. IIpenenpHble nmapipyanbHble MOIAPHbIE 00BEMBI aIKaHONIOB B BOFHOM pacTBope npu 298.15 K, Bun
¥ KOIMYECTBO CTPYKTYPHBIX (PPAarMEHTOB, BbIIE/ICHHBIX B X MOJIEKY/IaX U TPYIIIIOBbIE BKIA/Ibl B 06beMHbIe CBOJI-
cTBa

Ne| Cmmpr £ (CH)y | (CH), | (CH), | (CH), | (OH), | (OH), | (OH),
IKCIIL Pacuer

1| MeOH 38.17 3 0 0 0 0 0
2| EtOH 55.2 5 0 0 0 0 0
3| Pe"OH 102.6 4 4 3 0 0 0
4| BuOH 86.72 2 0 6 1 0 0
5| Bu'OH 87.8 9 0 0 0 0 1
6| Pe’OH 102.6 6 2 3 0 1 0
7| Pe’OH 101.2 5 0 6 0 1 0
8| PrOH 70.74 70.06 4 0 3 0 0 0
9| Bu'OH 86.67 86.30 4 2 3 0 0 0
10| Hex"OH 118.7 118.80 4 6 3 0 0 0
11| Pr’OH 71.93 71.45 7 0 0 0 1 0
12| Bu?0OH 86.57 86.30 6 0 3 0 1 0
13| Pe'OH 101.9 102.66 8 0 3 0 0 1
14| Hex?OH 118.5 118.80 6 4 3 0 1 0
15| Hex*OH 117.1 117.41 5 2 6 0 1 0
16| Hep?OH 134.4 135.04 6 6 3 0 1 0
17| Hep’OH 133.3 133.65 5 4 6 0 1 0
18| Hep'OH 1332 133.65 5 4 6 0 1 0

Bxiajisi (6a3. Ha6op) 8.51 8.12 7.79 103 | -078 | -146 | 126

Bxmagp (se = 0.25, R = 0.9999) 8.8 8.01 7.84 103 | -159 | -346 | 11.8

BupHo, 94TO sKCniepuMeHTanbHbIE JAHHbIE XOPOIIO ONMCHIBAIOTCA B paMKaX IPEMII0KEH-
HOTO TofXofia. BoifjesieHne B KauecTBe CTPYKTYPHBIX (pParMeHTOB, BXOASAIINX B IEpBOE OKPY-
JKeHMe (YHKIVIOHA/IbHOM TPYIIIbI, YIJIEBOZOPOLHBIX CBSA3ell B PaflNKaIaX, HEIIOCPECTBEHHO
CBSI3aHHBIX C QYHKI[MOHATBHOI TPYIIION M OTCTOSIMX OT Hee Yepe3 OAVH aTOM YITIePOJia, I103-
BOJIAIET JIOCTATOYHO TOHKO AV depeHIpoBaTh COeNMHEHNA IO COCTABY ¥ CTPOECHUIO UX MO-
nexys. Kak yxke 6bI/I0 OTMe4eHO IIpY 00CYXK/JeHNN SHTATbIIUITHBIX XapaKTePUCTUK, TAKOE BbI-
Jie/ieHue CTPYKTYPHBIX (parMeHTOB 0COOeHHO 3¢ (HeKTUBHO IIpM Pa3IOKEHNN CBOJICTB BOJ-
HBIX PaCTBOPOB I CBSI3aHO C ee CBOJICTBAMM U CTPYKTYPHBIMU 0CcOOeHHOCTSAMY. KOHKpeTHBII
MeXaHM3M HaOIIofJaeMOro sIBJIeHMsI II0Ka He siceH. PaBEeHCTBO BK/IAZIOB IPYIII OTPakaeT MX
9HEPreTNYEeCKYI0 SKBYBAIEHTHOCTD, YTO B CBOIO OYepeb CBUMIETE/ILCTBYET O IPUOIN3UTEIbHO
OJIVIHaKOBOJI reoMeTpudeckoit KoHduryparym. [IockonbKy Ipyu pasnoyXeHnu CBOVICTB PacTBO-

pPOB, IO CYHIIECTBY, QaHaIM3UPYIOTCA MEXMOIEKY/IAPHDBIE BS&I/IMOJICﬁCTBI/IH MeEXny
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PacTBOPEHHBIM BeILlleCTBOM ¥ PacTBOPUTEIEM U OOYC/IOBIEHHbIE MMM B3aMMOJEICTBUS pac-
TBOPUTE/Ib — PACTBOPUTENDb, SHEpreTndecKas 9KBUBAJICHTHOCTb U O/1M3Kasi reoMeTpuyecKas
KOH(UIypauua IpymIl MO3BOJAET, BEPOATHO, CYAUTb O IPUOIM3UTENIBHO OAMHAKOBOM VX
COJIbBAaTHOM OKPY>KEHUM.

Vcnonb3yeMblii TOXOJ, JaeT BO3MOXXHOCTD y4eTa 0COOEHHOCTel CTPOeHMA ePBBIX JBYX
YJIEHOB TOMOJIOTMYECKOTO P:AJa, 3aK/II0YalolIlecs B TOM, YTO BCe UX YIIEBOJOPOJHbIE CBA3U
ABJAIOTCA SHEPTETUYECK SKBYBAJIEHTHBIMI. B pe3ynbraTe 4ero cBOJCTBa IEPBbIX YIEHOB I'0O-
MOJIOTMYECKOTO PAfA OTKIOHAIOTCS OT JIMHMUM ITOCTIEAYINX TOMOIOr0B. ITOT 3¢ deKT mpo-
SBJIAETCS U B 00CY>KIaeMbIX 00'beMHBIX CBOJICTBAX (CM. TabI. 4.1).

[TpepcraBneHHble B TabmuIle 4.1 JaHHbIE TIOKA3bIBAIOT, YTO VCIIO/Ib30BAHHAS CXeMa BbI-
IleJIeHN A CTPYKTYPHBIX 37IEMEHTOB IT03BOJIAET JOBOAbHO TOHKO Pasan4aTh CTPOEHME M30Me-
pos. IlocnenHee MOMHOCTBIO COOTBETCTBYET M3MEHEHMIO UX CBONCTB. Tak u3 Tabmmubl 4.1
BUIHO, YTO TPYIIIOBOI COCTaB 2-TIEHTAHO/A (2-TeKCAaHO/MA) CYIeCTBEHHO OT/INYAEeTCSA OT CO-
craBa 3-meHTaHona (3-rexcaHoma). V, Kak CIefoBao OXUAATb, IpefieIbHbIe HapIiaTbHbIe
MOJIbHBIE 0O'beMBI 2-aIKAaHOJIOB U 3-a/IKaHOJIOB 3aMeTHO OT/M4aTcs. C pyroil CTOPOHBI, B
COOTBETCTBUM C IIPMMEHAEMOI CXEMOJI IPYIIIIOBOI COCTaB 3-TeNTaHO/IA HE OTIMYAETCA OT CO-
craBa 4-rentaHosa. COOTBETCTBEHHO, SKCIIEPVYMEHTA/IbHbIE 1 pACCYNTAaHHbIE 0O BEMHBIE CBOI-
CTBA YKa3aHHbIX M30MEPOB IIPAKTUYECK) PAaBHBI (CM. TaOL. 4.1).

JlaHHBIE 110 0OBEMHBIM CBOJICTBAM ITO3BOJIAIOT IPOMJUIIOCTPUPOBATH BBICOKYIO IIPOTHO-
CTUYECKYI0 CIOCOOHOCTD MCIIOIb30BAHHOTO a/IANTYBHO-TPYIIIOBOro MeTofa. OrpaHnynm 6a-
30BBIII HA0OP JAHHBIX /IS OLIPeJie/IeHNs BK/IaJIOB BbIeIEHHBIX PparMeHTOB CBOVICTBAMM CEMU
HIepPBBIX COeVHEHNI U3 TabmMIbl 3.5.1 1 paccumTaeM U3 HUX BK/IA/Ibl CTPYKTYPHBIX (parMeH-
TOB. [loTyueHHbIe pe3y/IbTaThl IpUBefieHb! B IIPEeANIOCTIeRHeN cTpoke Tabmubl 4.1. Teneps, uc-
TIOJTb3Ys ITY PEe3Y/IbTAThI, PACCUNTAEM 3HAYEHNS V,” JUTA OCTaNbHBIX OfIMHHAIIIATI COE/IHe-
HUI1. BupHo, 4To HabmIOmaeTcst Xopollee COraciie MeX/y PacueTHBIMU U SKCIIepUMEHTalb-
HeIMM BemmuuHamyu. CpepHAsA apudmernmyeckasd IIOTPEIIHOCTb pacyeTa COCTABJIAET
0.43 cv’/moTb.

Vcnonb3ys ypaBHeHue (4.1), JaHHBIE II0 BUAY M YUCITY CTPYKTYPHBIX pparMeHTOB MoJIe-
Ky/I Q/IKaHO/IOB 13 Tab/mubl 4.1 1 9KCIepuMeHTaIbHble JaHHbIE 10 MOJIBHBIM o6beMaM [50],
Ipefie/IbHbIM MapIVaJbHBIM MOJIBHBIM TEIVIOEMKOCTSIM TKaHO/IOB B BOZHOM pacTBope [24,
97, 98], sHTpommaAM pacTBOpeHMs (24, 73], npepenpHBIM K0a(puUIMEeHTaM aKTUBHOCTU
(24, 73, 99], onpepiesieHbI TPYIIIOBbIe BK/IA/Ibl B YKa3aHHbIE XapaKTepUCTUKI. Pe3ynbTaTsl pac-
YeTa IIpeCTaBleHbl B Tabue 4.2.

BupHO, 4TO M 3TM TepMOAMHAMUYECKNE CBOJCTBA YMCTBIX XXUAKOCTEN M PacTBOPOB
YCIIENTHO pa3fIOKEHbl B paMKax TMPEeNIOKEHHON cXeMbl agauTuBHOCTU. Ilorpemnoctn

OIIMCaHVA CpaBHVIMBI C 3KCIIEPMMEHTA/IbHBIMU IIOTPEHIHOCTAMY, KOTOPbI€ COCTAB/IAIOT IJIA

V,” = 0.1 cm*/monb, EO;Z -3 -6 Ixx/(monb-K), A,S° - 1 [Tx/(monb-K).
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Ta6muua 4.2. Ipynnossle BKIagbl B MoIbHbIe 00beMsl ( V), Ipefie/ibHble MapIiaTbHble MOIbHBIE TEIIOEMKOCTI

(C,,), npenenbHble Koa(ppuumenTs! aKTUBHOCTH ( ¥ ;O ) B BOJTHOM PacTBOpE U SHTPOINMMU pacTBOpeHus (ApS°) B

Bojie anKaHooB mpy 298.15 K

Cpoiicto | (OH), | (CH)y | (CH); | (CH), (CH); | (OH); | (OH); se CoegmHeHus
1-5, 8-10,
Vo 13.61 9.03 8.28 8.60 7.89 -0.59 0.03 0.55 Pe'OH,
Oc"OH
1-5,7-9, 11,
EO;: -6.70 54.10 51.84 45.27 71.25 -2.72 -9.20 12.00 12, Pe'OH,
Pe°OH
1,2,5,7-9,11
AS° -9.87 -6.88 -5.06 -5.66 -2.51 -5.24 1.51
12,15, 18
© 1-5,7-9, 11,
¥ 1.40 0.09 12.33 4.70 17.34 8.21 10.12 4.15
2 12, 15,18

—
IIpumeuarue. Enuanup usmepenus, C,, n ApS°® - x/(monp-K). B mocnensem cronbiie yKasaHbl HOMepa COeIVHEHWIT U3

Ta61. 4.1, CBOIICTBA KOTOPBIX MCIIOJIb30BAHBI IIPY PerpecCOHHOM aHamu3e. KoadduimeHT Koppesiumm annpoKCUMarum 1yist
Bcex He Hipke 0.996.

Takum 06pasoM, Ha IpuMepe 0O BEMHBIX CBOJICTB, TEIIIOEMKOCTHBIX VI 9HTPOIMITHBIX Xa-
PaKTEPUCTUK BOJHBIX PACTBOPOB OJHOATOMHBIX CIIMPTOB IOKa3aHa IPYMEHVMOCTDb VCIIONb-
30BaHHOI affUTUBHON CXEMBI JI/ISl AaHA/IM3a U MHTEPIIPETalM Pa3INYHbIX TEPMOAVHAMMIYE-
CKMX XapaKTepUCTUK pacTBOpoB. OTMedyeHa BBICOKAs NPOTHOCTUYECKYIO CIIOCOOHOCTD JIC-
II0/Ib30BaHHOI'O aIJUTYBHO-TPYIIIOBOIO METO/A.

5. Vicnonb3oBanue aiUTUBHO-TPYNIIOBOTO METO/A [/l aHA/IN3a, CMCTEMAaTI3aliu 1
NPOTHO3MPOBAHNIA TEMIIEPATYPbI BCIBIIIKN JKIUZKOCTEN

CrexTp XXUJIKOCTell, IPYMEeHAeMbIX B OBITY 11 Ha IPOM3BOJICTBE, BeCbMa 3HaYnTeneH. [1o-
laBJsitoliee OOJIBIIMHCTBO M3 HUX SBNIAIOTCA ropoourMiu. Hanbonee BayKHBIMY IIOKa3aTesIMU
MIOKApHOJ OIIACHOCTM OPTaHMYECKUX PacTBOPUTENIEil ABJIAITCA Te, KOTOPble OINpPeesaioT
ycmoBus 00pa3oBaHNA TOpIOYell CPelbl ¥ CKOPOCTD IpoIiecca TopeHms. [l >KMaKoCTel K Ta-
KJM II0Ka3aTesIsIM OTHOCSTCS TeMIIepPaTypa BCIBIMKMA (fyq), TEMIEpaTypa BOCIUIAMEHEHUS U
TeMIIepaTypHble Npefie/ibl pacIpoCTpaHeHMs I1aMeHn. OCHOBHBIMY MCTOYHMKAMY IIOKa3are-
7IeJl O>KapHOI OITACHOCTY IIPOCTBIX BELIECTB ¥ XMMUYECKNUX COeIMHEHNI ABIAITCA CIIPaBOY-
Hble usmanus [100, 101, 102, 103].

OpHako J/11 MHOTUX COeITHEHNII SKCIIePMMEHTA/IbHbIe JaHHbIEe O ITOKa3aTe/AX IoXap-
HOJI OTTACHOCTM OTCYTCTBYIOT. B aTOM ciydae 11e/1eco06pasHO 10/Ib30BaThCs pacCIeTHBIMU Me-
TOJaMI OIIpeJle/IeH)sl IT0Ka3aTesiell 0XKapo- U B3pbIBOOIIACHOCTM BellecTB. CregyeT oTMe-
TUTD, YTO JaXKe B YKa3aHHBIX cIIpaBoYHMKAX [100-103] 111 HEKOTOPBIX BEIIEeCTB IIPUBOAATCS
pacyeTHble 3HAYEHNA ITI0Ka3aTeslel 0>XapOOIIaCHOCTH.

BTOCTe [104] u pyxoBopcTBe [ 105] 13/105K€H psfi pacYIeTHBIX METO/I0B, OCHOBAHHBIX Ha
KOppenALMsAX TeMIepaTypbl BCIBIIIKY ¢ (U3NKO-XMMUYECKVMM CBOJICTBaMu (Hampumep, ¢
TeMIIepaTypOIl KMIIEHV), @ TAK>Ke IPOCThIE afiU TUBHO-IPYIIIIOBbIE METOIMKI.

Bornbiioe aHanmuTiyeckoe uCCieoBaHme IpOBeleHo aBTopaMy nukia pabor [106, 107,

108, 109, 110, 111, 112, 113], HOCBAIIEHHBIX MCCAETOBAHNIO B3aMMOCBA3Y XapaKTePUCTUK
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MI0YKAPOOTIACHOCTY COeIMHEHNI ¢ XMMIYECKMM CTPOEHIEM UX MOJIEKY/I. ABTOpaMy Ipexo-
JKeHBI ypaBHEHU JyI1 pacyeTa TeMIIepaTyp BCIIBILIKY, BOCIUIAMEHEHV I, CAMOBOCITIAMEHEHNS,
TeMIIePaTYPHBIX U KOHIIEHTPALMIOHHBIX IIPeJie/IOB PaclIpOCTpaHeHNUsI ITaMeH Y [Is IKaHOJIOB,
KETOHOB, IIPOCTBIX ¥ CJIOXKHBIX 9QMPOB, a/IbJIerN/I0B, KAPOOHOBBIX KVMCIOT ¥ HUTPOATKAHOB.
[Topxop, MCIIONb30BAHHBI B YKa3aHHBIX pabOTax, 3aK/II0Ya/ICSA B OMVICAHUM XapaKTePUCTUK
MOYKAaPOOTIACHOCTY TIO/IMHOMaMu 1-2 cTemeHu, 1orapupMuIecKuMy ypaBHEHUAMNI WIN CTe-
NEeHHbIMM (PYHKIMAMM OT 4JC/Ia aTOMOB YITIEPOZia B MOJIEKy/Ie COeAVHEHNA. Y4eT B3aMHOTO
B/IVISIHVSL aTOMOB B MOJIEKYJIe OCYIIeCTBI/IEH C MICIIO/Ib30BAHMEM IIPaBU/IA «YTTIEPOSHON LIeTIN».
J1/1s1 HeKOTOPBIX pANOB coefuHeHMIT B paboTtax [106-113] monyueHBI KOppeIsALY TeMIlepa-
TYPBI BCIIBIIIKY CO CTEXMOMETPUYeCKUM KO3 UINEHTOM IIepes KMCIOPOIOM B peaKINi IT0JI-
HOTO cropanus BemiecTtsa (f), crexumomerpnyeckoit KouneHTpanyeit (Cex) TOprOYeit CMecy M
MOJIAPHOM MACCOJ TOPI0YETo BelecTBa.

B Tabmuie 5.1 mpuBeieHb! ypaBHEHN I pacyeTa TeMIIePaTyphbl BCIBIIIKY M3Y4eHHBIX

aBTOpaMu pabot [106-113] Berects.

Tabsmua S.1. YpaBHeHNA [/ ONMMCAHNA Y IPOTHO3MPOBAHNSA TeMIIEPATYPBI BCIBILIKY OPTaHNYECKUX BeIl|eCTB

CoepnHeHns YpaBHenne Nc R?
AJKaHOTTEI t, =1142-N,—82198 1 <Ne< 14° 0.9980
T, =14799-N_.+203.7 2<Nc<L 13 0.9935
T, =199.2+12.569 -8 -0.1395° 1<p<19 0.9951
Anbpernpt T - 1038.75+602-C,,,. L1 <G 19 0.9953
1-0.106-C,,,
T, =1.055-M +186.8 30.3 <M< 198.4 0.9916
t,, =13.73-N.—-58.7 0.9884
lyen =901.75 = ]335:535 0.9897
Kerorei t=9.1533-f—54.12 3 <Ne=18 0.9884
T, =-32545-C +40.16-C> —
0.9879
-174.48-C,, +255.9
T, = 104m 4<Nc< 16 0.9941
ITpoctoie a¢upser “ 893@ +67.82
T, =-0.5466-N; +23.44- N, +149.68 4<Nc<L 16 0.9952
CrnosxHble 9¢pupsl T,,=-03107-N; +17.475- N, +206.4 2<Nc< 16 0.9853
T, =-0.57-N;+30.43-N.+273.0 2<Nc< 12 0.9967
T,,=69.10-In(N.)+23.56 13 <N¢<26 0.9997
f;ff;’fb‘l’m"e T. =-0.09-N2+7.18-N, +335.2 13 <Nc< 26 0.9997
T, =2864+13.112- 3 -0.253p° 2<Nc< 12 0.9967
T, =-0.045%+4.70- B +340.0 13 <Nc< 26 0.9997

Ipumeuanue. "VIHTepBasI 3SHAYEHWIT YMCIAa AaTOMOB YITIEPOfA B MOJIEKY/IaX COAMHEHMII, CBOIICTBA KOTOPBIX JIC-
IO/Ib30BAHBI [/IA AIIIPOKCUMAIVH. R - K03 PULIMEHT KOppe/ALUN.

Ilanee paccMOTpuUM, KaK ONMCAaHHAS BBIIIE CXeMa BbIfIe/IeHNA CTPYKTYPHBIX pparMeHTOB
B MOJIEKyJle OPTaHNYEeCKOro COefViHeHMsa [77] Obuta ampoOMpoBaHa A OMMCAHUA U
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IIPOTHO3MPOBAHMsI TEMIEPATyPbl BCIBILIKY COEMHEHNIT TPeX K/IACCOB: CUPTOB, KETOHOB U
CNIOXXHBIX 9¢upos [114, 115, 116, 117].

Il onmcaHyst ¥ IPOTHO3MPOBAHMUSA TEMIEPATYPhI BCIBIIIKA VCIIOIb30BAHO MHOTOIIA-
paMeTpoBOe ypaBHeHUe

thn = thn (Yp) + é‘thn (Ypp) + é‘tncn (Ys) + §thn (Yt) +

p (5.1)
+Z [yitncn (CHy,i) + pithn (CHp,i) + Sithn (CHs,i) + tithn (CHt,i) + hzt

i=1

(CH, ;)]

BCII

TZie tacn — TEMIIEPATypa BCIBIIIKY BEIIeCTBA B 3aKPBITOM TUITIE; facn(Y,) — BKJIAJ B TEMIIEPATYPY
BCIIBILIKY TIO/IAPHON TPYIIIBI, CBA3aHHOI C IEepBUYHBIM aToMoM yriepopa (CH,-rpymmoin);
Otucn(Ys) M Otucn(Y:) — mOmpaBKM, YUMTHIBAIOLME PA3/IN4YMsi B CBOVICTBAX (PYHKIMOHATbHBIX
TPYIIIL, CBA3AHHBIX C BTOPUYHBIM U TPETUYHBIM aTOMAaMI YI/IEPOJa.

JIutepaTypHble JaHHbIE, B TOM YMC/IE IO fyen CTIOXKHBIX 3¢upoB [100-103], cBupeTens-
CTBYIOT O TOM, YTO CBOJICTBA IIEPBOTO WIEHA TOMOJIOTMYECKOTO Psfia CYI[eCTBEHHO OT/INYAI0TCS
OT CBOJICTB IOCTIEAYIOUINX coefnyHennit. [loaTomy B HacToseit pabore i 601ee TOHKOI Jie-
TaIM3ALMY MOJIEKY/I OPTaHNYECKMX COeIVIHEHMIT U y4eTa OCOOEHHOCTENl CTPOEHNs U CBOJICTB
IIepBOTO YIeHa TOMOJIOTMYECKOTO psifia B ypaBHeHue (5.1) BBeieHa MOIpaBKa Ofyen(Y ), YIUTHI-
Balolljasi OT/INYYSA B CBOVICTBAX QYHKI[MOHATBHOJ IPYIIIIBI, aTOM KMC/IOPOJa KOTOPOJI CBsI3aH C
METVIbHBIM pafiukajoM. BK1as pyHKIMOHAIbHO TPYIIIBI, CBA3aHHOI C METV/ILHBIM pajiyKa-
JIOM, BTOPUYHBIM VIV TPETUYHBIM YI/IEPOJHBIM aTOMOM, MO>KHO OIIpee/INTh CYMMIPOBaHIEM
Be/M4MH fyen(Y,) ¥ cOOTBeTCTBYIOMIEN MOMPABKA Ofpen(Yypp), Otucn(Ys) Mt Stocn(Yr). tocn(CH,,i) —
BKJIAJl B TEMIIepaTypy BCIbIIKM cBA3ell C-H aToMOoB yrieposa, HaXOAANIMXCA B IEPBOM OKpY-
>KEHIM TIOJIAPHOM IPYTIIBI B CBAI3AHHOM C HEll i-TOM YIJTIEBOJOPOHOM pasiukaie. IlepBoe okpy-
JKeHMe QYHKIVOHA/IbHOM TpymIIbl BKmodaeT cBaA3u C-H aToma yrieposa, cBA3aHHOTO ¢ (PyHK-
IVIOHA/IbHO Tpynmoi, u crepyomero 3a HUM; fyen(CHpi), tsen(CHsi), tsen(CHei), toen(CHs),
tsen(CHpi) - BKIafpl B TeMIIepaTypy BCIbIIKM cBsA3eil C-H cOOTBETCTBEHHO B METM/IBHBIX, Me-
TVJICHOBBIX U METVHOBBIX PaJiIKaJIaX, a TAK)Ke YeTBEPTIYHOTO aTOMA YITIepOJia, He BXOAAIINX
B IIepBO€ OKPY>KeHIe IIO/IAPHOI TPYIIIBL; Vi, P, Si £ U hi - KOMN4ecTBa BbIIe/TeHHBIX CTPYKTYp-
HBIX (pparMeHTOoB B i-TOM yITIEBOJOPOAHOM paaviKane. OHM OIIpefie/IA0TCSA COCTAaBOM I CTpoe-
HJIEM MOJIEKYIL.

Meronyka BbIeNeHUs CTPYKTYPHBIX (pparMeHTOB MOAPOOHO OmycaHa HaMy B paborax
(90, 91, 114].

B Tabnuie 5.2 mpuBeneHb! BKIAAbl BbIIETEHHBIX CTPYKTYPHBIX )ParMeHTOB B TeMIIepa-
TYPy BCIBIIIKM CIVMPTOB, KETOHOB ¥ C/IOKHBIX 3(MPOB, IIOTy4eHHbIe METOLOM PerpecCuoH-
HOTO aHa/IM3a 10 YpaBHEHMIO (5.1) 9KCIIepUMEeHTA/IbHBIX BE/INYNH fycn, BUJA M YUCTIA CTPYKTYP-
HBIX 57IEMEHTOB.

BupHo, 4TO cTaHapTHAA IIOTPEIIHOCTD ONVCAHNUA fycn ATTUTUBHOI MOJE/IBIO COCTABIAET
MeHee 2 TPajycoB Ay 3GUPOB U CIMPTOB, HO YBEINYUBAETCS O 3.5 TPagycoB JiIsi KETOHOB.
OpHako crefyeT OTMETHUTD, YTO [IA KeTOHOB APYTVe METOAMKM TakoKe JJAIOT XYZALINe pe3y/ib-
TaThl. B pabore [114] ykasbIBaeTcs, YTO TaKasi IMOTPEIIHOCTD BhIIIe IOTPEIIHOCTI pacyeTa II0

KOPPENALUN focn C TEMIIEPATYPON KUIIEHNA.
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Ta6muma 5.2. Bxagsl rpynm B TeMIlepaTypy BCIIBILIKY U ITapaMeTpbl MHO>KECTBEHHOI KOPpeJLALMHA II0 YpaBHe-
HuIo (5.1) I CTI0XKHBIX 9(UPOB, CIMPTOB U KETOHOB

’E = ’E = Anudarnmyeckne :E = Amndbarmaeckie
E: § Croxiibie 3((1:1/1pr: E: § HaChIEHHbIC g g HaCbIll.l:l:-IHbIe KEeTOHBI,
g 8 Y = (707gi) g 8 OfHOATOMHBbIE CHUPTHI, g g8 0

& & & & Y=-OH = Y=(—c-)
QO QO O
CHja 5.11+0.31 CH, 5.83+0.65 6.53+1.00 CH, 5.57+0.29
CH; s 7.9210.12 CH; 6.07+0.11 5.86%0.18 CH; 6.75+£0.25
CHa 8.37+1.37 CH; 1.92+1.61 -1.32+3.13 CH; 11.18%+3.31
CHya 2.76%0.44 CHy 5.83£1.97 7.29+2.78 CHy 8.17+£0.91

Y, -34.57+2.88 Y, -17.07+9.95 -23.29+14.05 Y, -65.98+7.46
Y, -7.29+1.56 Y,, | 557+4.60 7.43%6.33 Y, 0.000.00

Y, -22.1217.76 -30.09+11.37 Y: -

Y 0.71£1.23 Y, -11.07£3.72 -16.01+6.04 Y -14.72+4.25
CHy ac 6.59+0.24
CH; ac 6.66+0.29
CHj ac 6.61+0.23

n 33 23 14 17

se 1.55 1.98 241 3.55

R 0.9990 0.9987 0.9988 0.9961

IIpumeuanue. n — 9UCIO AaNNMPOKCUMUPOBAHHBIX TOUEK, sd — CTAH/JapTHOE OTK/IOHEeHNe, R — KoadduimeHT Koppe-
TALMN.

[TporHo3upymoIyl0 CIOCOOHOCTD Hallell afAVTUBHOI IPOMIIIOCTPMPOBaHa B paboTe
[114]. IToxasaHo, 4TO yMeHbIIIeH) e Pa3Mepa BBIOOPKM SKCIIePUMEHTATbHBIX JAHHBIX (CTONTOIIBI
4 v 5 Tabmu1Bl 5.2), HO3BOJISIET COXPAHUTD BBICOKYIO TOUHOCTD PacyéToB. PaccumTaHHbIe U 9KC-
NepPYIMEHTA/IbHBIE fycn CHVPTOB, He BKIIOUYEHHBIX B BBIOOPKY, IIpeCTaB/IeHbI B TabmmIe 5.3.

BupHo, 4To Habm0gaeTCsA Xopolee COracue MeX/y pacdeTHBIMU M SKCIepUMeHTalb-
HpIMM BenmumHamu. CpefgHee oTknoHeHne cocrapnseT 2.0 °C. Vicxon 13 3T0ro, MO>XHO I0/1a-
raTh, 4YTO VICIIO/Ib30BaHHbIN HaMM aJUTMBHO-TPYIIIOBON IOJX0J, II03BOIUT IPOTHO3MPOBATh
TeMIIepPaTypy BCIBIIIKY MHOXXECTBA HOBBIX, (la)ke He CMHTE3MPOBAHHBIX) COeAVHEHMII C IO-
TPEIIHOCTBIO, PABHOJ MOTPENIHOCTY annpokcumanym. s npumepa B tabmuie 5.3 npuse-
JIeHbl pacCuMTaHHbIE 3HAUYEHNA TeMIIepaTyphbl BCIBILIIKY HEKOTOPBIX M30MepPOB IelITaHOIA.

Tabnuna 5.3. DKcIepyMeHTaIbHbIE U PacYUTaHHbIE 110 popmyrte (5.1) 3HaYEHNS tucy (3.T.) A CIUPTOB

CoenyHeH1e toen (3Kcm), °C tyen (pacu), °C
ITpomanon 23 25
1-byranon 35 37
2-bytanon 24 24

2-TlenTanon 36 36

2-Metun-2-6yTaHon 24 25
2-MeTun-2-1eHTaHon 39 36
4-Metun-2-n1eHTaHOT 46 40

1-OkraHon 86 84
1-lexanon 110 108

2-Tentanon 61

3-T'enranon 60

5-Metwun-1-rekcanon 67
5-Metun-2-rekcaHon 56
2-MeTun-2-reKcaHon 49
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PesromMupys BpIlIeCKa3aHHOE, MOXKHO CHEIaTh BBIBOJI, YTO IPEIJIOKEHHBINI HAMI Bapu-
aHT afifUTUBHO-TPYNIIOBOTO METOMQ, afalITUPOBAHHBIN I pacyeTa TEMIIEPATYPhl BCIBIIIKI
JKMJKOCTEN, ITO3BOJIAET C BHICOKOV TOYHOCTBHIO ONMCHIBATH U IIPOTHO3MPOBATH TEMIIEPATYPY
BCIIBIILIKY BEILECTB.
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Kniouesvie cnosa:
N-ayunounenmuodst, N,N-
Kapborunduumudason, 4-(1-
adamarmurn)6eH30iHaAS Kuc-
JI0Ma, NPOMUBOBUPYCHAS AK-
mueHocmo, duacmepeomepol

Cunmesuposaro HeckOMbKO HOBbIX KopomKux N-ayundunenmuoos, cooepia-
wux N-mepmunanvuolii 4-(1-adamanmun)beH3ounvHuili ppasmenm, ¢ uc-
NONb308AHUEM KNACCUMECK020 MemOodd nenmudHo20 CuHmesa 8 pacmeope Ha
ocrose N,N-kapborunouumudasona. C nomoupro cnekmpockonuu 'H SIMP
ocyujecmener KOHMPOb CMePeoXuMueckoti YUComl Uenesblx coeoute-
Huti. O6GHAPYIHEHO, U0 8 CTLyude HATUMUS ACUMMEMPUUECKO20 Amoma yeie-
P00a 8 HEKOHUEBOM AMUHOKUCIOMHOM Ocmamie 06pazyemcst cmecy 08YX
Oouacmepeomepos N-ayundunenmudos. Buickazaro npednonoxcerue, 4mo 3mo
CBA3AHO € 00pPa308aHUEM HA NPOMENCYMOUHOL CTNAOUU ONMUYECKU HeAKIM UG-
HO20 0KCA30MbHO20 unmepmeouama. CunmesuposanHvle coeOUHeHUs npeo-
CMABAAIOM UHMEPEC 8 KaUecnee NOMEHUUATILHBIX MePANesmMUUecKUX azeH-
M08 ¢ NPOMUB0BUPYCHOTI AKIMUBHOCHYIO 8 COUEMAHUU ¢ HUKOL MOKCUUHO-

CMbio.

BBengenue

MCJ:[I/II_H/[HCKaH XMMHA TPOM3BOAHBIX afjaMaHTaHa 3a IMOCIIEAHNE AECATIIETIA IIOTy4dInIa

IIMPOKOE pa3BUTHE B CHELNAMN3MPOBAaHHON muTeparype [1]. MHOTrue npons3BogHbIe aflaMaH-

TaHa, IIEPBbIMU MPENCTABUTEIAMN KOTOPDIX ABJIANNCDH ITOABUBIINECA B 1960-e Troabl aMaHTa-

AVH 1 pUMaHTaAVIH, UICTOPUIECKU N3BECTHDI cBoOeln Bpra)I(eHHOﬁ HPOTMBOBMPYCHOﬁI AKTMBHO-

cTbio. CBOJICTBA 3THX JIEKAPCTBEHHBIX BEIl[eCTB U B HACTOsAIIee BpeMs ITTyOOKO MCCIEeRYI0TCS,

B YaCTHOCTM, COBCEM HeJaBHO 13y4yeH adPUHNTET S9HAHTMOMEPOB PYMaHTAAMHA 10 OTHOIIe-
HUIO K Oenkam rpumma A/M2 [2], IpomeMOHCTpMPOBAaHO BMAHME CTPOEHMS TOMOJIOTOB
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puMaHTaguHa Ha mHrn6yposanue rpunna M2 WT n S31N [3], monydeHna HoBast MOJIeKy/IsIpHast
conb cynbdoMeTakcasona 1 aMaHTafiNHa, 00Iafaolas OfHOBPeMEeHHO 3P PeKTVBHBIM aHTH-
6akTepuanbHBIM U IPOTUBOBUPYCHBIM fieVicTBMeM [4]. B To >ke BpeMs MMeeTcsi MHOXKeCTBO
CBefIEeHMII ¥ O IPOTMBOBVPYCHBIX CBOJCTBaX HOBBIX CJIOXKHBIX IPOM3BOJHBIX a/jaMaHTaHa.
Hanpumep, B kauecTBe cuIbHOTO MHIMOMUTOpa Bupyca D6oma (EBOV) npu cBsspiBanum ¢ oc-
HOBHBIM perieniTopoM NPCI1 coo0111eHO 0 NenTUIHOINIIEPa3NHOBOM IPOM3BOSHOM aJlaMaH-
TaHa [5]. [l MUPUAVHOHOBOTO ¥ MMPYUAVSMHOHOBOTO IIPOV3BOJHBIX ajlaMaHTaHa [IOKa3aHa
UIX TepalleBTIYecKast IePCIeKTUBHOCTD B KaUueCTBe MHIMOMTOPOB IOHHBIX KaHA/IOB BUpYyca re-
natuta C p7 npy HU3KOI LIUTOTOKCUYHOCTH [6]. I psina 6eH3aMMUHBIX COeMHEeHMII ¢ dpar-
MEHTOM aJlaMaHTaHa 0OHAPY)XEHO MHIMOMPYIOllee BIMAHNE Ha PeIUIMKALIO TOKCBUPYCOB [7].
Takum 06pa3oM, MO>KHO KOHCTaTMPOBAaTh, YTO B Te4eHe IocnefHux 20 et HabmogaeTcs He-
ocmabeBaloLINiT MHTEpeC K MOJOOHBIM padoTaM, 0COOEHHO C TOYKM 3PEeHNSA HEOOXO[MMOCTHI
paspaboTKy HOBBIX 3P PEeKTVBHBIX IPOTVBOBMPYCHBIX IIPENapaToB 13-3a IOCTOSHHO BO3pac-
TAIOIIell Pe3VICTEHTHOCTY K Y>Ke M3BEeCTHBIM.

OTgme/nbHBIM M 0COOEHHO MHTEPECHBIM HAllpaBJ/ieHNEeM B XVMMUY aflaMaHTaHa SABJIACTCA
[V3aliH, CUHTe3 I MICCTIefIoBaHNe COeAVHEHMIA, COflep>KaIlX KOMOMHALIMIO KapKACHOTO 1 Tell-
TUIHOTO GPAarMEeHTOB ¥ IIPOAB/IAIIINX IIPOTUBOBUPYCHYIO aKTUBHOCTD. [Ipy aTOM dparmeHT
aJlaMaHTaHa, ABJIAACH 0ObEMHBIM YI/IEBOZOPOJHBIM (pparMeHTOM, IOBBIIIAET TUIIOPIIBHOCTD
HENTU0NOR00HOI IeKapCTBEHHON MOJIEKYIIbL, YTO CIIOCOOCTBYET ee Ty4lileil IIPOHUIIAeMOCTI
Yyepe3 KJIETOYHbIe MeMOpaHbl U yay4inaeT ¢papMaKoKMHeTn4eckre 1 papMaKofMHaMUIecKye
cBolicTBa. Tak, HanpuMep, ONy6IMKOBaHBI JaHHbIE 00 AKTUBHOCTM 110 OTHOLIEHVIO K BUPYCY
reraruta C aMHOKMC/TOTHBIX IIPOM3BOJIHBIX afjaMaHTaHkapboHoBoit kucnotsl (I, 11, puc. 1)
(8] n TerpanentupHOro nponssopHoro 1-(1-agamantwn)stuwaamuna (III, puc. 1) [9]. Aktus-
HOCTb II0 OTHOLIEHVIO K BUPYCY TPUIINA A NIPOABMI MOAVI(UIIVPOBAHHbIN aflaMaHTaHOM JIU-
HEITI], COflep>KaIlmil ocTaTKy ananuHa u rryramusa (IV, puc. 1) [10]. Wanka et all. B cBoeit
pabote [1] mpepcraBuy agaMaHTUICOAepsKamuii TeTpanentus (V, puc. 1), obnagarommii ak-
TUBHOCTBIO 110 OTHOLIeHNo K BIY.

(0] - O
H
O N [0) N
z OH 3 OH
1 1
(0] (0]
H H H
N N N (6]
N \H/\N)H/\/\/ \”/ ﬁ/
H H
(6] HN (0] (0]

I o

Os__OH
0 0
i NH, N N N N NH,
N H H
H o] 0

v
v HO
Puc. 1. Koporkue nentnpsl, MoauUIMpoBaHHbIE GParMeHTOM afJaMaHTaHa, C IPOTUBOBUPYCHOI aKTUBHOCTBIO
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Takum 06pa3oMm, B IIpe/CTaB/IeHHBIX TUTEPATYPHBIX IIPMMePax B OCHOBHOM COZIEPKATCs
KOHIIEBbIe ¥ HEKOHIIEBbIe aMIHOKJIC/IOTHBIE OCTaTKM I/IMIVHA, TaHVHA, JIeiI[MHa ¥ (eHI-
aJlaHMHa, a GparMeHT aflaMaHTaHa ABJIAETCSA KOHIIEBBIM. B cBA3M ¢ 3TUM B HacTosAIell paboTe
CTOsI1a 3a/jaya CUHTE3MPOBATh KOPOTKYEe MOAMUIVPOBaHHbIE alaMaHTAaHOM JJUIIEIITHIbI, CO-
Jiep>Kaliye KOMOVMHAINIO BhIIIeyKa3aHHBIX aMIHOKICIIOT. B KauecTBe ICXOQHOTO YOOHOTO 1
JIOCTYIIHOTO peareHTa J/Is BBefleHsI KapKaCHOTO (pparMeHTa B CTPYKTYPY KOPOTKMX IEITUIOB
HaMmM ObUIa MCIIOTb30BaHa 4-(1-ajaManTIT)0eH30IHAs KIMCTOTa, 3 (eKTUBHBI CUHTE3 KOTO-
poit 6611 paspaboran Hamu panee [11].

OcHOBHasA 4acTh

I mony4deHua MoguUIPOBAHHBIX AUIIENITUROB, COAep>KalnX N-TepMIHATbHBIN 4-
(1-agamaHTMIT)6€H30MIBHBIN PparMeHT, UCIIO/Ib30BATNCh CUHTE3/POBAHHBIE IT0 PaHee paspa-
6otannoi Meronuke N-[4-(1-amamanTun)OeH3omn]- a-aMuHoKucaoThl [11]. [Ing stux coemu-
HEeHMIT B UCIBITAHUAX iN Vivo OBUIO YCTAHOB/IEHO Ha/IN4Yle BBIPa)KEHHOI IPOTMBOBOCIIANN-
TEIbHON U aHAJIbreTUYECKOV aKTMBHOCTU B COYETAHMM C HMU3KOM TOKCUMYHOCTBIO, UTO TAKXKE
IpefICTaB/IseT MHTEPEC C TOYKM 3PEHNS MX UCIIOIb30BAHMS B KauyecTBe 6a30BBIX OMIMHT-6710-
KOB B CMHTe3€ IOTEHIMA/IbHBIX TepameBTUYeckux areHToB [12]. anuble kucnorer 1.1-1.4
IpefCTaB/LAMN CO00I MHAMBUAYAIbHbIE S-CTEPEOU30MEpPbI, YTO ObIIO [OKAa3aHO METOJOM
criektpockormy 'H SIMP B ycoBusX CbeMKU CIIEKTPOB B IPUCYTCTBUM INGT-peareHToB [13].
B Hameit pabore MBI MCIOIB30BaIM IIPOM3BOAHBIE IJIMIVIHA, CAapKO3WHA, L-BammHa, U
L-pennnanannHa.

MeTofioM K/IacCMYeCKOTO TENTUIHOTO CHHTe3a B pacTBOpe ¢ mcronb3oBaHumeM N,N-
kap6onwiguumugazona (KIV) nonydens: metnnosele a¢upbl N-ampuipunentuos 3.1-3.9
(puc. 2, Tabn. 1). AMMHOKUCTIOTHBIE TPOU3BOSHBIE 4-(1-amaMaHTIT)0eH3011HO KucnoThI 1.1-
1.4 B3aumoperictBoBamu ¢ 15%-HpiM n36prTKOM KJIV B TeueHne 1 gyaca B abCOMIOTYPOBAHHOM
terparugpodypane (TTP) npu Temneparype Kunenus pactBoputens. B pesynbrare in situ 06-
Ppa3oBbIBAIMCh COOTBETCTBYIOLVE UMNAA30MMbI 2.1-2.4, KOTOpbIE [lajiee BCTYIIA/IN B PEaKIMIo
¢ 20%-HpIMU M3OBITKAMIU TUPOXTIOPULOB METUIOBBIX 3(DUPOB Q-aMUHOKUCIOT U TPUITHU-

JTaMVHa IIPY TOJ >Ke TeMIIepaType B TedeHue 3 4acoB (cM. puc. 2, Tabi. 1).
o

H
HCI* N
R, R\ Ry %o/ R, R, O kRO
X OH X NN R X Ill B 5
~ a ~ ~7 4 ~ ~ X N
h — 0 Y o \N)ﬁ( ﬁ)kon
R, O R, O R, O Ry R, O R,

6

1.1 - 14 2.1 -24 3.1-39 4.1-49

(0]
X =

Puc. 2. Cxema cunTesa N-aluIguIIenTUROB Ha ocHOBE 4-(1-amaMaHTIn)6eH30MMHOI KUCTOThI. PeareHTsI 1 ycio-
Bus: a - KIU, TT®, 66 °C, 1 4; 6 — NEt;, TT®, 66 °C, 3 u; 8 — 1 . NaOH, aueron/sranon/soga = 1/1/2, rt, 24 u; v
- 1u. HCL rt

bouta paspaborana mMeropuka BbifeneHNs 3GpUpoB MOAMQPUIIVPOBAHHBIX AMUIIENITULOB
3.1-3.9, 3aKmovanInaica B KOHIEHTPUPOBAHNN PEAKLVOHHON CMeCH, Ja/JIbHEeNIIeM ITOLKIIC-
JIEHUM CONAHOM KucinoToin po pH 2-3, pacTBOpeHMM IOTY4E€HHOIO BA3KOTO IPOAYKTa B
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XJIOPMCTOM MeTMJIEHe, OCyLIKe PacTBOPA M JajbHENIIeNl KPUCTA/UIM3AUNY KOHEYHOTO IIPO-
IlyKTa B H-TeKCaHe.

ITo pesynpraTam ananmsa TCX ObIIO yCTaHOBIIEHO, YTO 0Opasyouyecs in situ IMIAa30-
muasl 2.1-2.4 He TOMTHOCTBIO BCTYIAIOT BO B3aMOJEICTBYE C IMAPOXIOPUAAMU 3PUPOB Q-
aMMHOKMC/IOT. Jlasiee Ha CTaiuM BbIfle/IeHN A IPOAYKTOB HEIIPOpearnpoBaBIie MMI/A30/IM bl
npeBpalanTcs B ucxonueie N-[4-(1-agamManTim)6eH30MI | - @-aMUHOKMCIOTHI. BeposTHO, maH-
HBI PaKT OOBACHAETCS HEJOCTATOYHBIM IIEPEXO/IOM 13-3a TeTePOreHHOCTM CUCTEMBI TUIPO-
X710p1A0B 3GUPOB B CBOOOJHBIE aMIHHbIE (POPMBI, KOTOPBIE Jjajiee JO/DKHBI BCTYTIATh B peak-

U ¢ uMupasonugamu 2.1-2.4.

Taoauna 1. VicxoaHble ¥ CHHTE3UpPOBAaHHBIC B HACTOSIIEH paboTe coemuHeHus ¢ N-TepMUHaIBHBIM 4-(1-agaman-
THJ)OSH30WIBHBIM (parMeHTOM

CoennHenne Ry R, R3
1.1, 2.1 H H -
1.2,2.2 H Bn -
1.3,2.3 H i-Pr -
14,24 Me H -
3.1,4.1 H H i-Bu
3.2,4.2 H H Bn
33,43 H H H
34,44 H Bn i-Bu
35,45 H i-Pr Bn
3.6, 4.6 Me H i-Bu
3.7,4.7 Me H H
3.8,4.8 H H i-Pr
3.9,4.9 H H Me

C nenpro ouncTky IpopykToB 3.1-3.9 ot ncxopHbix coepuuennit 1.1-1.4 a¢puper 3.1-3.9
nozBepramm obpabdorke 5%-ubM pactBopoM NaHCO; nipu HarpeBaHuY B Te4eHME ABYX 4aCOB
Ipy IepeMeIInBaHuu. B pesynbraTe ObUIM NOTyYeHBI METHIOBbIE 3QUPbl MOAUPUIVPOBAH-
HBIX pumentumos 3.1-3.9 ¢ Beixomamu 40-60%.

CrpoeHne, 41CTOTA ¥ OFJHOPOLHOCTD BCEX CHTE3VPOBAHHBIX IIPOAYKTOB ObLIM OATBEP-
pennl MeTofamu VIK-, 'H IMP-cnexrpockonuu n TCX.

B UK-cnekTpax a¢upos 3.1-3.9 Habm0gamICh CUIbHbIE ITOIOCHI TIOITIOIIEeHNs BaJIeHT-
HBIX KO/leOaHUi KapOOHWIBbHBIX rpymn 1740-1748 cM™, oTHOCAIMXCA K CIOXXHO3(GUPHON
TpyIIIe, BajleHTHble Konebanus cBasy N-H npu 3280-3296 cm'. Taxoke Ha6IIOAMIICD TOTOCHL
IIOT/IOIEeHMS CIbBHOM MHTeHCUMBHOCTM 1634-1640 cm™! m 1530-1535 ¢!, oTBevarolye BajaeHT-
HBIM KOJIe0aHMAM KapOOHWIBHBIX Ipynn 13 aMuaHbIX rpymi. B MIK-cnekrpax orcyrcrBoBamm
II0/IOCBI KapOOHW/IBHBIX TPYII, OTHOCALIMXCSA K KapOOKCUIBHO TPYIIIle, a C/IefiOBaTeNbHO,
MOXXHO CJIe/IaTh BBIBOZ 00 OTCYTCTBUM MCXORHBIX coefmHennmit 1.1-1.4 B mpopykrax 3.1-3.9.

B cnexrpax'H IMP a¢upos 3.1-3.9 oTCyTCTBOBa/IM CUTHA/IBI IPOTOHOB KapOOKCUITBHBIX
TPYIII MCXOJHBIX aMUHOKMC/IOTHBIX IPOM3BOIHBIX (B obOmacty 12.00-11.00 m.x). IIpu atom
HaO/TI0/Ja/INCh CUTHAIBI TPOTOHOB NH-Ipynn HeKOHIIeBbIX aMMHOKMUC/IOT ¥ CUTHA/IBI IPOTO-
HOB NH-rpymn KOHIIeBbIX aMMHOKIC/IOT IIPU XMMUYECKIX CABUTaX B 06macTsx 8.20-8.40 m.z.
1 8.00-8.20 M.1. cooTBeTCTBEHHO. TakKe Ha clieKTpaxX NPUCYTCTBOBA/IM TPU CUTHAIa IPOTOHOB
Kapkaca agamaHTaHa B obmactu 1.80-2.10 m.x. B o6mactu xummyecknx ¢qBuros 3.60-3.70 m.1.
Ha0/TI0[]a/I0Ch TIPUCYTCTBIUE CUHIJIETOB C MHTETPA/IbHOV NHTEHCUBHOCTHIO, COOTBETCTBYIOIIEN
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TpeM IPOTOHAM MEeTVJIbHO I'PYIIIBI CIOKHOTO 3(1pa, YTO B IIe7IOM HOATBEP>KAATI0 00pa3oBa-
HII€ TIPOAYKTOB B BYJe 9(UPOB MOAM(PHULIMPOBAHHBIX JUIIECITHUOB.

Ocobennoctpio ciekTpos 'H SIMP HeKOTOPBIX ITOTy4eHHBIX AUITENTU/HBIX COIMHEHNIA
ABJIAETCA paclllell/IeH)ie CUTHAJIOB IIPOTOHOB I'PYIII, CBA3aHHBIX C aCMMMETPUYECKMMU aTo-
MaMH yIJIepofia HEKOHIIEBBIX aMMHOKIC/IOTHBIX ¢parMeHTOB. [lofo6HOE paciierienne, mo-
BUAVMOMY, CBsI3aHO C oOpasoBaHueM a¢dupos N-amipunentunos 3.4 u 3.5 B Buje cMecu
IaCTEPEOMEPOB, B KOTOPBIX IPOTOHBI COOTBETCTBYIOIIMX I'PYIIIT He 9KBUBANEHTHBL. Tak, mis
poToHOB NH-TpyIn HEKOHILIEBBIX aMUHOKMCIOTHBIX OCTAaTKOB B finana3one ot 8.20-8.40 m.n.
Ha0/mofjaeTcs 1o iBa Ay6sieTa BMECTO OJHOTO, CYMMapHas MHTErpalbHasA NHTEHCUBHOCTD KO-
TOPBIX paBHa efuHuIEe (puc. 3).

-NH-
Val

[—

w .
S
84

44

o

L L L L IO L L

8.2
Puc. 3. ®parment cnexrpa'H IMP npogykra 3.5 B Busie cMecn MeTntoBoro adupa N-[4-(1-agamanTtit)benson]-
L-Banu-L-¢ennnanannsa u MeTuwioBoro a¢upa N-[4-(1-agamantr)bensonn]-D-Bamni- L-perntananuna

MexaHM3M 9aCTMYHOMN palleMU3aLNN, Ha IPUMepe CoeilHeHNA 3.5, IPEAIION0XIUTETbHO
3aK/II0YAeTCA B TOM, YTO OOPa3yIOMMiicsa MPOMEeKYTOUHbII MMIUAA30/my, 2.3 BCTyIaeT B KOH-
KYPUPYIOIIYI0 BHYTPYMOJIEKY/LAIPHYIO PeaKI[i0 06pa3oBaHNs a3/1laKTOHA 2.3a, NMEIOIIeTO OIl-

TUYECKV HEaKTUBHYIO TAayTOMEPHYI0 GOPMY C OKCa30/IbHBIM IIVIK/IOM 2.36 (puc. 4).

0) O
X\gi X\gﬁoﬂ

2.3a 2.36
9+ @B

Puc. 4. O6pasosanue in situ coeguHenuit 2.3a u 2.36

B cniextpax 'H SIMP npyrux npogyKkToB He Ha0/I0aI0Ch pacielieHyie CUTHAIOB IIpo-
TOHOB NH-rpynmn B HEKOHIIEBBIX aMUHOKMCIOTHBIX OCTAaTKAX, T.K. B MICXO[JHBIX aMMHOKIC/IOT-
HBIX IIPOM3BO/IHBIX HET aCMMMETPUYECKNX LIEHTPOB.

[Tonyuennsle MeTnIoBbIe 3¢pupel N-auyngunentusos 3.1-3.9 mopsepramuch OMbUIEHUIO
1 1. NaOH (cMm. puc. 2). CymmapHblit Boixo N-amnaunentuos 4.1-4.9 Ha MCXOHbIE aMUHO-
KJCJIOTHbIE IIPOU3BOJIHbIE IIPOU3XBOAHBIE cocTaBul 40-50 %.

B MK-cnexrpax kucnor 4.1-4.9 OTCyTCTBOBa/IM CUTHAJIbI BaJIEHTHBIX KOebaHuit kap6o-
HIIbHBIX TPYIII, OTHOCAIUXCA K CIOKHOMY 3¢1py, HO Hab/II0AamiICh CUIbHbIE ITOJIOCHI HIO-
IJIOLeHN A BaJIEHTHBIX KOJIe6aHuiI KapOOHWIBHON IPYIIIbI B 06mactu 1722-1726 cm™, oTHOCH-
IIe¥ics K KapOOKCUIBHOM IpyIIIe.
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B cnexrpax 'H SIMP npopykros 4.1-4.9 OTCyTCTBOBa/IM CUTHAJIBI CYHIJIETOB B 00/1aCTU
XUMUYECKNUX cABUTOB 3.60-3.70 M.I. C MHTErpajbHOV MHTEHCUBHOCTHIO, COOTBETCTBYIONIEN
TpeM IIPOTOHAM METM/IBbHO I'PYIIIIBI CIOKHOTO adupa. [Tpu 3ToM HabII0a/IICh CUTHAIBI IIPO-
TOHOB KapOOKCU/IBHBIX Py B o6macty 12.50-12.70 M.JI., 4TO CBUJETe/ILCTBOBAIO 06 06paso-
BaHIY MOAMQPUIVPOBAaHHBIX N-aIl[UIIUIIENIUAOB B BU/ie KUC/IOT. AHAIOTMYHO CTy4aro 9¢pu-
poB N-aumngunentuzos, B cuekrpax 'H IMP xoHeuHbIX KUCTOT 4.4 U 4.5 HaOTI0a/I0Ch pac-
HIeIIeH)e€ CUTHA/IOB NIPOTOHOB TIPYIII, CBA3AHHBIX C aCMMMETPUYECKMMI aTOMaMI YI/IEPOfa
HEeKOHI[eBBbIX AMIHOKVC/IOTHBIX ()ParMeHTOB.

Cnekrpsl '"H AMP perncrpuposamm Ha mpubope Varian «VXR-400» (400 MI'1y) B pac-
tBOpe [IMCO-ds. MIK-cniextpsl 3anucbiBamy Ha npubope Spectrum RX-1 (Perkin Elmer) ms
BEIIeCTB B BUJIE CYCIIEH3MM B Ba3eMHOBOM Macjie. TeMIeparypsl IIaB/ieHNs ONpeeNAnIn Ha
npubope BUCHI Melting Point M-560. OZHOPOZHOCTD ITOJTy4€HHBIX COEAMHEHNI KOHTPO/IN-
poBam MetopoM TCX c¢ ucnonb3oBanueM ItactuH Sorbfil. Tlpumensu smroeHT cocrasa
H-T€KCaH/TOmyon/aneTon = 8 mM/8 mi/5 M1, MpOABJIEHNE XPOMATOTPaMM OCYILECTBIIAIN TIO7
YO-usnyuenuem.

O6mas MeToaMKa CHHTe3a MeTUIOBBIX 3¢upos N-amnannentnunos 3.1-3.9. K pacrsopy
1 mmonb coepyuenus 1.1-1.4 B 10 mn TT® gobasmsamm 1,15 mmons K[IV. PeakunonHyto Maccy
IepeMEIBA/IN Y HaTpeBaIy IIpY TeMIlepaType KUIIEHN: pacTBoOpuTenA B TedeHue 1 4. [Janee
nobasmsi 1,30 MMO/Ib TUAPOXIOPUA METUIOBOTO 3dupa Q-aMUHOKUCIOTH U 1,3 MMOJIb
NEt:. [Ipogomkanu nepeMelnBaHme Ipy HarpeBaHUN ellje B TedeHne 3 4. PeakimonHyro cMech
OCTaB/IA/IM Ha HOYb IIpY KOMHATHOM TeMIIepaType, KOHIIEHTPUPOBAIN [0 MOJTOBYHBI OT IIep-
BOHA4Ya/IbHOTO 00bEMa, a 3areM pob6assmm 20 Mt 1 H. pacTBOpa cossHOM KucnoTsl. [Tocre
3TOTO K PeaKIVIOHHON cMecy JOo0aBIsm 15 MJI X/TOPUCTOTO MeTW/IeHa [0 IIOIHOTO pacTBOpe-
HIA BBIJI/IMBIIETOCA IPOAYKTa, 00pa3soBaBIINIICA OPraHNYECKUII IOV OT/E/IAIN, OCYLIAIN,
yIIapuBau 10 BA3KOI MaccChl, KOTOPYIO Jlajiee KPMCTa/UIM30BbIBAIN B H-TeKCaHe. BoienmBum-
ecs KpUCTa/UIbI OT(MIbTPOBBIBA/IN Y CYLIVIIN HA BO3/YXe.

O6mas MeToaMKa TUAPOIN3a METUIOBBIX 3¢upos N-amyanumnentnnos 3.1-3.9 fo xuc-
not 4.1-4.9. K pacrsopy 0,68 mmonb MeTnnosoro a¢upa 3.1-3.9 B 10 M1 arjeToHa go6aBIsAIN
0,75 Mmonb 1 H. pacTBOpa rujpoKcuja HaTpuA. ITonydeHHyI0 cMeCh OCTaB/IAIN Ha HOYb IIPU
KOMHATHOJ TeMIIEpaType, IIOC/Ie Yero YIIapyBaIu o CyXoro ocraTtka. [lociemauit pactsopsanmu
B BOJie ¥ IIpM OX/IaxKaeHuu 1o 2-6 °C 1o KamiaM NopgKucisany 36%-HbIM pacTBOPOM COJISTHOM
Kucnotsl o pH 2. Beimasmmit ocajjox kucnotsr 4.1-4.9 ot¢unbTpoBbIBaIy, IPOMBIBAIN BOZON
mo HeliTpanbHOro sHadeHnsa pH. Cymmnan Ha Bosgyxe.

N-[4-(1-adamanmun)6ensoun]-enunun-L-netiyun (4.1)

Tonyuero 0.226 r (78%). T.mwr. 99-101 °C. R 0.3. UK, v, cm™: 3316 (N-H), 1726 (C=0),
1640 (C=0), 1610 (C¢Ha), 1544 (C=0), 1502 (C¢H4). 'H SIMP, 6, m.z.: 12.60 (yur.c., 1H), 8.55 (T,
J=6.4Tu, 1H), 8.12 (g, J=7.0 Ty, 1H), 7.82 (m, ]=7.8 T'y, 2H), 7.45 (», J=7.8 ', 2H), 4.25 (M, 1H),
3.90 (m, J=6.4 I't, 2H), 2.05 (M, 3H), 1.90 (M, 6H), 1.80 (M, 6H), 1.65 (M, 1H), 1.52 (M, 2H), 0.90
(m, J=9.3 'y, 3H), 0.85 (1, ] = 9.3 'y, 3H).
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N-[4-(1-adamanmun)bensoun]-enuyun-L-penunananun (4.2)

[Momyueno 0,275 r (81%). T.mn. 95-97 °C. R; 0,45. VK, v, cm™': 3290 (N-H), 1729 (C=0),
1645 (C=0), 1610 (CsHs), 1541 (C=0), 1517 (C¢Hy).'H SIMP, &, m.p.: 12.65 (ym.c., 1H), 8.59 (T,
J=6.4 T, 1H), 8.11 (1, J=7.0 T1y, 1H), 7.82 (1, J=7.8 T1i, 2H), 7.45 (1, J=7.8 T, 2H), 7.31 (1, J=7.0
T, 2H), 7.22 (1, J=7.0 Ty, 2H), 7.15 (1, J=7.0 T1, 1H), 4.45 (m, 1H), 3.85 (1, J=6.4 Ty, 2H), 2.05
(M, 3H), 1.90 (M, 6H), 1.75 (M, 6H).

N-[4-(1-adamarnmun)6ensoun]-enuyun-enuvun (4.3)

[MTomyueno 0.232 r (76%). T.mm. 90-92 °C. R; 0.41. VK, v, cm': 3291 (N-H), 1735 (C=0),
1644 (C=0), 1615 (C¢Ha), 1535 (C=0), 1514 (C¢H4). 'H SIMP, 6, m.z.: 12.70 (yur.c., 1H), 8.70 (T,
J=7.5Tu, 1H), 8.28 (1, J=6.2 'y, 1H), 7.84 (m, J=7.8 'y, 2H), 7.46 (1, ]=7.8 ', 2H), 3.90 (&, ]=6.2
I'm, 2H), 3.80 (g, J=7.5 'y, 2H), 2.06 (M, 3H), 1.90 (M, 6H), 1.82 (M, 6H).

Cwmecv N-[4-(1-adamanmun)benzoun]-L-¢penunananun-L-netiuuna u N-[4-(1-adaman-
mun)bensoun]-D-penunananun-L-neiyuna (4.4)

[MTomyueno 0.182 r (75 %). T.mn. 96-98 °C. R;0.18. VK, v, cm': 3213 (N-H), 1720 (C=0),
1633 (C=0), 1611 (CsH.), 1542 (C=0), 1524 (C¢H.). 'H IMP, IMCO-de, 8, M.1.: 12.65 (yuL.c.,
1H), 8.42 (m, J=6.4 T, 0.6H, L-L), 8.35 (1, J=6.4 T, 0.4H, D-L), 8.26 (1, J=7.0 T, 1H), 7.82 (1,
J=7.8Tu, 2H), 7.45 (g, J=7.8 I'u, 2H), 7.34 (1, J=7.0 T'u, 2H), 7.20 (m, J=7.0 T'ny, 2H), 7.16 (T, J=7.0
I'm, 1H), 4.75 (M, 0.6H, L-L), 4.70 (M, 0.4H, D-L), 4.3 (M, 1H), 3.2 (M, 1H), 3.1 (M, 1H), 2.05 (M,
3H), 1.90 (M, 6H), 1.80 (M, 6H), 1.65 (M, 1H), 1.52 (M, 2H), 0.90 (g, ] = 9.3 T'u, 3H), 0.85 (m, ] =
9.3 T, 3H).

Cmeco  N-[4-(1-adamanmun)6ensoun]-L-eanun-L-penunananuna u N-[4-(1-adaman-
mun)6ensoun]-D-eanun-L-penunananuna (4.5)

Tomyuero 0.34 r (80%). T.wwr. 105-107 °C. R 0.16. K, v, cm™: 3199 (N-H), 1718 (C=0),
1623 (C=0), 1611 (CsHa), 1541 (C=0), 1514 (C¢H,). 'H AMP, §, m.pi.: 12.65 (yur.c., 1H), 8.32
(m, J=6.4 I'u, 0.6H, L-L), 8.24 (x, J=6.4 T'u, 0.4H, D-L), 8.06 (m, J=7.0 I'y, 1H), 7.82 (m, ]=7.8 I'y,
2H), 7.45 (1, J=7.8 T, 2H), 7.31 (1, J=7.0 Tu, 2H), 7.22 (m, J=7.0 Ty, 2H), 7.15 (1, J=7.0 Tu, 1H),
4.45 (m, 1H), 4.3 (m, 0.6H, L-L), 4.25 (m, 0.4H, D-L), 3.2 (m, 1H), 3.1 (m, 1H), 2.30 (m, 1H), 2.05
(m, 3H), 1.90 (m, 6H), 1.75 (m, 6H), 0.86 (1, J = 9.1 11, 3H), 0.82 (1, J = 9.1 T', 3H).

N-[4-(1-aoamanmun)6ensoun]-capkosun-L-netiyun (4.6)

Tonyaeno 0.224 1 (77%). T.mn. 129-131 °C. R¢0.19. VIK, v, cM’: 3201 (N-H), 1715 (C=0),
1633 (C=0), 1620 (CsH,), 1551 (C=0), 1514 (C¢H,). 'H AMP, §, m.p.: 12.45 (yurc., 1H), 8.10
(m, J=7.0 Tu, 1H), 7.82 (», J=7.8 I't, 2H), 7.45 (m, J=7.8 T, 2H), 4.20 (M, 1H), 3.70 (¢, 2H), 3.10
(c, 3H), 2.05 (m, 3H), 1.90 (M, 6H), 1.80 (v, 6H), 1.65 (m, 1H), 1.52 (v, 2H), 0.94 (11, J = 9.0 T,
3H), 0.88 (11, ] = 9.0 T'ry, 3H).

N-[4-(1-adamarnmun)bensoun]-capkosun-enuyun (4.7)
[Momyueno 0.195r (81%). T.wn. 121-123 °C. R;0.26. VIK, v, cm': 3215 (N-H), 1714 (C=0),
1633 (C=0), 1610 (CsH,), 1548 (C=0), 1524 (C¢H,).'H SAMP, §, m.x.: 12.55 (ym.c., 1H), 8.26 (T,
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J=6.2 T, 1H), 7.80 (1, J=7.8 'y, 2H), 7.40 (n, J=7.8 T, 2H), 3.90 (t, J=6.2 Ty, 2H), 3.80 (c, 2H),
3.10 (¢, 3H), 2.04 (v, 3H), 1.88 (m, 6H), 1.78 (m, 6H).

N-[4-(1-adamanmun)bensoun]-enuyun-L-sanun (4.8)
[Momyueno 0.219 1 (76%). T.wn. 135-137 °C. R 0.24. VIK, v, cm': 3214 (N-H), 1715 (C=0),

1628 (C=0), 1610 (CsHy), 1539 (C=0), 1524 (CsHy). 'H SIMP, §, m.1.: 12.65 (yur.c., 1H), 8.55 (T,
J=6.4Tu, 1H), 8.10 (1, J=7.0 Tu, 1H), 7.82 (n, J=7.8 Ty, 2H), 7.45 (1, J=7.8 Ty, 2H), 4.33 (m, 1H),
3.90 (m, J=6.4 T, 2H), 2.20 (m, 1H), 2.06 (M, 3H), 1.92 (M, 6H), 1.84 (m, 6H), 0.86 (1, ] = 9.2 T'ny,
3H), 0.82 (g, J = 9.2 Ty, 3H).

N-[4-(1-adamanmun)bensoun]-enuyun-L-anarnun (4.9)
[Momyueno 0.194 r (80%). T.wn. 117-119 °C. R;0.20. UK, v, cm': 3216 (N-H), 1715 (C=0),

1627 (C=0), 1610 (C¢H.), 1542 (C=0), 1520 (CH,). 'H SIMP, 8, m.z.: 12.65 (yr.c., 1H), 8.58 (t,
J=6.4Tu, 1H), 8.05 (1, J=7.0 T, 1H), 7.80 (1, J=7.8 T'y, 2H), 7.40 (1, J=7.8 Twy, 2H), 4.40 (m, 1H),
3.92 (m, J=6.4 T, 2H), 2.08 (v, 3H), 1.90 (M, 6H), 1.80 (m, 6H), 1.40 (g, ] = 8.0 Ty, 3H).

10.
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Kadenpa TexHomornmu nuieBsx IPORYKTOB U 6MOTeXHOMOINMH, VIBaHOBCKMIT TOCYAaPCTBEHHBI XMMIKO-TEXHO-
nornyeckuit yuusepcurert, lllepemereBckuii mp., 7, ViBanoBo, Poccuiickas ®@epepaums, 153000

E-mail: kudrik.evgen@yandex.ru

Kniouesvie cnosa: Iokasano, umo y-HumpuooOUMepHbLil KOMNIEKC PMATOYUAHUHAMA Jiene3a A6TA-
OKUCTIeHUe, KAMANUMU-  emcT IPPeKmuUsHbIM KAmanu3amopom peakyuii oKucieHus gmopapomamute-
ueckoe depmopuposarue, —CKUX cOeOUHeHUL nepokcudom 6000pooa, 6 MOM HUCe U MAKUX MPYOHOOKUCTITe-
pmanoyuarnunam xe- Mblx Kax eexcagmopbenson u nenmagpmopnupuou. IIpu smom ocHosHuim Pmop-
1630, 20MO2eHHbIIL U 2e- coOepHausum npooyKmom peaxyuu A6aLemcs gmoposooopod. YcmanosneHo 4mo
mepozeHHbLiL KAMANU3, YKA3aHHbL KAMAnusamop, 6yoyuu HAHECeHHbIM HA HOCUMMeNb, NPOAEAAE 6biCO-
nepoxcud 6000poda Ky10 CrabunvHoCcmy u Moxcern Ovlmb NOSMOPHO UCHONb306aH NOCTE PezeHepanul.
BBenenne

Karanutudeckoe OKMCIeHMEe Ta/IOTeHCOAEPIKAIMX apOMAaTUYeCKNX COeJIVIHEeHMII SBJI-
eTCs BeCbMa aKTya/IbHOJ 3a7adell BBUY HECKOIbKIX IIPUYMH:

1. YkasaHHBIe COeIMHEHNs KpaliHe MeI/IeHHO IOIBEPTaloTCsl OMOPa3/IOKEHNIO Y SBJIS-
I0TCSI TOKCYYHBIMY JI/IsI MMKPOOPTaHU3MOB, MCIIONIb3YeMbIX B OUMCTKE CTOYHBIX BOJ,.

2. Vicionp3yeMble B IPOMBIIIEHHOCT) Ta/IOTEHCO/iepKalllyie COeMHEHNA, HalpuMep,
TpuxIopdeHOI, B ONpefielIeHHbIX YCIOBYAX, HAlIPMMep, B ILIeJIOYHON cpefie, CIIOCOOHBI Ipe-
BPAIaThCA B YPE3BBIYAITHO TOKCUYHBIE NMOKCUHBIL.

3. B Mupe HabmogaeTcs ObICTPBIL POCT MCIONb30BaHMs PTOPAPOMATIYECKIIX COeMIHE-
Huit. Tak, ecnmn B 1994 rogy ux nponssozcTso cocrasisno 10000 ToHH B rof, To K 2000 rogy
OHO BBIpOCTIO 6ostee yeM B 3 pasa (35000 TouH B rox) [1].

[TepBas paboTa, B KOTOpO¥ OBUIO IIOKa3aHO, 4yTO QranonyannHaTel xenesa (I1I) aBns-
10TCs1 9 PEeKTUBHBIMYU KaTalM3aToOpaMy OKMCIIeHUs TpuxiopdeHosa, 6bia onyonMKoBaHa B
ypHaie Science B 1995 ropy [2]. C Tex mmop faHHOe HaIlpas/ieHVe ITOTYIIIO IPOKOE Pa3B-
tie [3, 4]. OmHaKo yKa3aHHBII IIOIXO]] OKa3ancs HeadeKTUBHBIM B OTHOILIEHNM pTOpapoMa-
TUYECKUX COeIUHEeHNI BBUY CYLIeCTBEHHO 60blueli mpoyHocTy cBsisu C-F mo cpaBHeHMIO ¢
C-Cl, 1 muuib B 2014 romy ObUI ITO/Ty4eH IEePBBIil IIATEHT 110 KaTaIUTIYeCKOMY fedTopupoBa-
HUIO (propapoMaTMYecKUX COefMHEeHMil. B KauecTBe KaTaamsaTOpOB OBUIM IIPENTO>KEHBI
{-HUTPUIOAVMEPHbIe KOMIUIEKCHI XKeJle3a C TeTPAaIVppOIbHBIMY MaKporeTepounkaaMu [5].
[TosnHee pmaHHas peakuusa ObUta 6ojee [eTalIbHO MCCIEOBaHAa C TOYKM 3pEHVS ee
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MexaHM3Ma [6]. CiefyeT OTMeTHTb, YTO B paboTe [6] B kauecTBe KaTamsaTopa ObII MCIIOIb30-
BaH CUHTETVYECKM TPYSHOAOCTYHHBII M goporocrosimuii oxra(mpem-6yrn)-(II11LIV)
(FePctBu4)2N).

dranounanunar xenesa (I1II) (PcFe) BpIITyckaeTcsl B IPOMBINIEHHBIX MACIITa0aX, IMeeT
HEBBICOKYIO CTOMMOCTD 11, KPOMeE TOT0, XapaKTepu3yeTcsi 60/IbLIel yCTONYNBOCTBIO ¥ IIPOCTO-
TOVI OYVICTKM ITO CPABHEHMUIO C €T0 mpem-0y TUIIPOU3BOSHBIM. Ero u-HUTpUIofuMepHBI KOM-
IIEKC MOXKeT OBbITD ITOTy4YeH B OffHY CTAMIO, HAIIPUMeP, 10 METOAY, OIVICAHHOMY B pabote [7].

Vicxops 13 BBIIIEN3TIOKEHHOTO, 1[e/IbI0 HACTOSIell paboThI ABUIOCh U3y4YeHMe KaTajll-
TUYECKON aKTMBHOCTM U-HUTPUJOAVMMEPHOIO KOMIUIeKca (TajonMaHMHaTa >Kenlesa
((FePc)2N), a Tak>ke co3piaHMe Ha €T0 OCHOBE aKTMBHOTO ¥ CTAaOM/IBHOTO TeTEPOTeHHOTO KaTa-
nM3aropa.

OcHoBHasA YacTh

Bce peaktuBbl 6pu1m ony4yens! ot pupmel Aldrich u ncnonpsoBanucey 6e3 ganbHelieln
ounctkn. (PcFe)2N (puc. 1) monydyeH u ounlieH 1o MeTO/y, ONMCAHHOMY B iuTeparype [7].

Puc. 1. Crpykrypras popmyna (PcFe)2N

YF SIMP-cnekTper nsmepensl Ha mpubope Brucker AMD 200 (pabowass yacrora 1o
F 235 MI'n). KonmndecTBeHHBIN aHA/MN3 PeAKLMOHHBIX CMeCeil OCYLeCTBII/ICA CIIeAYIOLIIM
06pa3oM: B KauecTBe BHEIIHETO CTaHApTa MUCIIOIb30BAJICA TeKCadTOPU30IPONIAHO (pacTBOP
B CD3CN), (3anmasHHbI Kamyuisap ¢ d = 3 MM 1 LpactBopa = 54 mm). CTaHapT IIOMeLIajics B
amnyny AMP, Kyna HeImOCpeCTBEHHO Iepef USMEPEHMEM BHOCU/IACH aHAIM3MPpyeMast PeaKLy-
OHHas Macca. Bo Bcex c/y4asx BBICOTA CI0A XKUAKOCTU B aMITy/le cocTaBisana 54 mm. Cucrema
IpeiBapUTeNIbHO KaMOpOoBanach ¢ UCIONb30BaHueM B KadecTBe craHiapToB KF s D,O u
rexcapTopbensona a1 CD;CN. B 060oux cny4asx MHTerpanbHble MHTEHCUBHOCTY JIMHEIHO 3a-
BUCAT OT KOHIIEHTPAIVM OPTaHNYeCKOTO 11 HeopraHmdeckoro ¢gropa. [l moaTBep>KaeHms Jo-
CTOBEPHOCTY IIO/TyYeHHBIX pe3y/IbTaTOB KOHIEHTpAnuy (GTOpU/-MOHA ObUIM OIpefe/eHbl U
CIIeKTpOPOTOMETPUIECKH, TIOCTIe pa3OaBIeHNs peaKLIMOHHBIX MacC JIeMOHNM3VPOBAHHOI BO-
JI011, TI0 METOAY, ONMCAHHOMY B [8]. Bce KaTamMTudyeckne 3KCIEepUMEHTHI IPOBOAVINCDH TP
temiepatype 60 °C B CTeK/ISTHHBIX MM Te(pJIOHOBBIX peaKTOpax.


https://worldwide.espacenet.com/publicationDetails/biblio?CC=US&NR=8884093B2&KC=B2&FT=D&ND=&date=20141111&DB=&locale=
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[IpuroroBeHNe reTepOreHHOTO KaTann3aTopa. B KauecTBe MHEPTHOTO HOCUTENA ObLI
ucnonb3oBaH rpaputr HSAG 300 ¢ ymenbHoit nosepxHoctbio 300 m?*/r (Lidl, IlIBeitapus).
B xpyriofgoHHy0 K00y BHOCHIN HOCUTEIb ¥ pacdeTHOe KOMMYEeCTBO KaTanm3aTopa (KOHed-
Has KOHLeHTpanus 12 pM/r) u guxnopmerana (200 vt Ha 2 T Hocutens). [lomydenHylo cmech
BbIJIEP>KMBA/IM NIPY MHTEHCMBHOM IlepeMeNIBaHNY B Te€YeHMe 6 4acoB, paCTBOPUTEND OTTO-
HAJIY, a KaTaIM3aTop Cyunn noj Bakyymom 1pu 60 °C. B cydae ero HOBTOPHOTO MCIIO/Ib30-
BaHMA KaTalu3aTop OT(MIbTPOBBIBA/IN, IIPOMBIBAIN JIeVIOHM3MPOBAHHON BOMON ¥ CYIIVIIN
npu 120 °C. 'eTeporeHHBIN KaTann3aTop C MCIONb30BaHMEM B KadecTBe HocuTena SiO, 6but
HOJTy4YeH 110 METO/y, OIIVICAHHOMY B ITaTeHTe [5].

Ha nepBom 3Tame paborsl Hamu ObUta MCCIEHOBaHA KaTaTUTHYECKas AKTUBHOCTDb
(PcFe):N B kauecTBe TOMOT€HHOTO KaTa/lM3aTopa B peakuyy okucienus gpropanmia. Peakipyio
nposogunu B cpefie CD;CN B IpuCyTCTBUM YeThIPeXKPaTHOTO M30bITKA IIEPOKCH/IA BOLOPOJA.
Ha puc. 2 npencrasren “F AMP-cnextp ¢propanmna. Kak cinemyer u3 npencraBieHHbIX HaH-
HBIX, B CIIEKTpe OOHApYy>KeH /IMIIb OfVH CUHIJIET U -145 M.JI., COOTBETCTBYIOLNI YeTHIPEM

9KBUBAJICHTHBIM aTOMaM (ropa cybcTpara.

-146,65(1.29) -76.43 (1.00)

-146.65 (0.82)
-76.43(1.00)

-127.81 (0.41)
-164.39 (0.18)

P

T T T T T T T T
T T T T T T T T
60 80 100 120 140 160 180 -60 -80 -100 -120 -140 -160 -180

Puc. 2. ¥F JAMP-cnektp ¢ropanmna. DKCIEpUMEH-
tanbHble ycnosusA: ®Propanun - 0.1IM B CDs;CN.
BHemnuit craugapt rekcadgropusonpomnason (-76.43
M.JI.)

Puc. 3. F SIMP-criekTp peaki{MOHHOI MacChl. DKCIIe-
puMenTtanbHble ycmoBus:  Propanmn  (0.1M) B
CD;CN, 0.4 MH,0,, karaimsatop (2-10*M). Crenens
MuHepanusanym 54%, cauTas Ha IpOpearnpoBaBUINIA

cyberpar. [F] =0.038M

Peaxuys okucnenus 6pU1a MHUIMMPOBaHA H00AB/IeHIEM YeThIPEXKPAaTHOTO M30bITKA ITe-
pokcuaa Bopopona (30%-HbIl pacTBOp B Boje) M karanmsatopa. Ha puc. 3 mpencraBieH
YF IMP-criekTp peaklMOHHOI Macchl. KonmmdecTBeHHDIN aHA/MN3 CIEKTpa IOKa3aj, 4To CTe-
IeHb KOHBepcum cybcrparta cocraBmma 70%, Ipu 5TOM KOHIEHTPAIUsA HEOPTaHUYEeCKOTO
¢dropa okaszamacp pasHoit 0.034 M.

HecMoTps Ha TO, YTO yKa3aHHBIN KaTaan3aTop oKaszancs 3PpQPeKTUBHBIM Ji/Isi TOMOTeH-
HOTO OKVC/IeHMsI pTopaHmIa, C IPaKTUYECKOI TOUKM 3peHNs TOJ0OHOTO poja IpoLecc Ipef-
CTaBJIETCS Ma/JIONEePCIeKTVBHBIM IO IBYM IpUYMHaM. B mepBylo ouepenp, KaTaninusaTop He
MOXKeT OBITh pereHepMpOBaH I MCIIOTb30BaH IOBTOPHO, 2 BO-BTOPBIX, B YC/IOBYAX ITPOBE/ICHIA
npoljecca HabmoaeTcsi H0O0YHOe OKMC/IeHVe pacTBOPUTeA [9]. B cBs3u ¢ BbIIIEN3/105KeHHBIM
HaMy OblTa M3ydeHa KaTamuTndeckas akTuBHOCTD (PcFe),N, HaHeceHHOTrO Ha AVMOKCHUJ, KpeM-
HUSA, KOTOPBI/I UTpaj poO/lb KaK Karajayus3aTropa, TaK ¥ JIOBYIIKM (TOPOBOROPOAA, HabBI
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VICKJIIOUNUTD €T0 Iepexof] B Ta30BYI0 (pasy, YTO 3aTpyAHMIO ObI IpOBefieHIe KOMYeCTBEHHOTO
aHa/m3a. Peakuuy npoBoguan B AeiiTepupOBaHHONM BOJE.
Ha puc. 4 npuseniens! '°F IMP-criekTpbl peakIimoOHHOI MacChl IO U ITOCTIe peaKI[uu OKMUC-

I

(SiFy*
\ / Jdi Oh
L

neHus neHrapropdeHona.

C,F.OH

C6F402
Y L 4h
" T T T T T T T T 1
-120 -140 -160 -180 -200
d (ppm)

Puc. 4. F SIMP-creKTpbl peakLMOHHOI MacChl 1O U ITOCTIE IPOBEEHMSI PeaKIUM OKMCIeHNsL. DKCIePUMEeHTab-
HBle YC/IOBUA: TeTepOreHHblT Kartanusarop (10 pM/r, SiO;) - 36 mr, D,O 2 mi, CFsOH 0.2M, [H,O;] = 0.8M,
60 °C. Kousepcust 87%. Munepannsaumys 93% B pacuere Ha npopearunposasuuit cybcrpar (F- u SiFg™)

I'excadTOpOEH30 ABJIAETCS OXHUM U3 HaybosIee TPYAHOOKUC/IIEMBIX COe[IHEHNII B Op-
raHn4deckoil xumym. Kpome toro, 3avactyio propopraHmdeckye COeIMHEHUA COflepXKaTCs B
MaJIbIX KOHIIEHTPAIMAX B CTOYHBIX BOJAX, II03TOMY HaMM ObIIa M3ydeHa IPUMMEHVMOCTDb
(PcFe):N B kauecTBe KaTajan3aTopa €ro OKMUC/IEHNSA B BOZHOM PacTBOpe MPU MajIoil KOHIIEeH-
Tpauun cyocrpara. Ha puc. 5 npencrasien “F IMP-criekTp peakI[MOHHOI MacChl, IIOTy4YeH-
HOJI ITOC/Ie OKMCTIeHN s TeKcapTopbeHsoa.

JI3BeCTHO, YTO OJHOII 113 TPYFHOPA3PEIIVMbIX IIPO6/IeM, ¢ KOTOPOIL CTaIKVBAIOTCA JC-
ceoBaTeny, paboTaromiye B 00/1aCTy MeTa/VIOKOMIIIEKCHOTO KaTanusa, sB/AeTCS TOT (aKT,
YTO MHOTHME CYOCTpPaThl, @ TAKXKe IIPOYKTDI PeaKIVIL, CKIIOHHBI K KOOPAMHALIVN IT0 AKTUBHBIM
IIeHTpaM KaTanusaropa. [Ipyu 3ToM OHM MOTYT UTPaTh PO/Ib KaTaIUTUYECKNX 0B, OTOKUPYs
PeaKIVIOHHBIN LIeHTp KaTanusaropa. B Hamem ciydae (PcFe),N cogep>xut nBa KaTroHa xenesa
B HM3KOCIIVHOBOM COCTOSHMM C (POPMa/IbHOM CTEIIEHbIO OKUCIEeHUA +3.5 M KOOPAMHAIVOH-
HBIM 4NCJIOM 5, I, C/IEFOBATe/IbHO, €T0 PeaKIMOHHbIE IIEHTPhI He MOTYT OBITH [Ie3aKTUBUPO-
BaHBI HI CYOCTPATOM, HU IIPOAYKTaMM peaKIyi. YKa3aHHOe IIPeIIoIoKeH e ObIIO MOATBep-
XKJIEHO 9KCIIEPUMEHTAIbHO IIPY VICIIO/Ib30BaHMM B KauecTBe cybcTpara neHTadTopnypuaHa
(puc. 6). Kpome Toro, B KauecTBe COKaTanm3aTopa OblIa VICIONb30BaHA CepHasA KVC/IOTA, TaK
KaK paHee OBIIO IIOKA3aHO, YTO ee JOOABKY YBeINIMBAIOT KaTa/INTNYECKYIO AKTVBHOCTD U CTa-
OMIBHOCTH OJOOHOTO poyja Karanusaropos [10].
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standart

_.J " . A e

T T T T T T T T T T 1
-80 -100 -120 -140 -160 -180
61 ppm
Puc. 5. F SIMP-criekTp peakIiOHHO MacChl IIOC/IE TIPOBENEHNUs PeaKIMy OKMUCTIEHNs. DKCIlepyMeHTaIbHble
yenoBust: [CeFe] = 0.009M (2 M HaceierHOro pactsopa B D,0). [H,SO4] = 0.1M, katanusatop (10 uM/g, SiO,)
30 mr, [H,0,] = 0.4M, 60 °C, 14 4. KouBepcus 94%, munepanusanys 82%

F
FeonF
\
standart NN F
2-
SiF,
oF mF
p-F
F‘
- ) AL
r T T T T T T T T T T T T 1
-80 -100 -120 -140 -160 -180 -200
61 ppm

Puc. 6. °F SIMP-crexTp peaKLMOHHOI MAacChl IIOC/IE IIPOBEGEHNsS PeaKUNy OKUCIeHNs. DKCIIePYMEHTaTbHbIe
ycnoBus: [CeFsN] = 0.05M (2 mit HaceimenHoro pacrsopa B D,0O). [H,SO,4] = 0.1M, katanusarop (10 pM/g, SiO;)
30 mr, [H,O;] = 0.4M, 60 °C, 14 4. KouBepcus 46%, [Heopraumyecknit F] = 0.055M

Takyum 06pa3oM, MOKa3aHO, YTO CMHTETUYECKM JOCTYIHBIN ¥ HETOPOTOJ KaTalu3aTop
(PcFe),N sBrnsercs 3 QeKTUBHBIM U B OKVMC/IEHNUM TAKUX TPYAHOOKIC/IEMBIX CyOCTPaTOB, KaK
rexcadropbeH3o1, U faxke ele 601ee MHEPTHOTO C ITON TOYKYM 3PEHNUs IEeHTAPTOPIMPUNHA.

OpHAaKoO ¢ IPaKTNYeCKOI TOUKM 3PEHsI UCIIONIb30BaHNe KaTa/ln3aTopa, HAHECEHHOTO Ha
OKCH/J] KpeMHNs, IPeiCTaB/IseTCs Helle/lecOOOpasHbIM. VI3BeCTHO, YTO AMOKCHUJ] KPeMHIS pea-
rupyer ¢ 06pasoBaBIIMMCA GTOPOBOJOPOAOM, YTO UCKIIOYAET BO3MOKHOCTD €T0 IOBTOPHOTO
MCIO/Mb30BaHMs. [109TOMy HaMM OBUI IPUTOTOBJIEH TeTEPOTe€HHBIN KaTalInu3aTop, B KOTOPOM
ponb HocuTess urpain rpagut. IlokasaHo, 4TO yKa3aHHbIN KaTaaM3aTop BbIiEPXKIBAeT MUHM-
MYM TPU LIUKJIa ¥ MO>KET OBbITD JIETKO pereHepupoBaH (puc. 7, Tabi. 1), YTO MOATBEP>KEHO IKC-
IepUMEHTA/IbHO Ha NpUMepe OKycIeHus neHradropdenona. Pasymeercs, Ipu pereHepaunnm
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CTOJIb MaJIbIX KOJIMYECTB KaTa/lnu3aTopa Hen30e>KHbI MeXaHNYecKye IOTepy, TI0ITOMY B Tab1. 1
HaMJl IIpUBeJEHbl ¥ MacChl KaTaaM3aTopa, VICIO/Ib30BAaHHbIE I/ 9KCIIepMMeHTa. Peakijyio
IPOBOJVIIN B T€PMETYHOM Te()JIOHOBOM peakTope 06'beMOM 5 MIL.

3 cycle L d I
2" cycle ‘ . m 1
1% cycle l i\ :
initial J
I ' I ' I ' I ' I ' I ' I ' 1
-40 -60 -80 -100 -120 -140 -160 -180

S, ppm
Puc. 7. °F SIMP-crieKTpbl peakMOHHOI MacChl II0C/Ie IIPOBENEHNMS PeaKy OKIC/IEHNSI U IOBTOPHOTO UCIIO/b-
30BaHNA KaTanm3aTopa. JKcrepuMmeHTanbHble ycnoBus: [CsFsOH] 0.1M, [H,SO4] 0.1 M, [H,0:] = 0.8M, [Kartamu-
3atop 12 uM/r] = 20 mr, D,O 1 m11, 60 °C, 14 4

Ta6nuna 1. PesynbTaTsl 3KCIIepyMeHTA 10 TIOBTOPHOMY JMICIIONb30BAHNUIO KaTaIu3aTopa
Konnenrtpanmus, Monb/n Macca
Konsepcus, % P Hudropmanenso- HF KaTa/ln3aropa,
Bas KUC/IOTa MT
w1 84 0,034 0,032 0,405 20
Huxn 2 76 0,021 0,027 0,248 14
Uwnxn 3 68 0,017 0,024 0,170 11

BrIBOABI M peKOMeHJAI

[TokaszaHO, 4YTO CMHTETUYECKY JIETKO HOCTYNHBIL 1 Hegoporoit (PcFe),N sBsercs ag-
(beKTMBHBIM KaTamM3aTOPOM B peaKI[UAX OKUCIEeHN GTOpPapOMaTIYeCKNX COeVTHEHWIT, B TOM
YJCIe M TAKUX TPYRHOOKUCTISIEMBIX, KaK rekcadropbeHson u neHrapropnupuayt. I1pu stom
B Ka4eCTBe OCHOBHOTO IIPOAYKTa peakiuy 00pa3ylTcsa HeopraHndeckne coefiluHeHns: ¢ropa.
BriepBble paspaboTaH KaTanmsaTop, 00/1ajaloInil Hapsay ¢ BBICOKOJ KaTaTUTUYeCKO aKTUB-
HOCTBIO U XOPOIIIeli CTaOVIBHOCTBIO, KOTOPBIV MO>KHO VICITOJIb30BaTh TOBTOPHO. JJanbHemmum
pasBuTMEM paboOTHI MOIIO OBl ABUTHCA MCC/IEOBAHME IPYTUX TA/IOT€HCOAEPIKAIUX COeNMHE-
HII B YKa3aHHOM peaKUyi, HalIpyMep, LIMPOKO UCIIOIb3yeMbIX XJIOPMPOBAHHBIX YITIEBOOPO-

0B a/m¢aTNIecKoro ¥ apOMaTN4IecKoro psja.

74



OT XUMHUHW K TEXHOJIOTUH TILARRTRTIEANI TOM 2, BbIMYCK 2, 2021

10.

JInteparypa

Baumgartner R., McNeill K. Hydrodefluorination and Hydrogenation of Fluorobenzene under Mild Aqueous
Conditions. Environ. Sci. Technol. 2012. V. 46. N 18. P. 10199-10205. DOI: 10.1021/es302188f

Sorokin A.B. Meunier B., Séris J.-L. Efficient Oxidative Dechlorination and Aromatic Ring Cleavage of Chlo-
rinated Phenols Catalyzed by Iron Sulfophthalocyanine. Science. 1995. V. 268. P. 1163-1166.

Meunier B., Sorokin A. Oxidation of Pollutants Catalyzed by Metallophthalocyanines. Accounts of Chemical
Research. 1997. V. 30. N 11. P. 470-476. DOI: 10.1021/ar960275¢

Sorokin A.B. Phthalocyanine Metal Complexes in Catalysis. Chem. Rev. 2013. V. 113. N 10. P. 8152-8191.
DOI: 10.1021/cr4000072

Sorokin A.B., Kudrik E.V. US Patent Ne US8884093 B2. 2014.

. Colomban C., Kudrik E.V., Afanasiev P., Sorokin A.B. Catalytic Defluorination of Perfluorinated Aromatics

under Oxidative Conditions Using N-Bridged Diiron Phthalocyanine. J. Am. Chem. Soc. 2014. V. 136. N 32.
P. 11321-11330. DOI: 10.1021/ja505437h

Goedkent V.L., Ercolani C. Nitrido-bridged iron phthalocyanine dimers: synthesis and characterization.
J. Chem. Soc. Chem. Commun. 1984. P. 378-379. DOI: 10.1039/c39840000378

Bellack E., Schouboe P.J. Rapid determination of fluoride in water. Use of sodium 2-(p-sulfophenylazo)-1,8-
dihydroxynaphthalene-3,6-disulfonate-Zirconium lake. Anal. Chem. 1958. V. 30. N 12. P. 2032-2034.
Sorokin A.B., Kudrik E.V., Bouchu D. Bio-inspired oxidation of methane in water catalyzed by N-bridged
diiron phthalocyanine complex. Chem. Commun. 2008. Iss. 22. P. 2562-2564. DOI: 10.1039/B804405H
Sorokin A.B., Kudrik E.V., Alvarez L.X., Afanasiev P., Millet J.M.M., Bouchu D. Oxidation of methane and
ethylene in water at ambient conditions. Catal. Today. 2010. V. 157. N 1-4. P. 149-154. DOI: 10.1016/j.cat-
t0d.2010.02.007

ITocmynuna 6 pedaxyuio 30.04.2021
IIpunama k onybnuxosanuro 19.05.2021

75


https://pubs.acs.org/doi/10.1021/cr4000072

OT XUMUU K TEXHOJIOTHW tIEARETNITEYIV TOM 2, BbINYCK 2, 2021

YIK 66.023.2
DOI: 10.52957/27821900_2021_02_76

MCIIO/Ib3OBAHME IT'A3O0KXINIKOCTHBIX AIIIIAPATOB
B ITPOMBINIVIEHHOCTU

B. K. JIeontnes, O. H. Kopa6nesa, E. A. Tup6a

JleontneB B.K., kanp. TexH. Hayk, gouent; Kopabnesa O.H., kanp. xum. Hayk, gouent; ['mpba E.A., kaHf. TexH.
HayK, JOL[eHT
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KOBCKUIL IIp., 88, AApocnasnb, Poccuitckas Pepepanus, 150023

E-mail: leontievvk@ystu.ru; korablevaon@yandex.ru; girbaea@ystu.ru

Kniouesvie cnosa: Paccmompenvt pasnuunvie KOHCMPYKUUU 2a304UOKOCIIHBIX ANNAPAMOS, 6
2a30UOKOCHOL annapam, KOMOPbIX 2A304UOKOCIHAS CUCHeMA NOZLyHAem 3anac KUHemuuecKol sHep-
Jucnepeuposanue, nepemewiy-  2Ul OM NePeMEULUBAIOULE20 YCMPOTICMBA UMY 00HOU U3 KOHIMAKMUPYeMbIX
saroujee ycmpoilcmeo, 2azonud- — $pas. IIpedcmasnenvl HexOmopvie KOHCMPYKUUY HAUOOTIEe PACHPOCTNPAHEH-
KOCMHOUL IMEKUUOHHBILL anna-  HblX ANNAPAMos ¢ SHEKUUOHHBIM OUChepeuposauem 2asa u nposedeH ana-
pam, appexmusrocmo U3 ux sdexmusHocmu.

BBenenmne

HemnpepbIBHO pa3BMBaIONIVIECs TEXHOMIOIVM IPOM3BOACTBA B XMMIYECKOI, HeTeXIMM-
4eCKO, MUKPOOMOIOTMYECKOI U PYTUX OTPAC/IAX IPOMBIIIIEHHOCTY HEPAa3phIBHO CBS3aHBI C
HeoOXO/IMIMOCTBIO MOBBILIEHNUS 9PPEKTVBHOCTU TEIUIO- ¥ MacCOOOMeHa U MHTeHCUUKAIIN
Ipolecca CMelleHNs.. DKOHOMUYHOCTb ¥ YyAe/NbHas IIPOU3BOAUTENBHOCTb OOOPYOBaHVS
OIIpefie/IATCA KOHCTPYKI[Ve allllapaTa, 3aBUCAT OT CIIocoba BBOJIa SHEPTUY B pabodyIo cpefy
U ee pacrpefienieHNs B paboueM o6beMe [1-3]. Bombioe pacrpocTpaHeHne MOMYYWIN allna-
paThl C MHXXEKTUPOBAHMEM Tasa >XMIKOCTDIO, T.e. IIOfIBOJJOM MEeXaHNYEeCKO sHepruu. Ammna-
paThl JaHHOTO THIIA JO/DKHBI 00eCcIieunBaTh BHICOKIIE Ta30Bble HATPY3KM HA eAVHUIY IO/
MIOTIEPEYHOTO CeYeHMs alIapara, 067afaTh BBICOKON YAe/NbHO IIOBEPXHOCTBIO, IIPOCTOTON
KOHCTPYKIIVY, TEXHOIOTMYHOCTBIO B VICITOJTHEHMH, OeciepeOoTHOCThIO B paboTe, BO3SMOXKHO-
CTBIO OBICTPOTO PEryIMPOBaHMA CKOPOCTY IIPOTEKAHNA Mpollecca B anmapare [4, 5].

OcHOBHasA 4acTh

Bricokas a¢¢eKTMBHOCTD pPabOThI ra30)KMAKOCTHBIX AIIIapaTOB 00eCIeYBaeTCs 3a CUeT
COXpaHEeHNs BBICOKOJI CTeIIeHN AVCIIEPTYPOBAHNS P M3MEHEHNM PAacXo/ia ChIpbs [6].

OKCIlepMMeHTaIbHbIE MCCIe[OBAHNA IMAPOAVHAMMKIY IBYX()a3HOTO ITOTOKA B Fa30KIU/I-
KOCTHBIX allllapaTax oKa3ali, 4TO OHUM U3 OIpeie/IIIomMX GaKTOpOB TypOyIM3anu sBs-
€TCA JaBJIeHNe ra30BOr0 NOTOKa. IIpy 3TOM OCHOBHO TMAPOAVHAMIYECKON XapaKTePUCTUKON
1ByX(a3HOro MOTOKA ABJIAETCA rasocofepxanue [7, 8].

Vmeetcs 6omnbioe pasHooOpasue TypOYIM3MPYOIINX Ta30>KUAKOCTHBIX YCTPOJICTB, B
KOTOPBIX OCYIIeCTB/IsIeTCS IPUHIVIT KOHTAKTa ra3a C KUAKOCTDIO, @ Ta30XKUIKOCTHAsI CMeCh
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HIOJTy4aeT OIIpefie/IeHHBIIl 3aIlac KMHETUYeCKOJ 9HepIuy OT HepeMelBaIOLIero yCTPOICTBA
VIV OJHOJ U3 KOHTaKTupyomux das [9,10].

Ha puc. 1 npepicraBnenbl HEKOTOPbIE TUIIBI AIIIIAPATOB, OTHOCAIINECA K JAHHOTO K/IacCy.
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Puc. 1. 'a30XuIKOCTHBIE allIapaThl C Pa3AMYHBIMY AMUCIEPTUPYOIMMY YCTPOMICTBAMM:

@ — ¢ TypOMHHOII MeIIAIKOI OTKPBITOTO TUIA; 6 — CAMOBCACHIBAIOIME TYPOVHHBIE MELIAJKM 3aKPBITOTO THIIA;
6 — MH)KeKTUPOBaHIIe 1 JUCIIEPIMPOBaHNe Ta3a Yepes HacafoK; 2 — C IMAPOAMHAMIIECKOI MeIIalKo

Ha puc. 1, a nmpepcraBiieH anmapaTt, B KOTOPOM B KayeCTBe [JVICIIEpraTopa MCIONb3yeTcst
TypOMHHas MellanKa oTKpbIToro tuma. Ilogaya rasa ocyujectsisiercs 4yepes 6apborep mop Me-
IIaJIKy. 3a c4eT co3/jaHMs1 6OIbLIOTO IPayieHTa IONIePeYHOT0 CABUTA B C/IOSIX KUAKOCTY TaKlie
armapatsl 6ojee 3¢ (eKTUBHBI B CMbIC/IE CO3[aHMs Y/Ie/IbHOI ITOBEPXHOCTY KOHTaKTa (as.
OHy obecneynBaloT OGONMBIIMII PAacXof rasa Ha efVHMIY IUIOLIAfM IOIIEPEYHOTO CeYeHMs
(g->0,03 m°’/M?*c), yeM ammaparsl C [PYTYMM TUIIAMU MEIIA/IOK.

ITpu ncnonb30BaHMM CaMOBCACHIBAIOIMX MEIIA/IOK TUIIA «IIOJI0N TpyOsI» (puc. 1, 6) oc-
HOBHBIM HEJJOCTATKOM SIBJIETCSI Ma/Iblil KO9(GGUINMEHT MHXXEKLNY, YTO IPUBOAUT K MaTOMY
3HAYEHMIO YZIe/IbHOTO PacXofia rasa.

Ha puc. 1, 8 n3o6pakeHa cxema amIapara, IOly4eHIe ra30)XIIKOCTHOM JUCTIepCUM B
KOTOPOM OCYILIeCTB/IACTCS MHXKeKTopoM. Hocurteiem sHepruu siBsieTcs ras, IOCTYIAOIii B
comio. O6pa3oBaBLIascsl Fa30>KMUAKOCTHAsE CMeCh HAIIPAB/ISIETCS B LWIMHAP, I7ie CO3JaeTCs

CJI0VI ITeHBbl. ATIITapar JaHHOTO TUIIA He obecrieunBaeT 60/IbLIOro 3HaYeHVs1 KO3 uIienTa NH-
JKEKIINN.
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[TpuMeHeHMe )XMIKOTa30BOTO MHXKEKTOPa, B KOTOPOM HOCUTEIeM SHEPTUY CITY>KIUT K] -
KOCTb, BBITEKAIOIIasl B BIJIe CTPYU U3 COIUIA, MHXKEKTUPYA Ta3 (puc. 1, ¢), obecrieynBaeT BbICO-
KYI0 MacCOOOMEHHYI0 CHOCOOHOCTD ¥ TOBEPXHOCTh KOHTaKTa as.

AHau3 TUIIOBBIX KOHCTPYKIMII Ta30)KVJKOCTHBIX aIllIapaToOB II03BOJIMII CO3ZaTh Oortee
3G GEeKTUBHBIN Ta30>KMIKOCTHBIN alIlapaT ¢ MHKEKI[MOHHBIM JyiclieprupoBaHueM rasa. Oc-
HOBHBIMU JOCTOVMHCTBAMM allllapaTa sB/IAITCA: 1) BbICOKAA y/ie/bHAA IIOBEPXHOCTb KOHTAKTa
¢as, 2) BBICOKMIT yHENIbHBIN Pacxof] Ta30BOTO MOTOKA, 3) OTCYTCTBYE 3aCTOMHBIX 30H, 4) Ipo-
CTOTa KOHCTPYKIINM, 5) TEXHOJIOTMYHOCTD B I3TOTOBJIEHNY, 6) JIETKOCTb PEMOHTA, 7) BO3MOX-
HOCTb OBICTPOTO PEryMpOBaHMs CKOPOCTH IIPOTeKaHM IpoIlecca B alIapare, 8) obecriedeHne
HeoOXOAMMOTO TeMIIepaTypPHOTO peXKMMa TeXHOIOTMYEeCKOT0 ITpoIjecca.

MHoOrouYNCIeHHbIe TeOpeTUYecKye M SKCIIePYMEHTaTbHbIe MCCIeSOBAaHNA TMAPOHA-
MUKI ¥ MaccooOMeHa B TaKMX alIapaTax [Oo3BOIVIN Pa3paboTaTh MHOr0OOpasue KOHCTPYK-
IV aNmaparos gaHHOTOo Tuna. Ha puc. 2 nmpencraBieHbl HEKOTOPBIe KOHCTPYKLMM Hambosiee

PacIpoCTpaHeHHBIX AlIIapaTOB C 9)KEKIVOHHBIM AVICIIepTipoBaHueM rasa [11].
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Puc. 2. KoHcTpyKImm ra3oXnIKOCTHBIX 9)KEKIIVIOHHBIX AIIIapaTOB:

@ — Ta30>KU/IKOCTHOII 9>KeKIIMOHHBII allllapaT ¢ Fa30>KUIKOCTHOM CTPyeil M KOPOTKUM 3>KeKTOPOM; 6 — Ta305KUf -
KOCTHOI1 9>KeKI[MIOHHBII allllapaT C IJIMHHBIM 3K€KTOPOM; 8 — Ta30KUIKOCTHO 3>KEKI[MOHHBII almnapar ¢ MHO-
TOSAPYCHBIM 3)KEKTOPOM; 2 — MHOTOCOIITIOBOJ Ta30KMAKOCTHO 9KEKIVIOHHBII allapar;

1 - KOPITYC; 2 — 9)KeKIMOHHAs KaMepa; 3 — paCIbUIUTeNb XUAKOCTHU (opcyHKa); 4 — aucneprarop; 5, 6, 7 — 9KeK-

TOPBI-CMeCUTeNN; 8 — coria
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B npepcraB/ieHHBIX KOHCTPYKLVAX Ta30XKIKOCTHBIX AIIIaPAaTOB /IS MHTEHCUPUKALUU
TEIUIOOOMEHHBIX U MacCOOOMEHHBIX IIPOIIeCCOB MCHONb3yeTCsA IIOIEepeMEeHHOe M3MeHEeHMe
¢dbopMbI 1 HanpaBJIeHNA MIOTOKA, Y/jap IOTOKA O TBep/ble Iperpajibl-OTOOHUKN, 3aKpy4INBa-
HIIe, B3aVIMHas 9)XeKUus 1 MHBepcus ¢as, HajloxeHue mynbcannii, 3pdexTBHOE paciblInBa-
HII€ >KUIKOCTHL.

Anmapatbl paboTaroT C/IeAYIM 06pasoM: XKUAKOCTD MO AaBIeHNeM MTOJaeTcs B pop-
CYHKY, pacIIBUIMBAETCA M 3aCachIBaeT T'a3, IOCTYIAINI B 9KeKIMOHHY0 KaMmepy. O6pa3oBas-
IIAsICS Ta30)KMAKOCTHAS CMeCh ITOXOJUT Yepe3 >KeKTOP-CMeCUTeNb. B 9)KeKTope IpOMCXORNUT
KOHTAKT >KVMIKOCTHU U rasa IpY pasBUTON NOBEPXHOCTU PacIbUICHHON >KMAKOCTU. B 3aBucu-
MOCTH OT pe>XyMa paboThI 95KEKTOPA, €r0 FeOMeTPUYECKIX IIapaMeTPOB I Iepelaja JaBIeHs
Ha QopcyHKe, B 9)KEKTOpe MOXXET 00pa3oBBIBATbCS I'a30KUIKOCTHBIN ABYX(asHbI IIOTOK C
Pas3IMYHBIM COOTHOILIEHVEM XVJKOCTI 1 rasa. [IByx¢asHbIl IOTOK MOXKET OBITh C AVCIIEPCHON
XKUJIKOIT My ra30oBoit (asoir. [Ipu onpeneneHHBIX YCIOBMUAX MOXKET IIPOUCXOUTD HBEPCYS
¢as. [TomobHbI pe>xuM paboTsl Hanbonee 3¢ dekTBeH BBUAY TOTO, YTO B MOMEHT MHBEPCUY
Hab/ofaeTcst Hanbosblllee 3HaYeHMe KoadduuyenTa Macconepenayun. [Ipy BeIxofe U3 >KeK-
TOpa Ta30KIIKOCTHBI TIOTOK yAapsercs B gucneprarop. [Ipy yrape ra3oXXmaKoCTHOTO IIOTOKa
O JIICIIEpraTop ra3oBble My3bIPbKYU APOOATCS — IPOVCXOAUT CIeAYIOLIast CTaf)si KOHTAKTa rasa
C )KMJKOCTBI0. 3aTeM 00pa3oBaBIIast CMeCh pacIpefie/iAeTcs M0 peaKIIOHHOMY 00 beMy aia-
parta, Ijie OCYyIIeCTBIIAETCA ellle OJjHa CTafysi KOHTAKTa ra3a C XXUKOCTBIO.

OcobeHHOCTI PabOTHI KaXKIOJ 113 NIPeNCTaBIeHHbIX KOHCTPYKIMII 3aKITI0YAIOTCS B CIIe-
IYIOIIEM.

B 39XeKI[MOHHOM ammapaTe C Ta30XXUJKOCTHONM CTpPyeil M KOPOTKMM 3>KEKTOPOM
(puc. 2, a) MMeeTcs Ta30XKMAKOCTHASA CTPYs, KOTOpas JOIIOTHUTEIbHO 3aXBaThIBAET a3 U3 IPO-
CTPAHCTBA U3 PeaKIMIOHHOTO 00'beMa, YTO YBeIM4MBaeT ra30Cofep>kaHye B alapare.

D>KEKL[MOHHBI allllapaT C MHOTOSIPYCHBIM 9KEKTOPOM (pIC. 2, 8) CO3[jaeT 3HaUNTeIbHbIE
CKOPOCTY CABUTA ¥ MHOTOKPATHBIV KOHTAKT Ta3a ¥ XUJAKOCTI B 9KEKTOpe-CMeCUTeIe.

Ocoboe MecTo cpemy TasoXXUKOCTHBIX KEKLMOHHBIX alllapaToOB 3aHJMMAaeT MHOTO-
COIUIOBOII ammapat (puc. 2, 2). MHOro4ncieHHble SKCIIepUMeHTalIbHbIe MCCIIeJOBaHMs OKa-
3au, 410 K03 puimeHT 5P PeKTUBHOCTM TaKVX anapaToB Ha 15-20% BbIlIIe, 4eM y Fa30KuJ-
KOCTHOTO 3KeKIIIOHHOTO aIlapaTa ¢ JIMHHBIM 3XeKTOpoM (puc. 2, 0).

OpuyM 13 HanbosIee Hafie>)KHBIX U TOYHBIX CIIOCOO0B OLleHKM 9 (PeKTUBHOCTY Ta30KIJ -
KOCTHBIX alllIapaTOB CYMTACTCA XMMIYECKIUI METOJ], OCHOBAHHBI Ha oIlpesie/ieHn 3PpPeKTuB-
HOJI TIOBEPXHOCTU KOHTaKTa (a3, T.e. MeXX(a3HO OBEPXHOCTH, [EVICTBUTENIBHO YIaCTBYIO-
1eyt B MaccooOMeHHOM mporiecce [11]. DToT MeTo OCHOBaH Ha XeMOCOpPOLMM KICIOPOJia U3
BO3/IyXa, KOTOpas MO3BOIAET OIPEeNTh CKOPOCTh IIPOBOAVMOTO IIPOLIECCa, 11 ONIpefie/IeHNN
«CyMbGUTHOTO YMCTIa».

BriBoabl

ITo pesynpTaTaM 9KCIepUMEHTANIBHBIX MCCIEI0OBAHNIT OBIIO YCTAHOBIIEHO, YTO U3 IIpef-
CTaBJICHHBIX BBIIIe KOHCTPYKIVI Haubojiee IPOCTOl Ta30>KMAKOCTHON KEKIMOHHBIN aIlIa-
paT C ra3o>KMAKOCTHOI CTpyeil M KOPOTKUM 3>KeKTOPOM, OH obecrednBaeT Oojiee BBICOKOE
(Ha 6-8%) 3HaueHue KoapduimeHTa Maccomepefauy MO CPAaBHEHMIO C TPATUIVIOHHBIMU
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alrnapaTaMy € IJINHHBIM 3>KEKTOPOM. raSO)I(MI[KOCTHOﬁ almapat ¢ MHOTOAPYCHBIM 3KEKTOPOM

OT/INYaeTCA CIIOJKHOCTbIO KOHCTPYKIIMM, OJHAKO IIO 3HAYECHNAM «CYHI)(I)I/ITHBIX qyuycen» 3HA4YM-

TE€/IbHO IIPEBOCXOANUT OCTA/IbHbBIE allllIapaThl — 6os1ee yueM Ha 15%, 94TO MO3BOJIAET 3HAUUTETBHO

MHTeHCUUIMPOBATH IIPOLIECCHI TEIIO- ¥ MaccoobMeHa. Eme 6ombine (Ha 15-20%) 3sHa4eHNs

«CyNb(UTHBIX YMCe» MMeeT MHOTOCOIUIOBOJ Ta30)KMIKOCTHO 9)KeKIMOHHBIN aIlmapar.

10.

11.
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IKCMPAKUUS U CPOKU nepepa-
6omxu nnodos 6opuiesuxa Coc-
HOBCK020, 3upHOe MACTIO, XPO-
Mmamozpaduneckuii aHAIU3, Xu-
MUYECKAS MeXHO02US, MOPO3O-
CMOTKOCMb Pe3uH

B pabome npedcmasnenvi pe3ynvmamvl NOUCKA Nymeil N0 NPUMEHEHUIO
npodyxmos nepepadomxu 6opujesuxa CoCHOBCK020 € NO3ULUL XUMUUECKOT]
mexnonozuu. Ilokasano, 4mo Haubosnee yeHHbIM KOMNOHEHOM, NOTy4ae-
MBIM NOCTIE IKCMPAKUUU NI10008 U3YHAEMO20 PACEHUS, CHUMAIMCS 3PUp-
Hble Macna, codepicausue IPUpvl KapooHOBbIX KUCIOM. DKCMPAKUUS npo-
soounace 6 annapame Cokcrema nocned08amenvHO ie2KUum nemponetiHbim
apupom, pasHo0GBEMHOLL cMechi0 OeH30N1a U AUeMOHA U U3ONPONAHOTIOM.
V3 nonyuenHozo 3QupHoz0 Macna 20mosuncst KOMRAyHO ¢ 8A3eNUHOBbIM
MACTIoM O7IA U320MO6TIeHUS pe3ubl. [IpumeHenue IQUPHbIX Macen U3 nio-
006 bopujesuka CocHOBCKO20 6 peyenmype pe3uH no3eonsem pacuiupumo
memnepamypHulil OUANA30H UX UCNONL30BAHUS 8 007IGCMU OMPUYAMEent-
HblX memnepamyp. Ymunudauus pe3ut, cooepiausux dPupHvie macnd, 6
Pe3UHOBYI0 KPOULKY NO3BONIUM UCHONIL30BAMD €€ 8 0OPONCHBIX NOKPLIMUAX
U CHAMY NPOOTEMY UX PACIPECKUBAHUS 8 SUMHULL nepuod spemenu. [lepe-
pabomka nnodos 6opuesura COCHOBCKO20 NO3BOIUM 02PAHUUMY NOBCe-
MECHHO CKOPOCHb PACHPOCHPAHEHUS 1020 UHBASUOHHO020 PACHIEHU.
Xpomamoepaduueckum memooom aHAIU3A OMMeUEHO, YO NO UCHIeUeHUU
200UHH020 YUK, coOepicarue IPUPHBIX MAcen 8 NA00aX U3Y4aemoz0 pac-
mMeHUs cHUMaemcs 00 cned08bix 3HAUEHUTI, A 9O co30aem npobremy O
NPOMBIUUTIEHHOTE KPY2TI000UUHOLL IKCHPAKUUU IPUPHDIX MACET.

BBenenne

C xaX/IpIM rofjoM MHBa3noOHHOe pacrenne Heracleum sosnowskyi Manden, vnn 60piie-

BMK COCHOBCKOTO, 3aHMMaeT 7o 10% nmaxoTHbIX 3emMenb B EBpore [1, 2-4]. 910 pacTeHne Moxxer

IpY KOHTaKTe ¢ KOXKHBIM IIOKPOBOM BBI3BIBATh (POTOXMMIYECKIE 0XKOTH Y JIIOAEN, I TeM ca-

MBIM IIPeJICTaB/IAeT IOTEHIMATbHYIO YTPO3Y /IS HaceeHu [5].

Ha C€I‘O,‘E[HHIJ.IHI/II7[ [€Hb BOIIPOC 00 OTPAaHNYIEHNN PACIIPOCTPAHEHMA MTHBA3MMOHHOTO pac-

TeHNA 6opieBrKa COCHOBCKOTO pelIaeTcsl YaCTHBIM 00pa3oM Ha YCMOTpeHIe Biafiesblia 3e-

MEJIbHbBIX BHaJ:[eHMf/I.

Ha TeppuTopuy ropofickux mapkos, Ifie 3TO pacTeHle MOXKeT CO3/jaBaTh IOTeHI[Malb-

HYIO YIpO3y A/Id 30OPOBbA HIOI[eﬁI, Ha IMpUIerarimnx K >Keyle3HOM Agopore yJacTkax 3eMin, a

TaK>Xe TEPPUTOPUAX, Ha KOTOPBIX HE IVIAHMPYETCA MPOU3BOSUTD CETbCKOX03AICTBEHHbIE Pa-

00TbI, OcCyIecTB/IsAeTCA 00pabOTKa 3apocieil 3TOTO pacTeHMs CUIbHBIMU TepOMIyzaMu
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crroumrHoro Tuna «TopHamo» Ha ocHoBe rmndo3aTa (6], KOTOPBII HEOJHO3HAYHO BIMSET HA
9KOJIOTHIO ¥l MOYXKET OTPUIIATENIbHO CKa3bIBAThCSI HA 30POBBE JIIOTEN.

Ha reppuropusix He60MbIINX 1 CPEHNUX 3eMeTIbHBIX BIaIeHISIX, T7ie IIPOBOJSTCS Celb-
CKOXO3SIJICTBEHHBIEe PaboThl, 60opiuieBuk COCHOBCKOTO YAAIseTcss B Ipoljecce KyTbTHBALUU
3emyn. Ho Ha 60/IbIIMHCTBE KPYIIHBIX ITYCTYIOLINX [IOJIEN OTPAHNYINTeIbHbIE MEPHI IO PACIIPO-
cTpaHeHuIo 6opieByKa COCHOBCKOTO He IIPUHVMAIOTCS U He IIPeyCMOTPEHBI.

OrpaHnyeHns: pacIpoCTPaHEHMsI ITOTO PACTEHNSI MOXKHO JJOCTUYb He TOBKO C IIOMO-
IIbI0 TepPOUIIIOB, HO 1 32 CYET Lie/leHaNpaB/IeHHON KOMIIIEKCHOI TiepepaboTKi ero B He06X0-
[MMBble [/t 00111eCTBa IPOLYKTHI.

OcHoBHasA YacTh

OpHMM M3 NMepCHeKTUBHBIX M 9KOHOMMYECKY ONPaBIAHHbIX HAIIpaB/Ie€HNUII IO BO3MOX-
HOJl TepepaboTky 6opireBrka COCHOBCKOTO C JMCIOTb30BAaHNMEM XVMMUIYECKOJ TeXHOJIOTUY
CUNTATIOCHh IOIyYeHMe OMOTOIUIMBA 13 MOOEroB M3y4aeMOTO PacTeHNUdA, COTEpIKallero IO
17-31% mac. caxapa [7]. OjHaKo Ha OCHOBaHMY MOHUTOPVHIA CAXapUCTOCTY COKa Ha Pas3/iny-
HBIX CTaAuUAX Beretanyy pacreHus B 2019-2020 rogax 6b110 oT™MedeHO [8], 4TOo MakCuManIbHOE
cofiep>KaHue caxapa B COKe COCTaBIIAIO 7,5% Mac. ¥ IPUXOAVIIOCHh Ha Nepuof OyTOHM3AIVIN 1
nBeTeHns. Kpome Toro, Momy4nTh U3 caxapHOTO coKa crebeit 6opieBrika COCHOBCKOTO copa-
XuBaHueM Saccharomyces cerevisiae 61109TaHON B KOJIMYECTBEHHBIX 00'bEMaX He Ya0Ch, TaK
KaK MMeIOLIVecs B COKe BelljeCTBa MHIMOMPOBay 6110/10TYecKie IPOL[ecchl COpakBaHMs ca-
Xapa, MpOosAB/IASL aHTUMMKOTIYecKue cBoiicTBa [9]. VIK-cnexTpel caxapa 1 caxapHOTO KOHI[eH-
TpaTa 13 6opuieBrka CocHOBCKOTO nony4am Ha cnekrpodoroMerpe VIK-Dypoe RX-1 ¢pupmbr
«Perkin Elmer».

TeM He MeHee IIOTTy4eHHDIIT 13 COKA 3a CUET BbIIIAPMBAHMA CaXapHbIl KOHIIEHTpAT, IO -
TBEP K/IeHHBII TaHHBIMY MH(GPaKpaCHO crieKTpocKomnmy (puc. 1), Halen npuMeHeHue B IIPo-
U3BOJICTBE JIPEBECHO-YEPEIIKOBBIX MEJIIET, IIe MICIIO/Ib30Ba/ICA B Ka4€CTBE CBA3YIOIETO I apo-
MaTu3aTopa MoJy4aeMoro rpaHyIMpoBaHHOTo TormBa [10].
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Puc. 1. VIK-cnektpsr caxapa (HiokHuUii rpadmk) M CaXapHOro KOHIeHTpaTa u3 OGopiieBnka COCHOBCKOTO
(BepxHuIt rpaduK)
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B MK-criekTpax caxapHOTo KOHI[eHTpaTa U caxapa (#ycaxapusa, COCTOSAIIETo 13 a-TJIo-
K03bI 1 [-ppyKTO3BI) OOHAPY>KEHBI IONIOCH MornomeHns 844 u 891 cm!, XxapakTepHble s
IIIOKO3UIOB ¥ HOJIMCAXapUioB, U MOMOCkl noromenus 1070 cm™, mpucymmne gpykrosam.
Hammune mmmpoxoit monocs! normomenns 3200-3600 cm! Ha 0060MX CIEKTpax yKas3bIBaeT Ha
Ha/In4ye TUAPOKCUIHBIX IPYIII, CBSA3aHHBIX BOIOPOIHBIMY CBA3AMMU B IXCaXapujax.

CornacHo pgansbIM [11], B ogax Heracleum sosnowskyi Manden copepsxurcs ot 1 1o
10% a¢upHbIX Macen1, koTopble cornmacHo TOCT 31791-2017 "D¢upHble Macia U 1BETOYHO-
TpaBAHNICTOE 3PMPOMACTNIHOE ChIpbe" He MOTYT IpeHa3HAYaThCsA /I IpYMEHEHNS B Iap-
(roMepHO-KOCMEeTIYeCKOI! 1 MUIIEeBOI IPOMBILIIEHHOCTH, a TAK)Ke MeIUIIHe, HO VIX MOXXHO
C YCIIEXOM MCIIO/Ib30BaTh B XMMMYECKOI TEXHOJIOTMM, B YACTHOCTY B ITPOM3BOJCTBE TEXHNYE-
CKVIX pe3uH, paboTAIMX TPV IIOHVDKEHHBIX TeMIlepaTypax.

[ToBbIIIeHHAass MOPO30CTOMKOCTb TEXHNYECKNX PE3VH MOXKET OBITh 00YCIOB/IeHa BBICO-
KIM cojiepKaHyeM 3(pMpoB KapOOHOBBIX KUC/IOT [12], mpuUCYTCTBYIOIUX B 3UPHOM Macie.

[Tnopp! 6opieBuka COCHOBCKOTO COOMPANNCh B NONAEHb B MACMYPHYIO IIOTOAY ¥ IIpU
OTCYTCTBUM aTMOC(epHBIX 0cafgKoB ¢ 15.08. mo 25.08.2020 r. B moriMe /Iyra ¢ KOOpAMHATAMI:
57.717644 ceepnoii mmpoThl 1 39.829009 BocTouHOI fonroTsl ropopa Apocnasi. ITocne me-
XaHMYECKOTO y/la/IeHN:A IIOfIOB C 30HTUKOB CEMEHA CYIIVIN [J0 BO3IYIIHO-CyXOTO COCTOSHUA
6e3 1oCTyIIa COTHEYHOTO CBETA, YIIAaKOBBIBA/IM B KAPTOHHbIE TepMETIYHbIE KOPOOKI U XPaHVIN
B CyXOM IIPOXJIaJTHOM MeECTe.

S¢upHOE MaCIIO MOTyYaIN 13 BO3AYLIHO-CYXOTO ChIPbs Yepe3 MecsI] i Yepe3 rofi Iocye
ero cbopa MeTO[[OM 9KCTPAKIINM JIETKMM HeTpoIeiiHbIM 3¢upoM B anmaparte CoKcera I MeTo-
JIOM 3-CTafiMITHOM MTOCTIEeROBAaTEIbHON SKCTPAKLIMN «IeTKUI IeTPOJIeTHbI 3dup - cMech alje-
ToHa 1 6ensona (1:1 mo 06’bEMy) — U30IPONIAHO» Yepe3 TOf.

AHamu3 XMMIYeCKOTO cOCTaBa 3(UPHBIX Mace/l IPOBOAVIIN C MICIIOIb30BaHIeM Ta30BOTO
xpomarorpada ¢ KalUIApHOit KojoHKoit DB-624 ¢ HemopBiokHOM (asoit 6%, MaHOIPOIIN-
neHbeHW - 94% M TONMIMHON IIEHKY 2,5 MUKpoMeTpa, inHo 30 M, auamerpoM 0,53 MM,
CHa0>XeHHOTO IUITAMEHHO-MOHM3AIMOHHBIM [IeTeKTOPOM, 3/IeKTPOHHBIM WHTETPUPYIOIUM
ycrporictBoM Kpucrammokc 4000M.

Temmnepatypy kononku nossimany ¢ 60 go 200 °C co ckopocTbio Harpesa 4 °C/MuH, Tep-
MOCTaTMpPOBA/IN B TedeHMe 2,5 MIH, 3aTeM nosbiirany 1o 250 °C, ckopoctb Harpesa 20 °C/MuH,
TEPMOCTaTUPOBA/IN B TedeHMe 5 MMH. ['a3-HocuTenb: Bofpopog. CKOPOCTh IIOTOKA Yepes KO-
nOoHKY: 3,0 M/1/MyH; Temneparypa nmxekropa: 250 °C; remneparypa gerekropa: 290 °C; mene-
HIe TIOTOKa: 1:5; pacxon Bogopopa: 30 M/MuH; pacxog Bosayxa: 300 Ma/MuH.

VpeHTNNUKaNMI0 KOMIOHEHTOB IPOBOAVIIV II0 BpeMeHM MX yaepxuBaHudA. Kommde-
CTBEHHOE COfiep>KaHyie KOMIIOHEHTOB OIPENEIANNA METONOM BHYTPEHHEN HOPMUPOBKM.

AHanmu3 XpoMaTorpaMMbl 3MPHOTO Mac/a, IOTyYeHHOTO Yepe3 MecAll TI0CIe ero coopa,
CBUJETETIbCTBYET O TOM, YTO B 3VPHOM Macie COflepXXUTCs 36 KOMIOHEeHTOB (Tab1. 1), u3 Ko-
TOPBIX UAIEHTNPUUNMPOBAHO 13, MaccoBoe cofepkaHue KOTOPBIX B 3(PMPHOM Maciie IpeBbl-
maet 1,0 % (Ma>kopHbIe KOMIIOHEHTHI). Bpixop a¢pupHOro Macia, sSKCTparnpyeMoro meTposeii-

HBIM 3¢upoM us mwiogoB Heracleum sosnowskyi Manden, coctaBun 3,4% mac.
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Tabnuua 1. KommyecTBeHHBI COCTaB Ma)KOPHBIX KOMIIOHEHTOB B 9mpHOM Macie u3 mwiofos 6opieBuka Coc-
HOBCKOTO uepes Mecs1 (2020 r.) u yepes rop (2021 r.) mocne c6opa

MaccoBas o/t KOMIIOHeHTa B 9pupHOM Macre, %
Ne KommoHeHT

2021 2020

1 1-Texcanon - 1,057
2 Tepnen 9,523 14,671
3 OxTaHanb 3,626 5,225
4 I'excumanerat 1,957 3,297
5 Oxkranon 2,927 3,257
6 TexcunusobyTupat 2,776 2,313
7 lexcunbyrupar 7,727 6,891

8 OxTunaieraT 25,630 27,575
9 l'ekcunmusosanepar 2,540 2,581
10 OxTunmsobyTupar 1,607 2,324
11 l'ekcunkanpoHaT 4,190 3,375
12 OxTunmsosanepar 11,562 7,568
13 OKTHIKanpoHat 1,877 1,449

14-36 OcranbHble 24,088 18,417

M3 Tabn. 1 crenyert, 4TO 06lee KOMMYECTBO UIEHTUPUIMPOBAHHBIX 3QUPOB KapOOHO-
BBIX KICJIOT B 9MPHOM Mac/le COCTaB/sAeT 57,5% Mac., 13 KOTOpbIX 27,6% Mac. IPUXOANTCS Ha
okTunanerar. [TomydeHHbIe pe3ynbTaThl XOPOIIO COTIJIACYIOTCA C pe3ynbTaTaMy MCIBITaHUIA
3¢bUPHBIX Mace, IpeCcTaB/lIeHHbIX B [13].

Xpomarorpadudeckue MCCIefOBaHNA TOKA3a/Iy, YTO 110 VICTEYEHNIO TOANYHOTO LIMK/IA
XpaHeHMs IWI0f0B 6opiuieBrka COCHOBCKOTO cofiep>kaHue 9(UPHBIX Mace/ B HUX CHYDKAETCS
IO C/IefIOBBIX 3HAYEHMII, @ 9TO CO3[JaeT IPOOIeMy /IS MPOMBIIUIEHHOTO KPYIIOTOUYHOTO
IIPOM3BOACTBA 3PMPHBIX Macesl 9KCTPAKINEIL.

Kak BugHO 13 Tab651. 1, MOBTOPHBIN aHa/MM3 3(pMpHOTO Macya, IPOU3BeNEeHHBII Yepes rof,
CBUJIETENILCTBYET O KOMMYECTBEHHOM CHVDKEHUM TEPIIEHOB, OKTaHasld, TeKCHU/IaleTaTa, OKTH-
MM300yTHpaTa U O HOTHOM OTCYTCTBUM 1-TeKcaHO/Ia ¥ HaO/II0aeTCsl yBe/IYeHue COfepIKaHs
B 9MpHOM Macye reKcua0yTupara, TeKCUIKaIlpOHaTa, OKTIIN30BalepaTa, a TakKe 00Iero
KO/MNYeCTBa HeMAEeHTUPUIVIPOBAHHBIX KOMIOHEHTOB. Obmiee KommuecTBO uaeHTUGUINPO-
BaHHBIX 3QVPOB KapOOHOBBIX KVIC/IOT YBEIMIMIOCH Ha 2,3%.

[Tpu sKcTpakIVM JIETKVM ITIeTpOoJIeiiHbIM 3¢upoM B ammapate CokceTa BO3LYIIHO-CY-
XOTO CBIpbA U3 IIOHOB 6opiieBruka COCHOBCKOTO, XpPaHMUBIIETOCS OAVH TOJl, KOIMYECTBEHHO
HOMYy4YUTh 9UPHOE MACTIO He YAAIOCh. B MmomydyeHHOM aKcTpakTe ObUIM OOHApPY)KEHBI JIMIIb
C/IeOBble KOMMYecTBa KOMIIOHEHTOB, BXOAAINUX B agupHoe Macro. [Tocmeyromas skcTpak-
IVI51 3TOTO CHIPbsI CMeChIO arleToHa 1 O6ensona (1:1 mo 06éMy) 03BONIIA JOTIOJTHUTE/IBHO BBI-
memuthb 12,071% mac. 1-rekcanona, 1,073% mac. oktumanerata 1 3,243% mac. TeKCUIn3oBare-
para mpy o61eM MacCOBOM BBIXOJie SKCTPAKTa - 3,2%, 3aK/I0UYNTe/IbHAs SKCTPAKLINA U30IIPO-
NVJIOBBIM CHVIPTOM He IpUBeJia K YBE/INYEHNIO CofiepKaHuA 3pMpoB KapOOHOBBIX KIC/IOT B
9KCTpaKTe.

SdupHoe Maco U3 1008 6opieBrka COCHOBCKOTO MMeeT IPUATHBIN (PPYKTOBBIII 3a-

IaX, XapaKTepHbI UIA IpefCTaBIeHHBIX 3(MpPOB KapOOHOBBIX KICIOT, HO HU3KYIO
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TEXHOJIOTMYHOCTb. [/ MOBBILIEHNA TeXHOIOTMYHOCTY 3QUPHOTO Macia IpY M3TOTOBIEHUN
PE3VMHOBOJ CMeCy TOTOBIICS KOMIIAYHJI Ba3e/IMHOBOIO Mac/a ¢ 3(pMpPHBIM Mac/lIOM B COOTHO-
meHny 1:1 (pacTutenbHOE MaciIo) IO 06BEMY, M3 KOTOPOTO IIOTHOCTBIO YAA/IsIACh QPaKIMs C
Temneparypoil kumnenus Hioke 85 °C. IIpu nsrorosneHny KOMIIayH/ja C Ba3e/IMTHOBBIM Mey-
LMHCK/M Mac/IOM Te€XHOTOTMYHOCTD IIOBBIIIAETCS, HO PE3KO CHVDKAIOTCA OpTaHOeNTUYeCKIe
MOKa3aTe/Iy - Y KOMIIayH/Ia TIOSAB/IAETCA HEePUATHBIN 3aIax.

Kunemarnyeckas BA3KOCTb KOMIIAYHJOB OIIpeJie/iAIach C IOMOUIbIO KaV/I/IAPHOTO BYIC-
ko3uMmetpa BIDK-1 no TOCT 33-2000.

PesnHOBBIE CMecy Ha OCHOBE CBET/IOTO KpeIla ¢ JOOaBKOJ KOMIIayHZa Ba3e/lMHOBOTO
Macia ¢ 3pUpHBIM Mac/IoM B cooTHoueHun 1:1 (pacturenpHoe Macio) o o6vémy u macna M-
12A (MHAyCTpMaIbHOE MAC/IO) M3TOTAaBIMBAINCH HAa IOAOTpeBaTeNbHBIX Bambiax I1]1-320
160/160 ¢ ¢ppuxkimert Bankos 1:1,08 B Teuenne 15 MUHYT.

B pabore 1cnonb3oBamich METOABI ONpefe/e sl CIIOCOOHOCTY K IIpeXKIeBpeMEeHHO
By/IKaHM3auuy o6pasiios pesHoBbIX cMeceit o TOCT 10722-76 (CT COB 3662-88), MmeToms
ompejie/ieHNA BYIKaHM3ALMOHHBIX XapaKTepUCTUK pe3nHOoBBIX cMmeceil mo 'OCT 12535-84
(CT C9B 3813-82) ¢ ucnonb3zoBanueM Bubpopeomerpa pupmsl «Monsanto», METOZIBI OTIpe-
fleJIeHN sl YIIPYro MPOYHOCTHBIX CBOJCTB pesuHbl npu pactsxeHun no 'OCT 270-75 ¢ uc-
nosb3oBaHMeM pa3pbiBHOI MamnHbl VITC 8220-10, MeTop onpeneneHns MOpPO30CTOKOCTI
pesuH npu pactspxeruu no FOCT 408-78.

B Tabi. 2 npuBeneHB! TeXHONOTMYECKME XapaKTEePUCTUKM KOMIIAYHJOB Ba3e/lMHOBOTO

Macra ¢ 9(p¥pHBIM Mac/IOM.

Ta6muma 2. TexHOTOTMYECKe XapaKTEePUCTUKY KOMIIAyH/IOB Ba3eIMHOBOIO Mac/a ¢ 3(pMpHBIMU Mac/IaMI U3 Ce-
MsH 6opieBrka COCHOBCKOTO

HanmenoBaHme noxasarens Copepsxanue a¢pupHoro macna, % o6.
0 10 25 50 75
[okasarenp nipenomyeHus, na’ 1,4721 1,4661 1,4633 1,4557 -
ITnorHocTs npu 20 °C, r/cm? 0,8502 0,8373 0,8122 0,8204 0,8316
Bs3KOCTb KMHEMAaTHIecKast, MM?/C:

npu 20 °C 126,76 42,40 19,31 20,09 22,53
npu 40 °C 56,61 25,52 11,10 10,21 15,87

npu 50 °C 32,08 14,76 8,44 8,10 13,41

Temmneparypa
CaMOBOCHHaﬁeH}z{I/IH, °C 290 270 265 260 2%

Kak BugHO 113 Ta61. 2, ONTMMa/IbHBIMM TEXHOIOTMYECKVIMY XapaKTePUCTUKAaMI 00TajiaeT
KOMIIaYHJ Ba3e/IMHOBOTO MacyIa ¢ 3pMpHBIM MacIoM B cooTHoureHnn 1:1 mo o6bemy. I1pu aTom
COOTHOLIEHMY Mace/l SKCTPEMa/IbHO CHVDKAIOTCA 3HAYEHU s KMHEMATUYECKOM BA3KOCTU B U3Y-
YaeMOM [IMaIa3OHe TeMIIEPATyp IPY MaKCUMMAalIbHO JOIYCTMMOM COZEp)KaHUM B KOMIIayH/ie
a¢upHOro Maca.

B tabs. 3 mpepcTaBieHbl CpaBHUTE/IbHBIE CBOVICTBA PE3MHOBOJ CMECH ¥ TeXHWYECKOII pe-
3MHBI OCHOBE CBET/IOrO Kpela, Cofep Kallei MHAyCTpuanbHoe Macio VI-12 n KkoMmmayHy Base-
JIMHOBOTO Mac/Ia C 3KCTpaKTaMy n3 6opieBrka COCHOBCKOTO.
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Ta6muma 3. CpaBHUTe/IbHBIE CBOJICTBA PE3HOBOI CMECU U TEXHIYECKOI Pe3JHBI Ha OCHOBE CBET/IOrO Kpela, Co-

Jep>Kalel MHAyCTpuanbHoe Macino V-12 n KomnayHp, Ba3eIMHOBOTO Mac/la C 9KCTPaKTaMM M3 6opreuxa Coc-
HOBCKOTO

TOM 2, BbIMYCK 2, 2021

Macno, mac. 4.

PenenTypa n HauMeHOBaHME ITOKA3aTeNeN Wnagycrpuanpaoe V-12 Pacrurenpnoe
(5,00) (5,00)
Cepa 2,00 2,00
MepkanTobeH3Tas3omn 0,65 0,65
TerpamernnruypamMaucynbuzy 0,30 0,30
Oxcup nmHKa 15,00 15,00
CreapuHoBas KUCIOTa 2,00 2,00

Croco6HOCTD Pe3NHOBOI cMecH K MOABY/IKaHU3aIMN IIpy TemIeparype 120 °C

Mmnin, €. MyHn 9 16
ts, MUH 17 7,5

I35, MUH 20 15

A ts, MUH 3 7,5

PCOMCTPI/I‘JCCKI/IC XapaKTEPUCTUKN peBI/IHOBOI?I CMeECH ITPU T€

Maeparype 151 °C

M, Hm 4,6 6,4
t;, MUH 2,9 1,3
My, Hm 21,5 23,1
AM, H-m 16,9 16,7
t50, MUH 5,5 3,0
90, MUH 5,8 3,8
t,, MUH 40,0 -
Ry, mun! 34,8 40,7

CaolicTBa pesnHBI (PEXUM BYIKaHM3AIMU B 3IEKTpOIIpecce

151 °C x 15 MuH)

fp» MIIa 24,0 24,4

& % 930 950

0, % 9,6 6,7

Koadpduiment MoposocToitkocTy mpu 0.72 0.89

muHyc 45°C

VcnoBHbIe 0603HAYEHNA:

Minin - MMHUMAJIbHAA BA3KOCTb (KpyTALMIZ MOMeHT) mpu 120 °C;

ts5 - Bpe€M: OT Havdaia UCIIBITAHNA, ITPY KOTOPOM BA3KOCTb pCSI/IHOBOﬁI CMECH ITPEBLINIAECT MIHVIMATIPHYIO BA3KOCTD

Mmin Ha 5 eguHNL ipu 120 °C;

135 - BpeM:A OT Havdajia ICIIPITAHNA, IIPU KOTOPOM BA3KOCTDb peSMHOBOf;I CMeECH IPEBLIITAET MITHMA/IPHYIO BA3KOCTD

Mpmin Ha 35 epgyann npu 120 °C;
M} - MMHUMAbHBIN KPYTAIUIT MOMEHT;

ts - BpeMs Havajla BYJIKaHM3alMM IIPU 3a/JlaHHOI TeMIIepaType;

My - MMHUMAJIbHBIN KPYTAIINI MOMEHT;

AM - Pa3HOCTb MAaKCUMA/IPHOTO I MMHVMA/IPHOTO KPYTAIINX MOMEHTOB;

tso - BpeMs JoCTVKeHMA 50%-Hoil cTelleHy BYIKaHMU3AIUN NIPY 3a/laHHON TeMIlepaType;

too - BpeMs JOCTVKEHUA ONITUMAbHOM TIPpOJO/DKUTENPHOCTH BY/IKAaHM3aVIN IIPpU 3a,[[aHHOI7[ TEMIIEPATYPE;

1, - BpeMs peBepCun;

Ry - mokasarenb CKOpOCTY BY/IKaHM3ALIVN;

fp - yCIOBHas IPOYHOCTD IPY PACTSKEHUI;
&y - OTHOCUTE/bHOE yAIMHEHMe IIPY Pa3phIBe;
0 - OTHOCUTETIBHOE OCTATOYHOE YANMHEHE.

86



OT XHMHUHU K TEXHOJIOTUH TILAReTTIEANV TOM 2, BbIMYCK 2, 2021

CpaBHMTe/IbHBIE CBOJICTBA TEXHIYECKOII pe3VIHBL, IIpeCTaB/IeHHbIE B Ta0/. 3, CBUIETE/Ib-
CTBYIOT O TOM, 4TO IIPY BBEJJEHUI PACTUTENBHOIO Macja B pe3MHOBYIO CMECh HECKOJIBKO YBe-
JIMYMBAIACh €€ CKIIOHHOCTD K IIO/IBY/IKAHM3ALMM 110 CPABHEHMIO C MHAYCTPUAIbHBIM MACIOM,
1 Ha060pOT, MepeByIKaHN3aIMM 06pasila pPe3sMHOBON CMeCH C PacTUTE/IbHBIM Mac/IoM B M3Y-
JaeMOM JIMalla30He MUCIIBITAaHNIT He HaO/IIo/jaioch.

[Tpy mpakTu4ecKy OAMHAKOBOM YPOBHE Ae(OpMaIIOHHO-IIPOYHOCTHBIX CBOJICTB IIPU
OJHOOCHOM PaCTsDKEHNM Pe3MHa, CofiepyKalliasi pacTUTeIbHOE Mac/Io, IMeeT 3HaueHMe Koad-
¢uimenta MoposocToiikoctu npu MuHyc 45 °C Ha 23% 6o07blile II0 CPAaBHEHUIO C PE3MHOIL,
IIACTUPNUIVPOBAHHON MHAYCTPUATBHBIM MaC/IOM.

[ToBpIIEHHAs MOPO3OCTOMKOCTD PE3UHBI, COfIEPrKalllell PAaCTUTEbHOE MAC/IO, CBA3AHA C
IIPUCYTCTBUEM B COCTaBe 3(pMPHOTro Macia u3 IIofoB 6opuieBrka CocHOBCKOTO 57,5% Mac.
CTIOKHBIX 9(MPOB KapOOHOBBIX KVC/IOT. B CBsA3Y ¢ 3TMM adupHOe Macio KaK KOMIIOHEHT pe-
3MHOBBIX CMECEeN OTHOCUTCA He TOJIbKO K MATYNUTENAM, KaK MHAyCcTpuanbHoe Macno JI-12A, Ho
U K IUTACTU(UKATOpPaM pPe3NH, YTO IMO3BOINT YTWIM3VPOBATb 3TV Pe3VHBI B PE3VHOBYIO
KPOIIKY KaK KOMIIOHEHT B IIPOM3BO/ICTBE ITO/IMMEPHO-OMTYMHBIX BSDKYIUX [14, 15], cHmKaro-
IIMX PACTPECKMBAHMA JOPOXXHBIX IIOKPBITUIL B 3SMUMHUI IIEPUOJ, BPEMEHI.

BrIBOABI M peKOMeHJAN

1. 9¢dupHoe Macno us wiogoB 6opuieBrka COCHOBCKOTO MOXKET OBITH VICHONTb30BAaHO B
TeXHIYECKMX pe3VHaX KaK IVIACTIPIKATOP, TI03BOJLAIOLINIL IIOBBICUTD MOPO30CTOMKOCTD STUX
pesuH.

2. ITo ncreyeHNN rogyIYHOrO IVIK/IA, COfEprKaHMe S3PUPHBIX Mace/ B IVIOfjaX MI3y4aeMOTro
pacTeHMs CHIKAETCS O CIeIOBBIX 3HAYEHNII, @ 3TO CO3/jaeT IpobIeMy IS IPOMBILIIEHHO
KPYIJIOTOAVYHON SKCTPAKIVM C IIe/IbI0 OTydeHNs 93U PHBIX Macel.
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Knrouesvie cnosa: B cmamove paccmampueaemcs npoyecc KOH8eKMUBHOT CyuKU Mamepuanos Ha npumepe
yposenv 38yk08020  kapmodpens npu memnepamype 60 C. Jna unmencuduxayuu cywxu 006asnsnocy bec-
0aeneHus, cyuika, — KOHMAKMHOe yIbmpaszeykosoe 6030elicmeaue ¢ pasIUuMHbIMU YPOSHAMU 36YK06020 0aeérie-
Oucnepeuposanue,  HUA 6 ouanasone 130-175 0B. Ynvmpaseyxosoe so3deticmsue 175 0B noseonuno coxpa-
YyLMPA38yKo8asL mumo epema cywiku kapmodens na 57,1% no cpasHeHurn ¢ KOHBEKMUBHOU CYUKOL.
cywunka, kpusas  Hauunas c yposus 3eyxoeozo dasnenus 150 0B, 6vi10 ommeueno ckaukoobpasHoe usme-
CYyUwiKU HeHUe CKOPOCMU CYUWKU HA HA4anvHom smane (NPpu 6blCOKOM 671420C00epHcanuLL). Imo
1036071UNI0 COeNAMb NPeOnonIoHeHUe O HOM, YO 3ANYCKAeMC MEXAHUIM 00e360H1U6A-
HUsg mamepuana 6e3 $azos020 nepexooad, Mo ecmv 3a cuem OUCHEPIUPOBAHUS 6/1A2U C
NOBePXHOCMU BbICYyUUBAeMO20 Mamepuana. [Ina noomeepicoeHus mexanusma oucnep-
2uposanus Ovio NPosedeHo yNABAUEAHUE KANelb 600bl HA NPeOMenHoe CIeKno ¢ UM-
MepcuonHoti sudKocmoio. IIpu smom ommedanocy, 4mo ¢ ymeHvuieHueM 671420C00epHa-
HUS MAMEPUANA MAKIHe YMEHbULAZIOCh KOTUYeCtn80 OUCNep2UpOBanHbix Kanenv. Onmu-
MATbHBIM YPOGHEM 36YK0B020 0A6/IEHUS C TMOUKU 3PEHUS COKPAULHUS 6PeMEHU CYULKU U
nompebnsemoil snepeuy Aengemcs ouanazon 160-165 0b. JIna yeenuueHus maccot 00HO-
BPEMEHHO BbICYUUBALMO20 MAMEPUANA Obiu npedsnoeHsl 06 KOHCHPYKUUL CYUWIUTb-
HbLX YemaH080K bapabanrozo muna. Ynompaseykosas cywika (160-165 0B) kapmodpenst
6 6ude KyOUKOS 8 NPeONIOKEHHDIX YCIMAHOBKAX OCYulecmenanace Ha 45-47% 6vicmpee,
Hem Npu KOHBEKMUBHOL CyuiKe.

BBengenue

Bo MHOIMX OTpaciAX NPOMBIIIJIEHHOCTY CYIIKA SAB/IAETCA S9HEPTOEMKIM U JINTETbHBIM
npoueccoM. [TosToMy paspaboTka HOBBIX TeXHOJIOIMIT 11 alIIIAPATOB, O3BO/IAIINX CHU3NUTD
SHEPreTNYeCKNE 3aTPaThl ¥ YMEHBIIUTD BpeMsA CYIIKM, ABIAETCA aKTya/JbHOM 3ajjadyeil. Yde-
HBIMM VICC/IJOBATe/IAMIU BERYTCA aKTMBHbIE ITOVICKM II0 MHTEHCU(MKALMY MIPOIecca CYIIKI
pasnMYHBIX MaTepuanoB. IIpy 3TOM OCTPO CTOMT BONPOC IO OIPaHMYEHNI0 MAKCHMAa/IbHOM
TeMIIepaTyphl Ipoliecca, ISl COXpaHeHMs CBOVCTB BBICyHIMBaeMoro marepuana [1-5]. ITep-
CIEKTVBHBIM ITyTEM CHIDKEHMA TeMIIepaTyphbl IPU OJHOBPEMEHHOM IIOBBIIIEHUM CKOPOCTH
CYLIKV CYMTAETCSI COBMECTHOE TEIIOBOE M aKYCTHYeCKOoe BO3zeiicTBIe [6-9].

HanoxxeHne akycTmdecknx Kone6aHmil COBMECTHO C KOHBEKTMBHOJ CYIIKOJ ITO3BOJISIET
YMEHBIINTb BpeMsA CYIIKM 3a CYeT C/IeAYIIMX (PU3MYeCKMX MEXaHM3MOB: aKyCTHMYeCKUX
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IIOTOKOB P3JIEeBCKOTO THUIIA, MUKPOIIOTOKOB OKOJIO IPEIATCTBUI, MEXaHUYEeCKOTO BO3[eil-
cTBUA W «3pdeKTa IyOKi», TepMIYECKOTO JIeVICTBIA, MI3MEHEHNA JJaB/IeHNUA Y TIOBEPXHOCTH
uT. 1. [10].

[TepeuncieHHbIe MeXaHNM3MBI NIPOSBJIAIOTCS, HAYMHASA C OIPeie/IEeHHOTO YPOBHS 3BYKO-
Boro faBieHus (He Meree 130 nb) [10]. B cirydae komebanmii ¢ 60/mee HUSKMM YPOBHEM 3BYKO-
BOTO JIaBJIeHNsI IIPOLeCC CYLIKY IPAKTIYECKY He OT/INYAEeTCsl OT KOHBEKTUBHOI CYIIKN. B cBOIO
o4epeb ONTMMAaTbHASA YacTOTAa BO3JEVICTBMSA OIpefe/sAeTCs XapaKTepUCTUKaM) MaTepuara,
CTPYKTYPOIJ1 €r0 MUKPOIIOP, pa3MepPOM OTZE/IbHBIX YacTUll. B mocieHye rofpl mpefnodYTeHmne
OTHaeTcsl YIbTPasByKOBOMY Ayana3oHy 4actoT (oT 20 go 35 kI'1y), mockonbky aTo 6omnee 6e3-
OTIACHO IS YeloBeka (10 CPaBHEHMIO C aKyCTMYeCKMMM KOJIeOaHMAMM CTIBILIMOTO Auara-
30Ha).

YIbTpa3ByKOBOE BO3JEVICTBYE Ha BBICYIIVBAEMbIII MaTepual MOXXeT ObITb KOHTAKTHBIM
(Y3-m3nyuarens — BHICYIIMBAEMBbIil MaTepual) Wi 6eCKOHTAaKTHBIM (Y 3-M3/ydaTesb — BO3AYX
— BBICYIIMBAeMBIil MaTepHaI).

ITpu KOHTAKTHOM CIIOCO6€e KOJIeOII0IIasACcs IOBEPXHOCTD YIbTPa3BYKOBOTO U3JTydaTesis
HEIIOCPEe/ICTBEHHO BO3JIEJICTBYeT Ha BBLICYLIMBAEMbIlI MaTepuas, obecrednBas Ipu IVIOTHOM
IpWIETaHN MAaKCUMAIbHYIO Ilepefjady aKyCTMYecKol sHepruu. VccmegoBaTensaMy mokasaHo
yMeHbIIIeHJe BpEMEeHM CYLIKY TP MCIIO/Ib30BaHN KOHTAaKTHOTO Y 3-BO3/IeiICTBIA COBMECTHO
C KOHBEKTUBHOJI CYIIKOJ 110 CPABHEHNIO C KOHBEKTMBHOII CYIIKOIL: Tak B pabote [11] Ha 63%
npu cymke rpu6os, B [12] - Ha 47,7% npu cymke kaprodens, B [2] Ha 80% mpu cylike Mop-
KOBIL.

OpHako, 10 MHEHMIO HEKOTOPBIX aBTOPOB [13], BBICOKYI0 3¢ (eKTMBHOCTD MO>KHO OTHe-
CTM K 3HAYNMTEJIBHOMY TeIUIOBOMY 3¢ (eKTy, cO34aBaeMOMY MEXaHMYECKMM TPeHUEM MEX[y
BBICYLIBaeMbIM MaTePMaIOM ¥ IIOBEPXHOCTBIO M3/TyYaTesIs, YTO YaCTO ABJISIETCS HeXXeaTelb-
HBIM pe3y/IbTaToM. [Ipy 5TOM OCHOBHBIM HEJOCTATKOM KOHTAQKTHOTO Y/IbTPa3ByKOBOTO BO3-
TIeJICTBYS ABJISIETCA HEOOXOMVIMOCTD JICIIONIb30BaHMs OOJIBIION CyMMapHON Ivtomany Y 3-us-
JTyqaTeIs A BBeleH)s Y 3-9HepIruu HelloCpefiCTBeHHO B MaTepyal. B cBoio ouepenb BHICYIIIN-
BaeMBIil MaTepyas TOXKe NO/DKEH MMeTh MAaKCYMAIbHYIO IUIOIIa/ib COIPUKOCHOBEHMS C U3ITy-
varteneM. [Ipy peanmmsarnuy mporecca CyIIKy B IIPOMBIIIEHHBIX MacIITabaX 3TO TeXHMYECKI
He peannsyemo.

[TpuBeneHHBIe HEAOCTATKM OOYC/IOBNIVBAIOT HEOOXOAVMMOCTD VCIIONIb30BAHNA Y/IbTpa-
3BYKOBOTO BO3JIe/ICTBII Yepes3 IPOMEXXYTOYHYIO Ta30BYIo cpeny. VI3 pabort [2, 14] cnepyer, uTo
0eCKOHTAKTHOE y/IbTPa3BYKOBOE BO3JIEIICTBIE MHTEHCUUIIMPYET MIPOLeCC CYLIKY, TPV 9TOM
MOYXHO OTMETHUTb, YTO Pe3y/IbTaThl OKA3bIBAIOTCA HECKOJIBKO XyXKe, YeM Y KOHTAKTHOM BO3-
nevicTByM. [IpyunHaMu aToro ABIATCA HMU3Kast 9 GEKTUBHOCTD YIbTPa3ByKOBBIX M3/TydaTe-
Jell ¥ OTpakeHMe KojebaHmil Ha TPaHMIaX «M3/Tyd4aTe/lb — BO3JYX — BBICYIIMBAaeMbIl MaTe-
puan».

Paspaborannble aBTopamy 3pPeKTUBHbIE U3TyYaTeNN B BUJe U3TMOHO-KOIEOIOIIXCS
IVIACTVMH WIN AUCKOB [15-17] MO3BOJAIOT COKPATUTh BpeMsl CYLIKM MaKapOHHbIX M3Je/INil Ha
24-26% [18], kumpeli-yas ¥ TeKCTUIbHBIX MaTepuanoB Ha 30% [19-20]. OpgHako 3TH pesyib-
TaThl GBIV MOJTyYEHBI TPV YPOBHE 3BYKOBOTO BO3fielicTBUA He Oosiee 150 nb. [IpakTuyeckn He
VICCIIE[OBA/ICA IIPOLECC YNbTPa3BYKOBOM CymKu Ao 175 pb, Takke pasnnyHble aBTOPBI
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IIPOM3BOJIBHO BBIOVIPA/IM BBICYIIMBAEMBIl MaTEPWI U €T0 pasMepbl, YTO He IT03BOJIIeT 00'beK-
TUBHO CPaBHMBAaTb Pe3y/IbTaThI.

/13 3akoHa [labTOHA M3BECTHO, YTO IIPOLIECC VICIAPEHNUA BIarM CO CBOOOTHOI IOBEpX-
HOCTU B U30T€PMMYECKIX YCTOBUAX:

dm _ KSR) - P, 6]
dt P’

TZie 1 — Macca VICIapyBILIeICs KUAKOCTY; T — BpeMs; K — K09 UIeHT, yIUThIBAIOLIVIT T -

pOIMHaMMYecKMe YCIOBYA Ha IIOBEPXHOCTY; S — IVIOLIA/ib IIOBEPXHOCTY MCIIAapeHUA MaTepu-
anma; Py — maBlieHMe HACBIIEHHOTO Iapa Ha ITOBEPXHOCTY MaTepuaina (IIpy TeMIlepaTrype IIo-
BepxHOCTN); P.. — mapimanbHOe JJaB/ieHNe apa B OKpy>Karoleii cpefie; Ps — 6apoMeTpudeckoe
JaBJIeHNE B OKPY>KaIOLIeN Cpefie.

Taxum 06pa3oM, yMeHbllIeHVe pa3MepOB MaTepyuaa, IPUBOANT K YBETMYEHMIO IUTOLIAN
IIOBEPXHOCTH MICIIAPEHNS, YTO B CBOIO OYepe/b OyeT YBeIM4MBaTh CKOPOCTh CYIKN. Pasmepsl
BBICYIIVBaeMOT0 MaTepyaja BIOVPaIiCch KPaTHBIMMY J/IVHE BOTHBI Y 3-BO3/Ie/ICTBUS B BO3yXe
U1t 00ecIedeH st Ty4IIX YC/IOBUII IIPOHMKHOBEHVS KOMeOaHWil B MaTepyas ¥ BO30YXK/JeHMI
€ro KoyiebaHuil Ha YacToTe Y 3-BO3/eCTBUS.

OcHoBHasA 4YacTh

ViccnemoBaHusA 1O y/IbTPa3ByKOBOI CYIIKe COBMECTHO
C KOHBEKTMBHOJ CYLIKOV IIPOBOJV/IACH B CYLIM/IBHOM yCTa-
HoBke SHINI SHD25, B xoTopyto Obl1 MHTerprpoBaH ¥3-
IMCKOBBIN M3nmydatens [21] (puc. 1).

[ns omnpeneneHusa ypoBHA 3BYKOBOTO faBJIeHMS Ha
HOJJOHE C BBICYIIMBAaeMbIM MaTepMaNoOM MCIIONb30BaICA
usMeputensb myma Jxopusnka-110A/Mmkenep-110A. Us-
MepeHUsA IPOBOANM/INCH Ha aKyCTUYECKOI OCK U3/TydaTe/sa U

Ha paccTosiHuM 70 MM OT OCY IIPU PasHbIX YCTaBKaX T€HePA- Py, 1. Buemnuit Buj CymMBHOI

Topa (Tabm. 1).

YCTaHOBKM C ¥ 3-alIapaToM

Ta6mima 1. YpoBHM 3BYKOBOTO IaB/eHMA Ha PacCTOAHUM 180 MM OT IMCKOBOTO M3/TydaTels

Paccroanme ot ocu gyucka, MM | YpOBeHb YCTaBKM 37IEKTPOHHOTO T€HEPATOPa OT MaKCUMAaJIbHOV MOIHOCTH, %
40 50 60 70 80 90 100
Yposenb 3ByKoBOrO aBnenud L, nb
0 132 141 152 162 166 171 176
70 128 140 149 159 164 168 174
CpenHee 3HaAUeHME 130 140,5 150,5 160,5 165 169,5 175

B kauecTBe BBICYLINBaeMOro Marepuana OblI BbIOpaH KapTogenb Kak caMblil pacipo-
crpaHeHHbIN oBoll B PD. Bo Bcex ombITax Macca kaproderns 6pu1a paBHa (25010,1) r, ¢ pasme-
poM KybukoB 15x15x15+1 mm. TemmnepaTypa cymmabHoro arenta t = 601 °C. CKopocTb cy-
mmabHOTO areHTa — (0,5+0,03) m/c. BraxxHOCTD BO3/yxa B moMeteHnn (55+5)%.

BrarocopepykaHie kapToderis B IIpoljecce CYLIKY ONpeReanoch o popmye
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oW )

rge W - macca Bimaru, G. — Macca Cyxoro KapTogeris.
CKOpOCTb CYIIKM OIIpefie/isiiach METOJJOM YMC/IeHHOTO fuddepeHnpoBanus:

aw’  ow —w 3)

— i+l

b

dt T~
rje w? — BJIarocojiepxaHue Kaprodesns B MOMEHT BpeMeHM T;; wl.o+1 — BJIArOCOfIEp>KaHMe B MO-
MEHT BPEMEHN Tiy1.
Kaprodens B3BemmBamy kaxaple 15 MyH ¢ TogyHOCThIO 0,1 T. B mporjecce cymku macca
Kaprodesns yMeHbIIaTach B 4 pasa, T.e. 10 HOCTVDKeHMs Biarocopepxkanns (0,14+0,01) kr/xr.

KpuBble cymku kapToderns npefcTaBIeHbl Ha puc. 2.

4,0
wO, kr/rr

3,5

3,0 4

—+—6e3 ¥3
-8-130 ab
—-140 pb
=150 ab
=160 b
-—-165 ab
-=-170 a6
—175 ab

2,5

2,0

13

1,0

0,5

D'O J ! L L 1| J
0 100 200 300 400 500 600 700

T, MHH

Puc. 2. Kpusble cymku kapTodesia Ipy pa3IMIHbIX YPOBHAX 3BYKOBOTO IaB/IeHNA

BpeMms cymiku B KOHTPO/IBHOM (KOHBEKTMBHAsA CYIIKa) 9KCIIEPUMEHTEe COCTAB/LAIO 630
MyH. [Tpy cOBMeCTHOM BO3[eiiCTBMU HArpeThbIM BO3AyXoM ¥ ¥Y3-konebanusamu 175 nb 6110
JIOCTUTHYTO COKpalljeH/e BpeMeHN CYIIKM Ha 57,1%. (Tabir. 2).

Ta6muma 2. Bpems cymku kapTodesn fo Baarocopepkanus 0,14 KI/Kr IpY pa3INIHBIX YPOBHAX 3BYKOBOTO JIaB-

TeHNs
YpoBenb 3ByKoBOTO JjaB/eHns, 5b

0 130 140 150 160 165 170 175

Bpems cyuiku, MUH 630 630 555 510 375 315 285 270

AP dexTUBHOCTD CYIIKY, % 0 0 12,7 19 40,5 50 54,8 57,1

9P PeKTUBHOCTD CYIIKM OIpefie/i/Iach 110 COKPAIIEeHNI0 BpeMeHM IIpoliecca OTHOCHU-
TeIbHO KOHTPOJIBHOTO 3KcIepuMeHTa. [Ipu ypoBHe 3ByKoBoro faBnenus 130 gb npupocra ag-
(beKTMBHOCTY CYNIKM He HaOMIoaeTCsA. DTO MOATBEP)KAAET, YTO YIbTPAa3ByKOBOE BO3/IEIICTBIIE
HI3KOJI MHTEHCUBHOCTY He faeT 9 dekTa. [lanbpHemii pocT ypOBHs 3ByKOBOTO JJaBJIEHNA [0
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150 1b npuBOAUT K MPONMOPLMOHATBHOMY COKpAIlleHNI0 BpeMeHM CymKu. IIpu ypoBH:AX 3BY-
KOBOTO JjaBjieHu Bbiuie 150 b HabmomaeTcs ckaykoo6pasHoe yBenmdeHue 3ppeKTMBHOCTI
CYIIKM.

Ha xpuBbIX ckopoctu cymkyu fo 150 g5 MOXXHO OOHapyXUTb IOCTOSHHYIO CKOPOCTb
cymku (puc. 3). Ilpu ypoBH:ax 160 nb u Bblllle epyofia OCTOSHHON CKOPOCTH CYIIKY HET.

dw® , 0.035

o MWH

T
0,030 %‘
0,025

]
/";/ ——6e3 V3
——130 8B
0,020 /) // S 140 g6
/ / ——150 55
/——-“"" ——160 aF

0,015 / //

/ ——165 b
/ ——170 7B
0,010 //' e —— 17548

0,005

0,000 l
0,0 0,5 1,0 1,5 2 3,0 3,5 4,0

©
n
4]

wP, ur/ur
Puc. 3. Kpusble CKOPOCTH CyIKM KapTOQesist IPY PasnUYHbIX YPOBHAX 3BYKOBOTO IABTIEHUS

[l Goree feTalbHOTO aHANINM3a BIMAHNUA YPOBHS 3BYKOBOTO HaB/IeHMs Ha 3QQeKTuB-
HOCTb IIpOIlecca, CKOPOCTb CYIIKM ObIIV yCpeJHeHa I IBYX paBHBIX II€PIOJOB BHICOKOTO BJIa-
rocofiep>kanus (Brarocopiep>kanue 0ojblile CpefiHero 3Ha4eHus 1,78) ¥ Majoro Barocogpep-
xaHnA (<1,78). ITomydeHHbIe 3aBUCMMOCTY CpefHEell CKOPOCTU CYIIKU OT YPOBHS 3BYKOBOTO
laB/IeHM s TIpefiCTaB/IeHbl Ha PUC. 4.

0,030 [
0,025 F — —

// —
0020 |

0,015 | — —

—=—BnarocoggepkaHue
Bonee 1,78

0,010 - — — —*—BNarocodepHaHue
meHee 1,78

0,005 - — —
g /
- — = _4.,-——-—’-“_-—-—-‘

o000 L — —
0 130 140 150 160 170 180

L, ab

Puc. 4. 3aBUCHMOCTD CpefiHel CKOPOCTH CYIIKM KapTodernsa OT YPOBH:A 3BYKOBOTO AaByieHus mpu t = 60 °C
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[Tpn BBICOKOM Barocopepxauuu (> 1,78) B guamasone 150-165 gb yckopeHme Cymkn
cocrasser 600-10° (vyuu-1b) ™. IIpn manpHelIIeM yBeIMYeHNN YPOBHS 3BYKOBOTO JIaB/ICHIA
yCKOpeHue MeHblle 1 cocTaBysgeT 160-10° (mun-nb) . Bo3pacTraHne cKOpOCTH CYLIKY B AMaIna-
30He 150-165 1b Mo>xeT OBITH BBI3BAHO AMCIIEPIMPOBAHVEM BJIaTy C BHEIIHEJ IIOBEPXHOCTY
MaTepuaa.

[ToxTBep>xeHMe MeXaHM3Ma AVMCIePTMPOBAHNS OCYLIECTBIIIOCHh CTIEAYIOIINM 0OPa3oM.
ITox ceT9aThIM MOAJOHOM C BBICYIIVMBAEMBIM MAaTE€PMAIOM Pa3MeLaNoCh MIPEIMETHOE CTEKIIO C
VIMMEPCUOHHOI YXUJIKOCTBIO, B KOTOPYIO OCaXK/Ja/lCh YaCTUIbI AVMCIIEPTMPOBAHHOMN BOJbI. 3a-
TeM MPOU3BOIMIOCH hoTorpadupoBaHe MPEIMETHOTO CTEK/Ia Yepe3 MUKPOCKorl Mukmes-6
(JTomo) ¢ yBenmmdenyem 400 kpat (puc. 5). [Iporecc cymxy mpoBoawICA TPy YpOBHE 3BYKOBOTO
maBnenns 160 ob.

a

Puc. 5. Qororpadum AUCHEPIUPOBAHHON >KMUAKOCTM IPYU PA3INIHBIX BIArOCOMEPXKAHUAX KapTOdess:
a — 3,5 Kr/xr; 6 -2,2 Kr/Kr

ITpu BBICOKOM BJIarocofiep>kaHuu, T.e. Py HaIMINY BJIaTH Ha IIOBEPXHOCTY BBICYIINBA-
eMOT0 KapTodeJis, IIPOUCXOAUT OTAe/IeHNe Kalle/lb 1 VX OCaK/IeH)e Ha IpefMeTHOe CTEeKIIO.
C yMeHbIIIeHMeM BIaroCoAep>kKaHNs IIPOVCXOAUT YMeHbIIeH)e KO/IdecTBa Kanenb. [Ipu Ba-
rocofiep>KaHuy MeHee 1 KI/KT Kalle/lb He HaO/mofaeTcs.

ITpu mocTaTOYHO BBICOKOJ TeMIIepaType CYIIVILHOTO areHTa B JalTbHETIIeM IPOMCX0-
AUT UCIapeHNe AVMCIePIMPOBaHHBIX Kalelb B 00beMe CyIIMIbHON ycTaHOBKM. OfHAKO mpn
KOMHATHOJI TeMIIepaType U HOCTaTOYHON CKOPOCTM CYIIVJIPHOTO areHTa MOXKHO JOOUTbCS
YHOCa BJIaTM B BUJie KaIleJIb 13 YCTAHOBKM, YTO CHM3UT SHEPTUIO, HOTPeO/IAEMYI0 CYIIIbHO
YCTaHOBKOIA.

[IponopunoHanbHOe yBeIMYEHNME YPOBHA 3BYKOBOTO [aBJIEHMA COIPOBOXKIAETCH
HE/IVHEeHBIM POCTOM IOTpe6/1AeMOll 3/IeKTPOIHEPTUN YIbTPa3BYKOBBIM ammapaToM. s
sHepreTndecky 3(peKTUBHOrO MCIONb30BAHNUA YIbTPA3BYKOBBIX KOJeOaHMII B IIpoliecce
CYIIK! HeOOXO[VIMO MCIIONIb30BaTh OECKOHTAKTHOE YIbTPAa3BYKOBOE BO3JEIICTBIE C YPOBHEM
160-165 nb.

[ TONyIIPOMBIIIZIEHHOTO IIPYIMEHEHN YIbTPa3ByKOBOI CYLIKM COBMECTHO C KOHBEK-
TUBHOJI ObIIM pa3paboTaHBbI 1Be CYIIVIKY 6apabaHHOTO THIIA.

Cyumka 6apabaHHOTO THUIIA C TOPM30HTAIbHBIM 6apabaHOM COCTOMUT M3 LVMIMHAPUYe-
CKOTo KopIryca 1 ¥ IVIMHAPUYIECKIX IIOBEPXHOCTeN 2 U 3, pacIlONIO)KeHHBIX COOCHO C KOPITy-
coM. B kax/j0i1 IOBEpXHOCTM €CTb IIPOJO/IbHbIE OTBEPCTHA 5 1 JIONACTY 4, TAKXKe JIONACTU
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UMEIOTCS ¥ Ha BHYTPeHHeN JacTu Kopiyca (puc. 6). 1 2 3 4

IIepen TOpLIEBOI CTEHKOM CYLUMJIKY PaCIIONIAraeTCs yIbTpa-

3BYKOBOJI JVICKOBBIN M3my4daTenb. CylIKa OCylecTBIIAeTCA

KOHBEKTUBHBIM CIIOCOOOM C YIbTPAa3BYKOBbIM BO3I[€IU/I-

crBueM 160-165 nb. IIpn sTom npu BpaljeHuUn

GapabaHa / 5

IIPpOMCXOANUT IMIOAXBAThIBAHNE BBICYIINIBAEMOTO MaTe€pMaia 6

JIOIIACTAMM U €T0 IIE€pEChIIIaHNe 13 OJHOTO obbeMa CYLINJIKN

B JIpYroil 4yepes Mpoji0/IbHbIe OTBEPCTHUA. TeM caMbIM ChIITy-
9MiT IPOAYKT BCEITa HAXOAMTCA B TOHKMX CIIOSIX, 4TO obec-

Puc. 6. Ceuenne cymmaky ropu3oH-
Ta/IbHOTO THUIIA

II€YMBACT S(b(l)eKTI/IBHOC BOSJ:[Cf/ICTBI/IC CyLIIMJIbPHOT'O aIr€HTa "

Y/IbTPa3BYKOBBIX KOTTeOAHMIL.

KpuBble ckopocTu cymky KapTodes mpefcTaBaeHsl Ha puc. 7. CyIIka IpoBOAVIIACH IIPK

T€X JX€ MapaMeTpaXx CyIIN/JIbHOIO areHTa, 9TO 1 B Ha6OPaTOpHOIU/I YCTaHOBKE IIpM YPOBHE 3BY-

KoBoro jasnenns 160-165 nb. Macca kaprodes cocTaBisna 6 Kr.

wO, KT/KT

4,0 ‘

3,5 \
3,0

2,5 —\
N

2,0 \
15

—+—b6e3y3
160-165 ab

1,0 ha R

0,5 ‘ \

~~— .

0,0
0 100 200 300

Puc. 7. Kpusble CymKyu B CyIIMIKe TOPU3OHTAILHOTO THUIIA

400 500 600
T, MUH

Bpemsa KOHBEKTMBHOI CYLIKM COCTaBUIO 510 MUH, IpK JOIOTHUTEIBHOM Y/IbTPAa3BYKO-

BOM Bo3JecTBuM — 270 MUH.

Cyumnka c 6apabaHOM BepTMKalIbHOTO
Tuna (puc. 8) COCTOUT U3 UWIMHAPUIECKOTO Oa-
pabaHa 2 ¢ fuaMeTpoM D, BHYTpM KOTOPOTO pac-
IOJIOXKEH CIMPAIbHBIA JIOTOK 3 C yMeHbLIAIo-
I[MMCA BHYTPEHHUM JMaMeTPOM K BepXHeil da-
CTY CyIIWIKK. BoicymmBaeMblit MaTepuar 1 nepe-
MeIIaeTCsl CHU3Y-BBEPX 3a CUeT IOAKPYYVBaHUA
u Bubpanuy 6apabana BUOPOIPUBOLOM 4, Iocre
94ero IMPOAYKT CCBHIIIAETCA BHU3 IO JIOTKY 7. YIb-
TPa3BYKOBOII M3/Ty4aTe/b 5 BO3JEIICTBYeT Ha Ma-
Tepuan IyTeM NpsAMOTO HAeVicTBUA (BO BpeMA
CCBINTaHMA MaTepuasa) WIN MyTeM OTPaXKeHNs OT
oTpa)kaTesieil 6 ¥ KOpIIyca CyIIM/IKY (TIpY HaX0X-
[leHNMM MaTepyaa Ha CIMPATbHOM JIOTKe).

0

a

Puc. 8. KoHcTpyKInsa ymbTpasBykoBoit 6apabaH-
HOJI CYLIM/IKM BEPTUKATbHOTO TUIIA
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B mporjecce npoBefeHnst CyIKM OBUIO ITOTYyYeHO BpeMs CYLIKV KOHBEKTVBHBIM CIIOCO-
6om 540 MMH ¢ J06aBNIeHNEM YIbTPa3ByKOBOTO BoszeiicTBys — 300 muH (puc. 9). Macca kap-
Todesns cocTaBsina 6 Kr.

wO, xr/kr
4,0

3,5
3,0

2,5 \\\
2,0 \ ——6e3 V3

1,5 \\ -=-160-165 b
1,0 A

os 1\.\"‘\\:\\\\—0

0 100 200 300 400 500 600
T, MUH

0,0

Puc. 9. Kpusble cymku kapTodena B BepTUKaIbHOM 6apabaHe

PaspaboranHbie CYLIVIKA 6apabaHHOTO TUIIA MO3BOIWIN COKPATUTH BpeMsi CYLIKM Ha
-47% 11 BHEHU HBEKTMBHOI CYIIIKOIL.
44-47% 110 cpaBHEHNIO C KOHBEK O CYIIIKO

BriBonb1

B pe3ynbTaTe IpoBe/IeHHBIX CC/IEOBAHNI TOKa3aHa 9(pPeKTBHOCTD IPUMEHEHN YIb-
TPa3BYKOBOTO O€CKOHTAaKTHOTO BO3/IEVICTBYIA /I MHTEHCUPMKALIUY ITpOIlecca CYIIKU MaTepu-
aJIoB Ha npuMepe kapToders. IIpy 3ToM ycTaHOBIIEHO, YTO:

MaKCHMaJIbHOE COKpalljeH)e BpeMeHU Mpoliecca CyIIKy cocrassger 57,1% npu yposHe
3BYKOBOTO fiaByieHus:A 175 nb;

ONITUMA/IbHBIN 3P PEKT YIbTPa3BYKOBOTO BO3/EIICTBIA Ha MIPOL[ECC CYIIKI MaTepHanoB
B HEIIO/IBVMKHOM TOHKOM CJIO€ JOCTUTAETCA IPY YPOBHE 3BYKOBOT'O BO3MEVICTBUA B IIpefieiax
160-165 nb;

IJIA TIPAKTUYECKOM peanusaluiy yIbTPasBYKOBOM CYIIKM B YCIOBUAX BbIABIEHHbIX OII-
TYMaJIbHBIX YPOBHEII Y/IbTPa3BYKOBOTO JABJICHVIS IIPETIO>KEHBI U pa3paboTaHbl KOHCTPYKLMN
CYLIVMIBHBIX YCTAaHOBOK, pea/IM3yIoNVX HelIpephIBHOE IlepeMelleHNe (ITepechbllianyie) BBICYIIN-
BaeMOT0O MaTepyaja B TOPU30HTA/IIBHOM U BEPTUKA/IbHOM OapabaHax;

IIPOVICXOUT COKpAIljeH)e BpeMeHM CYLIKY B pa3paOOTaHHbIX CYIIVIKaX Ha 44-47% 110
CpaBHEHMIO C KOHBEKTMBHOM CYIIKOII;

9T0 00yC/IOBIMBAET NMEPCIEKTVBBI MCIIOIb30BAHNA YIbTPa3BYKOBOTO BO3IENICTBIUA I/
CYIIKM TepMOJIabV/IbHBIX MaTepuasoB.
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VICCIIEDOBAHME ITPOTYIBOKOPPO3VIOHHBIX CBOVICTB IIMTMEHTOB
METOJOM KOMIUVTEKCHOT'O TEPMIMYECKOT'O AHAJINM3A
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VIHCTUTYT XMMMM M XMMWUYECKOM TeXHONOruM, SpOCIaBCKMII TOCYyJapCTBEHHBIN TEXHUYECKUI YHUBEPCUTET,
MockoBckuii mmp., 88, fApocnasnb, Poccuiickaa ®enepanns, 150023

E-mail: filippovaop@ystu.ru

Paccmampusaemcs npouecc nomyueHus npomueoKoppoIUOHHbLX
Knwouesvie cnosa: NUMeHO06 U3 KPYNHOMOHHAMHBIX OMX0006 2ab6aHUYECK020
KOPPO3UsT, NPOMUBOKOPPOZUOHHDITI NU2-  NPOU3BOOCINBA NYMeEM BbICOKOMEMNEPAMYPHO20 6030eliCeUst Ha
MeHM, MEMo0 KOMNTIEKCHO20 MepMUYe-  CYCHEH3UI0 ¢ PASTUYHBIM COOMHOUleHUEeM (Heppurmoodpasyousux
CK020 aHANU3a, MOOENIbHbLE CMECU, NONIS-  KOMNOHEHMO8. [ uccned08aHus npoueccos, Npomexauux npu
pusauuoHHbvLe Kpusble Hazpese PeaKyUOHHOT CMeCU, UCNONb30BANU MeHO0 KOMNIEKCHO20
MepMu4ecko20 aHanusa.

Mammssl 1 anmaparsl, M3TOTOB/IEHHbIE U3 META/IZIOB U CIUIABOB, IIPYU SKCIUIyaTally B
IPUPOSHBIX VIV TEXHOIOTMYECKUX CpejaX MOABEPKEHbI KOppo3un. Kopposusa nponcxognt ot
JIATMHCKOTO CloBa «corrodere» — pasbenarb. Kopposuell MeTaioB Ha3bIBaIOT CaMOIIPOM3-
BOJIbHO€E PaspyllIeHNe META/UIOB U CIVIABOB BCIENCTBUE UX B3aUMOJIENICTBUA C OKPYKarOLen
cpenoii. B ocHOBe 3TOr0 B3aMOZEICTBIA /IEXKAT XMMUYIECKIE Y SIEKTPOXMMUYIECKIE PEAKIINM,
a MHOTZIAa M MeXaHNYeCcKoe BO3/IeliCTBNUe BHelIHeil cpefibl. CIOCOOHOCTh MEeTaj/IOB CONIPOTYB-
JIATHCA BO3JEVICTBUIO Cpeibl Ha3bIBA€TCA KOPPO3MOHHOM CTOMKOCTBIO, M/IM XMMUYECKUM CO-
IPOTMBJIEHMEM MaTepuana. MeTasl, IOABepraloIniicss KOppOsuy, HasbIBAIOT KOPPOAUPYIO-
LIVIM METAJIZIOM, a CP€/ia, B KOTOPOII IIPOTEKaeT KOPPO3MOHHBII IIPOLIECC — KOPPO3MOHHOI Cpe-
foit. B pesynbraTe KOppo3uy M3MEHAITCA CBOMCTBA META/IOB I YacTO IMIPOUCXOAUT YXyZIle-
HIle er0 PYHKIMOHA/IbHBIX XapaKTePUCTHK [1].

Kopposus ABaeTcsa GUsMKO-XMMIYECKIM IIPOIIECCOM, U 3aKOHOMEPHOCTH €€ IIPOTeKa-
HIA OIIpefeIA0TCA OOMMMIM 3aKOHAMM TePMOAVHAMMKY ¥ KMHETUKY TeTePOTEHHBIX CHCTEM.
Pasnmuyator BHyTpeHHUe 11 BHeIIHNE (paKTOpBl Kopposuu. BHyTpeHHMe akTOphI XapakTepu-
3yI0T B/IMSTHME Ha BUJL X CKOPOCTb KOPPO3UM IPUPOJIBI META/UIOB (COCTaB, CTPYKTypa U T.J.).
BHenrHme ¢pakTOphI OIpeie/IAIOT BIVIAHIE COCTaBa KOPPO3MOHHOM CPebl ¥ YCIOBMIT IIPOTEKa-
HIA KOppo3uM (TeMIeparypa, JaBjeHne 1 T.1.).

B cBAsu ¢ ymoporxanuem mpoliecca Ipou3BOACTBA IPOTUBOKOPPO3MOHHBIX MATMEHTOB
U3 TPaAVILIYIOHHOTO CHIPbsA ¥ IPOOIeMOI VICTOIIEeHN S IPYPOITHBIX PecypcoB 6O/IbIIOe BHIMA-
HIIE yJendeTca MOTy4eHNI0 IMTMEHTOB 13 OTXO[0B IIPOM3BOJACTBA. IIpuHIMan Bo BHMMaHNe
TOT (paKT, YTO VICXOJHbIe KOMIIOHEHTHI SABJIAIOTCSA MPOMBIIUICHHBIMY OTXOAMM, IPU BbIOOpE
yCIOBUI MOTy4eHNns GeppUTHOTO NUTMEHTA He MCK/II0Yaay BO3SMOXKHOTO B/IVAHMSA IIPYMeC-
HBIX COEJVHEHMII Ha TIPOTEKaHMe HIDKENPUBENEHHOM peakuun. [nd uccinegoBaHns
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IIPOIIeCCOB, NMPOTEKAIOIINX Py HarpeBe PeakIMOHHON Cpefibl, MCIIONb30BAIN METOJ, KOM-
IJIEKCHOTO TePMUYECKOTo aHa/mm3a [2].

Depput Kanbuys 06pasyeTcs B pe3yabTaTe IPOTEKaHUsI OOMEHHOI peaKLMu MeX/y OK-
CHUJIOM JKeJle3a ¥ OKCUI0M Kanblys npu Temmeparype 800-900 °C:

CaO + Fe, 03> CaFe,O,

BpIIO TpeyioxKeHO MCIONMb30BaTh I IMOYYEHUs AHTUKOPPO3MOHHBIX HMUTMEHTOB
KPYIIHOTOHHQ)KHbIE OTXOJbl T'aJIbBAHNYECKOTO IIPOM3BOJICTBA, @ VIMEHHO Ia/IbBAaHOIITAMBI
(T'L). l'anpBaHOIIIAMBI, 0Opa30BaHHBIE IIOC/IE OUMCTKY CTOUHBIX BOJ] Ta/IbBAHNYECKIX IIPO3-
BOJICTB 3/IEKTPOKOATy/IALMOHHBIM /I pEareHTHBIM METOZIaMM, COfIep>KaT, KpOMe IMAPOKCUIOB
JKejie3a VM KaJIbIVisl, TUPOKCUABI APYTUX TSDKENIbIX METaJ/IOB, KOTOPbIe MOTYT OKa3bIBaTh BJIM-
AHVE Ha aHTMKOPPO3MOHHBIE CBOJICTBA IITMEHTA.

ITpaxtuuecku Bo Bcex I'Ill comeprkaTcst rMApOKCUABI IIVTHKA U XpoMa. COenMHeHNsT 9TUX
39JIEMEHTOB LIMPOKO MPYUMEHSIOTCS IPY IPOU3BOACTBE AHTUKOPPO3MOHHBIX IIUTMEHTOB. Xpo-
MaTbl ABJAIOTCA 3PQPEKTVBHBIMYU VMHIMONTOPaMU KOPpO3uM. ITO OOCTOATEIBCTBO M MOXKET
OIIpefie/INTb LIeHHOCTb cocTaBHbIX yacTeit I'IIl u ux caMux Kak ChIpbs [/Is IOTy4eHVs 3alUT-
HBIX TIOKPBITUI JOCTATOYHO BBICOKOM 3P (PeKTUBHOCTIL.

B mpouecce nepepadorku I'lll mpu ompese/ieHHBIX TeMIIEPAaTypax TUPOKCHUIbI TI€PeXo-
AT B OKCUJIBI M PearnpyroT Mexxay co6oii.

Hanmame u Ko/maecTBO TeX VY MHBIX IIPOJIYKTOB peakiuii onpepensiercs cocrasom ['TIL.
MosxHo npeanonoxuTs, 4to CaFe,O4, ZnFe;04, CuFe;O4 — heppuThl KanbLys, UMHKA Y MEM,
HO/Ty4eHHble B pe3yybrare npokamyBanus ', ABIA0TCA aKTMBHBIMU aHTUKOPPO3MOHHBIMU
nurMeHTamu. [10aToMy aHTMKOpPPO3VMOHHBI 3P (HEKT 0KNIAETCA He TOTBKO OT 00pa3oBaHMs
deppuTa Kanpys, HO U OT 00pasoBaHusA GeppUTOB LMHKA U Meau [3].

AnTtuxopposuonHsiii murmeHT 13 [l moy4yaoT cMellleHneM IpeiBapUTEIbHO IIPOMBI-
toro I'lll B cycneH3nu ¢ pasmMyHBIM COOTHOIIEHVEM (eppuTO0OPa3yONIX KOMIIOHEHTOB I
IpoKa/MBaroT npu temneparype 900 °C.

CMeleHye B CyCIIeH3MIO 10 CPAaBHEHMIO C CYXMM CMelIeHNeM JjaeT 6olee paBHOMEpHOe
pacrpefienieHyie MeJIKMX YacTUL, OTHOCUTENIBHO APYT APYra, 4YTO obecleyyBaeT Aydllye yco-
BUA IIPOTEKAHNUA TeTePOTeHHOM peakIyy GpeppuTi3amyn.

3amurHOe AeiicTBue GeppuToB KanbLusA Ha ocHoBe I'IIl 3akmo9aeTcss B TOM, 4TO B pe-
3y/lbTaTe TUAPO/IN3a IINIMEHTa, B IPUCYTCTBMM aTMOCHEPHOI BJIary, IOJ, IVIEHKOI JTaKOKpa-
COYHOTO IOKPBITYS CO3JAaeTCsl OCHOBHASA Cpefia, a NIPY HAIMYMM XPOMAT-MOHOB IIPOMCXORNUT
IacCUBALVS IIOBEPXHOCTY CcTamu [4].

/13 paHee IpOBe/IeHHBIX UCIIBITAHNIT OBUIO BBIAICHEHO, YTO CKOPOCTb KOPPO3MI CTa/IN B
npucyrcrBuy nurMenTa u3 1l ymenbinaercst B 94 paza. @epput Kanbys U3 YUCTHIX KOMIIO-
HEHTOB YMEHbIIaeT CKOPOCTb KOppo3uu B 11 pa3. ITO CBA3aHO C ABOIHBIM MEXaHNU3MOM JIeli-
ctBusA Qepputa Kanbuys Ha ocHoBe ['1ll, KOTOPBINT CBsA3aH ¢ 06pa3oBaHMeM ONTIMAIbHOTO KO-
NNYeCTBA IMAPOKCUIBHBIX MIOHOB.

Takum o6pasom, Hamuue B ' TsKeIbIX KaTMOHOB, He TOJIBKO He YXY/IIaeT CBOVICTBA
HIOJTy4eHHOTO Ha €T0 OCHOBE IIMI'MEHTA, & CIOCOOCTBYET CYLIeCTBEHHOMY Y/TY4LIEHNIO IIPOTH-
BOKOPPO3MOHHBIX CBOJICTB.
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Jl1a uccnemoBaHusA IMPOLECCOB, MPOTEKAIOUINX NPy HarpeBe PeaKLMOHHONM CMecH, MC-
IIO/Tb30BA/IM METOJ], KOMIUIEKCHOTO TePMMIYECKOTO aHa/M3a. JKCIIePUMEHTbI OCYILeCTBI/IN C
nomo1plo fepusarorpada OJI-3425-1500.

[TapameTps! perncrpanym: HaBecka mpo6 — 250 mr, Harpes B uHTepBane 20-1100 °C co
ckopocTbio Harpesa 15 °C/muH. ITpurorosnenne MCXOQHONM MMXTHI BKIOYATIO CMENIEHME M-
CThIX KOMIIOHEHTOB B CTYIIKE U yJa/ieHle BOJbI CyIKOI pu TeMmeparype 100-110 °C.

B nporecce pepputnsanuy npoTeKkaeT peakuus:

CaO + Fe,O3 > CaFe,04

PesynbraThbl TEpMIYECKOTO aHAN3a, IPEJCTABIEHHbIE HA PUC. 1, IO3BOJIAIOT ClEIaTh BbI-
BOJ, O TOM, YTO IIPY HaTrpPE€BAaHMM IUVXTHI IPOTEKAIOT TPU SHAOTEPMUYECKUX M OJVIH 3K30Tep-
MUYecKuil porieccsl. [IepBblit — pa3MBIThIN 9HOTepMUYecKuit 9P PeKT, HabII0gaeMblil B VIH-
TepBaje Temieparyp 100-200 °C, — OTHOCUTCSA K YHAIEHNIO afiCOPOVPOBAHHOI BOJBI; CIENYI0-
Wi, ApKO BbIpakeHHbI npu 450 °C - K germppatauuy IMAPOKCHUA KalbLysA, M TPETHIL,
TaK>Ke SIPKO BBIPOXKEHHBIN Ipu Temiieparype 676 °C — K gucconuanyy KapOoHaTa KanbLius,
cofiepKalerocs B KalTbLMIICOAEpIKallleM OTXOfie. PasMbITBII 3K30TepMUueckmit 3QQexT,
HaumHarommiics ¢ 800 °C un mpogopkatomuiics go 1050 °C, cooTBeTcTBYeT 00pasoBaHuio dep-
PpUTOB.

DTG Ir%/min}
DSC KuVimg)

TG=-5,02%
g 103
| _-TE=131% |
— g
T6=075% || ;4
2 10,5
-1.0 Log
12 H07

200 1000

Temperature FC

Puc. 1. Pe3ynbTaThl KOMIUIEKCHOTO TEPMIYECKOTO aHa/IM3a MIMXTHL: 1 — KpuBas fuddepeHINanTbHOro TepMude-
CKOTO aHa/IN3a; 2 — KpMUBas TepMorpaBuMeTpuy; 3 — KpuBas fuddepeHIMalIbHOrO TepMOrPaBUMeTPUIECKOro
aHanMsa

Pe3ynbpTaThl TepMMUYECKOTO aHAIM3a YYUTHIBAINCH NPY MOCIEAYIOIeM IIOVICKe OITHU-
MaJIbHBIX YC/IOBUII CUHTe3a MUTMeHTa [5].

[TpuHMMast Bo BHUMaHKE TOT BaKT, YTO VICXOJHBIN KOMIIOHEHTBI SIBJISIOTCS IIPOMBIIII-
JIEHHBIMI OTXOfjaMM, HEOOXOAMMO Y4eCTh BO3MOXKHOE BIIVSIHVE IIPUMECHBIX COeIVHEHMIT Ha
Ka4ecTBO II0/Iy4aeMOro NMUrMeHTa [6].

Ha ocHOBe [aHHBIX XMMMYECKOTO aHalM3a rabBaHNYeCKNX IIIAMOB OBUIM IIPUTOTOB-
JIEHbI MOJIe/IbHbIE CMECU M3 YUCTHIX KOMIIOHEHTOB. [laHHbIE MOJEIN MBI MICIIO/Ib30BAIN IS
U3y4eHMsI BIIVISTHUS TSDKEIBIX MeTa/IOB Ha aHTMKOPPO3JMOHHBIE CBOJICTBA MUTMEHTOB [7].

Takum 06pas3om, ObUIM CHHTE3MPOBAHBI C/IEAYOLMe MOfe/IbHbIe TUTMEHThI. MobHOe
COOTHOILIIEHIIE YMCTHIX KOMIIOHEHTOB:
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1. Fe;03: CaO=1:1

2. F6203 . CaO . CI'203 =1:1: 0,01

3.Fe;03;:Ca0:7Zn0O =1:1:0,15

4. Fe;0;: Ca0: Cr,05:Zn0O=1:1:0,01:0,15

[MnxTa npokanuBanach npu remneparype 900 °C B TedeHMe OJHOTO Jaca.

ITpu paHHBIX yCIOBMAX B 00pa3ljaX MIPOTEKAIOT PeaKI[Uy MeXIY MHVBUYaIbHBIMI OK-
cupamy. Tak Kak OCHOBHBIMY KOMIIOHEHTaM! IIVXTBI ABJIAIOTCA TUIPOKCHIBI JKeJle3a Vi KaJlb-
1V, TO B IIEPBYIO O4Yepenb OyeT IpoTeKaTh peakiys oopasoBanus dpeppura kanpius [7]. ITo-
CKOJIbKY TIbBaHOIIIAMBI IIPEACTAB/IAIOT CO00JT CMeCh TUIPOKCHU/OB, IPOTEKAIOT U IPYTHE pe-
aKIVY, IPOAYKTaMy KOTOPBIX ABJIIOTCS (eppUTHI LIMHKA ¥ XPOMATbI IIVIHKA U Ka/IbLus, VIC-
HO/Ib3YIOIVecs B HACTOsAIIee BpeMs B KaueCTBe aHTMKOPPO3MOHHBIX IINTMEHTOB.

CaO + Fe;0; > CaFe;O4
CaO + Cr,0; » CaCr,04
CaCr;04 + CaO + 1,50, »> 2CaCrO4
Zn0O + Fe,O; > ZnFe,0,4
7Zn0 + Cr,0; + 1,50, > ZnCrO,

Ha puc. 2-5 npefcTaB/ieHbl MONAPU3ALIOHHbIE KPUBbIE€ MOZEIbHBIX IUTMEHTOB Ne1-4.
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[ KOMMYeCTBEHHOTO CpaBHEHVS ObIIM OIpefie/ieHbl IpadU4ecKM MeTOJOM IJIOTHO-
CTY TOKa KOppo3uu. PaccunTany KpaTHOCTb YMEHBILIEHNU CKOPOCTY KOPPO3UM ITO CPABHEHNIO
¢ GOHOBBIM pacTBOpOM X1opupa HaTpuA (3%-Hblit) 1 3¢ PeKTVBHOCTb MUTMEHTA [7].

AHTUKOPPO3MOHHBIE IOKA3aTe/N )i MOJIe/IbHBIX CMeceil IIpeicTaB/IeHbl B Tabuie 1.

Tabnuna 1. AHTUKOPPO3MOHHbIE TOKA3aTeNN AJIs1 MOLE/IbHBIX CMeceit

Penenrypa IT1oTHOCTD TOKA KOPPO3NH, KpaTHOCTD yMeHbIIEHNA SbexTinHoCTs, %
NUTMeHTa MKA/cM? CKOPOCTU KOPpO3UN

Nel 7,31 15,35 93,48

N2 1,56 71,92 98,61

Ne3 3,16 35,51 97,18

Ne4 1,51 74,30 98,65

Takum 0o6pa3oM, IPUTOTOB/ICHHbIE MOJE/NIbHBbIE CMecH 00J1afjaloT aHTMKOPPO3MOHHON
aKTMBHOCTbI0. Hanmune coefuHeHMIT XpoMa M IMHKA B LIMXTe YCUNIMBAaeT aHTUKOPPO3MOHHbIE
CBOJICTBA ITOJTy4aeMOro nurmeHTa. [103ToMy rajbBaHONIUIAMBI MOTYT OBITH MCIIOJIb30BAHBI B
Ka4eCTBe ChIPbA /I IPUTOTOBJIEHN S TPOTMBOKOPPO3MOHHBIX MNTMEHTOB [8].
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Introduction

This article summarizes the literature data and the results obtained by the authors on the
additive-group approach to describe and predict various physical and chemical properties and
fire hazard parameters of organic solvents.

The study of the relationship between the structure of compounds and their properties
remains an emergent chemical problem. Within the additive-group method, this problem can
be solved both qualitatively and quantitatively. This approach makes it possible to predict the
properties of many new objects with sufficient accuracy, using data for a relatively small number
of groups. At the same time, deviations from additivity should be considered as a result of the
mutual influence of atoms and groups in the molecule of an organic compound. Currently,
additive schemes are widely used to calculate the properties of molecules in the gas phase.
For condensed systems, including solutions, the additive-group method is underdeveloped.
This problem is solved herein for enthalpy characteristics of solvation of organic compounds
in individual and mixed solvents, as well as for fire hazard parameters of liquids.

1. Essence, classification and theoretical justification of additivity rules

The additive-group approach is indisputably important for the analysis and systematiza-
tion of physicochemical and thermodynamic characteristics of individual substances and solu-
tions. Before turning to the analysis of the literature within the additive-group method, it is
necessary to briefly discuss its essence and theoretical justification. The essence of the method
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lies in the fact that the value of any property of a substance is calculated as the sum of the con-
tributions of the groups of atoms that make up the molecule of the substance. This approach
makes it possible to predict the properties of many new objects with sufficient accuracy, using
data for a relatively small number of groups. At the same time, deviations from additivity should
be considered as a result of the mutual influence of atoms and groups in the molecule of an
organic compound.

It has long been known to chemists and physicists that most of the properties of relatively
complex molecules can be represented as the sum of the corresponding contributions of atoms
or bonds. One of the founders of the additivity rules S. Benson gives a classification of additive
schemes in his book "Thermochemical Kinetics" [1].

This property of a molecule (in the zero-order approximation) is the sum of the corre-
sponding properties of all atoms. Each atom in a molecule can be ascribed a certain partial value
of the property in question. There is only one case in which this rule is absolutely true: when it
comes to molecular weight. Benson [1] concluded that physically, such patterns are based on
the fact that the forces acting between atoms within a molecule or between atoms of different
molecules are very close. They operate at distances of 1-3 angstroms. Because of this, the indi-
vidual atoms in any molecule give almost constant contributions to properties such as refractive
index, UV and IR absorption spectra, magnetic susceptibility, as well as entropy, molar heat
capacity, and even the heat of formation of substances in the gas phase. The accuracy of calcu-
lations of entropy, heat capacity and heat of formation values according to the atomic-additive
scheme is far from the experimental values.

The first order approximation is the additivity of the bonding properties. The paper [1]
summarizes bond contribution values for calculation of some thermochemical characteristics
of substances. It is shown that the bond additivity approximation makes it possible to calculate
the heat capacity and entropy of substances with an error of the order of 4 J/(mol deg) and the
enthalpy of gas formation with an average error of 8 k]/mol. The indicated approximation gives
the same values of properties of isomers and therefore cannot be used to compare their prop-
erties. Isomeric differences that result from significant steric effects cannot be characterized by
simple additivity rules. In this case, it is necessary to compare properties of individual com-
pounds.

In the next approximation (second order approximation), the properties of molecules are
considered as the sum of additive contributions belonging to different groups included in the
molecule. A group is defined as a multivalent atom together with its ligands, that is, the atoms
to which it is bound [2]. Molecules containing one multivalent atom (H,O, CHCl;) and, there-
fore, one group cannot be considered based on the rules of additivity of group properties.
As the number of substituents in the molecule increases, so does the number of groups. This
constitutes a major limitation of this method. In the second order approximation, the calcula-
tion accuracy is significantly improved. Thus, the heat capacity and entropy of substances can
be calculated with an error of the order of 1.2 J/(mol deg), and the enthalpy of gas formation
with an average error of 2 kJ/mol.

All additive approaches can be considered as a practical application of the postulate of the
classical theory of chemical structure: the properties of molecules and substances that have
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capacity factors can be represented as sums of properties by structural elements, pairs, triples,
etc. of structural elements. This is expressed as

L= L+> Lo+ Y Lyt (1.1)
k k1

k,J.m

where L is a property of a molecule or substance; Li, Lk, Lxim are the partial values of the prop-
erty L falling on a structural element, pair, triplet, etc. of structural elements.
The building blocks have to be classified to use this method. For example, V.M. Tatevsky

describes the principles of classification of structural elements in his book [3]. According to the
second postulate of the classical theory of chemical structure, which follows from the first pos-
tulate about connection of structure and properties of molecules and substances, separate struc-
tural elements (S;) and groups of structural elements (S;, S;) included in different molecules or
different substances (macrobodies) may be classified to some extent so that in any molecule
(substance), a structural element of certain type (variety) has approximately the same partial
value of the considered property which has a capacity factor and determines the molecule over-
all. The determining factor and basis for classification of structural elements is the same atomic
composition and approximately the same equilibrium geometric configuration. It follows that
such structural elements will have approximately the same electron density and two-particle
probability density within the volumes of atoms comprising the structural element and, as a
result, energy equivalence. Currently, to separate a molecule into fragments, the researchers use
regularities established within the classical theory of chemical structure and properties of mol-
ecules [3, 4, 5]. According to these regularities, structural elements belonging to the same spe-
cies, i.e., close in equilibrium configuration, have the same chemical structure formula and the
same first environment.

Taking into account the approximate equivalence of structural elements, the equation
(1.1), which only considers structural elements and their pairs, in which structural elements are
located near or separated by one fragment, can be rewritten as

L= K'L'+> > n’L". (1.2)
1 1.J u

In this expression, the values of K’ and n,, representing the quantities of structural ele-
ments and element pairs, are determined based on the molecular composition and structure.
The partial property values could be calculated by regression method based on a small experi-
mental data batch. However, expression (1.2) in this form cannot be used for regression analysis
since the numbers of structural elements and pairs of structural elements turn out to be linearly

dependent. Therefore, the expression [2] is used

P=>K'p'". (1.3)

In equation (1.3) p’ is the effective partial value of the property which, besides the initial
partial values used with the structural element S;, includes the partial values used with the pairs
of structural elements of the first environment of element I. These p’ values can already be al-
most fully determined by regression method from experimental data for a small number of
molecules of the considered series.
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2. Additive-group methods used to analyze and systematize the properties of organic
compounds

2.1. Use of additive schemes to analyze the properties of individual substances

Analysis of available data has shown that this method is the most widely developed for
calculations of thermodynamic parameters of molecule formation in the gas phase [1, 5], heats
of phase transitions [6]. The works in this direction are still in progress. The authors [7] dis-
cussed and interpreted the enthalpies of formation of pyridines and their derivatives
(methylpyridines, hydroxylpyridines, aminopyridines, cyanopyridines, etc.) in the gas phase
based on contributions of atoms, bonds, groups and interactions between them in the molecule.

Over the years, the authors [6, 8, 9, 10, 11] have consistently applied the additive-group
approach to the properties of substances of different classes in the condensed state. They have
developed a scheme for dividing molecules into structural elements, taking into account their
first environment [11], taking into account the recommendations [2, 3,4, 5]. Atom groups that
in some cases coincide with functional groups in organic chemistry (e.g., -CHz-, -O-, -C(NO>),
etc.) are used as fragments. In the paper [9], the additive group method is applied for molar

volumes of liquids, in the paper [8] - for enthalpies of formation of substances in the condensed
state. Work on the development of a numerical thermochemical database and methods for pre-
dicting the properties of organic radicals is in progress [10]. The author of [11] has analyzed the
specific aspects of applying additive-group approach to some properties of substances.

2.2. Use of additive schemes for analysis and systematization of solution properties

When studying the properties of solutions, the additive-group methodology was used to
describe the partial molar volumes of alkanes in individual aprotonic solvents [12]. In the par-
tial molar volume decomposition, the coefficients of the equations were attempted to be justi-
fied theoretically. Thus, the authors of [13], based on the scale particle theory [14], showed that

the free term in the equation for the expansion of the partial molar volumes should be equal to
PRT.

VO =y +nV°(CH,)+2V°(CH,). (2.2.1)

This is observed for the partial molar volumes of alkanes and cycloalkanes in tetrachlor-
methane.

In the paper [15], the authors used the following dependence to describe O
Vo=aV +b. (2.2.2)

The justification for the expression used is, according to the authors [15], that the Van
der Waals molar volume (V) represents an additive value relative to the structural fragments
of the molecules. The expression (2.2.2) has been used to decompose F alkanes in water [15],
aromatic compounds, and chloralkanes in tetrachloromethane, alkanes, alcohols, and cyclic
compounds in benzene [16].
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Considering deviations ¥° from the simple additive scheme as a consequence of interac-
tion of groups in the molecule, works [17, 18] use the equation

Vo=V, +3nI,+> PS5, (2.2.3)

where V. is a constant that does not depend on the size of molecules of the dissolved substance;
n; is the number of groups of a given species; I; is the incremental volume per such group; P; is
the number of neighboring interacting groups; ¢ is the decrement of the volume due to the
interaction of groups.

The additive-group method is used in the analysis of other thermodynamic properties of
solutions as well. As a result of the analysis of thermodynamic data of hydration of alkanes and
some of their mono- and polyfunctional derivatives, in works [19, 20], the contributions of
hydrocarbon radicals and polar groups in enthalpy, entropy and Gibbs energy of hydration
of molecules of organic compounds are calculated. The additive scheme used by the authors
[19, 20] will be considered in more detail on the example of enthalpy characteristics of hydra-
tion.

The additive-group method is also used in applied research. Thus, to determine one of
the main characteristics of surfactants - the hydrophilic-lipophilic balance (HLB) - group num-
bers reflecting the HLB of structural units of the surfactant molecule are used [21]. Davis [22]
proposed the group numbers for the thermodynamic justification of the hydrophilic-lipophilic
balance numbers of surfactants as well.

The authors of [10] note the combination of the necessary accuracy with a relatively sim-
ple and clear form of application in the additive-group method. This makes the above approach
effective for mass calculations.

2.3. Application of additive-group methods for the analysis and systematization of en-
thalpy characteristics of organic compound solutions in individual solvents

A review of literature data shows that various schemes of additive-group approach are
used in the study of enthalpy characteristics of dissolution and solvation of substances, but most
often the analysis of the obtained data is limited to the determination of the contribution of the
methylene group. For this work, it is reasonable to consider the issue of additivity of enthalpies
of dissolution, solvation, and evaporation of organic compounds with respect to the contribu-
tions of nonpolar groups on the example of not only hydrocarbons but also their functional
derivatives. The available experimental data do not allow us to draw sufficiently general con-
clusions concerning the additivity of the contributions of polar functional groups.

Fig. 2.3.1 presents the dependences of enthalpies of dissolution of homologs of different
classes of organic compounds in water.

The enthalpies of dissolution of alcohols have been determined in works [23, 24, 25, 26,
27, 28], amines - [27,29], alkyl acetates — [30], carboxylic acids - [27], diols - [31, 32], ketones
- [33, 34], esters — [35], N-methylalkylamides [27] and N-alkylacetamides [27]. Similar depend-
ences were obtained for sulfoxides - [31] and substances of other classes.
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Fig. 2.3.1. Dependences of enthalpies of dissolution of organic compounds of some homologous series in water at
298.15 K on the number of carbon atoms in hydrocarbon radicals of their molecules:
1 - carboxylic acids; 2 — alkanols; 3 - ketones; 4 - diols; 5 - N-methylalkylamides; 6 — amines

It can be seen that the enthalpies of dissolution of substances in water do not change ad-
ditively with respect to N. within the whole homologous series. Increasing the size of the alkyl
radical to N = 2-3 makes an exothermic contribution to the dissolution enthalpy. Further ad-
dition of methylene radicals leads to the opposite effect. Thus, the additivity with respect to the
methylene group in the enthalpies of dissolution of monofunctional organic compounds in wa-
ter is observed starting from the third member of the homologous series. The authors [36]
explain the observed dependence by the competing action of hydrophobic hydration and the
specific aspects of the dissolution mechanism of particles of different sizes in water. The pre-
dominance of hydrophobic hydration in the dissolution of the first members of the homologous
series is because particles of small size can be placed in the voids present in the water structure.
Such an explanation, according to the authors [36], is confirmed by the temperature depend-
ence of the dissolution enthalpies. Fig. 2.3.1 presents the enthalpies of alcohols dissolution in
water at 273.15 and 298.15 K. The contribution of hydrophobic hydration decreases as the so-
lution temperature increases. As a result, the dependencies AsH° = f(N.) become more mono-
tone.

We have examined the patterns in change of enthalpies of substances dissolution in water
above. The non-monotonicity of change of properties in a homologous series is most clearly
shown on these thermochemical characteristics. However, it is known that the enthalpy of dis-
solution of a substance is the sum of enthalpies of its evaporation and solvation of molecules.
Therefore, it is reasonable to analyze the additivity of these thermochemical characteristics and,
thus, it is appropriate to consider the influence of interparticle solute-solvent and solvent-sol-
vent interactions in a solution and intermolecular interactions in the condensed solute on the
type of dependence AsH® = f(Nc). Dependences of enthalpies of hydration of substances of sev-
eral homologous series are shown in Fig. 2.3.2.
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Fig. 2.3.2. Hydration enthalpy dependences: 2-ketones (1), 1-amines (2) 1-alkanols (3), monocarboxylic acids (4),
diols (5) at 298.15 K on the number of carbon atoms in hydrocarbon radicals of their molecules

It can be seen that the additive decrease in the enthalpy of hydration of substances relative
to the methylene group occurs at N> 3. That is, patterns in changes of dissolution enthalpies
are caused by changes of hydration enthalpies. The above conclusions are confirmed by the
results obtained by the authors [23, 35, 36]. The paper [36] notes that in spite of rather high
correlation coefficient of dependences AvH° = f(N.) for alcohols and amines the contribution of
methylene group to AyH° is different. For example, for alcohols, it varies from 7.6 kJ/mol for
Ci-C; to 3.9 kJ/mol for Cs—Cs. However, the additivity with respect to the CH,-group will be
observed if we consider the difference between the enthalpy of hydration of the molecule and
AH° "complex” polar group of -CH,ON or -CH,NH, type.

Table 2.3.1 shows the coefficients and regression parameters of equations (2.3.1) approx-
imating enthalpy of hydration of alkanes, ketones, and alkanols for homologs with a number of
carbon atoms in radicals greater than three, calculated earlier [37] from experimental data for
alkanes from work [38], for ketones - [34], for alkanols - [28].

Table 2.3.1. Equation coefficients A,H° = ax + byNc of approximate enthalpy of hydration of organic compound
homologs at 298.15 K

Compounds an bx s R Nc
n-Alcanes -15.51 -2.58 0.12 0.9996 3-6
2-Ketones* -38.57 -3.00 0.41 0.9988 4,6,8
1-Alkanols -47.68 -3.44 0.30 0.9988 3-7

AsHO =an + bNNc, (231)

where N. is the number of carbon atoms.
A better additive scheme (equation (2.3.2)) was used by the authors [39] to decompose

the enthalpies of hydration of cytosine derivatives with different number and arrangement of
CH,-groups in the molecule
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AH® = Ao + IniZ;, (2.3.2)

where n; and Z; are the number and type of allocated groups.

For hydroxy-, methoxy-, and methylates of cytosine with the same number of CH,-
groups, the A;H° differed. The differences were related to which atom was used to replace hy-
drogen in the methyl group. The following structural elements are highlighted: CH,(C),
CHy(N), CHz(O) and O. The enthalpies of their hydration were: -5.9 + 1.5, -8.6 £ 1.3,
-14.3 + 2.1, -14.9 + 1.8 kJ/mol respectively. A, = -131.2 kJ/mol was considered as enthalpy of
hydration of unsubstituted cytosine (experimental value — 128.9 kJ/mol).

The additivity of thermochemical characteristics of non-aqueous solutions of non-elec-
trolytes has been studied substantially less than aqueous solutions. The vast majority of the data
relate to alkane solutions. As mentioned above, the enthalpies of dissolution of alkane homologs
are determined in about 40 organic solvents of different chemical nature [40, 41, 42, 43]. Polar
hydrocarbon derivatives have been investigated in a less extensive set of solvents. Data are
known for a number of alkylbenzenes [40], alcohols [40, 44, 45], amines [44], esters [35], ke-
tones [46], amides [47].

Fig. 2.3.3 presents dependences of enthalpies of dissolution of 1-alkanol homologs in or-
ganic solvents on Nc.
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Fig. 2.3.3. Dependences of the enthalpies of dissolution: 1-alkanols in cyclohexane (1), propylene carbonate (2),
dimethylsulfoxide (3), formamide (4), ethylene glycol (5), and methanol (6) at 298.15 K from the number of atoms
of carbon in hydrocarbon radicals of their molecules

Similar dependencies are observed for substances of other homologous series. It can be
noticed that the isotherms in Fig. 2.3.3 differ sharply from the shapes of similar dependences
for aqueous solutions (see Fig. 2.3.1). The change in enthalpies of homolog dissolution in non-
aqueous solvents is less spectacular than in water. The Nc-related additive increase of the
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enthalpies of dissolution starts already from the second term of the homologous series. And
even the deviations of A¢H" of the first term from the additive change are insignificant.

Similar patterns are observed in the changes in the enthalpy of solvation of homologs in
non-aqueous solvents (Fig. 2.3.4).
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Fig. 2.3.4. Dependences of enthalpies of solvation of 1-alkanols in cyclohexane (1), propylene carbonate (2),
dimethylsulfoxide (3), formamide (4), ethylene glycol (5), and methanol (6) at 298.15 K from the number of atoms
of carbon in hydrocarbon radicals of their molecules

Table 2.3.2 presents the coefficients of equations of (2.3.1). Experimental data for alkanes
from [41], for alkylbenzenes - [40], for ketones - [46], for alkanols — [40, 45] were used for
calculation.

Comparison of the values given in Tables 2.3.1 and 2.3.2 shows that the coefficients ax
and by of the regression equations for aqueous solutions are generally more negative compared
to non-aqueous solutions. It should also be noted that in aqueous solution the contributions of
the methylene group (coefficient by) to the hydration enthalpies of the substances of the studied
homologous series are strongly differentiated. In non-aqueous solutions, the bx coefficients of
the homologs have close values. This means that in non-aqueous media CH, groups are ener-
getically equivalent not only for molecules of the same homologous series, but also for mole-
cules of different chemical nature.

The authors [48] made similar conclusions on the additive contribution of the alkyl rad-
ical to the enthalpy of solvation of organic compounds of different homologous series in non-
aqueous solvents. In their opinion, an essential argument in favor of this is the equality of the
angular coefficients of the dependencies between the enthalpy of solvation and the molecular
refraction found for alkanes, ketones, and aliphatic alcohols.

Variation of enthalpies of solvation of compounds belonging to the homologous series
shows that interparticle interactions in solution are the main cause of non-monotonicity of dis-
solution enthalpies variation. This is particularly evident in aqueous solutions due to the spe-
cifics of water structure associated with the presence of a hydrogen bonding network.
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Tablle 2.3.2. Coefficients of equations AsH° = an + bnuNc of solvation enthalpy approximation of homologs of
organic compounds in non-aqueous solvents at 298.15 K

Solvent Alkanes Alkylbenzenes Ketones Alkanols

bx ax bx an bx an b a
MeNO, -2.96 -0.06 -3.07 -28.31 - - -3.14 -24.40
Me,SO -3.18 1.17 -3.21 -29.79 -2.89 -21.03 -3.27 -35.09
MeCN -3.39 -1.39 -3.50 -29.90 - - -3.56 -27.48
CyHeOs -3.62 0.66 -3.42 -30.92 - - -3.64 -27.07
Me,NCOH -3.70 -1.04 -3.58 -32.29 -3.56 -20.37 -3.86 -33.77
Me,NCOMe -3.94 -0.66 -3.60 -32.69 - - -3.92 -35.38
H,NCOH -3.83 -3.42 -3.61 -27.90 - - -3.86 -32.88
MeOH -4.09 -1.96 -3.84 -31.04 -3.72 -17.17 -4.33 -33.65
EtOH -4.33 -3.14 -4.09 -30.90 - - -4.36 -33.88

Bu"OH -4.60 -2.65 -4.36 -30.04 - - - -
(CH,OH), - - - - - -3.80 -33.62
CClL -4.66 -1.77 - - -4.53 -14.78 -4.89 -14.44

Please note. The correlation coefficient for all cases is at least 0.999, the standard deviation does not exceed 0.6 kJ-mol™.

Table 2.3.3. Equation coefficients A\H = an + buN;

Compounds ax bn se R Nc
Nitriles 29.9 2.78 0.4 0.9999 1-5
Simple esters 12.1 3.62 0.9 0.9904 4,6,8,10
Alkyl acetates 27.4 3.73 0.4 0.9949 1-4
Ketones (MeCOR) 27.1 3.83 0.3 0.999, 1-5
Alkylformates 20.6 4.07 0.9 0.9809 1-4
Methylalkanoates 27.5 4.20 0.1 0.9999 1-4
Ethylalkanoates 29.8 426 0.5 0.9939 0-2
Diols 58.2 4.78 0.6 0.9932 2-5
Alkanols 32.5 491 0.2 0.9999 1-8
Alkanes 1.8 4.96 0.1 0.9999 5-16
Alkylbenzenes 30.9 5.05 0.6 0.9999 1-6
Acids 25.8 7.96 0.7 0.9999 0-4

Please note. Nc is the number of carbon atoms in the radical of the substance molecule.

Analysis of data on the enthalpies of evaporation of organic substances shows [6, 35, 41,

46, 49, 50] their additive change relative to the contribution of the methylene group within each

homologous series. This is illustrated by the data obtained from the regression analysis of de-

pendences AJH = f(N.) for alkanes and their monofunctional derivatives given in Table 2.3.3. It

should be noted that the additivity of the enthalpies of evaporation relative to the contribution

of CH,-group is the same within the accuracy of determining the enthalpies of evaporation of

substances (0.5-2 kJ/mol), which is considerably lower than the accuracy of calorimetric AuH°

measurements.

In [51], the additive approach to the description of the enthalpies of evaporation of or-

ganic compounds is applied in the bond and group additivity approximation. The equation

used for the calculations is
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AVH = A/H(Y) + nAH(CH). (2.3.3)

In expression (2.3.3), A/H(Y) is the enthalpy of vaporization of the functional group;
n and A\H(CH) are the number and contribution of C-H bonds to the enthalpy of evaporation
of the molecule. The methylene radical has two C-H bonds, the methyl radical has three. The
results of calculations of A,H(Y) and A\H(CH) are given in [51, 52]. The authors [53] note the
limitations of the values obtained in [51, 52] for two reasons. Firstly, for approximation, AcH
calculated by the Clapeyron-Clausius equation were used rather than the experimental standard
AVH at P=1atm and T = 298.15 K. Secondly, A\H was used only for non-branched alkanes and
their derivatives. However, it is known that the branched hydrocarbon chain strongly affects
the enthalpies of evaporation of compounds, reducing their value. According to the authors
[53], the branching of molecules increases the probability of intramolecular contacts. Since at a
tixed molecular size (V, equality of branched and non-branched chain compounds) the total
number of intermolecular and intramolecular contacts remains constant, the increase of intra-
molecular interaction when the molecules branch weakens the intermolecular interaction. This
leads to a decrease in the enthalpy of evaporation. Considering the above, the unification of
hydrocarbon fragments by a set of C-H bonds [51] seems inappropriate. In the paper [53], it
was proposed to use atomic group components CHs, CH,, CH, C, and Y as structural fragments,
and to approximate the enthalpy of molecule evaporation by the expression

AH = pAH(Y) + nAH(CHs) + mAH(CH,) + kAH(CH) + IA.H(C), (2.3.4)

where p, n, m, k, | are numbers of corresponding groups in molecule A\H(Y), A/H(CHj3),
AVH(CH,), A\H(CH), and A/H(C) respectively, are contributions of functional group and hy-
drocarbon fragments CHs, CH», CH, and C to enthalpy of vaporization.

The solution of a system of equations (2.3.4) for 56 alkanes of different structures has
established the contributions to the enthalpy of vaporization of radicals CHs, CH,, CH, and C,
which are 5.74+0.30, 4.961+0.06, 2.63%0.50, and 0.41+0.50 kJ/mol respectively. In [53], it is also
pointed out that the contribution of A/H is small and can be skipped in the decomposition of

AvH. The expression for the decomposition of the enthalpy of evaporation is as follows:
AH =p AH(Y) + nAH(CHs) + mAVH(CH,) + kA/H(CH), (2.3.5)

where p, n, m, k are numbers of corresponding groups in molecule AH(Y), AH(CHs),
AVH(CH,), and A\H(CH) respectively, are contributions of functional group and hydrocarbon
fragments CHs, CH,, and CH to enthalpy of vaporization.

By solving systems of equations (2.3.5) the authors [53] determined group increments for
15 classes of organic monofunctional compounds. The data they obtained are shown in Table
2.3.4. Standard enthalpies of evaporation from [6, 54] were used for calculation. The presented
values support the conclusion that the equivalence of C-H bonds in methylene, methylene, and
methyl radical compounds is not observed. Moreover, for some homologous series, the contri-
bution of the CH, group to the enthalpy of evaporation exceeds that of the CH; group.
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Table 2.3.4. Contributions of hydrocarbon radicals and functional groups to the enthalpies of vaporization of
organic compounds at 298.15 K

Range CH CH, CH; Y n
>C=C< 2.75%0.14 4.9610.02 8.20+0.11 0.09£0.40 12
COOH 2.40%0.19 4.9520.40 4.85+1.70 45.90+2.20 9
Alkanes 3.2440.43 4.9410.03 5.87+0.07 56
OH 2.77+0.27 4.94+0.07 4.1840.40 33.02+0.80 25
Cl 3.07+0.19 4.8310.03 5.13%0.20 13.6020.40 13
SH 1.86+0.39 4.8310.03 4.41£0.06 17.65+0.09 15
O 2.79+0.31 4.80£0.06 5.56+0.30 6.7620.90 26
Br 3.08%1.62 4.7740.02 4.6410.20 17.8940.40 14
COO 2.7610.12 4.7430.09 4.5240.80 20.68+2.00 16
I 2.47+0.47 4.4710.05 4.03+0.10 23.31£0.20 9
NH, 2.47+0.21 4.4510.11 3.45+0.40 19.2940.70 10
CHO 2.38%0.59 4.4530.10 6.5520.20 18.87+0.30 4
CN - 4.4240.10 3.31£0.70 27.87£1.30 14

S - 4.38+0.06 4.160.06 19.2240.30 7
CO - 4.23+0.13 3.37+0.20 24.20£1.00 26

Please note: n is the number of connections.

Differences in the contribution of the methylene group to AH obtained by different au-
thors (see Tables 2.3.3 and 2.3.4) are mainly due to the different sets of experimental data used
for the regression analysis. In the general case, the constancy of the AH of structural elements
is observed within a particular homologous series of compounds. However, based on the group
contributions of methylene radicals which were determined with maximum accuracy, there are
several groups of homologous series with similar A,H° of the radical CH,. For example, one
group includes alkanes, alkenes, alkanols, carboxylic acids, another group includes chlorine and
bromine derivatives of alkanes, simple and complex ethers, the third group includes amines,
nitriles, aldehydes, ketones. If we accept the experimental values of AyH used for the analysis,
the indicated proximity of group contributions may testify to the same geometrical configura-
tion and energy equivalence of structural fragments (CH>) in the selected groups of compounds.

To study the additivity of group contributions to the enthalpies of hydration of molecules
of organic compounds, the authors [19, 20] used the equation

AnH = AcH + AyH(H) + SAH(Y) + SuH(Y1, Y2 ryiv2). (2.3.6)

Similar expressions were used for other thermodynamic hydration functions (An.H°,
H=GS G).

AcvH is the contribution of cavity formation in solvent, A;H(H) is the contribution of
interaction of nonpolar part of molecule with water, A;H(Y) - contribution of interaction of
polar group with water, 8;H(Y1,Y>,rv1-v2) is the correction allowing for mutual influence of polar
groups in polyfunctional molecule. [A...H + A;H(H)] was equated to the enthalpy of hydrocar-
bon hydration A;H (RH), which were approximated by the linear equation (2.3.7).

AnH reflect the isothermal transfer of the dissolved substance, represented by the scheme:

Hypothetical ideal gas with Hypothetical ideal aqueous solution with
ﬁ

concentration 1 mol/dm? concentration 1 mol/dm?
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The A H values were calculated from the existing data on A;H° characterizing the transfer
according to the scheme corrected for the change in the initial standard state of the dissolved

substance:
Ideal gas in standard state Hypothetical ideal aqueous solution in standard
- . . s
(at P=1 atm) state (with a concentration of 1 mol/dm?)

AvH =as+ bsSW(RH), (237)

where S,(RH) is the surface area of Na molecules of the hydrocarbon determined from the
group contributions by the Bondi method [55]. In this case, the contribution of hydrocarbon
radicals was determined according to the expression

AvH = bsSu(R). (2.3.8)

In Equation (2.3.8), S.(R) is the surface area of hydrocarbon radicals. For CHs, CH,, CH,
and C the values of S,(R) are equal: 2.12, 1.35, 0.57, and 0 cm?*/mol, respectively, and A;H(R)
values: -4.81, -3.06, -1.29 and 0 kJ/mol. The authors [19, 20] took into account the influence of
the polar group on the hydration of the hydrocarbon radical. If methyl radical was directly con-
nected with functional group, its hydration enthalpy increased by 6,H[CH3(Y)] = 1.8 kJ/mol. It
should be noted that hydrocarbon radicals make equal contributions to the values of enthalpies
of hydration A:H and A,H°. Comparison of expressions (2.3.8) and (2.3.1) shows that by =
bsS.(CH,). Correction for the change in the initial standard state of the hydrocarbon affects the
value of as. The contributions of polar groups in [19] were calculated from the enthalpies of
hydration of monofunctional compounds:

ALH(Y) = AvH(RY) - AcwH + AsH(H) = AyH(RY) - [as+ bsSw(R)]. (2.3.9)

Corrections, taking into account mutual influence of polar groups in bifunctional mole-
cules, were determined by the equation

ShH(Yl,Yz,rYLYz) = AhH(RYle) - [as+ bsSw(R)] - ZAhH(Y) - 6hH(CH3) (2310)

In expression (2.3.10) m is the number of methyl groups directly bound to heteroatom Y;
O;H(CH3) is equal to A,H[CH;3(Y)] - A;H(CHa).

Group contributions to the thermodynamic functions of hydration calculated by the au-
thors [19, 20] are given in Table 2.3.5.

The conclusions of the authors [19, 20] are consistent with the results presented above.
The hydration energy of substances increases with increasing hydrocarbon radical length of
molecules. The contributions of polar groups constitute a significant part of the hydration en-
thalpy due to the formation of hydrogen bonds of non-electrolyte — water. It can be seen from
the above data that, as a rule, the additivity with respect to the contributions of polar groups is
not observed. Thus, the doubled contribution of the hydroxyl group of alkanols to AH® is
greater compared with the enthalpy of hydration of the two OH-groups of diols.

The study of non-specific solvation of aromatic compounds in non-aqueous solvents con-
ducted by the authors [42, 56, 57, 58] has shown that the enthalpies of their non-specific solv-
ation are additive with respect to the group composition of molecules. The contribution that
the aldehyde group in various aromatic compounds (benzaldehyde, p-chlorobenzaldehyde,
9-anthraldehyde) makes to A.H°, for example, is the same. The contribution of an aromatic
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radical to the enthalpy of solvation depends on its size, but does not depend on whether the
aromatic radical is bound to an aldehyde group, a nitro group, or a halogen group. Earlier in
[59], based on the study of a large number of solutions of aromatic compounds in methanol
and dimethylformamide, it was also shown that in most cases, the additivity in the enthalpy of
transfer of aromatic compounds is observed in the case when there is no specific interaction.

Table 2.3.5. Group contributions to the thermodynamic functions of hydration of compounds

Gl‘Ollp AhGo AhS" -AhHo
kJ/mol J/mol K kJ/mol
CH; 6.17 -1.36 4.81
CH, 3.93 -0.86 3.06
CH 1.67 -0.36 1.29
C 0 0 0
OH (primary alcohols) 8.61+0.45 29.0+0.2 37.620.5
OH (secondary and tertiary alcohols) 12.72 30.0 42.8
NH; (primary amines) 9.15+0.40 27.410.3 36.510.2
NH (secondary amines) 12.61 29.4 42.0
N (tertiary amines) 11.56+0.63 26.9+0.2 38.5+0.4
O (simple ethers) 4.92 21.7 26.6
CO (carboxylic acids) - 38.442.5
COO (complex esters) 5.27 22.1 27.5
CO (ketones) -0.77 24.7 23.8
CONH (secondary amides) - - 60.2
CONH, (primary amides) - 47.6 -

Much attention has been paid to the study of the additivity of the aromatic cycle contri-
bution to the enthalpy of solvation of organic compounds in non-aqueous media [60, 61, 62].
The authors of papers mentioned above on example of enthalpy of solvation of benzene, naph-
thalene, anthracene, biphenyl, phenanthrene, and azobenzene found that solvation of unsub-
stituted aromatic polycyclic compounds weakly depends on the nature of organic solvents. This
allowed them to find out the common aspect of solvation in the studied systems. Increasing the
number of benzene nuclei to two in naphthalene and to three in anthracene and phenanthrene
increases the solvation of these compounds compared to benzene by 60% and 220% respec-
tively. The reason for this is the universal solvation of additional benzene rings. Assuming that
the molecules in the systems studied interact, apparently, by n-n-type, it was concluded that the
enthalpy of solvation is determined by the number of delocalized m-electrons in the coupled
bonding system. It turned out that the ratio of the enthalpy of solvation of the studied hydro-
carbons to the number of m-electrons of their conjugated systems (#) has a constant value. This
allowed the authors [60, 61, 62] to obtain a correlation equation to calculate AcH° of unsubsti-
tuted aromatic hydrocarbons in non-aqueous media

AH® = -(5.410.17)n. (2.3.11)

It should be noted, however, that the assumption of independence of enthalpies of solva-
tion of unsubstituted polycyclic hydrocarbons from the nature of the solvent put forward by the
authors [60, 61] seems to be unconvincing. The average value of A;H° of benzene, which is -
32.5 kJ/mol according to formula (2.3.11), is too rough an approximation. Experimental data
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obtained by the authors [61, 62] show that differences in A;H° of benzene, naphthalene, and
anthracene in different solvents reach 5-6 kJ/mol. In addition, the authors [42, 63] have shown
that the solvation of benzene, in contrast to the solvation of alkanes, has a significant specific
component and is largely determined by the polarity of the solvent. Therefore, it is reasonable
to use equation (2.3.11) taking into account the influence of solvent on solvation of polycyclic
compounds.

In works [60, 64], as a result of thermochemical study of non-aqueous solutions of ben-
zene and its derivatives, the contributions of various substituents (OH, Cl, Br, CHO, CH3, NO,)
in enthalpies of solvation of aromatic series compounds were isolated. For substituents not re-
acting with molecules of organic solvents in donor-acceptor interaction (Cl, Br, CHj3), it was
proposed to use average value of group contributions for a number of solvents. The combina-
tion of the obtained thermochemical characteristics of substituents with the values of enthalpies
of solvation of unsubstituted aromatic hydrocarbons calculated by the formula (2.3.11) formed
the basis for the method proposed by the authors [60-62, 64] for calculation of enthalpies of
solvation of aromatic compounds in non-aqueous media. This approach is valid for the major-
ity of aromatic compounds (not only hydrocarbons but also heterocyclic compounds). It is
stated that the position of the substituent in the molecule does not play a significant role, pro-
vided that the substituent does not form an intramolecular hydrogen bond with another sub-
stituent or heteroatom of the cycle. Obviously, the proposed methodology will be more valid
for compounds the molecules of which have large aromatic cycles.

The additive-group method is widely used in interpretation of enthalpy coefficients of
pairwise interactions [65, 66, 67, 68]. The values of enthalpy coefficients of heterotactic pairwise
interactions of non-electrolytes (x and y) in aqueous solution were approximated by the equa-
tion depending on the number of equivalent methylene groups in a molecule

h., = mh(CH,-X) + h(Y-X), (2.3.12)

where h(CH,-X) and h(Y-X) are the contributions to h,, of the paired interactions of the meth-
ylene and polar (Y) groups of the solute y with molecule x; m is the number of equivalent CH,-
groups in the molecule. According to [65] the methyl group is equivalent to half and the methyl
group to one and a half CHa,-groups. This amounts to using the first approximation of the ad-
ditive approach — additivity of bonds, in this case C-H bonds, as in [51]. It should be noted
that the allocation of structural fragments in the above approach is not sufficiently justified.
Obviously, the methyl groups of alkyl radicals associated with different functional groups are
not equivalent. Thus, during the analysis of amide coefficients h., with urea in aqueous solution
[67], the authors found that H(CH,-X) are different for tertiary and secondary (primary) am-
ides. As a consequence, the use of the principle of equivalent methylene groups [65] meets cer-
tain difficulties and is limited to a small set of substances.

Everything mentioned above shows that the additivity of solution properties is intensively
studied and applied to the interpretation of enthalpy characteristics of solutions of organic com-
pounds. However, the applied separation of the methylene group as the main structural frag-
ment of the molecule and the analysis of compliance with its contribution to the thermody-
namic characteristics is a rather limited scheme, it does not allow making reasonable conclu-
sions about the relationship between the properties of solutions and the composition and
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structure of the molecules of the dissolved substance. Therefore, it becomes important to apply
new, more developed schemes for decomposition of molecules into structural fragments and
use them to analyze experimental data.

3. A new scheme for separation of structural fragments in the molecules of organic
compounds. Determination of contributions to the thermochemical characteristics of or-
ganic compounds and their solutions in water and non-aqueous solvents

3.1. Thermochemical characteristics of dissolution and hydration of organic com-
pounds of normal structure.

Now, let us return to the dependences of the enthalpies of dissolution and hydration of
organic compounds on the number of carbon atoms in the radical of their molecules. As already
indicated, non-monotonic changes in these characteristics may be caused by a change in the
hydration mechanism of molecules with an increase in their size and hydrophobic hydration.
However, if for monofunctional compounds the above explanation seems logical, then for poly-
functional, including heterofunctional, compounds it does not seem quite convincing. For ex-
ample, experimental evidence shows (see Fig. 2.3.1), that the increase in enthalpies of dissolu-
tion of a,w-diols begins with 1,6-hexanediol. The addition of methylene groups in the series of
alkoxyethanols causes a decrease in enthalpy of dissolution during the transition from methox-
yethanol to ethoxyethanol [69], despite the fact that the methoxyethanol molecule already con-
tains methyl and two methylene radicals. A similar example is the increase of the hydrocarbon
radical in the N-alkylacetamide and N-methylalkylamide series (see Fig. 2.3.1). Thus, the above
data allow us to state that in any homologous series, regardless of the size of the functional
group, a decrease in enthalpy of dissolution of organic compounds in water is observed from
the first to the second term of the series due to a strong increase in the exothermicity of hydra-
tion. The reason for this is probably not the change in the total size of the molecules and the
associated change in the mechanism of hydration of molecules, but the specific aspects of hy-
dration of hydrocarbon radicals containing not more than two carbon atoms.

Based on the structure of alkane molecules and in accordance with the recommendations
[2, 3], four structural fragments are usually distinguished (taking into account the first environ-
ment): (C)CN3, (C)CNy, (C)sCH, (C).C [6, 8]. Here, the number and type of atoms in the first
environment of the selected structural element is given in parentheses. In the molecules of mon-
ofunctional derivatives of aliphatic hydrocarbons, besides the groups indicated for alkanes, the
structural elements are: (Y)CHs, (Y)CH,(C), (Y)CH(C), (Y)C(C)s, and Y(C). The symbol Y
indicates a functional group, e.g: -OH, -Cl, -NO,, -COOH, etc. The sizes of hydrocarbon radi-
cals increase as groups appear in the molecules of compounds in the following sequence:
(Y)CHs, (Y)CH,(C), (C)CHj;, and (C),CH.. Selected structural elements have a different first
environment and, therefore, different equilibrium geometric configuration and are energeti-
cally non-equivalent. Therefore, it is logical to assume that the contributions to the enthalpies
of hydration and dissolution of these groups will be different. And only starting from the third
member of the homologous series, the hydrocarbon radical lengthens due to the addition of
only the (C).CH; group. Exactly from this point one should expect a monotonic change in the
enthalpy of dissolution in the homologous series of hydrocarbons and their monofunctional
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derivatives. Considering the above-mentioned points concerning the separation of structural
elements in the molecule, we note that the observed course of the dependencies in Fig. 2.3.1 and
2.3.2 is expected. It is easy to see that the approach of the authors [36] is equivalent to the con-
clusions made above, based on the change in the structure of molecules in the homologous
series. Indeed, if the (Y)(CH,) fragment is singled out as a polar group, then the homolog mol-
ecules increase further due to the addition of the (C),(CH.,) group. A similar effect is shown in
the enthalpies of solvation of ketones and esters in cyclohexane [35]. According to the classifi-
cation of structural fragments [2], CH; radicals are called end fragments, CH, radicals are called
chain fragments. The enthalpies of methane and ethane hydration deviate from the linear rela-
tionship in Fig. 2.3.2 because their molecules consist only of terminal fragments.

Now, let us move on to quantitative description of enthalpy characteristics of dissolution
and hydration of organic substances. V.M. Tatevsky [2] distinguishes two fundamentally dif-
ferent approaches to the partitioning of molecules into structural elements. The first assumes
such a division of the molecule in which each nucleus belongs to only one structural element,
i.e., the boundaries between structural elements do not pass through the nuclei. In the second
method, the division of the molecule into structural elements occurs in such a way that individ-
ual nuclei may belong to two or more structural fragments, that is, the boundaries between
structural elements pass through some nuclei. In this paper, the second approach was used. The
CH bond was chosen as the main fragment of hydrocarbon radicals in the present work. This
is done for several reasons: firstly, greater detailing allows one to consider more substances
without changing the number of structural elements. When CH bonds are selected as a struc-
tural element, methane, for example, is included in the consideration, and when a larger particle
is selected as a structural fragment, its addition to the data matrix is required. Secondly, to avoid
using fractional values for radical contributions, for example, in formic acid and formamide
molecules. It should be noted that the chosen scheme for dividing molecules into structural
fragments should be classified as an additive-group scheme rather than an additivity bonding
scheme. This stems from the fact that, firstly, functional groups are highlighted in it; and, sec-
ondly, the separated CH bonds in different hydrocarbon radicals are not equivalent. By sum-
ming the bond contributions, the contributions of the corresponding hydrocarbon radicals can
be obtained.

From formula (1.3) for enthalpies of dissolution, solvation, transfer, and evaporation of
aliphatic hydrocarbons we can form the expression

AH° = pAH(CH), + SAH*(CH), + tAH°(CH), + hAH*(C) + dAH°(CH)- + eAH°(CH), (3.1.1)

where AH°(CH),, AH°(CH),, AG°(CH),, AH°(CH)-, AH°(CH)= are contributions to the enthalpy
characteristic of the CH bond of primary, secondary and tertiary carbon atoms, CH bonds at
multiple (double and triple) carbon-carbon bonds, respectively; AH® is the contribution of the
quaternary carbon atom, which can be considered as a correction to the CH-bond contribu-
tions; p, s, t, h, d, and eare the numbers of the corresponding fragments in the molecules, which
are determined on the basis of their structure.

For aliphatic hydrocarbons, the hydration enthalpies of which are given in Table 3.1.1, a
matrix of p, s, ¢, h, d and e values is presented in Table 3.1.2. The contributions of the extracted
relationships are found by multiple linear regression. The calculation results are shown in Table
3.1.3.
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The small errors in the description indicate the adequacy of the chosen model. The unac-
counted C-C bonds are probably shielded and do not contribute significantly to the intermo-
lecular interaction. There is no functional group in alkanes, so the free term is 0 within the
margin of error of the data.

Table 3.1.1. Hydration enthalpies of non-polar substances at 298.15 K, number of water molecules in the solvate
shell of a non-polar particle (N) and Van der Waals volume of a non-polar particle v, = V,,/Nx (nm?)

Solved Solved
-AH° N v,-10? -ALH® N v,-10?
compound compound
He 0.59 11.7 0.94 n-CsHy, 28.3 31.9 9.64
Ne 3.8 12.9 1.13 n-CeH s 31.1 354 11.34
Ar 11.98 16 2.25 n-C;His 33.9
Kr 15.29 17.3 2.44 CH, 14.62 18.1 3.84
Xe 18.99 18.3 3.61 C.H, 16.46 18.8 3.97
0, 10.66 15.1 2.16 c-C;Hg 23.26 22.8 5.1
N; 11.45 15.8 2.65 CH,=C,H, 21.6 23 5.66
CH,4 13.18 16.9 2.84 CH,=C;Hs 24.88 26.7 7.36
C.H, 19.52 21.3 4.53 i-C4Hyo 24.19 27.7 7.94
CsHs 23.27 24.8 6.24 C(CHa)4 23.26 30 9.64
n-C4Hio 25.92 28.4 7.94

Please note. We have used data obtained by Dec and Gill in [70, 71]. V. from the paper [55], a - [72].

Table 3.1.2. Number of extracted structural elements in hydrocarbon molecules
Carbon (CH), (CH), (CH); (9) (CH)- (CH)=
CH, 0 0 0
CH,
CH,=C,H,
CH,=C;Hs
CH,
CHe
CsHs
n-C4Hio
n-CsHi,
n-CeHia
n-C;Hie
i-C4Hyo
C(CHs)4
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Analysis of the data in Table 3.1.3 shows that the end structural groups (CH bonds of
primary carbon atoms and, correspondingly, methyl radicals) are hydrated significantly more
exothermally than the chain ones. The ratio of enthalpies of hydration of methylene and methyl
radicals is approximately 1 : 3, not 1 : 1.5 as one would expect based on the number of CH
bonds. The results suggest that the effect of hydrophobic hydration is associated specifically
with the hydration of the end structural groups in the molecules. The data in Table 3.1.3 also
show that the hydration enthalpies of the CH bond at the tertiary carbon atom and the quater-
nary carbon atom have positive values. A,H° of structural fragments are partial values.

The partial values of the properties can have different signs. Physically, the
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endothermicity of the hydration of (CH); and (C) fragments can be explained by steric hin-
drances arising due to the branching of the hydrocarbon radical.

Table 3.1.3. Contributions of structural fragments to the enthalpies of hydration, evaporation and dissolution
of hydrocarbons in water at 298.15 K

Property (CH), (CH), (CH); (C) (CH)- (CH)= se
ALH® -1.41 -3.31 5.64 16.51 -4.04 -7.51 0.3
AH® 2.48 1.95 2.76
A4H° 1.07 -1.36 8.40

Turning to the enthalpies of dissolution and hydration of derivatives of hydrocarbons,
one important, in our opinion, pattern should be noted. The dependences in Fig. 2.3.1 and 2.3.2
show that in any homologous series (including the series of alkanes) irrespective of the size of a
functional group, there is an observable decrease in enthalpy of dissolution of organic com-
pounds in water from the first to the second term of the series, due to strong increase in exo-
thermicity of hydration. Apparently, the features of methane and ethane hydration, due to en-
ergy equivalence in the hydration of their CH-bonds, are preserved in the hydration of methyl,
ethyl, ethylene, etc. radicals linked to the functional group and containing not more than two
carbon atoms. This leads to the equivalence of all CH-bonds for each of such radicals. In Tables
3.1.4-3.1.7, such bonds are designated (CH)y, i.e., they are CH fragments located in the first
environment of the functional group. It should be emphasized that the allocation of such frag-
ments is a priority.

Table 3.1.4. Quantity of extracted structural elements in alkanol molecules, enthalpies of their evaporation and
dissolution in water at 298.15 K

AH° AH®
Compound (CH)y | (CH)s | (CH), | (CH); Y, Y:

exp A exp A
MeOH 3 -7.32 37.48
EtOH 5 0 0 0 0 0 -10.17 42.23
Pr"OH 4 0 3 0 0 0 -10.12 47.48
Bu"OH 4 2 3 0 0 0 -9.41 52.09
Pe"OH 4 4 3 0 0 0 -7.82 56.78
Hex"OH 4 6 3 0 0 0 -6.56 61.74
Hep"OH 4 8 3 0 0 0 -5.37 66.83
Oc"OH 4 10 3 0 0 0 -3.40 71.00
Pr'OH 7 0 0 0 1 0 -13.05 -0.18 | 4535 | 0.41
Bu’0OH 6 0 3 0 1 0 -13.18 -0.02 | 49.72 | -0.40
Bu'OH 3 0 6 1 0 0 -9.33 0.00 50.77 0
Bu'OH 9 0 0 0 0 1 -17.20 0.55 46.80 | 0.00
Pe’0OH 5 0 6 0 1 0 -12.80 0.66 53.30 | -2.00
Pe'OH 8 3 0 -18.60 -0.55
Hex’0OH 5 2 6 0 1 0 -12.59 -0.47 | 56.81 | -3.25
Hep*OH 5 4 6 0 1 0 -12.68 -190 | 62.62 | -2.21

Please note. Here and in Tables 3.1.4-3.1.7A = AHexp) - AH(calo).

121



FROM CHEMISTRY TOWARDS TECHNOLOGY [iI3i:iee] 14 VOL.2, ISSUE 2, 2021

Table 3.1.5. Quantity of extracted structural elements in diol molecules, enthalpies of their evaporation and dis-
solution in water at 298.15 K

AH® AH°
Compound (CH)y | (CH), Y, - -
experimental] A experimental A
HO(CH,).OH -6.87 -0.08 65.60 0.02
HO(CH,);OH 6 0 0 -8.67 0.22 72.40 -0.03
HO(CH,),OH 8 0 0 -10.46 0.53 79.30 0.02
HO(CH,)sOH 8 2 0 -10.59 -0.64 86.80 0.00
HO(CH,)sH 8 4 0 -10.90 -1.99 87.00 -7.32
HO(CH,)sOH 8 8 0 -7.10 -0.27
HO(CH,),OH 8 10 0 -5.40 0.39
MeCHOHCH,OH 6 0 1 -10.48 0.18 71.20 0.00
Me(CHOH).Me 8 0 2 -14.72 -0.18

Table 3.1.6. Quantity of extracted structural elements in ketone molecules, enthalpies of their evaporation and
dissolution in water at 298.15 K

AH° AH®
Compound (CH)y (CH); | (CH), Y. Y; - -
experimentall A |experimental] A
MeCOMe -10.17 30.50
EtCOMe 8 0 0 0 0 -10.72 34.95
Pr"COMe 7 0 3 0 0 -10.21 38.50
Bu"COMe 7 2 3 0 0 -9.46 42.33
Pen"COMe 7 4 3 0 0 -8.95 46.10
EtCOEt 10 0 0 0 0 -10.90 0.06 38.60 -0.13
PriCOMe 10 0 0 1 0 -10.63 -0.48 36.80 -0.14
Pr'COPr! 14 0 0 2 0 -9.60 0.47 40.44 0.15
Bu'COMe 12 0 0 0 1 -9.50 0.00 43.40 0.00

Table 3.1.7. Quantity of extracted structural elements in methylalkanoate molecules, enthalpies of their evapora-
tion and dissolution in water at 298.15 K

Compound (CH)y (CH); (cH), Y, Y: AH° AH®
MeCOOMe -7.81 31.69
EtCOOMe 5 0 0 0 0 -8.65 36.02
Pr'COOMe 4 0 3 0 0 -8.04 40.10
Bu"COOMe 4 2 3 0 0 -7.28 44.32
Pr‘COOMe 7 0 0 1 0 -8.62 38.90
Bu'‘COOMe 9 0 0 0 1 -7.32 42.30

If this is logical for the methyl radical, then, for example, for the ethyl radical containing
a methyl group in addition to the methylene group, this idea is new. Returning to the reasons
for the non-monotonicity of the change in AdH° from Ncand the nonlinearity of the change in
AgH° from N, it can be noted that it can be caused by the specifics of hydration of hydrocarbon
radicals containing not more than two carbon atoms, associated with the fact that all their CH
bonds are energetically equivalent. The (CH), and (CH), bonds in functional hydrocarbon de-
rivatives are bonds separated from the functional group by more than two carbon atoms. Tables
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3.1.4 and 3.1.5 present, for example, matrices of initial data for 1-alkanols and a,®-diols.

It is seen that in 1-alkanols the maximum number of (CH)y fragments is 5 and belongs to
the ethyl radical. In o,w-diols, the maximum number of (CH)y fragments is 8 and belongs to
four methylene groups. That is why the exothermic solvation amplification in the series of 1-
alkanols ends with ethanol, and in the series of a,®-diols — with 1,4-butanediol.

According to formula (1.3), the enthalpies of dissolution, solvation, transfer, and evapo-
ration of monofunctional alkane derivatives can be expressed by the relation

AH° = AH°(Y,) + dH(Y;) + 0H°(Y:) + yAH°(CH)y + pAH°(CH), + sAH°(CH);, +

3.1.2
+ tAH°(CH); + hAH°(C), ( )

where AH°(CH)y are the increments of CH bonds in hydrocarbon radicals included in the first
environment of the functional group; AH°(CH),, AH°(CH),, AH°(CH),, and AH°(C) are contri-
butions of structural fragments of hydrocarbon radicals that are more than two carbon atoms
distant from the functional group; y, p, s, t, and h are number of selected fragments; AH(Y,) is
the contribution of the functional group bound to the primary carbon atom; 8H°(Y,) and
SH°(Y,) are corrections to account for differences in the enthalpies of solvation of functional
groups bound to secondary and tertiary carbon atoms with respect to the functional group
bound to the primary carbon atom. The contribution of the functional group bound to the sec-
ondary carbon atom [AH°(Y,)], can be determined by summing the values of AH°(Y,) and the
corresponding correction SH°(Y) according to the formula

AHP(Y.) = AH(Y,) + SHE(Y,). (3.1.3)

A similar expression is used to calculate the contribution of the functional group associ-
ated with the tertiary carbon atom [AH°(Y)]:

AH°(Y,) = AH(Y,) + SH(Y.). (3.1.4)

The coefficients of equation (3.1.2) at AH*(Y,), AH°(Y,), and 6H°(Y:) for monofunctional
compounds are equal to one.

Tables 3.1.4-3.1.7 present the amounts of selected structural fragments in the molecules
of monofunctional compounds of some homologous series and literature data on the enthalpies
of their dissolution in water and evaporation at 298.15 K. The following sources were used:
[23, 73, 24, 25] for alkanols, [31, 32, 74, 75] for diols, [27, 29] for amines, [35] for ketones and
methylalkanoates, [27] for carboxylic acids, [30] for alkyl acetates.

Calculated contributions of the isolated structural fragments to the enthalpies of dissolu-
tion in water and evaporation of monofunctional organic compounds of some homologous se-
ries are given in Tables 3.1.8 and 3.1.9. The functional group increment is calculated as a free
term in the regression equation.

The small errors of description indicate that the proposed model adequately reflects the
experimental data. The specified regression parameters are given for the description of enthalpy
characteristics of substances of normal structure. Table 3.1.10 presents the increments of struc-
tural fragments in the hydration enthalpies, which are calculated by formula (3.1.5) using the
corresponding data of fragment contributions to the dissolution and evaporation enthalpies
from Tables 3.1.8 and 3.1.9.
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The relationship between these enthalpies is expressed as follows
AH® = AqH° - AJH°. (3.1.5)

In formula (3.1.5) A;H°, AsH®, and A H° are the enthalpies of solvation (hydration), disso-
lution, and evaporation of the dissolved substance, respectively.

Table 3.1.8. Contributions of structural fragments of molecules to the enthalpies of dissolution of monofunctional
compounds in water at 298.15 K

Compounds Formula Y Y, | (CH)y | (CH), | (CH), | (CH), Y. Y: se
Diols 178
(for compounds R(OH), OH -1.30 | -1.05 | 0.52 ) 0.53
(0.18)

from Table 3.1.5)

Alkanols 144 | 016 |-1.88
(for compounds ROH OH -3.04 | -143 | 0.67 | -0.57 | ' 032

from Table 3.1.4) (0.00) 1 (026) 1(0.55)
Amines
Nc=1-8
Ketones 0.81
(for compounds R,COR; C=0 |-9.14]| -0.18 | 0.32 | 0.08 1.83 | 0.10
(0.48)
from Table 3.1.6)
Sulfoxides
Nc=1-4, R"SOMe S=0 -9.80| -1.50 | 0.67 | -1.33 0.83
6-8
Acids
Nec=1-5
Methylalkanoates
(for compounds R"COOMe | COOMe |-6.55| -0.42 | 0.38 | 0.06 0.87 | 3.01 | 0.00
from Table 3.1.7)
Alkyl acetates
Nc=1-5
Please note. Here and in Table 3.1.9, correlation coefficient for compounds of normal structure does not go lower

R"NH, NH, -18.1] -2.95 | 0.66 | 1.77 0.03

R*COOH COOH |-0.48| -0.22 | 0.55 | -0.04 0.05

R"O0OCMe | OOCMe |-4.68| -0.81 | 0.07 | -0.02 0.00

than 0.99. The standard error (se) is given to describe the A¢H® of substances of normal structure. The parentheses
contain the errors in the description of AsH® isomers when using the values of the contributions from this table.
N is the number of carbon atoms in the compound radical, excluding the functional group.

Analysis of the calculation results shows that the contributions of structural fragments in
the enthalpies of dissolution, evaporation, and hydration are quite different for different ho-
mologous series. The differences are particularly large for (CH)y fragments. This shows the ef-
fect of the functional group on the hydrocarbon radical. However, there is no clearly pro-
nounced dependence between the values of contributions of the nonpolar fragment (CH)y and
the functional group in the enthalpies of evaporation and dissolution in water.

At the same time, such relationship can be noted for enthalpies of hydration of substances.
The data presented in Table 3.1.10 show that there is a tendency for symbiotic changes in the
increments of (CH)y and (CH), bonds on the one hand and the polar group on the other hand.
Contributions to the enthalpy characteristics of the end fragments also differ greatly. The small-
est differences are observed for CH bonds of secondary carbon atoms. Let us consider in more
detail the contributions of hydrocarbon fragments to the hydration enthalpies of organic
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compounds. We found a directly proportional relationship between the contributions of (CH),
and (CH)y fragments to A;H° molecules shown in Fig. 3.1.1.
This dependence is described by the correlation equation

AHP[(CH)y] = 1.22 AvH°[(CH),], se=0.08, R =0.9948. (3.1.6)

Fig. 3.1.1 also demonstrates a linear correlation between the contributions of (CH), and
(CH)y fragments to the enthalpies of vaporization of substances.

Table 3.1.9. Contributions of structural fragments of molecules to the enthalpies of vaporization of monofunc-
tional compounds at 298.15 K
Compounds Formula Y Y, | (CH)y | (CH),|(CH),| (CH):| Y; Y; se
Diols
(for compounds R(OH), OH 2590 [ 343 | 3.76 -1.23 0.04
from Table 3.1.6)
Alkylbenzenes
Nc=1-8
Alkanols
-1.81 | -2.04
(for compounds ROH OH 30.35| 2.38 | 2.38 | 2.52 ©0.0) | (0.40) -4.9310.23
from Table 3.1.5)
Amines
Nc=1-8
Ethers
Nc=2-5, ROR O 21.00 [ 0.60 193 | 1.22 1.07 0.00
PriOPr!
Ketones 179
(for compounds RiCOR; C=0 18.48 | 2.03 | 1.90 | 1.95 (0.15) -2.3410.23
from Table 3.1.7)

Nitriles
Nc=1-4
Acids
Nc=1-6
Methylalkanoates
(for compounds RCOOMe | COOMe |25.19| 2.17 | 2.11 | 2.08 -1.45 | -2.38 0.00
from Table 3.1.8)
Alkyl acetates
Nc=1-5
Alkylformates
Nc=1-4

R"Ph Ph 3227 1.67 | 3.01 | 1.89 0.79

R"NH, NH, 39.16 | -3.85 | 2.33 | 242 0.29

R"CN CN 29.92 | 1.03 1.56 | 1.24 0.00

R"COOH COOH | 3558 3.78 | 458 | 3.24 0.80

R"OOCMe | OOCMe | 2691 | 1.51 142 | 1.96 1.09

R*OOCH OOCH | 1542 2.84 | 1.67 | 2.09 0.00

Table 3.1.10. Contributions of structural fragments of molecules to the enthalpies of hydration of monofunctional
compounds at 298.15 K

Compound Formula Y Y, (CH)y | (CH), | (CH), | (CH): | Y, Y:
Alkyl acetates R"OOCMe | OOCMe | -31.59 | -2.32 | -1.35 | -1.98
Ketones R,COR; C=0 -27.62 | -2.21 -1.59 | -1.87 2.60 | 4.17
Amines R"NH, NH, -57.31 0.90 -1.67 | -0.65
Alkanols ROH OH -33.40 | -3.80 -1.71 | -3.09 0.89 | 2.09 | 3.60
Methylalkanoates R"COOMe | COOMe | -31.74 | -2.59 | -1.73 | -2.02 2.32 | 5.39
Diols R(OH), OH -27.34 | -4.47 -3.24 -0.55
Acids R*COOH COOH | -36.06 | -3.99 -4.03 | -3.27
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It is described by the correlation equation
AVH°[(CH)y] =-0.99 + 1.43AH°[(CH),], se=0.23, R =0.9738. (3.1.7)

It was shown above that the same hydrocarbon fragments contribute differently in mag-
nitude to the enthalpies of hydration of compounds of different homologous series. The data
obtained indicate that, in general, the modeling of hydrocarbon radicals of functional organic
compounds by hydrocarbon radicals has significant limitations.

4 ]
1 a H(CH),],

*1 kdimol uf

4

AHT(CH)], kJ/mol
f T T T T T T T T
1 2 3

1 aHTcH)),
kd/mol

Fig. 3.1.1. Correlations between the increments of structural fragments (CH), and (CH)y in enthalpy of evapora-
tion (a) and hydration (b) of compounds of some homologous series at 298.15 K: 1 - monocarboxylic acids, 2 -
alkanols, 3 - methylalkanoates, 4 - alkyl acetates, 5 - ketones, 6 - alkyl formates, 7 - alkyl benzenes, 8 - ethers, 9 -
alkyl nitriles

Based on the contribution values of hydrocarbon fragments, the compounds of the stud-
ied homologous series can be divided into two groups. The first group includes compounds
without a hydrocarbon atom in their functional group (e.g., alkanols, esters, sulfoxides). The
contributions of the fragments (CH)y and (CH), to the dissolution and hydration enthalpies of
these compounds have large negative values. Another group includes compounds that have a
carbon atom in their functional group (e.g., complex esters, ketones). For these compounds, the
contributions of structural hydrocarbon fragments (CH)y and (CH), in AyH° and A¢H® are on
average 1.3 kJ/mol less negative than those of the first group compounds and hydrocarbons.

3.2. Thermochemical characteristics of dissolution and solvation of compounds of
normal structure in non-aqueous media.

It is interesting to consider the following question: Are the laws of influence of the com-
position and structure of the dissolved substances molecules on their hydration during solva-
tion of organic compounds molecules by non-aqueous solvents observed? Fig. 2.3.2 presents
dependences of enthalpies of dissolution of alkanols in some non-aqueous solvents of different
chemical nature and polarity. As it was mentioned above, in non-aqueous media, non-mono-
tonicity of dissolution enthalpy changes in the homologous series of substances is also observed.
However, a comparison with aqueous solutions (see Fig. 2.3.1) allows us to note that in organic
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solvents the deviations of the AsH° of the first members of the homologous series from the line
formed by the AdH® of the following homologues are significantly smaller. The processing of
AqH values according to the proposed methodology led to the results presented in Tables 3.2.1
and 3.2.2.

Literature experimental data on dissolution enthalpies of compounds from works [35, 40,
45, 76] were used for calculation.

Table 3.2.1. Contributions of structural fragments of molecules to the dissolution and solvation enthalpies of al-
kanols in non-aqueous solvents at 298.15 K

Solvent (OH), | (CH)y | (CH). | (CH), R se Y, Y,
AgH® 1791 0.02 0.34 -0.06 0.8731 0.63
c-CeH,
AH° -12.45 -2.35 -2.04 -2.58
-2.91
AdH® 3.02 1.09 0.52 0.72 0.9999 0.04
MeCHCH,CO; (0.60)
AH® -27.33 -1.29 -1.86 -1.80 2.02
-2.23
AdH® -5.36 1.32 0.71 0.89 1.0000 0.00
Me,SO (0.70)
AH® -35.72 -1.06 -1.67 -1.63 2.70
-0.28
AGH® -3.35 0.92 0.40 0.62 1.0000 0.00 -1.47
Me, NCOH (0.13)
AH° -33.71 -1.45 -1.98 -1.90 1.76 3.46
AdH® -0.26 0.09 0.25 0.16 0.9991 0.05
MeOH
AH® -30.61 -2.29 -2.14 -2.36
AJH® -1.10 0.64 0.40 0.57 0.9972 0.23
H,NCOH
AH° -31.45 -1.73 -1.98 -1.95
AgH® -1.07 0.49 0.52 0.52 0.9999 0.01
(CH,OH),
AH° -31.42 -1.89 -1.86 -1.99

Table 3.2.2. Contributions of structural fragments of molecules to the dissolution and solvation enthalpies of mon-
ofunctional compounds in cyclohexane at 298. K

1-Alkanols
Ketones Methylalkanoates
Group n=1-5
AgH® AH° AgH® AH° AgH® AH°

Y, 17.91 -12.45 12.96 -5.52 10.1 -15.06
(CH)y 0.02 -2.35 -0.56 -2.59 -0.5 -2.67
(CH); 0.34 -2.04 -0.08 -1.98 -0.13 -2.24
(CH), -0.06 -2.58 -0.67 -2.62 -0.57 -2.65

Y, 1.08(0.90) 2.87 -0.13 1.32

Y: 1.41 3.75 0.91 3.29

se 0.63 0.26 0

R 0.8731 0.9889 1

Evidently, in non-aqueous solvents, the differences in the solvation energetics of the iso-
lated structural fragments of molecules of the given homologous series (see Tables 3.2.1, 3.2.2)
and, consequently, the hydrocarbon radicals formed by them are less significant compared with
aqueous solutions (see, e.g., Table 3.1.10). The nature of the solvent affects the ratio of contri-
butions of non-polar fragments differently. In hydrogen-bonded solvents (methanol,
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formamide, ethylene glycol), all separated structural fragments make approximately equal con-
tributions to the solvation enthalpies of 1-alkanols. In non-polar cyclohexane the bond incre-
ments (CH)y and (CH), of 1-alkanols, ketones, and methylalkanoates (see Table 3.2.2) in AH°
approximately 0.5 kJ/mol more exothermic than the contributions of (CH) groups. Interest-
ingly, a similar, only more pronounced, pattern is characteristic of aqueous solutions. In apro-
tonic dipolar solvents (propylene carbonate, dimethylsulfoxide, dimethylformamide), on the
contrary, the (CH)y bond contributions of 1-alkanols are approximately 0.5 kJ/mol more endo-
thermic compared to the (CH); and (CH), bond contributions. The same conclusions can be
made concerning the enthalpies of evaporation of organic compounds, which can be considered
as enthalpies of their self-solvation.

Comparison of the contributions of hydrocarbon bonds of the same species to AH® of
compounds of different homologous series (1-alkanols, ketones, and methylalkanoates) (see
Table 3.2.2) shows their energy equivalence.

Table 3.2.3 shows the contributions of structural fragments of n-alkane molecules to the
enthalpies of their solvation in different solvents.

Table 3.2.3. Contributions of structural fragments of molecules to the enthalpies of solvation of n-alkanes in some
solvents at 298.15 K

Solvent p, kJ/cm? (CH); (CH),
H,O 2.298 -1.41 -3.29
H,NCOH 1.446 -1.91 -1.85
(CH,OH), 1.048 2.03 “1.81
MeOH 0.859 -2.05 -1.69
c-CeHiz 0.281 -2.35 -1.91
MeCHCH,CO; 0.474 -1.81 -1.10
Me,SO 0.570 -1.59 -0.87
Me,NCOH 0.574 -1.85 -1.41

These values are calculated using previously established regularities between enthalpies
of solvation and Van der Waals molar volumes of alkanes by the following equations:

AH°(CH), = [b,V.(CH,)]/2 = (10.23b,)/2, (3.2.1)

ASHO(CH)p = [vaw(CHS) + av/2]/3 = (13.67bv + av/2)/3, (3.2.2)

where the parameters V,(CH,) = 10.23 cm’/mol and V,(CHs) = 13.67 cm*/mol represent the
Van der Waals molar volumes of the methylene group and methyl radical, respectively, accord-
ing to Bondi [55]. The values of b, and a, are coefficients of the equation, the values of which
for some solvents are given in Table 3.2.4 [77]:

AH° = a, + b,V (3.2.3)

Earlier [77] we showed that the coefficient g, is a parameter that does not depend on the
size of the alkane molecules and is determined by its structure and the properties of the solvent.
Comparison of Equations (3.2.1) and (3.2.2) proves that a, defines the difference in en-
thalpies of solvation of end and chain fragments of the hydrocarbon radical. In aqueous
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solutions, the a, coefficient has a maximum value (-12.2 kJ/mol), and, consequently, the end
radicals (CHs) contribute significantly more to A;H° than the chain fragments (CH.). In non-
aqueous solutions, the coefficient a, is small, and differences in the energetics of solvation of
end and chain fragments are insignificant. By transforming equation (3.2.3), it is possible to
obtain the expressions for calculating the CH-bonding contributions of the tertiary carbon
atom (3.2.4) and the quaternary carbon atom (3.2.5).

AsHO(CH)t = 6.78bv + 1.3 - av/z, (3.2.4)

AH(C) =3.33b, + 4.6 - a.. (3.2.5)

Comparison of the data in Tables 3.2.2 and 3.2.3 shows that (CH); group contributes very
close in magnitude to the enthalpies of solvation of hydrocarbons and their monofunctional
derivatives in non-aqueous solvents. At the same time, the CH bond contributions of primary
carbon atoms of monofunctional compounds are more exothermic compared to the corre-
sponding values of alkanes. However, the solvent properties have qualitatively the same effect
on the increments of the (CH); and (CH), 1-alkanol groups. Both of these values increase with
increasing solvent cohesion energy density in the separated groups of associated and non-asso-
ciated H-bonded solvents [77].

Table 3.2.4. Molar masses (M, g/mol), Van der Waals and molar volumes (V,, and V, cm®/mol), enthalpies
of vaporization (AH°, kJ/mol), solvent cohesion energy densities (kJ/cm®) and coefficients of equation (3.2.3)
for approximation of solvation enthalpies of n-alkanes (a,, kJ/mol, b,, kJ/cm?) at 298.15 K

N Solvent M Vo \%4 AH° pP av bv

1 Triethylamine 101.19 76.03 139.86 30.03 0.197 1.25 -0.476
2 Heptane 100.21 78.49 147.48 36.57 0.231 1.38 -0.483
3 Cyclohexane 84.16 61.38 108.78 33.03 0.281 1.07 -0.459
4 Chlorobutane 92.57 55.98 105.35 34.31 0.302 1.68 -0.458
5| Tetrachloromethane 153.82 52.29 97.09 32.43 0.308 1.37 -0.456
6 Chloroform 119.38 43.50 80.66 28.45 0.322 0.76 -0.425
7 Mesitylene 120.20 140.46 2.19 -0.477
8 Ethylacetate 88.11 54.47 98.50 35.14 0.332 1.94 -0.402
9 Toluene 92.14 59.51 106.85 37.99 0.332 1.80 -0.451
10| Hexamethylphosphotriamide| 179.20 | 113.91 175.67 | 61.10 0.334 0.48 -0.412
11| Benzene 78.11 48.36 89.41 33.85 0.351 2.32 -0.424
12| Acetone 58.08 39.04 74.04 31.30 0.389 1.73 -0.380
13| Dichloroethane-1.2 98.96 44.30 79.45 34.38 0.401 3.17 -0.380
14| Dioxane-1.4 88.11 49.62 85.70 36.95 0.402 1.74 -0.387
15| Propylene carbonate 102.09 49.78 85.09 42.80 0.474 3.10 -0.354
16| Dimethylacetamide 87.12 57.04 93.02 50.23 0.513 1.99 -0.385
17| Dimethylformamide 73.10 46.77 77.41 46.89 0.562 1.45 -0.362
18| DMSO 78.13 44.71 71.30 43.09 0.570 3.31 -0.311
19| Acetonitrile 41.05 28.37 52.85 32.90 0.576 0.89 -0.331
20| Nitromethane 61.04 30.47 53.96 38.36 0.665 1.93 -0.289
21| 1-Octanol 130.23 92.28 158.41 72.90 0.445 1.48 -0.468
22| 1-Butanol 74.12 51.36 91.96 52.47 0.544 0.45 -0.450
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N Solvent M Vo \%4 AH° P av bv
23| 1-Propanol 60.10 41.13 75.17 47.48 0.599 -0.35 -0.436
24| Ethanol 46.07 30.90 58.69 42.23 0.677 -0.23 -0.423
25| Methanol 32.04 20.67 40.74 37.48 0.859 0.79 -0.400
26| 2-Propanol 60.10 41.12 76.95 45.35 0.557 -0.28 -0.427
27| t-Butanol 74.12 51.34 94.88 46.82 0.467 1.40 -0.426
28| Ethylene glycol 62.07 36.54 55.92 61.10 1.048 -0.397
29| Formamide 45.04 26.23 39.88 60.13 1.446 -0.85 -0.374
30| Water 18.02 10.43 18.07 44.01 2.298 -12.22 -0.275
31| Diethylformamide 101.13 67.23 111.4 50.32 0.429

32| Diethylacetamide 115.18 77.50 127.3 54.11 0.406

Summarizing the obtained results on non-aqueous solutions of organic compounds of
normal structure, we can conclude that at the stage of formulating their enthalpy characteristics,
it is possible to be limited to the isolation of only two structural fragments: CH-bonds in the
radicals located in the first environment of the functional group and CH-bonds in the remain-
ing radical.

3.3. Application of additive-group method to study the influence of isomerism on
thermochemical solvation characteristics of organic non-electrolytes

Let us consider the problem of the influence of isomerism on the enthalpy characteristics
of dissolution, solvation, and evaporation of organic substances. It should be noted that the
amount of data for isomers is substantially inferior to that for substances of normal structure.
In this regard, the development of additive-group method for predicting the properties of iso-
mers is an urgent task. To solve it, we also need to study how the bond additivity scheme can
be essentially used in this case. It was noted earlier that the bond additivity approximation gives
the same properties for isomers [1].

One specific aspect of the proposed scheme for the separation of structural fragments of
molecules is that the same CH bonds, which are included in different radicals, are energetically
not equivalent. In addition, the functional groups of the same composition are also energetically
not equivalent given their first environment. Thus, differences in enthalpy characteristics of
isomers are accounted for, firstly, by isolating the CH bond of the tertiary carbon atom, the
quaternary carbon atom in hydrocarbon radicals of molecules, secondly, by introducing cor-
rections characterizing the difference between the contributions of the functional group bound
to the primary carbon atom, and those of the functional groups bound to the secondary and
tertiary carbon atoms. The above statements are reflected in equations (3.1.1) and (3.1.2). The
contributions of the above structural fragments were calculated by substituting in expressions
(3.1.1) and (3.1.2) the enthalpy characteristics of isomers and contributions of (CH)y, (CH); and
(CH), bonds to A;H° of molecules of normal structure. The calculated data are given in Tables
3.1.8-3.1.10, 3.2.1 and 3.2.2. The errors of (CH),, (C), (Y),, (Y): given in the above tables are
arithmetic average errors for isomeric molecules from Tables 3.1.4 to 3.1.7, 3.2.1, and 3.2.2.

The analysis of calculation results shows that the proposed scheme of molecule division
into structural fragments allows satisfactory description of enthalpy characteristics of
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compounds not only of normal structure, but also of their isomers.

The given data show that enthalpies of evaporation of secondary and tertiary alkanols,
ketones, and methylalkanoates are less than corresponding values of primary compounds. The
authors [53] explain this by steric reasons of weakening of intermolecular interactions. The ob-
tained data lead to a conclusion that the presence of a functional group connected with a sec-
ondary carbon atom makes a constant contribution to the enthalpies of alkanols and ketones
evaporation. This is evidenced by the small (< 0.5 kJ/mol) errors of the (Y). values (see Ta-
ble 3.1.9). For compounds of other homologous series, it is not possible to estimate the con-
stancy of (Y), and (Y): contributions, since data are available only for one representative of the
series. It should be noted that for enthalpies of evaporation of liquids, the negative correction
to the group contribution corresponds to the sign of the difference of enthalpies of evaporation
of secondary and primary compounds. The correction value is also close to the difference of
enthalpies of evaporation. This is due to the fact that the contributions of hydrocarbon frag-
ments in the enthalpies of evaporation have close values. Therefore, despite the strong differ-
ences in the group composition of isomers (see Tables 3.1.4-3.1.7), the total contributions of
hydrocarbon radicals of a compound of normal structure and its isomer containing a secondary
carbon atom will be approximately equal. Similar relations are observed for difference of en-
thalpies of evaporation of tertiary and primary compounds and correction (Y):. Thus, a decrease
in enthalpy of evaporation of isomers containing secondary and tertiary functional groups can
be caused not only by steric hindrances to intermolecular interaction, but also by a significant
change in the affinity (ability) of secondary and tertiary functional groups to specific interac-
tions. The decrease of the ability of OH-groups to specific intermolecular interaction is con-
firmed, in particular, by the sharp decrease of electron acceptor properties (E7") in the series
1-butanol (0.60) - 2-butanol (0.50) - tert-butanol (0.41) [50]. The presence of a tertiary carbon
atom in molecules also leads to a decrease in the enthalpy of vaporization of substances. This is
illustrated, for example, by the data for alkanols (see Table 3.1.4) and alkanes (see Table 3.1.3).
The contribution of the (CH); group has a negative value (see Table 3.1.9).

The enthalpies of solvation of molecules containing secondary and tertiary functional
groups in non-aqueous solvents are less exothermic compared to molecules of primary func-
tional hydrocarbon derivatives. This pattern is reflected, for example, in the solvation of alkanol
molecules by N,N-dimethylformamide (see Table 3.2.3). By analogy with the enthalpy of evap-
oration, the weakening of solvation energy can probably be explained by the steric factor and
the smaller electron acceptor properties of secondary and tertiary hydroxyl groups. The latter
reason is important considering that Me,;NCOH has a high electron-donating capacity. Fig.
3.3.1 presents correlations between enthalpies of solvation, contributions of functional groups
in A;H°, and electron acceptor properties of butanol isomers.

The hydration enthalpies of isomers change differently. Fig. 3.3.1 shows that the hydra-
tion enthalpies become more exothermic from Bu"OH to Bu’OH and Bu’'OH. However, the
change in the contributions of hydroxyl groups to the hydration enthalpies is similar to the
change in the contributions of these groups to the enthalpies of evaporation and solvation in
N,N-dimethylformamide. That is, the contribution of specific solvation due to the donor-
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acceptor interaction of the polar group with the solvent contributes to weaker hydration of
Bu?’OH and Bu’OH compared to Bu"OH. It follows that the observed increase in exothermicity
of hydration of Bu’OH and Bu’‘OH molecules is due to the contribution of non-specific hydra-
tion or hydration of hydrocarbon radicals. The data presented in Table 3.1.4 show that at tran-
sition from normal butyl alcohol to secondary and tertiary alcohols, group composition of mol-
ecules strongly changes towards increase of (CH)y fragments. The contributions of these groups
to the AnH° of the molecules have the maximum exothermic values among the isolated hydro-

carbon fragments.
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Fig. 3.3.1. Dependence of enthalpies of evaporation, hydration and solvation in N,N-dimethylformamide of pri-
mary, secondary and tertiary butanols and contributions of their functional groups on electron acceptivity of al-
cohols: 1, 5, 6 - molecular enthalpy characteristics; 2, 3, 4 - group contributions to the enthalpy characteristics; 1,2
-AH 3,6 - AhH% 4,5 - A;H® in Me,NCOH

Corrections to the enthalpies of hydration by a secondary functional group (see
Table 3.1.10) have close values for substances of different homologous series (ketones, methyl-
alkanoates, alkanols). However, it can be noted that the isomerism of molecules due to the con-
tent of functional groups associated with secondary and tertiary carbon atoms is less reflected
in the hydration enthalpy of alkanols. Corrections to the hydration contribution of (OH), for
them are minimal compared to methylalkanoates and ketones.

The net effect of the influence of isomerism on the enthalpies of evaporation and hydra-
tion is reflected in the values of corrections to the contribution of primary functional groups to
the enthalpies of dissolution of monofunctional compounds in water. According to Table 3.1.8,
these corrections can have different signs.

The obtained values of contributions of structural fragments can be used for prediction
of enthalpies of dissolution and solvation isomers of alkanols, diols, ketones, and methylalka-
noates in water and non-aqueous solvents.

3.4. Enthalpic characteristics of dissolution and hydration of amides

Now let us consider the enthalpic characteristics of dissolution, solvation, and evapora-
tion of compounds formed from fragments of molecules of different homologous series. Such
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compounds are sometimes called heterofunctional because of the noted peculiarity of their
structure. In this section we discuss some properties of aqueous amide solutions. The interest
in the study of amide solutions in water and mixed solvents is mainly because they can be used
for modeling fragments of biomolecules.

From the dependence of the contributions of structural fragments on the nature of or-
ganic compounds it follows that in the molecules of organic compounds formed from frag-
ments of molecules of different homologous series, the corresponding structural elements
should be distinguished. Let us illustrate this with the example of aqueous amide solutions. The
general formula of tertiary amides of monocarboxylic acids containing hydrocarbon radicals of
normal structure is given in the following scheme:

/ (CH,),7—CH;s
H,;C (CH,), C N

Il
O \ (CH,),—CHjs

Below is the same formula with highlighted structural fragments in monocarboxylic acid
amide molecules.

¥1N[2(CH)y N]—31 N[2(CH)s N]—3(CH), N
3(CH)p e—sA[2(CH)s Al—ya[2(CH)y A]—C—N
Yan[2(CH)y =32 N[2(CH)s N]—3(CH), x

They are the CH bonds of primary and secondary carbon atoms and the CH bonds in the
radicals located in the first environment of the functional group. The O=C-N fragment has been
identified as such a group. It should be emphasized that the separated CH bonds located in acyl
[(CH)p.a, (CH)sa, (CH)a] and in N-substituents [(CH),~, (CH);n, (CH)x] are not equivalent, as
it is considered in the works of Wood and Savage [65] and other authors [66].

Data available in literature on enthalpic characteristics of dissolution of liquid amides of
methane, ethane, propane, butane, and pentanoic acids of various degrees of N-substitution
[27, 78] are given in Table 3.4.1. In accordance with the above formulas, data are presented only
for primary, secondary, and tertiary amides in which the substituents at the nitrogen atoms are
hydrocarbon radicals of n-alkanes.

Based on the proposed scheme, eight structural fragments have been identified for the
given set of amides: six hydrocarbon bonds, NH bond, and functional amide group N-C=O.
The type and number of structural fragments are given in Table 3.4.1. The peculiarity of distin-
guishing structural fragments in amide molecules is that the carbon atom refers to both the
amide group and the hydrocarbon radical of the acid residue. Therefore, in formamide mole-
cules, one CH bond in the first surroundings of the functional group belonging to the acyl is
prominent. For amides of acetic, propionic, etc. of acids, the carbon atom of the carboxylic
group is also included in the acyl radical, although this atom does not give CH structural frag-
ments. As a result of this approach, the maximum number of (CH), fragments for a given series
of compounds is three and belongs to the acidic residue of acetic acid. The structural fragments
in N-substituents were separated similarly to monofunctional compounds. It should also be
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noted that the isolation of CH bonds belonging to the first environment of the functional group
has priority.

Table 3.4.1. Standard enthalpies of dissolution of monocarboxylic acid amides in water at 298.15 K, type and
amount of separated structural fragments in the amide molecules and their contributions to the dissolution en-
thalpies. Regression parameters se = 0.41 kJ/mol, R = 0.9994

Amide AH® AyH® | (CH)pn | (CH)sw | (CH)x | (CH)pa | (CH)sa | (CH)a | (NH)
H,NCOH 1.97 -58.2 0 0 0 0 0 1 2
MeHNCOH -7.00 0 0 3 0 0 1 1
Me,NCOH -15.22 -62.1 0 0 6 0 0 1 0
Et;NCOH -17.97 -68.3 0 0 10 0 0 1 0
MeHNCOMe -13.36 0 0 3 0 0 3 1
Pr"THNCOMe -15.76 3 0 4 0 0 3 1
Bu"HNCOMe -14.72 3 2 4 0 0 3 1
Me;NCOMe -21.42 -71.7 0 0 6 0 0 3 0
Et,NCOMe -24.08 -78.2 0 0 10 0 0 3 0
MeHNCOEt -14.87 0 0 3 3 0 2 1
Me,NCOEt -22.34 0 0 6 3 0 2 0
MeHNCOPr" -16.02 0 0 3 3 2 2 1
MeHNCOBu” -15.02 0 0 3 3 4 2 1
EtHNCOH 0 0 5 0 0 1 1
EtHNCOMe 0 0 5 0 0 3 1
EtMeNCOH 0 0 8 0 0 1 1
EtMeNCOMe 0 0 8 0 0 3 1

Con?;(l;llllrt)isons AGH°(Y) = 7.88 -0.64 0.52 -0.68 -1.49 -0.15 -3.18 6.31

Based on formula (1.3), the enthalpies of amides dissolution in water can be expressed by
the relation

AH° = AH(Y) + hAH°(NH) + pAH°(CH)p.s + SAH°(CH);s + aAH°(CH) A+

3.4.1
+pNAH°(CH)p,N + SNAHO(CH)S,N + T’IAHO(CH)N, ( )

where parameters h, p, s, a, px, sx, n represent the number of structural fragments of a particular
type and are determined based on the composition and structure of the amide molecules. Their
values are given in Table 3.4.1.

The results of regression calculation of structural fragment contributions to the enthalpies
of amides dissolution in water are presented in Table 3.4.1. As before, the functional group
increment is calculated as a free term in the regression equation. Small errors of description
indicate that the proposed model adequately describes the experimental data for primary, sec-
ondary, and tertiary amides of various degrees of N-substitution, whereas the use of the concept
of equivalent methylene groups [65] did not provide such an opportunity. In [67], when stud-
ying the influence of the composition and structure of amides on their enthalpy characteristics
and coefficients of pairwise interactions in aqueous solutions, we had to distinguish a group of
tertiary amides on the one hand, and a group of primary and secondary amides on the other
hand. As can be seen, our proposed approach has greater generality and the results obtained
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allow us to calculate with high accuracy the enthalpy characteristics of dissolution in water of a
number of unexplored amides of monocarboxylic acids with different degrees of N-substitution
(for example, amides containing different nitrogen atom-bound radicals). The obtained results
allow estimating enthalpies of dissolution in H,O of some amide isomers from Table 3.4.1. Thus
the calculation for N-methylisobutyramide (h=1,a=1,px=6,n=3,p=s=sy=0) gives A¢H°
= -15.7 kJ/mol which agrees well with the experimental value equal to -15.8 k]J/mol [27]. How-
ever, for N-isopropylacetamide (h = 1, a =3, n =7, p = px = s = sy = 0) the calculated
(-15.9 kJ/mol) and experimental (-17.2 k]J/mol) [27] values differ significantly.

Unfortunately, there is no reliable calorimetric data on the enthalpies of evaporation of
propanoic, butane, and pentanoic acid amides shown in Table 3.4.1 in the literature. This makes
it impossible to discuss their hydration characteristics. Therefore, further analysis will be per-
formed for N-methyl- and N-ethyl-substituted amides of formic and acetic acids. One im-
portant feature of their molecular structure from the point of view of the scheme of separation
of structural fragments used in this work is the presence of only hydrocarbon fragments in-
cluded in the first environment of the functional group. Therefore, the enthalpic characteristics
of dissolution, solvation, and evaporation can be expressed by the relation

AH° = AH(Y) + hAH°(NH) + aAH(CH)a + nAH(CH)x. (3.4.2)

Table 3.4.2 presents the results of calculation of the contributions of the isolated groups
to the enthalpy properties of dissolution, evaporation, and hydration of amides.

It can be seen that the experimental values of AsH° and A H° are perfectly described within
the framework of the used scheme of separation of structural fragments. The group contribu-
tions to the enthalpies of hydration of amides were calculated using Equation (3.1.5) from the
corresponding contributions to the enthalpies of dissolution and evaporation from Table 3.4.2.

Analysis of the obtained values shows that changes in the composition and structure of
the hydrocarbon radical of the acid residue have a significantly greater impact on the enthalpy
properties of amides.

Table 3.4.2. Contributions of structural fragments to the enthalpies of dissolution in water and evaporation of
primary and tertiary amides of formic and acetic acids and hexamethylphosphotriamide at 298.15 K

(CH)~ (CH)a (NH) (Y) N.PO R s
AqH° se AqH° se AqH° se AqH° se
AdH® | -0.68 0.01 -3.08 0.02 | 6.58 0.05 -8.10 0.05 -37.28 0.9999 0.05
AH® 0.91 0.06 1.78 0.11 9.42 0.26 39.51 0.52 44.65 0.9998 0.23
AnH® | -1.59 -4.86 -2.84 -47.61 -81.93
DN 1.09 0.01 0.57 0.02 | 795 0.06 19.53 0.11 19.2 0.9999 0.05

The contribution of the (CH)a in ALH° is 200% larger than that of the (CH)x group. Com-
parison of the values for heterofunctional and monofunctional compounds given in Tables 3.4.2
and 3.1.10 shows that the magnitude of the contribution of the (CH)a bond in AyH° of amides
does not correspond to that of the (CH)y bond included in the immediate environment of the
carboxylic group of carboxylic acids. There is also no quantitative correspondence between the
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contribution of the (CH)x bond in the A,H° of the amides with that of the bonds belonging to
the nearest environment of the functional group of the primary amines. However, it may be
noted that the contribution of (CH)ybonds to the A;H® of carboxylic acids is substantially more
exothermal than the contribution of (CH)y groups to the A;H° of primary amines.

The increments of the isolated hydrocarbon bonds in the enthalpies of amide evaporation
differ much less than their contributions to the enthalpies of hydration. Since the enthalpy of
dissolution is the sum of enthalpies of solvation and evaporation of the dissolved substance, the
reason for the nonmonotonicity of enthalpy properties of dissolution in the amide homologous
series lies in the solute-solvent interactions, rather than in the interparticle interactions in the
condensed dissolved substance. Earlier it was shown that it is common for substances of most
classes of organic compounds. It is also relevant that the largest differences in the contributions
of non-polar groups occur in aqueous solution. This effect may be interpreted as follows. The
change in the solvent-solvent interaction caused by the introduction of solute molecules con-
tributes to the hydration enthalpies of the structural fragments. This contribution has a maxi-
mum value in aqueous solutions.

Let us consider the contributions of polar groups to the enthalpies of hydration of formic
and acetic acid amides. It can be seen that the increment of the NH group in AyH° exceeds the
contribution of this group to the intermolecular interaction in pure liquid amides (A.H°). This
is the main reason of endothermicity of primary amides dissolution in water. Positive A4H® val-
ues are also characteristic of primary aromatic amines. The AsH° of aniline in H,O is 1.82 kJ/mol
[79], 1.88 kJ/mol [80]. It can be assumed that the endothermicity of the dissolution of primary
amines is due to the destructive effect of their electron acceptor groups on water. The nitro
group probably has a similar effect. A,H® of nitromethane (CH;NO>) in water is 3.23 kJ/mol
[81]. The conclusion about destabilization of aqueous environment around NH,-groups of
formamide and urea was made by the authors [82, 83] as a result of study of dielectric permit-
tivity of their aqueous solutions and absorption of electromagnetic radiation of millimeter
range of wavelengths.

The amide group makes a significant exothermic contribution to the enthalpies of hydra-
tion and dissolution of amides (see Table 3.4.2) due to the ability of donor-acceptor interaction
with the solvent. Within the framework of the proposed model for the decomposition of en-
thalpy characteristics of solvation into contributions, the increment of the amide group is a
constant value for all the studied amides. However, it is known that the donor numbers of the
amides due to the presence of this group are different. The donor number (DN) represents the
enthalpy of the interaction (kcal/mol) of the amide with SbCls in 1,2-dichloroethane. DN for
formamide, N,N-dimethylformamide, N,N-diethylformamide, N,N-dimethylacetamide,
N,N-diethylacetamide, and hexamethylphosphotriamide are 36, 26.6, 31.0, 27.8, 32.1, and
38.8 kcal/mol [50]. It can be seen that the change in the donor numbers does not correspond to
the change in the hydration enthalpies even for tertiary amides. Thus, changes in the composi-
tion and structure of the hydrocarbon radical have different effects on the thermodynamic char-
acteristics of hydration and interaction of amides with SbCls. The interactions of amides with
SbCl;s are probably influenced by their solvation with 1,2-dichloroethane.
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Formally, the donor numbers of amide molecules can also be described by equation
(3.4.2). The contributions of the selected structural fragments and regression parameters are
presented in Table 3.4.2. It can be seen that the used scheme for the separation of structural
fragments allows adequate description of the donor numbers of the amides. As a result, it is
possible to predict DNs for other compounds with high accuracy. Using the DN contribution
values of the selected groups from Table 3.4.2 and the group composition of N-methylforma-
mide, N-ethylformamide, N-methylacetamide, N-ethylacetamide N-methyl-N-ethylforma-
mide and N-methyl-N-ethylacetamide molecules from Table 3.4.1, their donor numbers were
calculated to be 31.3, 32.5, 33.5, 34.6, 36.8 and 37.9 kcal/mol respectively.

Assuming energy equivalence of (CH)y fragments in tertiary amides of formic and acetic
acids and in hexamethylphosphotriamide, we calculated the contribution of the NsPO group to
the donor number of [(CH3),N];PO. The value of this contribution was 19.2 kcal/mol. It can be
seen that the obtained value is approximately equal to the corresponding contribution of the
NCO amide group (19.5 kcal/mol). The obtained result seems to confirm the conclusions of the
authors [84, 85] that the negative charge centers in amides of carboxylic acids and hexa-
methylphosphotriamide are oxygen atoms.

Important properties of interparticle interactions in solution include pairwise interaction
coefficients (enthalpic - hy, entropic - s, and Gibbs coefficients - g«). They reflect the total effect
of the overlapping of the solvation spheres of molecules and provide quantitative information
on the interaction energy of dissolved non-electrolytes. Based on the signs and ratios of pairing
factor values in aqueous solution (g, fxx Sx), all non-electrolytes are classified into hydropho-
bic (gu< 0, Tsu>hw> 0), hydrophilic urea-like (gu< 0, hw<Tsx< 0), and hydrophilic sucrose-like
substances (go> 0, ho>Tsw> 0) [36, 86]. Secondary and tertiary amides of monocarboxylic acids
are classified as hydrophobic non-electrolytes, formamide - as hydrophilic substances [86]. The
enthalpy coefficients of pairwise interactions of amides in water were determined by the authors
(65, 67, 87, 88, 89] and for H,NCOH, MeHNCOH, EtHNCOH, Me,NCOH, Et,NCOH,
H,NCOMe, MeHNCOMe, Me;NCOMe, Et,NCOMe, Me,NCOEt were -115.0, -272.0, -350.0,
-737.0, -1767.0, 12.0, -286.0, -1081.0, -2355.0, -1797.0 ] kg/mol* respectively. The h, values of
N-mono- and disubstituted amides are positive and increase with the size of the hydrocarbon
radical of the molecules. Positive values of hy are caused by the endothermic interaction of
hydrated hydrocarbon radicals and polar groups. According to the authors [67, 86], the endo-
thermicity of this process is due to the dehydration of hydrocarbon radicals at the convergence
of different-type solvate shells of interacting molecules in the aqueous medium.

Using regression analysis of the data in Table 3.4.1 and hx values based on Equation 3.4.1,
we have determined the contributions of selected polar and non-polar groups to the enthalpy
coefficients of pairwise amide-amide interactions in aqueous solution at 298.15 K. The param-
eters for acetamide, N-methylacetamide and N-ethylformamide, which fall out of most of the
dependencies, were excluded from the available data set [78]. The values of group contributions
and regression parameters are presented in Table 3.4.3.

137



FROM CHEMISTRY TOWARDS TECHNOLOGY [iI3i:iee] 14 VOL.2, ISSUE 2, 2021

Table 3.4.3. Contributions of structural fragments to the enthalpy coefficients of amide-amide pair interactions in
water at 298.15 K

(CH)n (CH)a (CH) ap (NH) (Y) se R

288.4 233.7 296.5 469.2 -1290 86 0.9985

The results confirm the conclusions drawn in [67, 86] about the positive contribution of
hydrocarbon radicals to the hy values. It is also seen that the contribution values of the (CH)x,
(CH)a, and (CH)a, groups are close to each other. A consequence of this is the possibility of
using the concept of equivalent methylene groups [65, 67] to analyze the effect of the composi-
tion and structure of amide molecules on their enthalpy coefficients of pairwise interactions

hxx = nCH2 HCHz»Y + HY-Y (343)
In formula (3.4.3), "¢y, is the number of equivalent methylene groups in the amide mol-

ecule (CH groups were considered equivalent to one-half methylene group, radical CH; to one-
half methylene groups); H, ., is the contribution from the interaction of the methylene group
with the amide molecule; /7, is the average contribution from the interaction of a polar group
with an amide molecule in aqueous solution.

Comparison of expressions (3.4.1) and (3.4.3) shows that the latter does not take into
account the contribution of the NH group. A consequence of this is the necessity to divide the
amides into groups depending on the degree of N-substitution, namely, to single out a group of
tertiary amides in which the NH group is absent. The NH group makes a significant positive
contribution to the hy values. The positive value of the contribution of this group may be due
to destabilization of its aquatic environment.

The contributions of non-polar groups to the enthalpies of dissolution of amides in water
(see Table 3.4.1), in contrast to their contributions to the enthalpy coefficients, are significantly
different. This seems to be due to the fact that the enthalpy coefficients of pairwise interactions
are calculated from the concentration dependences of enthalpy transfer of substances. That is,
changes in the composition and structure of the hydrocarbon radicals of the acid residue and
N-substituents have a close effect on the enthalpies of amide transfer. A similar effect is ob-
served for the enthalpy of transfer of amides from water to mixed solvents and, consequently,
for the enthalpy coefficients of paired heterotactic amide-non-electrolyte interactions [78].

In conclusion, we would like to note the main results.

We propose the additive-group scheme of enthalpy characteristics decomposition of or-
ganic non-electrolyte solutions into contributions. Functional groups and CH bonds in hydro-
carbon radicals are distinguished as structural fragments of molecules, and the distinguished
CH bonds in hydrocarbon radicals are not equivalent. The paper presents a three-type classifi-
cation of hydrocarbon bonds: end and chain CH bonds, as well as CH bonds included in the
first environment of the functional group. The first environment of a functional group includes
structural fragments directly related to the functional group and separated from it by one car-
bon atom. In the molecules of organic compounds formed from fragments of molecules of dif-
ferent homologous series the corresponding structural elements are highlighted. The proposed
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additive scheme allowed us to take into account the specific aspects of the structure of the first
members of the homologous series, compounds of normal structure and their isomers.

The terminal structural groups (CH bonds of primary carbon atoms and, correspond-
ingly, methyl radicals) are hydrated much more exothermally than the chain ones. The ratio of
enthalpies of hydration of methylene and methyl radicals in alkanes is approximately 1 : 3, not
1: 1.5, as one would expect based on the number of CH bonds.

The contributions of hydrocarbon bonds to the solvation energetics of compounds be-
longing to different homologous series differ significantly. The largest differences are charac-
teristic of CH-bonds of the first environment of the functional group, the smallest differences
are characteristic of CH-bonds of chain methylene groups.

The paper contains the results of the research into contributions of the isolated amide
structural fragments to the hydration enthalpies, enthalpy coefficients of pair interactions, and
donor numbers of the amides. It was shown that an increase in the size of the acyl hydrocarbon
radical makes a significantly greater contribution to the enhancement of amide solvation as
compared to the change in radicals in N-substituents. Notably, it is possible to use the additive
method to describe the thermodynamic properties of primary, secondary, and tertiary amide
solutions from a unified position.

The contributions of the isolated hydrocarbon elements to the enthalpy characteristics of
solutions of organic compounds in non-aqueous media differ significantly less in comparison
with aqueous solutions. It is possible to limit the decomposition of enthalpy characteristics of
non-aqueous solutions of organic non-electrolytes to isolation of only two structural fragments:
CH-bonds in the radicals located in the first environment of the functional group and CH-

bonds in the remaining radical.

4. Application of a new additive scheme for the analysis and systematization of ther-

modynamic characteristics of aqueous solutions

In this section we will consider the applicability of the proposed approach [77] for the
analysis and systematization of other thermodynamic characteristics of aqueous solutions. Let
us consider thermodynamic characteristics of single-atom alcohols, as it has been made in [90,
91]. For this class of organic compounds, one of the largest databases is available in the litera-
ture.

Table 4.1 shows the type and number of structural fragments singled out according to the
scheme used in molecules of a number of one-atom alcohols for which volumetric properties,
heat capacity, and entropic characteristics of their extremely dilute aqueous solutions are
known.

The mentioned thermodynamic characteristics of aqueous solutions of alkanols were de-

scribed by the equation similar to formula (3.1.2):
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AP° = AP°(Y,) + dP°(Y,) + 0P°(Y,) + yAP°(CH)y + pAP°(CH), +

+ sAP°(CH), + tAP°(CH), + hAP*(C), (4.1)

where AP°is a physicochemical or thermodynamic property; AP°(CH)y are increments of CH
bonds in hydrocarbon radicals included in the first environment of the functional group;
AP°(CH),, AP°(CH),, AP°(CH);, and AP°(C) are contributions of structural fragments of hydro-
carbon radicals separated from the functional group by more than two carbon atoms; y, p, s, t,
and & - number of selected fragments; AP°(Y,) is the contribution of the functional group bound
to the primary carbon atom; 5P°(Y,) and 6P°(Y;) are corrections to account for differences in
the enthalpies of solvation of functional groups bound to secondary and tertiary carbon atoms
with respect to the functional group bound to the primary carbon atom.

Table 4.1 (last row) presents the calculated group contributions to the limiting partial
molar volumes (7,”) of alkanols and regression parameters. The literature data on 7,” from
the papers [92, 93, 94, 95, 96] were used for the calculation.

Table 4.1. The limiting partial molar volumes of alkanols in aqueous solution at 298.15 K, the type and number of
structural fragments isolated in their molecules and the group contributions to the bulk properties

No.| Alcohol £ (CH)y | (CH), | (CH), | (CH); | (OH), | (OH), | (OH),
Experimental| Calculation
1 MeOH 38.17 3 0 0 0 0 0
2 EtOH 55.2 5 0 0 0 0 0
3 Pe"OH 102.6 4 4 3 0 0 0
4 Bu'OH 86.72 2 0 6 1 0 0
5 Bu'OH 87.8 9 0 0 0 0 1
6 Pe’0OH 102.6 6 2 3 0 1 0
7 Pe’OH 101.2 5 0 6 0 1 0
8 Pr"OH 70.74 70.06 4 0 3 0 0 0
9 Bu"OH 86.67 86.30 4 2 3 0 0 0
10| Hex"OH 118.7 118.80 4 6 3 0 0 0
11 Pr’OH 71.93 71.45 7 0 0 0 1 0
12| Bu*OH 86.57 86.30 6 0 3 0 1 0
13 Pe'OH 101.9 102.66 8 0 3 0 0 1
14| Hex’0OH 118.5 118.80 6 4 3 0 1 0
15| Hex’0OH 117.1 117.41 5 2 6 0 1 0
16| Hep*OH 134.4 135.04 6 6 3 0 1 0
17| Hep’OH 133.3 133.65 5 4 6 0 1 0
18| Hep'OH 133.2 133.65 5 4 6 0 1 0
Contributions (base set) 8.51 8.12 7.79 10.3 -0.78 -1.46 12.6
Contributions (se = 0.25, R = 0.9999) 8.8 8.01 7.84 10.3 -1.59 -3.46 11.8

It can be seen that the experimental data are well described within the proposed approach.
It is possible to differentiate compounds rather finely in the composition and structure of their
molecules by singling out hydrocarbon bonds in radicals directly connected with functional
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group and separated from it through one carbon atom as structural fragments included in the
first environment of functional group. As it was already noted in the discussion of enthalpy
characteristics, such separation of structural fragments is especially effective in the decomposi-
tion of the properties of aqueous solutions and is related to its properties and structural peculi-
arities. The specific mechanism of the observed phenomenon is not yet clear. The equality of
group contributions reflects their energy equivalence, which in turn indicates approximately
the same geometric configuration. Since the decomposition of solution properties essentially
analyzes intermolecular interactions between the dissolved substance and the solvent, as well as
the solvent-solvent interactions caused by them, the energy equivalence and close geometric
configuration of groups is likely to let us conclude that the solvate environment is approxi-
mately the same.

The approach used makes it possible to take into account the specific aspects of the struc-
ture of the first two members of the homologous series, the point of which is that all of their
hydrocarbon bonds are energetically equivalent. As a result, the properties of the first members
of the homologous series deviate from the line of subsequent homologs. This effect is also evi-
dent in the discussed bulk properties (see Table 4.1).

The data presented in Table 4.1 show that the used scheme of separation of structural
elements allows to distinguish the structure of isomers rather finely. The latter is fully consistent
with a change in their properties. Thus, Table 4.1 shows that group composition of 2-pentanol
(2-hexanol) essentially differs from composition of 3-pentanol (3-hexanol). And, as one would
expect, the limiting partial molar volumes of 2-alkanols and 3-alkanols differ markedly. On the
other hand, the group composition of 3-heptanol does not differ from that of 4-heptanol ac-
cording to the applied scheme. Accordingly, the experimental and calculated bulk properties of
the above isomers are practically equal (see Table 4.1).

The data on volumetric properties help to illustrate the high predictive power of the ad-
ditive-group method used. Let us restrict the basic data set for determining the contributions of
selected fragments to the properties of the first seven compounds from Table 3.5.1 and calculate
the contributions of structural fragments from them. The results are shown in the second to last
row of Table 4.1. Now, using these results, let us calculate the values V,” for the remaining
eleven compounds. It can be seen that there is good agreement between the calculated and ex-
perimental values. The arithmetic mean error of the calculation is 0.43 cm?*/mol.

Using equation (4.1), data on the type and number of structural fragments of alkanol
molecules from Table 4.1, and experimental data on molar volumes [50], we have determined
limiting partial heat capacities of alkanols in aqueous solution [24, 97, 98], dissolution entropies
[24, 73], limiting activity coefficients [24, 73, 99], group contributions to the specified charac-
teristics. The calculation results are presented in Table 4.2.

It is seen that these thermodynamic properties of pure liquids and solutions are success-
fully decomposed within the proposed additivity scheme as well. The errors of description are

comparable with experimental errors, which are for 172“ - 0.1 cm®/mol, EZ - 3-6 J/(mol-K),
ApS° - 1 J/(mol-K).
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Table 4.2. Group contributions to molar volumes (V,,), marginal partial molar heat capacities (C, ), marginal

activity coefficients (75 ) in aqueous solution, and dissolution entropies (A,S°) in water of alkanols at 298.15 K

Property (OH), | (CH)y | (CH),; | (CH), (CH); | (OH); | (OH), se Compounds
1-5, 8-10,
Vi 13.61 9.03 8.28 8.60 7.89 -0.59 0.03 0.55 Pe'OH,
Oc"OH
1-5,7-9, 11,
6:2 -6.70 54.10 51.84 45.27 71.25 -2.72 -9.20 12.00 12, Pe'OH,
PercOH
1,2,5,7-9,11
AS° -9.87 -6.88 -5.06 -5.66 -2.51 -5.24 1.51
12, 15,18
. 1-5,7-9, 11,
Y 1.40 0.09 12.33 4.70 17.34 8.21 10.12 4.15
2 12, 15,18

Please note. Units of measure of Eo;z vAS® is J/(mol-K). The last column contains numbers of compounds from Table 4.1, the

properties of which were used in the regression analysis. The correlation coefficient of approximation for all is always higher
than 0.996.

Thus, the applicability of the used additive scheme for the analysis and interpretation of
various thermodynamic characteristics of solutions of monatomic alcohols is shown on the ex-
ample of volumetric properties, heat capacity, and entropic characteristics of aqueous solutions.
We also note the high predictive ability of the used additive-group method.

5. Use of additive-group method for analysis, systematization, and prediction of flash
point of liquids

There is a wide range of fluids used in domestic and industrial applications. The vast ma-
jority of them are combustible. The most important indicators of the fire hazard of organic
solvents are those that determine the conditions of formation of a combustible medium and the
rate of the combustion process. For liquids, these include the flash point temperature (t3), igni-
tion temperature, and flame propagation temperature limits. The main sources of fire hazard
indicators for simple substances and chemical compounds are reference books [100, 101, 102,
103].

However, for many compounds, experimental data on fire hazard indicators are not avail-
able. In this case, it is advisable to use calculation methods to determine the fire and explosion
hazard of substances. It should be noted that even in the specified reference books [100-103],
there are calculated values of fire hazard indicators for some substances.

GOST [104] and Manual [105] outline a number of calculation methods based on corre-
lations of flash point with physico-chemical properties (e.g. boiling point) as well as simple ad-
ditive-group methods.

A large analytical study was carried out by the authors of a series of works [106, 107, 108,
109, 110, 111, 112, 113], devoted to the investigation of the relationship between the fire hazard
characteristics of compounds with the chemical structure of their molecules. The authors have
proposed equations to calculate flash, ignition, autoignition temperatures, temperature and
concentration limits of flame propagation for alkanols, ketones, simple and complex ethers,
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aldehydes, carboxylic acids, and nitroalkanes. The approach used in the mentioned works con-
sisted in description of fire hazard characteristics by polynomials of 1-2 degree, logarithmic
equations, or power functions from the number of carbon atoms in a compound molecule. The
mutual influence of atoms in a molecule is accounted for using the "carbon chain" rule. Corre-
lations of flash point temperature with stoichiometric coefficient before oxygen in reaction of
complete combustion of substance (f), stoichiometric concentration (Cs.) of combustible mix-
ture, or molar mass of combustible substance were obtained for some series of compounds in
works [106-113].

Table 5.1 shows the equations for calculating the flash point of the substances studied by
the authors of papers [106-113].

Table 5.1. Equations for the description and prediction of the flash point of organic substances

Compounds Equation Nc R?
Alkanols t,=1142-N.—82198 1 <Nc< 14° 0.9980
T, =14.799- N, +203.7
' ) 2<N< 13 0.9935
T/p =199.2+12.569- 5 —-0.1398 1<B< 19 0.9951
Aldehydes r - 1038.75+602-C,
P 1-0.106- Cm 1.1 <Cy<19 0.9953
<M< 991
T =1055-M +186.8 30.3<M<198.4 0.9916
t,=13.73-N.—58.7
3513 0.9884
t, =901.75-
Ket ’ N +355 3eN< 18 0.9897
erones t,=9.1533- f—54.12 e 0.9884
T, =-3.2545-C} +40.16-C}, -
’ 0.9879
~174.48-C,, +255.9
4
r o 1OVN 4<N< 16 0.9941
Simple esters ” 8.93\/N. +67.82
T, =-0.5466- N +23.44- N, +149.68 4=Ne< 16 09952
Complex esters r,=-03107- N} +17.475-N_. +206.4 25N 16 0.9853
T,=-0.57-N;+30.43-N.+273.0
2<N< 12 .
T =69.10-In(N_)+23.56 © 0.9967
o ¢ 13 <N< 26 0.9997
Carboxylic acids T, =-0.09-N,+7.18-N_+335.2 13 <N< 26 0.9997
T, =2864+13.112- f-02538° 2 <Nes 12 0.9967
Y 13 <Nc<26 0.9997
T =-0.048"+4.70-B+340.0
o

Please note. "Interval of the number of carbon atoms in the molecules of compounds whose properties are used for approxima-
tion. R - correlation factor.

Next, let us consider how the above-described scheme for the separation of structural
fragments in an organic compound molecule [77] has been tested for the description and
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prediction of the flash point of the three classes of compounds: alcohols, ketones, and esters
(114,115, 116, 117].
A multi-parameter equation was used to describe and predict the flash point

t, =1, (Y,)+5t, (Y, )+, (Y,)+5t,(Y,)+

. (5.1)
+Z v, (CH )+ pt, (CH, )+st, (CH )+tt, (CH, ) +ht, (CH, )]

i7 fp
i=1

where ¢, is the flash point of the substance in the closed crucible; #;(Y,) is the contribution to
the flash point of the polar group associated with the primary carbon atom (CH,-group);
Otyp(Ys), and Ot;(Y:) are corrections taking into account the differences in the properties of the
functional groups associated with the secondary and tertiary carbon atoms.

Literature data, including those on t; of complex esters [100-103], indicate that the prop-
erties of the first member of the homologous series significantly differ from the properties of
subsequent compounds. Therefore, in the present work a correction 6t3(Y,,) was introduced in
equation (5.1) that takes into account differences in properties of functional group, the oxygen
atom of which is connected with methyl radical, to better detail molecules of organic com-
pounds and take into account the specific aspects of structure and properties of the first member
of homologous series. The contribution of the functional group associated with a methyl radi-
cal, secondary or tertiary carbon atom can be determined by summing the values of #;(Y,) and
the corresponding correction 8tp(Y,,), 8t(Ys), or dtp(Y:). tp(CH,,) is the contribution to the
flash point of C-H bonds of carbon atoms in the first environment of the polar group in the i-th
hydrocarbon radical bound to it. The first environment of the functional group includes C-H
bonds of the carbon atom bound to the functional group and following it; t;,(CH,,), t»(CHx,),
tp(CHy), tp(CHy), tp(CHy,) are contributions to the flash point of C-H bonds in methyl, meth-
ylene and methylene radicals, respectively, as well as the quaternary carbon atom not included
in the first polar group environment; y; p;, s, t;, and h; are the numbers of extracted structural
fragments in the i-th hydrocarbon radical. They are determined by the composition and struc-
ture of the molecules.

We have described the methodology of structural fragment extraction in detail in [90, 91, 114].

Table 5.2 shows the contributions of selected structural fragments to the flash point of
alcohols, ketones, and complex esters obtained by regression analysis using equation (5.1) of
experimental values of #;, species and number of structural elements.

It can be seen that the standard error of the additive model description of #;, is less than 2
degrees for esters and alcohols, but increases to 3.5 degrees for ketones. However, it should be
noted that for ketones other techniques also give worse results. The paper [114] indicates that
such an error is higher than the calculation error based on the correlation of #;, with the boiling
point.

The predictive ability of our additive is illustrated in [114]. It is shown that reducing the
sample size of the experimental data (columns 4 and 5 of Table 5.2), allows us to maintain high
accuracy of the calculations. Calculated and experimental #; of alcohols not included in the
sample are presented in Table 5.3.
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Table 5.2. Group contributions to flash point and multiple correlation parameters by equation (5.1) for complex
esters, alcohols, and ketones

'?‘5 £ Complex esters: TE £ Aliphatic saturated 'g £ Aliphatic saturated
‘g Eo 0 g Eo monatomic alcohols, ‘g Eo ketones, o
gE& | Y=o | 2 & Y=-OH gE&| vyl
CH,a 5.11+0.31 CH, 5.83%£0.65 6.53+£1.00 CH, 5.57%0.29
CH; 7.92+0.12 CH; 6.07£0.11 5.86+0.18 CH; 6.75£0.25
CH:a 8.37+1.37 CH; 1.92+1.61 -1.32+3.13 CH, 11.18+3.31
CHy,a 2.76+0.44 CHy 5.83+1.97 7.2912.78 CHy 8.17+£0.91

Y, -34.57+2.88 Y, -17.07£9.95 -23.29+14.05 Y, -65.98+7.46

Y, -7.29+1.56 Y, 5.57+4.60 7.4346.33 Y, 0.00£0.00

Y, -22.12+£7.76 -30.09x£11.37 Y: -

Y, 0.71+1.23 Y, -11.07+3.72 -16.01+6.04 Y, -14.72+4.25
CHy,ac 6.59+0.24
CH;ac 6.66+0.29
CHac 6.6140.23

n 33 23 14 17

se 1.55 1.98 241 3.55

R 0.9990 0.9987 0.9988 0.9961

Please note: n is the number of approximated points, sd is the standard deviation, R is the correlation coefficient.

Table 5.3. Experimental and calculated by formula (5.1) £ for alcohols

Compound taaa (exp), °C taaa (calc), °C
Propanol 23 25
1-Butanol 35 37
2-Butanol 24 24
2-Pentanol 36 36
2-Methyl-2-butanol 24 25
2-Methyl-2-pentanol 39 36
4-Methyl-2-pentanol 46 40
1-Octanol 86 84
1-Decanol 110 108
2-Heptanol 61
3-Heptanol 60
5-Methyl-1-hexanol 67
5-Methyl-2-hexanol 56
2-Methyl-2-hexanol 49

It can be seen that there is good agreement between the calculated and experimental val-
ues. The average deviation is 2.0 °C. Based on this, it can be assumed that the additive-group
approach we used will allow us to predict the flash point of many new (even non-synthesized)
compounds with an error equal to the approximation error. For example, Table 5.3 shows the
calculated flashpoints of some heptanol isomers.

Summarizing the above, we can conclude that our proposed version of the additive-group
method, adapted to calculate the flash point of liquids, allows us to describe and predict the
flash point of substances with high accuracy.
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Keywords: Several new short N-acyldipeptides containing the N-terminal 4-(1-adaman-
N-acyl dipeptides, tyl)benzoyl moiety have been synthesized using the classical peptide synthesis
N,N-carbonyl diamidazole, — method in a solution based on N,N-carbonyldiimidazole. 'H NMR spectroscopy
4 - (1 adamantyl) benzoic monitored the stereochemical purity of the desired compounds. It has been found
acid, antiviral activity, dia-  that in the presence of an asymmetric carbon atom, a mixture of two diastereomers
stereomers of N-acyldipeptides is formed in a non-contiguous amino acid residue. It has been
suggested that this is due to the formation of an optically inactive oxazole interme-
diate at an intermediate stage. The synthesized compounds are of interest as poten-
tial therapeutic agents with antiviral activity in combination with low toxicity.

Introduction

The medical chemistry of adamantane derivatives has developed widely in the specialized
literature in recent decades [1]. Many adamantane derivatives, first introduced in the 1960s as
amantadin and rimantadin, are historically known for their strong antiviral activity. The prop-
erties of these drugs are still under investigation, in particular, the affinity of rimantadine en-
antiomers to influenza A/M2 proteins has recently been studied [2], the influence of
rimantadine homologues structure on inhibition of influenza M2 WT and S31N was demon-
strated [3], and a new molecular salt of sulphometaxazole and amantadine with both effective
antimicrobial and antiviral activity was obtained [4]. At the same time, there is also a lot of
information about the antiviral properties of new complex adamantane derivatives. For exam-
ple, the peptide-piperazine derivative adamantan has been reported as a strong inhibitor of
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Ebola virus (EBOV) when binding to the major NPC1 receptor [5]. For the pyridinone and
pyridisinone derivatives of adamantan, their therapeutic promise as inhibitors of hepatitis C vi-
rus p7 ion channels with low cytotoxicity has been shown [6]. An inhibitory effect on the repli-
cation of poxviruses has been found for a number of benzamide compounds with an adaman-
tane fragment [7]. Thus, we can state that there has been a steady interest in this kind of studies
over the past 20 years, especially in terms of the demand for new, effective antiviral drugs due
to the ever-increasing resistance to the already known ones.

A separate and particularly interesting area of adamantane chemistry is the design, syn-
thesis and research of compounds containing a combination of cage and peptide fragments and
exhibiting antiviral activity. The adamantane fragment, being a bulk hydrocarbon fragment,
increases the lipophilicity of the peptide-like drug molecule, which facilitates its better perme-
ability through cell membranes and improves its pharmacokinetic and pharmacodynamic
properties. For example, data on the activity against hepatitis C virus of amino acid derivatives
of adamantanecarboxylic acid (I, II, Fig. 1) [8] and tetrapeptide derivative of 1-(1-adaman-
tyl)ethylamine (III, Fig. 1) have been published [9]. An adamantan-modified dipeptide con-
taining alanine and glutamine residues exhibited activity against influenza A virus (IV, Figure
1) [10]. Wanka et al. presented an adamantyl-containing tetrapeptide (V, Figure 1) with activity
against HIV in their work [1].

o u (0}
H
O, N O, N
z OH z OH
1 1

v v HO
Fig. 1. Short peptides modified with an adamantane fragment with antiviral activity

Thus, reported studies mainly contains the terminal and non-terminal amino acid resi-
dues of glycine, alanine, leucine and phenylalanine, and the adamantan fragment is terminal.
Therefore, the aim of this work was to synthesize short adamantane-modified dipeptides con-
taining a combination of the above mentioned amino acids. We used 4-(1-adamantyl)benzoic
acid, whose efficient synthesis was developed by us earlier [11], as an initial convenient and
available reagent to introduce the cage fragment into the structure of short peptides.
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Study

N-[4-(1-adamantyl)benzoyl]-amino acids synthesized according to a previously devel-
oped technique were used to obtain modified dipeptides containing the N-terminal 4-(1-ada-
mantyl)benzoyl]-amino acid [11]. These compounds exhibit anti-inflammatory and analgesic
activity in combination with low toxicity in vivo. It is interesting in terms of their use as basic
building blocks in the synthesis of potential therapeutic agents [12]. These acids 1.1-1.4 were
individual S- stereoisomers as proved by '"H NMR spectroscopy under shift reagent conditions
[13]. We used derivatives of glycine, sarcosine, L-valine, and L-phenylalanine in our work.

Methyl esters of N-acyl dipeptides 3.1-3.9 were prepared by the classical peptide synthesis
method in solution using N,N-carbonyl diamidazole (CDI) (Figure 2, Table 1). Amino acid de-
rivatives of 4-(1-adamantyl)benzoic acid 1.1-1.4 had been reacting with 15% excess CDI for
1 hour in absolute tetrahydrofuran (THF) at solvent boiling point. As a result, the imidazolides
2.1-2.4 were formed in situ, which were further reacted with 20% excess methyl ester- camino
acid hydrochlorides and triethylamine at the same temperature for 3 hours (see Fig. 2, Table 1).

(0}
H
HCI*N\’)k
- ~
R — R (0]
/j%]/ % I/\N 3 R § 1‘23 i f 1\13 i
XS OH a X< /S}/N\// 4 X< /S(N\’)k —~ B X N
N N N 07—/
| — | | T ITI OH
R o R, O R, R, le} R,

1 0 1 6

in situ
11-14 2.1 -24 3.1-39 41-49

-Gt

X =

Fig. 2. Scheme for the synthesis of N-acyl dipeptides based on 4-(1-adamantyl)benzoic acid. Reagents and condi-
tions: a - CDI, THF, 66 °C, 1 h; b - NEts, THF, 66 °C, 3 h; ¢ - 1 n NaOH, acetone/ethanol/water = 1/1/2, rt, 24 h; d
-1n HCL rt

A method for the isolation of modified dipeptide esters 3.1-3.9 was developed. It consists
of concentrating the reaction mixture, further acidification with hydrochloric acid to pH 2-3,
dissolution of the resulting viscous product in methylene chloride, drying of the solution and
further crystallization of the final product in #-hexane.

Thin-layer chromatography (TLC) analysis revealed that in situ formed imidazolides
2.1-2.4 do not fully interact with the ester hydrochlorides of @ -amino acids. The unreacted im-
idazolides are further processed into the starting N-[4-(1-adamantyl)benzoyl] o-amino acids at
the product isolation step. Probably, this fact is the result of insufficient conversion due to the
heterogeneity of the ester hydrochloride system into the free amine forms, which must further
react with the imidazolides 2.1-2.4.

In order to purify products 3.1-3.9 from starting compounds 1.1-1.4, esters 3.1-3.9 were
treated with a 5% NaHCO; solution when heated for two hours under stirring. As a result, me-
thyl esters of modified dipeptides 3.1-3.9 were obtained in 40-60% yields.

The structure, purity and homogeneity of all synthesized products were confirmed by IR,
"H NMR spectroscopy and TLC.
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Table 1. Initial and synthesized compounds with N-terminal 4-(1-adamantyl)benzoyl fragment

Compound R, R, R;
1.1, 2.1 H H -
1.2,2.2 H Bn
1.3,2.3 H i-Pr
14,24 Me H -
3.1,4.1 H H i-Bu
3.2,4.2 H H Bn
3.3,4.3 H H H
34,44 H Bn i-Bu
3.5,4.5 H i-Pr Bn
3.6,4.6 Me H i-Bu
3.7,4.7 Me H H
3.8,4.8 H H i-Pr
3.9,49 H H Me

The infrared spectra of esters 3.1-3.9 show strong absorption bands of the valence vibra-
tions of the carbonyl groups (1740-1748 cm™) of the ester group. The valence vibrations of the
N-H bond were at 3280-3296 cm™. Also, we observed strong absorption bands of 1634-1640 cm™
and 1530-1535 cm™!, corresponding to the valence vibrations of the carbonyl groups of the am-
ide groups. The IR spectra did not have bands of carbonyl carboxyl groups, so it can be con-
cluded that there are no original compounds 1.1-1.4 in products 3.1-3.9

"H NMR spectra of esters 3.1-3.9 do not contain proton signals of the carboxy groups of
the initial amino acid derivatives (in the range 12.00-11.00 ppm.). NH-group proton signals of
non-terminal amino acids and NH-group proton signals of terminal amino acids were observed
at chemical shifts in the 8.20-8.40 and 8.00-8.20 ppm, respectively. The spectra also show three
signals of the adamantane backbone protons in 1.80-2.10 ppm. The chemical shifts of
3.60-3.70 ppm show the presence of singlet signals with integral intensities corresponding to
the three protons of the methyl group of the ester. It confirms the formation of modified dipep-
tides esters.

The specific feature of the 'H NMR spectra of some of the dipeptide compounds obtained
is the fermentation of protons groups signals related to asymmetric carbon atoms of non - ter-
minal amino acid fragments. Probably, this fermentation related to the formation of N-acyl di-
peptide esters 3.4 and 3.5 as a mixture of diastereomers and the protons of their corresponding
groups are not equivalent. Thus, two duplets instead of one are observed for protons of
NH-groups in the range of 8.20-8.40 ppm. Their total integral intensity equals is one (Fig. 3).

-NH-
Val

e
o =]
84 82

Fig. 3. Fragment of the "H NMR spectrum of 3.5 as a mixture of the methyl ester N-[4-(1-adamantyl)benzoyl]-L-

valyl-L- phenyl alanine and the methyl ester N-[4-(1-adamantyl)benzoyl]-D-valyl-L-phenylalanine
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The mechanism of partial racemization of compound 3.5 is assumed to be that the result-
ing imidazolid intermediate 2.3 undergoes a competitive intramolecular reaction to form azlac-
tone 2.3a, which has an optically inactive tautomeric form with the oxazole ring 2.3b (Fig. 4).

(0] O
N N
- 36 B

2.3a 2.
(9 + (R

Fig. 4. Formation of compounds 2.3a and 2.3bin situ

There was no fermentation of NH-group proton signals in non - terminal amino acid
residues by the '"H NMR spectra of other products. There are no asymmetric centers in the ini-
tial amino acid derivatives.

The resulting N-acyl dipeptide methyl esters 3.1-3.9 were saponified with 1 n. NaOH
(Fig. 2). The total yield of N-acyl dipeptides 4.1-4.9 for the initial amino acid derivatives was
40-50 %.

In the infrared spectra of acids 4.1-4.9 there were no signals for the valence vibrations of
the carbonyl groups related to the ester, but strong absorption bands were observed for the
valence vibrations of the carbonyl group in the range 1722 - 1726 cm™ relating to the carboxylic
group.

In the '"H NMR spectra of products 4.1-4.9 there were no singlet signals in the chemical
shift of 3.60-3.70 ppm with integral intensities corresponding to the three protons of the methyl
group of the ester. At the same time, proton signals of carboxyl groups were observed in the
12.50-12.70 ppm, indicating the formation of modified N-acylipides in the form of acids. Simi-
lar to the case of N-acyliptytides esters, the '"H NMR spectra of terminal acids 4.4 and 4.5 have
seen the fermentation of proton group signals associated with asymmetric carbon atoms of
non - terminal amino acid fragments.

The 'H NMR spectra were measured with a Varian "VXR-400" (400 MHz) in dimethyl
sulfoxide solution (DMSO-ds). IR spectra were recorded on a Spectrum RX-1 (Perkin Elmer)
for substances in suspension in vaseline oil. The melting temperatures were detected on a
BUCHI Melting Point M-560. The homogeneity of the compounds obtained was controlled by
TLC using Sorbfil plates. Eluent of n-hexane/toluene/acetone = 8 ml/8 ml/5 ml was used; the
chromatograms were UV-expressed.

The methodology for the synthesis of N-acyldipeptide methyl esters 3.1-3.9. To solution
of 1 mmol of compound 1.1-1.4 in 10 mL tetrahydrofuran (THF) 1.15 mmol of CDI was added.
The reaction mixture was stirred and heated at solvent boiling point for 1 h. Then 1.30 mmol
of a-amino acid methyl ester hydrochloride and 1.3 mmol of NEt; were added. Stirring was
continued under heat for another 3 hours. The reaction mixture was left overnight at room
temperature, concentrated to half of its original volume and then 20 ml of 1 n. hydrochloric
acid solution was added. Then 15 ml methylene chloride was added to the reaction mixture
until the isolated product was completely dissolved, the resulting organic layer was separated,
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dried, evaporated to a viscous mass, which was then crystallized in n-hexane. The separated
crystals were filtered off and dried in the air.

General methodology for the hydrolysis of N-acyl dipeptide methyl esters 3.1-3.9 to acids
4.1-4.9. To 0.68 mmol of methyl ester 3.1-3.9 in 10 ml acetone solution was added 75 mmol of
1 n sodium hydroxide solution. The mixture was left overnight at room temperature, after
which it was evaporated to a dry residue. Thus residue was dissolved in water and acidified drop
by drop with 36% hydrochloric acid solution to pH 2 when cooled to 2-6 °C. The acid precipitate
4.1-4.9 was filtered off, washed with water to a neutral pH value and air-dried.

N-[4-(1-adamantyl)benzoyl]-glycyl-L-leucine (4.1)

0.226 g (78%) obtained. Melting temperatures 99-101 °C. R;0.3. IR, v, cm™: 3316 (N-H),
1726 (C=0), 1640 (C=0), 1610 (CsH.), 1544 (C=0), 1502 (C¢H,). 'H NMR, 8, ppm.: 12.60 (br.s.,
1H), 8.55 (t, J=6.4 Hz,1H), 8.12 (d, J=7.0 Hz, 1H), 7.82 (d, J=7.8 Hz, 2H), 7.45 (d, J=7.8 Hz, 2H),
4.25 (m, 1H), 3.90 (d, J=6.4 Hz, 2H), 2.05 (m, 3H), 1.90 (m, 6H), 1.80 (m, 6H), 1.65 (m, 1H),
1.52 (m, 2H), 0.90 (d, J = 9.3 Hz, 3H), 0.85 (m, ] = 9.3 Hz, 3H).

N-[4-(1-(1-adamantyl)benzoyl]-glycyl-L-phenylalanine (4.2)

0,275 g (81%) obtained. Melting temperatures 95-97 °C. R¢ 0,45. IR v, cm™: 3290 (N-H),
1729 (C=0), 1645 (C=0), 1610 (CsH,), 1541 (C=0), 1517 (C¢H,).'H NMR, 8, ppm.: 12.65 (br.s.,
1H), 8.59 (t, J=6.4 Hz, 1H), 8.11 (d, J=7.0 Hz, 1H), 7.82 (d, J=7.8 Hz, 2H), 7.45 (d, J=7.8 Hz,
2H), 7.31 (d, J=7.0 Hz, 2H), 7.22 (d, J=7.0 Hz, 2H), 7.15 (t, J=7.0 Hz, 1H), 4.45 (m, 1H), 3.85 (d,
J=6.4 Hz, 2H), 2.05 (m, 3H), 1.90 (m, 6H), 1.75 (m, 6H).

N-[4-(1-adamantyl)benzoyl]-glycyl-glycine (4.3)

0.232 g (76%) obtained. Melting temperatures 90-92 °C. R¢ 0.41. IR, v, cm™: 3291 (N-H),
1735 (C=0), 1644 (C=0), 1615 (CsH.), 1535 (C=0), 1514 (C¢H,). 'H NMR, 8, ppm.: 12.70 (br.s.,
1H), 8.70 (t, J=7.5 Hz, 1H), 8.28 (t, J=6.2 Hz, 1H), 7.84 (d, J=7.8 Hz, 2H), 7.46 (d, J=7.8 Hz, 2H),
3.90 (d, J=6.2 Hz, 2H), 3.80 (d, J=7.5 Hz, 2H), 2.06 (m, 3H), 1.90 (m, 6H), 1.82 (m, 6H).

Mixture of N-[4-(1-(1-adamantyl)benzoyl]-L-phenylalanyl-L-leucine and N-[4-(1-ada-
mantyl)benzoyl]-D-phenylalanyl-L-leucine (4.4)

0.182 g (75%) obtained. Melting temperatures 96-98 °C. R 0.18. IR, v, cm™: 3213 (N-H),
1720 (C=0), 1633 (C=0), 1611 (CsH,), 1542 (C=0), 1524 (C¢H,). 'H NMR, DMSO-ds, 6, ppm.:
12.65 (br.s., 1H), 8.42 (d, J=6.4 Hz, 0.6H, L-L), 8.35 (d, J=6.4 Hz, 0.4H, D-L), 8.26 (d, J=7.0 Hz,
1H), 7.82 (d, J=7.8 Hz, 2H), 7.45 (d, J=7.8 Hz, 2H), 7.34 (d, J=7.0 Hz, 2H), 7.20 (d, J=7.0 Hz,
2H), 7.16 (t, J=7.0 Hz, 1H), 4.75 (m, 0.6H, L-L), 4.70 (m, 0.4H, D-L), 4.3 (m, 1H), 3.2 (m, 1H),
3.1 (m, 1H), 2.05 (m, 3H), 1.90 (m, 6H), 1.80 (m, 6H), 1.65 (m, 1H), 1.52 (m, 2H), 0.90 (d,
J=9.3 Hz, 3H), 0.85 (d, J= 9.3 Hz, 3H).

Mixture of N-[4-(1-adamantyl)benzoyl]-L-valyl-L-phenylalanine and N-[4-(1-adaman-
tyl)benzoyl]-D-valyl-L-phenylalanine (4.5)
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0.34 g (80%) obtained. Melting temperatures 105-107 °C. R¢0.16. IR, v, cm™: 3199 (N-H),
1718 (C=0), 1623 (C=0), 1611 (C¢Hy), 1541 (C=0), 1514 (C¢Hs). 'HNMR, §, ppm: 12.65 (br.s.,
1H), 8.32 (d J=6.4 Hz, 0.6H, L-L), 8.24 (d, J=6.4 Hz, 0.4H, D-L), 8.06 (d, J=7.0 Hz, 1H), 7.82 (d,
J=7.8 Hz, 2H), 7.45 (d, J=7.8 Hz, 2H), 7.31 (d, J=7.0 Hz, 2H), 7.22 (d, J=7.0 Hz, 2H), 7.15 (t,
J=7.0 Hz, 1H), 4.45 (m, 1H), 4.3 (m, 0.6H, L-L), 4.25 (m, 0.4H, D-L), 3.2 (m, 1H), 3.1 (m, 1H),
2.30 (m, 1H), 2.05 (m, 3H), 1.90 (m, 6H), 1.75 (m, 6H), 0.86 (d, ] = 9.1 Hz, 3H), 0.82 (d, ] =
9.1 Hz, 3H).

N-[4-(1-adamantyl)benzoyl]-sarcosyl-L-leucine (4.6)

0.224 g (77%) obtained. Melting temperatures 129-131 °C. R;0.19. IR, v, cm™: 3201 (N-H),
1715 (C=0), 1633 (C=0), 1620 (C¢H.), 1551 (C=0), 1514 (C¢H,). 'H NMR, &, ppm: 12.45 (br.s.,
1H), 8.10 (d, J=7.0 Hz, 1H), 7.82 (d, J=7.8 Hz, 2H), 7.45 (d, J=7.8 Hz, 2H), 4.20 (m, 1H), 3.70 (c,
2H), 3.10 (¢, 3H), 2.05 (m, 3H), 1.90 (m, 6H), 1.80 (m, 6H), 1.65 (m, 1H), 1.52 (m, 2H), 0.94 (d,
J=9.0 Hz, 3H), 0.88 (d, J= 9.0 Hz, 3H).

N-[4-(1-adamantyl)benzoyl]-sarcosylglycine (4.7)

0.195 g (81%) obtained. Melting temperatures 121-123 °C. R¢0.26. IR, v, cm™: 3215 (N-H),
1714 (C=0), 1633 (C=0), 1610 (CsH,), 1548 (C=0), 1524 (CsH.)."H NMR, §, ppm: 12.55 (br.s.,
1H), 8.26 (t, J=6.2 Hz, 1H), 7.80 (d, J=7.8 Hz, 2H), 7.40 (d, J=7.8 Hz, 2H), 3.90 (t, J=6.2 Hz, 2H),
3.80 (c, 2H), 3.10 (¢, 3H), 2.04 (m, 3H), 1.88 (m, 6H), 1.78 (m, 6H).

N-[4-(1-adamantyl)benzoyl]-glycyl-L-valine (4.8)

0.219 g (76%) obtained. Melting temperatures 135-137 °C. R¢0.24. IR, v, cm™: 3214 (N-H),
1715 (C=0), 1628 (C=0), 1610 (CsH,), 1539 (C=0), 1524 (C¢H,). 'HNMR, §, ppm: 12.65 (br.s.,
1H), 8.55 (t, J=6.4 Hz, 1H), 8.10 (d, J=7.0 Hz, 1H), 7.82 (d, J=7.8 Hz, 2H), 7.45 (d, J=7.8 Hz,
2H), 4.33 (m, 1H), 3.90 (d, J=6.4 Hz, 2H), 2.20 (m, 1H), 2.06 (M, 3H), 1.92 (m, 6H), 1.84 (m,
6H), 0.86 (d, ] = 9.2 Hz, 3H), 0.82 (d, J = 9.2 Hz, 3H).

N-[4-(1-adamantyl)benzoyl]-glycyl-L-alanine (4.9)

0.194 g (80%) obtained. Melting temperatures 117-119 °C. R¢0.20. IR, v, cMm™": 3216 (N-H),
1715 (C=0), 1627 (C=0), 1610 (C¢H,), 1542 (C=0), 1520 (C¢Hs). 'HNMR, §, ppm: 12.65 (br.s.,
1H), 8.58 (t, J=6.4 Hz, 1H), 8.05 (d, J=7.0 Hz, 1H), 7.80 (d, J=7.8 Hz, 2H), 7.40 (d, J=7.8 Hz,
2H), 4.40 (m, 1H), 3.92 (d, J=6.4 Hz, 2H), 2.08 (m, 3H), 1.90 (m, 6H), 1.80 (m, 6H), 1.40 (d, J =
8.0 Hz, 3H).
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Keywords:
‘y i , It has been shown that u-nitrido(bis) iron phthalocyaninate is an effective catalyst for the
oxidation, catalytic defluor- . . ) o ) o
o ) oxidation of fluoroaromatic compounds with hydrogen peroxide, including such difficult
ination, iron phthalocyani- L, . . .
to oxidized substrates as hexafluorobenzene and pentafluoropyridine. The main fluoride
nate, homogeneous and . . ) . )
i containing product is inorganic fluoride. It has been found that this catalyst, when sup-
heterogeneous catalysis, hy- . o . . .
) ported on a graphite, exhibits high stability and can be used after simple regeneration.

drogen peroxide

Introduction

The catalytic oxidation of halogen-containing aromatic compounds is a very urgent task
by several reasons:

1. These compounds are poorly undergoing to biodegradation and are toxic for the mi-
cro-organisms used in wastewater treatment.

2. Halogen-containing compounds used in industry, such as trichlorophenol, can turn
into extremely toxic dioxins under proper conditions, e.g., in alkaline medium.

3. There is a rapidly growth of fluoroaromatic compounds use worldwide. For example,
production increased more the three times, from 10,000 tons per year in 1994 to 35,000 tons
per year in 2000 [1].

The first paper showed that iron (III) phthalocyanates are effective catalysts for the oxi-
dation of trichlorophenol was published in Science Magazine in 1995 [2]. Since the field has
developed extensively [3, 4]. However, this approach was ineffective for fluoroaromatic com-
pounds due to the significantly stronger C-F bond compared to C-Cl, and it was not until 2014
that the first patent for catalytic defluorination of fluoroaromatic compounds was granted.
p-nitridodimeric iron complexes with tetrapyrrole macroheterocycles have been proposed as
catalysts [5]. This reaction was later investigated in more detail in terms of its mechanism [6].
It should be mentioned the synthetically difficult and expensive octa(tret-butyl)-(IIL,IV)
(FePctBu,),N) was used in reaction as a catalyst [6].

Iron(III) phthalocyanate (PsFe) is commercially available, is inexpensive and is also more
stable and easier to purify than its fert-butyl derivative. Its p-nitridodimer complex can be ob-
tained in one step, for example, by the method described in [7].
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Due to above, the aim of this paper was to study the catalytic activity of p-nitride dimer
iron phthalocyanate complex ((FePc),N) and to create an active and stable heterogeneous cat-
alyst based on it.

Study

All reagents were obtained from Aldrich

company and used without further purification. @Nbr@
N .~

7
(PcFe).N (Fig. 1) was obtained and purified ac- NZ >|: " SN
cording to the method described in [7]. F PMR >—N N %
spectra were measured on a Brucker AMD 200
(F operating frequency 235 MHz). Quantifica- N
tion of the reaction mixtures was carried out as
follows: Hexafluoroisopropanol (solution in N
CD:CN), (sealed capillary with d = 3 mm and — N7\l ©N ;
NZ  >Fe SN

Lsowtion = 54 mm) was used as external standard. N~ CSN=

The standard was placed in a PMR ampoule. The &‘\N%
analyzed reaction mass was added in immediately

before the measurement. The height of the liquid Fig. 1. Structural formula (PcFe).N
layer in the ampoule was 54 mm in all cases. The system was pre-calibrated using KF as stand-
ards for D,O and hexafluorobenzene for CD;CN. The integrated intensities linearly depend on
concentrations of organic and inorganic fluorine for both cases. To validate the results, fluoride
ion concentrations were also determined spectrophotometrically after dilution of reaction
masses by deionized water, using the method described in [8]. All catalytic experiments were
conducted at 60 °C in glass or teflon reactors.

Preparation of heterogeneous catalyst. The inert carrying agent was the graphite HSAG
300 with a specific surface of 300 m?*/g (Lidl, Switzerland). The inert carrying agent and a
calculated amount of catalyst (final concentration 12 pM/g) and dichloromethane (200 ml per
2 g of carrying agent) were added to the round-bottomed flask. The obtained mixture was held
in intensive mixing for 6 hours, the solvent was removed and the catalyst was dryed in vacuum
at 60 °C. If reused, the catalyst was filtered, deionized with water and dried at 120 °C. A heter-
ogeneous catalyst using SiO, as a carrying agent was obtained by the method described in the
patent [5].

At the first phase of our work, we investigated the catalytic activity (PcFe).N as a homo-
geneous catalyst in the oxidation reaction of fluoranyl. The reaction was performed in CD;CN
in the presence of a fourfold excess hydrogen peroxide. Fig. 2 shows the “F PMR spectrum of
fluoranyl. According to the data provided, only one singlet at -145 m.d., corresponding to four
equivalent substrate fluorine atoms has been detected in the spectrum.

The oxidation reaction was initiated by adding a four-fold excess of hydrogen peroxide
(30% solution in water) and a catalyst. Fig. 3 shows the ’F PMR spectrum of reaction mass.
A quantitative spectrum analysis showed the substrate had been converted to 70 per cent, with
inorganic fluorine at 0.034 M.
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Fig. 2. “F PMR spectrum of fluoranyl. Test condi- Fig. 3. ’F PMR spectrum of reaction mass. Test condi-

tions: Fluoranyl is 0.1M in CD;CN. External Standard  tions: Fluoranyl i (0.1M) in CD;CN, 0.4 MH,O,, cata-

for hexafluoridepropanol (-76.43 m.d.) lyst (2:10*M). 54% mineralization, based on the reac-
tion substrate. [F] = 0.038M

Although the catalyst has been effective for homogeneous oxidation of fluoranyl, from a
practical point of view this process is not promising for two reasons. Firstly, the catalyst cannot
be regenerated and reused. And secondly, there is a side oxidation of the solvent under the
process conditions [9]. According to the above, we studied the catalytic activity of (PcFe),N
deposited on silicon dioxide, which acted as both catalyst and trap for hydrogen fluoride in
order to exclude its transfer to the gas phase, which would have made the quantitative analysis
difficult. The reactions were carried out in deuterated water.

Fig. 4 shows the “F PMR spectrum of reaction mass before and after the oxidation reac-

I

E (SiF,)*
\\ ./ JLJLJ\ Oh
o

tion of pentafluorophenol.

C,F.OH

C6F4()2
. .J . \ Y L 4h
T T T T T T T T 1
-120 -140 -160 -180 -200
d (ppm)

Fig. 4. '°F PMR spectrum of reaction mass before and after the oxidation reaction. Test conditions: heter-
ogeneous catalyst (10 uM/g, SiO;) — 36 mg, D,O 2 ml, CsFsOH 0.2M, [H,0,] = 0.8M, 60 °C. Conversion 8§7%
93% mineralization per responsive substrate (F- and SiF¢>)
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Hexafluorobenzene is one of the most difficult-to-oxidize compounds in organic chem-
istry. In addition, organofluorocarbons are often found in low concentrations in wastewater, so
we have studied the applicability of (PcFe),N as a catalyst for its oxidation in aqueous solution
at low substrate concentrations. Fig. 5 shows the ’F PMR spectrum of reaction mass produced
after the oxidation of hexafluorobenzene.

As known, the one of the intractable problems encountered by researchers working in the
field of metal-composite catalysis is the fact that many substrates, as well as reaction products,
tend to coordinate on active catalyst centers. This way, they can act as catalytic poisons, block-
ing the reaction center of the catalyst. In this case (PcFe),N contains two iron cations in the low-
spin state with a formal oxidation state of +3.5 and a coordination number of 5, and therefore
its reaction centers can be deactivated neither by the substrate nor by the reaction products.
This hypothesis was confirmed experimentally by using pentafluoropyridine as a substrate
(Fig. 6). In addition, sulphuric acid was used as a co-catalyst, as its addition has previously been
shown to increase the catalytic activity and stability of this type of catalyst [10].

F
F F
standart
F F
F
=2-
SiF
CGFS
A ‘ — L
T T T T T T T T T T 1
-80 -100 -120 -140 -160 -180
3, ppm

Fig. 5. F PMR spectrum of reaction mass after oxidation reaction. Test conditions: [CsFs] = 0.009M (2 ml satu-
rated solution in D,0). [H2SO4] = 0.1M, catalyst (10 pM/g, SiO) 30 mg, [H,O:] = 0.4M, 60 °C, 14 hours. Conver-
sion 94%, mineralisation 82%
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Fig. 6. F PMR spectrum of reaction mass after oxidation reaction. Test conditions: [CsFsN] = 0.05M (2 ml satu-
rated solution in D,0). [H2SO4] = 0.1M, catalyst (10 pM/g, SiO) 30 mg, [H,O:] = 0.4M, 60 °C, 14 hours. Conver-
sion 46%, [inorganic F] = 0.055M
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Thus, the synthetically available and inexpensive catalyst (PcFe),N has been shown to be
effective also in the oxidation of difficult to oxidize substrates such as hexafluorobenzene and
the more inert pentafluoropyridine.

However, the use of a catalyst deposited on silicon oxide does not seem to be feasible from
a practical point of view. Silicon dioxide is known to react with the resulting hydrogen fluoride,
making it impossible to reuse. Therefore, we prepared a heterogeneous catalyst where graphite
acts as a carrying agent. The catalyst withstands at least three cycles and can be easily regener-
ated (Fig. 7, Table 1), which was confirmed experimentally by the oxidation of pentafluorophe-
nol. Of course, mechanical losses are inevitable when regenerating such small quantities of cat-
alyst, so in Table 1 we also give the masses of catalyst used for the experiment. The reaction was
carried out in a sealed teflon reactor with a volume of 5 ml.

2" cycle N UJ L
1% cycle l A i )
initial J l
I ! I ! I ! I ! I ! I ! I ! |}
-40 -60 -80 -100 -120 -140 -160 -180
d, ppm

Fig. 7. YF PMR spectrum of reaction mass after oxidation reaction and reuse of catalyst. Test conditions:
[C6FsOH] 0.1M, [H,SO4] 0.1 M, [H;0,] = 0.8M, [Catalyst 12 uM/g] = 20 mg, D,O 1 ml, 60 °C, 14 hours

Table 1. Results of the catalyst reuse experiment

. Concentration, mol/l Mass
Conversion, % . -
F Difluoromaleic acid HF catalyst, mg
Cycle 1 84 0.034 0.032 0.405 20
Cycle 2 76 0.021 0.027 0.248 14
Cycle 3 68 0.017 0.024 0.170 11

Conclusions and recommendations

Synthetically easily available and inexpensive (PcFe).N is an efficient catalyst in oxidation
reactions of fluoroaromatic compounds, including such hard-to-oxidize compounds as hex-
afluorobenzene and pentafluoropyridine. This produces inorganic fluorine compounds as the
main product of the reaction. Thus, the first reusable catalyst with high catalytic activity and
good stability has been developed. The investigation of other halogen-containing compounds
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in the above reaction, such as the widely used chlorinated hydrocarbons of the aliphatic and

aromatic series, could be the further development of the study.

10.
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Keywords: We consider different designs of gas-liquid apparatuses in which the gas-liquid
gas-liquid apparatuses, dispers-  system receives a kinetic energy reserve via a stirrer or one of the contacting
ing, mixing device, gas-liquid phases. We present some of the most typical ejection gas dispersant designs and
ejection apparatus, efficiency analyze their efficiency.

Introduction

Sustainable production technologies of chemical, petrochemical, microbiological and
other industries are closely related to the increasing efficiency of heat and mass transfer and
intensification of the mixing process. The apparatuses design determines the efficiency and spe-
cific capacity of the machinery and depends on the way of energy injection into the medium
and its distributing in the displacement [1-3]. Gas injected apparatuses, i.e., with mechanical
energy input, are very common. These apparatuses should provide high gas charges per unit
area of cross section of the apparatus. Also, they should have high specific surface area, simple

design, manufacturability, serviceability, quick regulation of process flow rate [4, 5].
Study

High degree of dispersion while varying the raw material flow rate is providing by high
efficiency of gas-liquid apparatuses [6].

Studies of the hydrodynamics of two-phase flow in gas-liquid apparatuses have shown
that the pressure of the gas flow is the pacing factor of turbulence. The main hydrodynamic
characteristic of the two-phase flow is the gas content [7, 8].

There are large varieties of turbulent gas-liquid apparatuses. The gas-liquid contact is im-
plemented and the mixture is provided with a certain amount of kinetic energy by the mixer or
one of the contacting phases [9, 10].

Fig. 1 shows some types of apparatuses belonging to this class.
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Fig. 1. Gas-liquid apparatuses with various dispersers:
a - open type turbine disperser; b - close type self-priming turbine dispersers; ¢ - injecting and dispersing gas
through the nozzle; d - hydrodynamic stirrer

Fig. 1, a shows an apparatus with an open turbine disperser. The gas is injected through
a gas spray. By large shear gradient in the liquid layers, these apparatuses are more efficient
in terms of creating a specific phase contact surface. They provide a higher gas flow rate per
unit cross-sectional area (q: > 0.03 m*/m?s) than apparatuses with other types of dispersers.

The main disadvantage of hollow tube type self-priming dispersers (Fig. 1, b) is the small
injection ratio, which causes a low specific gas flow rate.

Fig. 1, c shows an apparatus diagram, gas-liquid dispersion is provided by an injector. The
energy supplier is the gas, entering into the nozzle. The resulting gas-liquid mixture is routed
into a cylinder where a foam layer is formed. This type of apparatus does not provide a large
injection coefticient.

The use of liquid-gas injector, in which the energy carrier is a liquid flowing in the form
of ajet from the nozzle, injecting gas (Fig. 1, d), provides a high mass transfer capacity and phase
contact surface.

The typical gas-liquid apparatus designs analysis allowed to develop a more efficient gas-
liquid apparatus with injected gas dispersion. The main advantages of the apparatus are: 1) high

167



FROM CHEMISTRY TOWARDS TECHNOLOGY EeIIa: e |43 VOL.2, ISSUE 2, 2021

specific contact surface of the phases, 2) high specific flow rate of the gas flow, 3) the absence
of dead areas, 4) simple design, 5) manufacturability, 6) ease of repair, 7) the possibility of rapid
regulation of the process flow rate, 8) providing the necessary temperature conditions of the
technological process.

Various theoretical and experimental studies of hydrodynamics and mass transfer allow
developing a wide range of designs apparatuses of this type. Fig. 2 shows the most typical

ejection gas dispersant designs [11].
2 3

._1 - _ .- _‘-n o -
_\\-\\'a . q__'“ﬂ d"-u_i-’
L Sl L e
e S e e oo

a

Fig. 2. Gas-liquid ejection apparatuses designs:

a - gas-liquid ejector with short ejector; b - gas-liquid ejector with long ejector; ¢ - gas-liquid ejector with tiered
ejector; d - multi-nozzle gas-liquid ejector;

1- cylinder; 2 - ejection chamber; 3 - liquid sprayer (flow nozzle); 4 - dispersant; 5, 6, 7 - ejectors-mixers; 8 - nozzles

The presented designs of gas-liquid-driven apparatuses use alternating change in the
shape and direction of the flow, flow impact against solid countermeasure barriers, twisting,
reciprocal ejection and phase injection, pulsation, effective liquid spraying for intensifying heat-
exchange and mass-exchange processes.

The units work as follows: a pressurized liquid is fed into a nozzle, atomized and drawn
into the induction chamber. The resulting gas-liquid mixture flows through the ejector mixer.
The liquid-gas contact occurs with the surface of the atomized liquid. Depending on the ejector
operating mode, its geometric parameters and the pressure drop across the nozzle, a gas-liquid
two-phase flow with different liquid to gas ratios can be generated in the ejector. The two-phase

168



FROM CHEMISTRY TOWARDS TECHNOLOGY EeIIa: e |43 VOL.2, ISSUE 2, 2021

flow can be as dispersed liquid or gas phase. By proper conditions, a phase inversion can occur.
This mode is the most effective because the mass transfer coefficient is highest at the moment
of inversion. Leaving the ejector, the gas-liquid flow strikes the disperser. When the gas-liquid
flow hits the disperser, the gas bubbles are crushed and the next stage of gas-liquid contact oc-
curs. The mixture is then distributed according to the apparatus reaction volume where another
stage of contact of the gas-liquid contact takes place.

The characteristics of the presented designs.

The gas-liquid jet and short ejector apparatus (Fig. 2, a) has a gas-liquid jet that addition-
ally captures gas from the reaction volume space, increasing the gas content of the apparatus.

The tiered ejector apparatus (Fig. 2, c) generates significant shear rates and multiple gas-
liquid contact in the ejector-mixer.

The multi-nozzle apparatus occupies a special place among gas-liquid ejectors (Fig. 2, d).
By the results of the experiments the efficiency of these units is 15-20% higher than that of a
gas-liquid ejector with a long ejector (Fig. 2, b).

The chemical method based on determining the effective phase contact surface, i.e., the
interfacial surface actually involved in the mass exchange process, is one of the most accurate
way of assessing the efficiency of gas-liquid apparatus [11]. This method is based on the chem-
osorption of oxygen from air and identification of the "sulphite number". This allows us to de-
termine the process speed.

Conclusions

By the results of the experiments the apparatus with a gas-liquid jet and a short ejector
provides a higher (by 6-8%) mass transfer coefficient than the traditional apparatus with along
ejector. The gas-liquid apparatus with the multi-tier ejector has a complex design, but the "sul-
phite numbers" are considerably higher than the other apparatuses - by more than 15%, which
allows us significantly intensificate the heat and mass transfer process. The multi-nozzle gas -
liquid ejector has higher (by 15-20%) "sulphite numbers".

References

1. Leont'ev V.K., Barasheva M.A. Calculation of a gas-liquid ejection device for carrying out the absorption pro-
cess. Izvestiya vuzov. Khimiya i khimicheskaya tekhnologiya. 2012. V. 55. N 12. P. 98-100 (in Russian).

2. Basargin B.N., Galickij I.V., Gushchin Yu.I. Mass transfer and heat exchange processes of chemical technol-
ogy. Sb. nauch. tr. Yarosl. politekhn. in-ta. 1975. P. 39-44 (in Russian).

3. Kan N.S., Nurgazizova T.T., Korableva O.N., Leont'ev V.K. About the contact surface of the phases in the
mixer of the gas-liquid ejection apparatus. 74 Vserossijskaya nauchno-tekhnicheskaya konferenciya studentov,
magistrantov i aspirantov vysshih uchebnyh zavedenij s mezhdunarodnym uchastiem: sbornik materialov kon-
ferencii.2021. V. 1. P. 171-174 (in Russian).

4. Ul'yanov B.A., Badenikov V.Ya., Likuchev V.G. Processes and apparatuses of chemical technology. Angarsk:
AGTA, 2005. 903 p. (in Russian).

5. Frolov V.F. Lectures on the course "Processes and apparatuses of chemical technology”. SPb.: Khimizdat, 2003.
608 p. (in Russian).

6. Patent RF N 2176929. Gas-liquid reactor / F.Sh. Hafizov, N.F. Hafizov, V.S. Andreev, V.A. Zyazin, YU.G. Mo-
roshkin, I.F. Hafizov. 20.12.2001, Bul. N 35 (in Russian).

169



FROM CHEMISTRY TOWARDS TECHNOLOGY EeIIa: e |43 VOL.2, ISSUE 2, 2021

10.

11.

Lepeshinskij I.L., Istomin E.L., Zarankevich LL., Reshetnikov V.L. Mixing device of an open-type bubble
structure Izvestiya vuzov. Aviatsionnaya tekhnika. 2016. N 3. P. 71-75 (in Russian).

Leont'ev V.K., Korableva O.N. Calculation of the aeration energy of the working volume in gas-liquid ejection
apparatuses. Chemical and Petroleum Engineering. 2021. N 4. P. 48 (in Russian).

Pat. RF Ne 167023 Apparatus for gas-liquid contact / V.K. Leont'ev, O.N. Korableva, O.V. Smirnova, I.A. Nev-
zorov, T.V. Pogodina. 20.12.2016, Bul. N 35 (in Russian).

Pat. RF Ne 152989 Apparatus for gas-liquid contact with a combined nozzle element / V.K. Leont'ev,
O.N. Korableva. 27.06.2015, Bul. N 18 (in Russian).

Leont'ev V.K., Korableva O.N. Razrabotka konstrukcij gazozhidkostnyh ezhekcionnyh apparatov. Chemical
and Petroleum Engineering. 2016. N 3. P. 8-10 (in Russian).

Received 03.05.2021
Accepted 28.05.2021

170



FROM CHEMISTRY TOWARDS TECHNOLOGY EeIIa: e |43 VOL.2, ISSUE 2, 2021

UDC 665.1:633.7/9
DOI: 10.52957/27821900_2021_02_171

FEATURES OF EXTRACTING OF HERACLEUM SOSNOWSKY FRUITS

A. V. Pavlov, V. V. Solovyov

Pavlov A.V., Candidate of Technical Sciences, Associate Professor; Solovyov V.V., Candidate of Technical Sci-
ences, Associate Professor

Yaroslavl State Technical University, Moskovsky ave., 88, Yaroslavl, Russia, 150023

E-mail: pavlovav@ystu.ru; solovyovvv@ystu.ru

Keywords: This paper deals with the using of Sosnowsky hogweed processing products in

Sosnowsky hogweed fruit extrac-  the chemical industry. Essential oils containing carboxylic acid esters are the

tion and processing time, essen-  most valuable important components obtained after fruits oil extraction of the

tial oil, chromatographic analy-  studied plant. The extraction was carried out in a Soxlet apparatus sequen-

sis, chemical technology, rubber  tially with light petroleum ether, an equal volume mixture of benzene and ac-

frost resistance etone and isopropanol. The resulting essential oil was used to prepare a com-
pound with vaseline oil to make rubber. The use of Sosnowsky hogweed essen-
tial oils in the formula of rubber makes it possible to extend the temperature
range of their use at low temperatures. The recycling of rubber containing es-
sential oils into crumb rubber will enable it to be used in road pavements and
eliminate the problem of them cracking in winter time. The recycling of rubber
containing essential oils into crumb rubber allows us to use it for road surface
and to eliminate the problem of winter time cracking.

Introduction

Every year, the invasive plant Heracleum Sosnowskyi Manden, or Sosnowsky hogweed,
occupies up to 10% of the arable land in Europe [1, 2-4]. This plant can cause photochemical
burns in human when contact with the skin, thus making it a potential hazard to the public [5].

Nowadays, the issue of limiting the spread of this invasive plant is decided privately by
the land owner.

In the places where this plant can pose a potential threat to human health (city parks,
adjacent to railways lands, and non-agricultural lands) the overgrowth of this plant is treated
with strong, continuous-type herbicide "Tornado" based on glyphosate [6], which effects on the
environment and can have a negative impact on human health.

On small and medium-sized agricultural lands Sosnovsky's hogweed is removed during
the cultivation. In the most of the large wastelands, restrictive measures against the spread of
Sosnowsky's hogweed are neither applied nor envisaged.

Limiting the spread of this plant can be achieved through the use of herbicides and by
targeted, integrated processing into products required by society.

Study

The hogweed burgeon contains up to 17-31% wt. sugar [7] and was predicted as one of
the promising and economically raw for biofuel production. By the monitoring of sap sugar
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content at different stages of plant vegetation in 2019-2020, it was observed [8] that the maxi-
mum sap sugar content was 7.5% wt. and occurred during budding and flowering period. But
bioethanol could not be obtained in relevant quantities from the sugar sap of the stems of Sos-
nowsky hogweed by the digestion of Saccharomyces cerevisiae. The substances in the juice in-
hibited the biological processes of sugar digestion and exhibited antimycotic properties [9]. In-
frared spectra of sugar and sugar concentrate obtained from Sosnowsky hogweed were made
by IR-Fourier RX-1 of "Perkin Elmer" spectrophotometer.

The sugar concentrate obtained from the sap by evaporation, as confirmed by infrared
spectroscopy data (Fig. 1), is using for wood-peel pellets production as a binder and flavoring
agent for the resulting pellet fuel [10].
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Fig. 1. IR spectra of sugar (bottom graph) and sugar concentrate from Sosnowsky hogweed (top graph)

The IR spectra of sugar concentrate and sugar (a disaccharide consisting of a-glucose and
B-fructose) show absorption bands of 844 and 891 cm™, are typical for glucosides and polysac-
charides, and absorption bands of 1070 cm™ are typical for fructose. The presence of a broad
absorption band of 3200-3600 cm™ in both spectra indicates the presence of hydroxide groups
bound together by hydrogen bonds in the disaccharides.

According to [11], Heracleum Sosnowskyi Manden fruits contain 1-10% essential oils. By
GOST 31791-2017 "Essential oils and floral and herbal essential oils" these fruits cannot be used
in perfumery, cosmetics and food industries or in medicine, but they can be successfully used
in chemical technology, in particular for technical rubber production.

The higher frost resistance of technical rubbers may be the result of the high content of
carboxylic acid esters [12] of the ester oil.

Fruits of Sosnovsky's hogweed were seeded at noon in cloudy weather and in the absence
of precipitation in the period 15.08.2020 - 25.08.2020 in a floodplain meadow with coordinates:
57.717644 north latitude and 39.829009 east longitude, Yaroslavl, Russia. After mechanically
removing the fruit from the umbels, the seeds were dried out of sunlight, packed in sealed card-
board boxes and stored in a cool dry place.
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The essential oil was extracted from air-dry raw material one month and one year after
seeding by light petroleum ether extraction in a Soxhlet apparatus and by 3-step sequential ex-
traction method "light petroleum ether - mixture of acetone and benzene (1:1 by volume) -
isopropanol” year later.

The chemical composition of essential oils was analyzed using a gas chromatograph with
a DB-624 capillary column with a stationary phase of 6%, cyanopropylene phenyl 94% and a
film thickness of 2.5 micrometers, 30 m length, 0.53 mm diameter, equipped with a flame ion-
ization detector, an electronic integrator Crystallux 4000M.

We raised the column temperature from 60 °C to 200 °C at a heating rate of 4 °C/min and
controlled for 2.5 min, then raised to 250 °C at a heating rate of 20 °C/min and controlled for
5 min. Medium gas: hydrogen. Column flow rate: 3.0 ml/min; injector temperature: 250 °C;
detector temperature: 290 °C; flow division: 1:5; hydrogen flow rate: 30 ml/min; air flow rate:
300 ml/min.

The components were identified by their retention times. The quantitative content of the
components was determined by internal rationing.

Analysis of a chromatogram of the essential oil obtained one month after its extraction
shows that the essential oil contains 36 components (Table 1), of which 13 have been identified,
mass content in the essential oil exceeds 1.0% (major components). The yield of the essential
oil extracted with petroleum ether from the fruit of Heracleum Sosnowskyi Manden was 3.4%
wt.

Table 1. Quantitative composition of major components of Sosnowsky hogweed fruit essential oil one month
(2020) and one year (2021) after seeding.

Ingredient weight in essential oil, %
No. Component
2021 2020
1 1-Hexanol - 1.057
2 Terpene 9.523 14.671
3 Octanal 3.626 5.225
4 Hexylacetate 1.957 3.297
5 Octanol 2.927 3.257
6 Hexylisobutyrate 2.776 2.313
7 Hexylbutyrate 7.727 6.891
8 Octylacetate 25.630 27.575
9 Hexylisovalerate 2.540 2.581
10 Octilisobutyrate 1.607 2.324
11 Hexylcapronate 4.190 3.375
12 Octilisovalerat 11.562 7.568
13 Octylcapronate 1.877 1.449
14-36 Other 24.088 18.417

Table 1 shows the total amount of identified carboxylic acid esters in the essential oil is
57.5% wt., of which 27.6% wt. is octyl acetate. These results are correlating with the results of
tests of essential oils [13].

Chromatographic analyses show the essential oil content of Sosnowsky hogweed fruit de-
clines to trace levels after a one-year storage cycle, and it is a significant problem for the indus-
trial year-round production of essential oils by extraction.
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By Table 1, reanalysis of the essential oil after one year shows a quantitative decrease of
terpenes, octanal, hexylacetate, octylisobutyrate and a complete absence of 1-hexanol and there
is an increase in hexylbutyrate, hexylcapronate, octylisobutyrate and total unidentified compo-
nents of the essential oil. The total amount of carboxylic acid esters identified increased by 2.3%.

When light petroleum ether was extracted in a Soxhlet apparatus with air-dry raw mate-
rial from the fruit of Sosnowsky hogweed, stored for one year, no essential oil could be quanti-
tatively obtained. We found only trace amounts of the components making up the essential oil.
Further extraction of raw material with acetone and benzene mixture (1:1 by volume) allowed
to extract additionally 12.071% wt. 1-hexanol, 1.073% wt. octylacetate and 3.243% wt. hexyli-
sovalerate at total mass yield of 3.2%, the final extraction with isopropyl alcohol did not increase
of carboxylic acid esters content of the extract.

The essential oil of Sosnowsky hogweed fruit has a nice fruity smell, typical for the car-
boxylic acid esters. But this oil has low processability. To improve processability of essential oil
in the manufacture of rubber compound, a compound of vaseline oil with essential oil in a 1:1
ratio (vegetable oil) by volume, from which the fraction with a boiling point below 85 °C was
completely removed. When making the compound with petroleum jelly medical oil the pro-
cessability is increased, but the organoleptic properties are greatly reduced and the compound
began to smell bad.

The kinematic viscosity of the compounds was determined with a capillary viscometer
VPZH-1 according to GOST 33-2000.

Rubber mixtures based on light crepe with a compound of vaseline oil and essential oil in
the ratio of 1:1 (vegetable oil) by volume and I-12A oil (industrial oil) were made on heating
rollers PD-320 160/160 with friction of the rollers 1:1,08 during 15 minutes.

The methods of definition of premature vulcanization ability of rubber compounds sam-
ples according to GOST 10722-76 (ST SEV 3662-88), methods of definition of rubber com-
pounds vulcanization characteristics according to GOST 12535-84 (ST SEV 3813-82) with use
of vibroreometer "Monsanto" were used, methods for determination of elastic tensile strength
properties of rubber compounds according to GOST 270-75 using I'TS 8220-10 tensile breaking
machine, method for determination of frost resistance of rubber compounds according to
GOST 408-78.

Table 2 shows the technological characteristics of vaseline oil compounds with essential oil.

Table 2. Technological characteristics of Vaseline oil compounds with essential oils of Sosnowsky hogweed fruits

Indicator name Essential oil content, % vol.
0 10 25 50 75
Refractive index, n3° 1.4721 1.4661 1.4633 1.4557 -
Density at 20 °C, g/cm’ 0.8502 0.8373 0.8122 0.8204 0.8316
Kinematic viscosity, mm?*/sec:

at20°C 126.76 42.40 19.31 20.09 22.53
at40 °C 56.61 25.52 11.10 10.21 15.87
at 50 °C 32.08 14.76 8.44 8.10 13.41

Self-ignition temperature, °C 290 270 265 260 235

According to Table 2, a compound of vaseline oil with essential oil in a ratio of 1:1 by
volume has optimum processing characteristics. At this oil ratio, the kinematic viscosity values
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in the temperature range under study are extremely reduced at the maximum permissible es-

sential oil content of the compound.

Table 3 presents the comparative properties of rubber compound and technical rubber

based on light crepe containing industrial oil I-12 and a compound of vaseline oil with Sos-

nowsky hogweed extracts.

Table 3. Comparative properties of rubber compound and technical rubber based on light crepe containing indus-

trial oil I-12 and a compound of vaseline oil with with Sosnowsky hogweed extracts

Oil, wt. h.
Recipe and indicator name Industrial I-12 Plant
(5,00) (5,00)
Sulphur 2.00 2.00
Mercaptobenzthiazole 0.65 0.65
Tetramethylthiuramdisulphide 0.30 0.30
Zinc oxide 15.00 15.00
Stearic acid 2.00 2.00
Vulcanizing ability of the rubber compound at 120 °C
Mmmin, units. Mooney 9 16
ts, min 17 7.5
f35, Min 20 15
Ats, min 3 7.5
Rheometer characteristics of the rubber compound at 151 °C
M;, Hm 4.6 6.4
t, min 2.9 1.3
My, Hm 21.5 23.1
AM,H-m 16.9 16.7
ts, min 5.5 3.0
foo, min 5.8 3.8
t,, min 40.0 -
Ry, min’! 34.8 40.7

Rubber properties (vulcanization mode in an electric curing press 151 °C x 15 min)

> MPa 24.0 24.4

& % 930 950

0, % 9.6 6.7

Frost resistance coefficient at minus 45°C 0.72 0.89

Conventions

Mmin - minimum viscosity (torque) at 120 °C;

t5 - the time from the start of the test when the viscosity of the rubber mixture exceeds the minimum viscosity Mmin by 5 units at 120 °C;
t35 - the time from the start of the test when the viscosity of the rubber mixture exceeds the minimum viscosity Mmin by 35 units at 120 °C;

M - minimum torque;

ts - start time of curing at given temperature;

Mp - minimum torque;

AM - difference between the maximum and minimum torque;
tso - time to reach 50% degree of cure at given temperature;

teo - the time to reach the optimum curing time at given temperature;

tr- reversion time;

Rv - measure of the rate of curing;
fp - conditional tensile strength;

& - relative elongation at break;

0 - relative residual elongation.
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The technical rubber comparative properties (Table 3) show that the introduction of veg-
etable oil into the rubber mixture slightly increased its tendency to subvulcanize to compare
with industrial oil but there is no overvulcanization of the rubber mixture sample with vegetable
oil.

Rubber containing vegetable oil has the value of coefficient of cold-resistance at minus
45 °C by 23% more in comparison to rubber plasticized with industrial oil with practically the
same level of deformation strength properties under uniaxial tension.

The increased frost resistance of containing vegetable oil rubber isexplained by the pres-
ence of 57.5% wt. of carboxylic acid esters in the essential oil of Sosnowsky hogweed fruit. In
this regard, essential oil as a component of rubber compounds is not only a softener like indus-
trial oil I-12A, but also a plasticizer of rubbers. It allows to recycle these rubbers into rubber
crumb as a component of production of polymer-bitumen binders [14, 15], reducing of road
surfaces cracking at low temperature.

Conclusions and recommendations

1. The essential oil of Sosnowsky hogweed can be used as a plasticizer of technical rubbers
to increase their frost resistance.

2. The essential oil content of Sosnowsky hogweed fruit declines to trace levels after a one-
year storage cycle, and it is a significant problem for the industrial year-round production of
essential oils by extraction.
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Keywords: The paper deals with the process of convective drying of materials using potatoes as an ex-

acoustic pressure  ample at 60 °C. To intensify the drying process, non-contact ultrasound with different acous-

level, drying, dis-  tic pressure levels in the range 130-175 dB was applied. Ultrasonic drying at175 dB reduced

persing, ultra- the drying time of potatoes by 57.1%to compare with the convection drying. We observed a

sonic dryer, dry-  step change of drying speed during the initial phase (at high moisture content) at acoustic

ing curve pressure level of 150 dB. It allows to predict the activation of dehydration mechanism with-
out a phase change, i.e., by dispersing moisture from the surface of the material to be dried.
To verify the dispersion mechanism, we captured water droplets with the immersion liquid
slide. The number of dispersed droplets decreased along with decreasing of material moisture
content. The optimum of acoustic pressure level is 160-165 dB range in terms of reduced
drying time and energy consumption. Two drum-type dryer designs have been proposed to
increase the mass of material being dried at the same time. Ultrasonic drying (160-165 dB)
of diced potatoes by these units was 45-47% faster than convection drying.

Introduction

Drying is an energy-intensive and time-consuming process in many industries. There-
fore, the development of new technologies and apparatuses reducing energy costs and drying
time is very important. Scientists are searching for ways to intensify the various materials drying
processes. The issue of controlling the process temperature in order to maintain the properties
of the material to be dried is a crucial one [1-5]. A promising way to reduce the temperature
while increasing the drying rate is to use combined thermal and acoustic influence [6-9].

Drying time can be reduced by combining acoustic waves with convective drying with the
help of the following physical mechanisms: Rayleigh - type acoustic streaming, near obstacles
microstreaming, mechanical action or 'sponge effect’, thermal action, near the surface pressure
variation, etc. [10].

These mechanisms appear with a certain sound pressure level (at least 130 dB) [10]. The
drying process is almost the same as for convection drying in the case of lower acoustic pressure
level vibrations. The optimum frequency is determined by the characteristics of the material,
the structure of its micropores and the size of the individual particles. In recent years, the ultra-
sonic frequency range (20 to 35 kHz) has been preferred because it is safer for humans (com-
pared to audible acoustic vibrations).
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Ultrasonic impact on the material to be dried can be contact (ultrasonic transducer - ma-
terial to be dried) or non-contact (ultrasonic transducer - air - material to be dried).

By the contact method, the vibrating surface of the ultrasonic transducer directly affects
the material to be dried, ensuring maximum transmission of acoustic energy when the contact
is close. Researchers have shown decreasing of drying time in combination with convection
drying compared with convection drying: in [11] 63% drying of mushrooms, in [12] - 47.7%
drying of potatoes, in [2] - 80% drying of carrots.

However, according to some authors [13], the high efficiency can be attributed to the
considerable thermal effect created by the mechanical friction between the material to be dried
and the transducer surface, which is often an undesirable result. The main disadvantage of con-
tact ultrasound effect is a large total area of the ultrasound transducer demand to send the ul-
trasonic energy directly into the material. Also, the material to be dried should have maximum
contact area with the radiator. This is not technically possible when implementing the drying
process on an industrial scale.

These disadvantages require the use of ultras through an intermediate gas medium. [2, 14]
show that non-contact ultrasound intensifies the drying process; however, the results are not as
good as contact exposure. The main reasons are the low ultrasonic transducer efficiency and
the reflection of vibrations at the "transducer - air - drying material".

Effective transducers by the authors in the form of flexibly vibrating plates or disks
[15-17] can reduce the drying time of pasta products by 24-26% [18], cypress-tea and textile
materials by 30% [19-20]. However, these results were obtained at a sound exposure level of
150 dB or less. The ultrasonic drying process up to 175 dB has practically not been studied. The
various authors have chosen the material to be dried and its size randomly, which makes it
impossible to compare the results objectively.

By Dalton's law, the process of evaporation of moisture from a free surface is under iso-
thermal conditions:

where m is mass of liquid evaporated; t - time; K is coefficient taking into account hydrody-
namic conditions at surface; S is surface area of material evaporation; P, is saturated vapor pres-
sure at material surface (at surface temperature); P.. is partial pressure of vapor in ambient;
P, is barometric pressure in ambient.

Reducing the size of the material leads to increasing of the evaporation surface area and
the drying speed. The size of the material to be dried was chosen to be a multiple of the wave-
length of the ultrasonic exposure in air to provide better conditions for the vibrations to pene-
trate the material and excite its vibrations at the ultrasonic frequency.

Study

Ultrasonic drying was combined with convection drying in a SHINI SHD25 drying plant
with integrating ultrasonic disk radiator [21] (Fig. 1).
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Fig. 1. The exterior of a drying unit with ultrasonic dryer

To determine the acoustic pressure level on the pallet with the material to be dried we use
the Ecophysics-110A/Engineer-110A noise level meter. Measurements were taken at the acous-

tic axis of the transmitter and at a distance of 70 mm from the axis at different generator settings
(Table 1).

Table 1. Acoustic pressure levels at 180 mm from the disc radiator

Electronic generator installation level from maximum power, %
Distance from disc axis, mm 40 50 60 70 80 90 100
Acoustic pressure level L, dB
0 132 141 152 162 166 171 176
70 128 140 149 159 164 168 174
Average value 130 140.5 150.5 160.5 165 169.5 175

We chose potatoes as the most common vegetable in the Russian Federation. During the
experiments the weight of potatoes was (250+0.1) g, with a cube size of 15x15x15+1 mm.
Drying agent temperature ¢ = (60+1) °C. Speed of the drying agent is (0,5+0,03) m/s. The air
humidity is (55£5)%.

The moisture content of the potatoes during the drying process was determined by the
formula

oW (2)

where W is the mass of moisture, G. is the mass of dry potatoes.
The drying speed was determined by numerical differentiation:
dw’  w, —w 3)

i+1

b

dt T~
where w? - the moisture content of the potatoes at time z; W?H - the moisture content at time 7,1

The potatoes were weighed every 15 minutes with an accuracy of £0.1 g. During the dry-
ing process the weight of potatoes was reduced by 4 times, i.e., until a moisture content of
(0.14+0.01) kg/kg was reached.

The drying curves for potatoes are shown in Fig. 2.
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Fig. 2. Potato drying curves at different acoustic pressure levels

The drying time of the control (convection drying) experiment was 630 min. The com-
bined effect of heated air and 175 dB ultrasonic vibrations resulted in a drying time reduction
of 57.1%. (Table 2).

Table 2. Drying time for potatoes to a moisture content of 0.14 kg/kg at different acoustic pressure levels

Acoustic pressure level L, dB
0 130 140 150 160 165 170 175
Drying time, min 630 630 555 510 375 315 285 270
Drying efficiency, % 0 0 12.7 19 40.5 50 54.8 57.1

The drying efficiency was determined by the reduction in process time as compared to
the control experiment. There is no increase in drying efficiency at a acoustic pressure level of
130 dB. It confirms that low-intensity ultrasound has no effect. A further increase in acoustic
pressure level up to 150 dB leads to a proportional reduction of drying time. There is a jump in
drying efficiency at acoustic pressure levels above 150 dB.

A constant drying speed can be detected in the drying curves up to 150 dB (Fig. 3). There
is no period of constant drying speed at levels of 160 dB and above.
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0,025 -«

=
74P
o | T

7
ey
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——130dB

140dB
——150dB
——160dB
——165dB
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0,000

0,0 0,5 1,0 1,5 2,0 2,5 3,0 3,5 4,0

Fig. 3. Drying speed curves for potatoes at different acoustic pressure levels
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For a more thorough analysis of the effect of acoustic pressure level on process efficiency,
the drying rate was averaged for two equal periods of high moisture content (moisture content
greater than 1.78 average) and low moisture content (<1.78). The resulting dependencies of the
average drying speed on the acoustic pressure level are shown in Fig. 4.

0,030 - — —

0,05
// "
0,020

0,015 - — — 7
—=—moisture content

- more than 1,78

0,010 - — — —s—moisture content
less than 1,78
/
1

0,005 - — —
f —

r — — —
0,000 - — —

0 130 140 150 160 170 180

1, dB
Fig. 4. Dependence of average potato drying speed on acoustic pressure level at t = 60° C

At high moisture content (> 1.78) in the 150-165 dB range, the drying acceleration is
600-10° (m-dB). When the acoustic pressure level is further increased, the acceleration is less
and is 160-10° (min-dB)™. An increase in the drying speed in the range 150-165 dB may be
caused by moisture dispersion from the outer surface of the material.

Dispersing mechanism was carried out as follows. A slide with immersion liquid was
placed under the mesh tray with the material to be dried, the dispersed water particles were
deposited on it. The slide was then photographed through a Mikmed-6 (Lomo) microscope at
400x magnification (Fig. 5). The drying was carried out at a acoustic pressure level of 160 dB.

a b
Fig. 5. Photos of the dispersed liquid at different potato moisture contents: a - 3.5 kg/kg; b - 2.2 kg/kg

There is separating and precipitating on the slide with a high moisture content (the pres-
ence of moisture on the surface) of the dried potato. As the moisture content decreases, the
number of droplets decreases. There are no droplets if the moisture content is less than 1 kg/kg.
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The dispersed droplets are evaporated in the volume of the drying unit if the temperature
of the drying agent is high enough. However, at room temperature and sufficient drying agent
rate, moisture can be carried away as droplets from the plant. It will reduce the energy con-
sumed by the drying plant.

The proportional increase of acoustic pressure level is accompanied by a non-linear in-
crease of the ultrasound machine power consumption. A non-contact ultrasonic level of
160-165 dB should be used for energy-efficient use of ultrasonic vibrations of the drying pro-
cess.

Two drum-type dryers have been developed in combination with convection drying for
semi-industrial applications of ultrasonic drying.

The horizontal drum-type dryer consists of a cylin- L42 :
drical body 1 and cylindrical surfaces 2 and 3, arranged co-
axially with the body. There are axial perforations 5 and Y
blades 4 in each surface, on the inner part of the body there / s
are also blades (Fig. 6). An ultrasonic disc emitter is in front 6

of the end wall of the dryer. Drying is by convection with
ultrasonic impact of 160-165 dB. The drum rotates, draws
the material to be dried 6 by the blades and transfers it from Fig. 6. Horizontal dryer cross-section
one volume of the dryer to the other through the axial per-
forations. This way the bulk material is always in thin layers, providing effective exposure to the
drying agent and ultrasonic vibrations.

The drying speed curves for potatoes are shown in Fig. 7. Drying was carried out with the
same drying agent parameters as in the laboratory setting at a sound pressure level of 160-165
dB. The mass of the potatoes was 6 kg.

w?, kg/kg
4,0 ‘

3,5

3,0 \
2,5 —\\
2,0 —e—no US

1,5 \ 160-165 dB
1,0 ha

0,5 ‘ \

0,0

0 100 200 300 400 500 600

T, min

Fig. 7. Horizontal dryer drying curves

The convection drying time was 510 min, by the additional ultrasonic effect was 270 min.

The vertical drum dryer (Fig. 8) consists of a cylindrical drum 2 with a diameter D. There
is inside spiral tray 3 with a decreasing inner diameter towards the top of the dryer. The dried
material 1 is transferred from bottom to top by tilting and vibrating the drum by vibration drive
4, after the product is dumped down into tray 7. The ultrasonic transducer 5 affects the material
by direct action (during material dumping) or by reflection from the reflectors 6 and the dryer
body (when the material is on the spiral tray).
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Fig. 8. Vertical-type ultrasonic drum dryer design

The convection drying time was 540 min, by the additional ultrasonic effect was 300 min
(Fig. 9). The mass of the potatoes was 6 kg.
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Fig. 9. Vertical drum potato drying curves

The developed drum-type dryers have reduced the drying time by 44-47% compared to
convection drying.

Conclusions

The research shows the efficiency of ultrasonic non-contact influence application for in-
tensification of materials drying on the example of potatoes. It is shown:

the maximum reduction in drying time is 57.1% at acoustic pressure level of 175 dB;

the optimum effect of ultrasound on the drying process of materials in a stationary thin
layer is achieved at an acoustic affect level 160-165 dB;

for practical application of ultrasonic drying in identified optimum levels of ultrasonic
pressure conditions, the designs of drying plants implementing continuous transferring (pour-
ing) of the dried material in horizontal and vertical drums have been proposed and developed;

the drying time in the developed dryers is reduced by 44-47% to compare with the con-
vection drying;

This makes the use of ultrasound for drying thermolabile materials extremely promising.
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Machinery and apparatus made of metals and alloys are corroded when used in natural
or technological environments. Corrosion comes from the Latin word «corrodere» - corrode.
Metal corrosion is the spontaneous destruction of metals and alloys due to their interaction
with the environment. This interaction is based on chemical and electrochemical reactions and
sometimes on the mechanical effects of the environment. The ability of metals to resist envi-
ronmental effects is called corrosion resistance or chemical resistance of a material. The metal
being corroded is called the corroding metal and the medium in which the corrosive process
takes place is called the corrosive medium. Corrosion changes the properties of metals and often
results in a deterioration of their functional properties [1].

Corrosion is a both physical and chemical process. The general laws of thermodynamics
and kinetics of heterogeneous systems determine it. There are internal and external corrosion
factors. The internal characterize the influence of the nature of the metals (composition, struc-
ture, etc.) on the type and rate of corrosion. The external determine the effect of corrosive me-
dium composition and corrosion conditions (temperature, pressure, etc.).

More attention is being paid to obtaining pigments from waste materials with the rising
cost of manufacturing corrosion protection pigments from conventional raw materials and
the problem of natural resources dwindling. In terms of the fact the raw materials are indus-
trial waste, the choice of conditions for producing the ferritic pigment did not rule out the pos-
sible influence of impurity compounds on the reaction described below. To investigate the pro-
cesses occurring when heating the reaction medium, the method of complex thermal analysis
was used [2].

Calcium ferrite is formed by an exchange reaction between iron oxide and calcium oxide
at 800-900 °C:

CaO + Fe, 03> CaFe,O,
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It has been proposed to use large-tonnage galvanic waste - galvanic sludges namely (GS)
- to produce corrosion-resistant pigments. Galvanic sludges formed after electro-coagulation
and reagent treatment of the waste water of galvanic processes contain iron, calcium hydroxides
and the hydroxides of other heavy metals which may influence on the anticorrosion properties
of the pigment.

Almost all GS contain zinc and chrome hydroxides. Compounds of these elements are
widely used in the manufacture of corrosion-resistant pigments. Chromates are effective cor-
rosion inhibitors. This fact determines the value of the GS components as raw material for ob-
taining protective coatings of sufficiently high efficiency.

During GS processing the hydroxides are converted to oxides and react with each other
at certain temperatures.

The presence and quantity of reaction products is determined by the composition of the
GS. It can be assumed that CaFe,O,, ZnFe,O,, CuFe,;Oy are calcium, zinc and copper ferrites
obtained from the GS calcination and are active anti-corrosion pigments. Therefore, a corrosion
protection effect is expected not only from the calcium ferrite formation but also from the zinc
and copper ferrite formation [3].

An anti-corrosive pigment is produced from GS by mixing prewashed GS in a suspension
with various ratios of ferrite-forming components and calcining it at 900 °C.

Suspension mixing operation in compare with dry mixing results gives more uniform
distribution of fine particles, which ensures better conditions for heterogeneous ferritization
reactions.

The protective effect of calcium ferrites based on GS is that in the presence of atmospheric
humidity, the hydrolysis of the pigment creates a basic environment beneath the paint film, and
passivation of the steel surface occurs in the presence of chromate ions [4].

By the tests, it was found that the corrosion rate of steel in the presence of GS pigment
was reduced by 94. Calcium ferrite pure components reduces corrosion rate by 11. It is due
to the double mechanism of calcium ferrite action on the basis of GS, which is related to the
formation of an optimal number of hydroxyl ions.

Thus, the presence of heavy cations in GS not only does not impair the properties of the
pigment based on, but also contributes to a significant improvement of its anticorrosion prop-
erties.

To research the processes occurring when heating the reaction mixture, the method
of integrated thermal analysis was used. Experiments were carried out with a derivatograph
OD-3425-1500.

Registration parameters: sample weight 250 mg, heating in the range 20-1100 °C at a
heating rate of 15 °C/min. The preparation of the initial charge consisted of mixing the pure
ingredients in a mortar and removing the water by drying at 100-110 °C.

The reaction goes in the ferritization process:

CaO + Fe,O3 > CaFe,04

The results of the thermal analysis shown in Fig. 1 suggest that three endothermic and
one exothermic process are occurring when heating the charge. The first shows vague endo-
thermic effect observed in the temperature range 100-200 °C refers to removal of adsorbed
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water; the second one is observed at 450 °C and lead to dehydration of calcium hydroxide; the
third one is observed at 676 °C dwells with dissociation of calcium carbonate contained in the
calcium-containing waste material. A blurred exothermic effect, starting at 800 °C and contin-
uing up to 1050 °C, corresponds to the formation of ferrite.
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Fig. 1 Results of integrated thermal analysis of the charge:
1 - Differential thermal analysis curve; 2 - Thermal imaging curve; 3 - Differential thermal imaging curve

The results of the thermal analysis were taken into account in the subsequent search for
optimum conditions of pigment synthesis [5].

Taking into account the input components are industrial waste, should be considered the
possible influence of impurities on the quality of the resulting pigment [6].

Based on the chemical analysis of the galvanic sludge model mixtures of pure components
were prepared. We used these models to study the influence of heavy metals on the corrosion-
resistant properties of pigments [7].

Thus, we synthesized the following model pigments. Ratio of pure components:

1. Fe;03:Ca0=1:1

2. Fe;05:Ca0: Cr,05=1:1:0,01

3. Fe;05:Ca0:ZnO =1:1:0,15

4.Fe;0;:Ca0:Cr;,03:Zn0O=1:1:0,01:0,15

We calcified the charge at temperature of 900 °C for an hour.

The samples react between individual oxide in these conditions. Since the main compo-
nents of the charge are iron and calcium hydroxides, the first reaction will be calcium ferrite
one [7]. Since GS is a mixture of hydroxides, there are other reactions that produce zinc ferrite
and zinc and calcium chromates, which are currently used as anticorrosion pigments.

CaO + Fe, O3 > CaFe,Oy4
CaO + Cr;0; > CaCr,0,
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CaCr;04 + CaO + 1,50, > 2CaCrOq
7Zn0O + Fe,O; > ZnFe,O,
Zn0O + Cr,0; + 1,50, > ZnCrO,

Fig. 2-5 show polarization curves of model pigments No. 1-4.
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Corrosion current densities were determined graphically for quantitative analysis. The
reduction in corrosion rate compared to background sodium chloride solution (3%) and the

pigment efficiency were calculated [7].
The anticorrosion values for the model mixtures are shown in Table 1.

Table 1. The anticorrosion values for the model mixtures

Pigment formula Corrosion current density, Reducti?n ratio Efficiency, %
pA/cm? Corrosion rate
Nel 7.31 15.35 93.48
Ne2 1.56 71.92 98.61
Ne3 3.16 3551 97.18
Ne4 1.51 74.30 98.65

The prepared model mixtures have an anticorrosion activity. The presence of chrome and
zinc compounds in the charge enhances the anticorrosive properties of the resulting pigment.
Thus, GS can be used as a raw material for anticorrosion pigments preparation [8].
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