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IMOBIpHHH{ B E€HEPreTHUYHOMY

acTeKTi peakUifHMI [UIAX PO3KIaxy MOJEKylIH iHTibiTopa 1 mpoaHaii3oBaHA

BIpPOTiJHICTH B32€EMOIiT IPOAYKTIB ACCTPYKIIi 3 AKTUBHUMH IICHTPaMH MOIyM’sl. JloBeIeHO, 10 PO3KIIa iHriOyrounx

YaCTHHOK HA IOBEPXHI KpeMHE3eMy BifOyBa€ThCS
TUETHIAMIHY.
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KonrouoBi ci1oBa: HeraTMBHHUH KaTaii3, iHri0iTOp, KBAHTOBO-XIMIUHI PO3paxyHKH, MEXaHi3M peaKIil.

Cmamms nocmynuna 0o pedakyii 17.07.2005; npuiinama 0o opyky 15.01.2006.

XiMivHI peakmii Ha MeXi po3aity ¢a3 3aBxau Oyiu
00’€KTOM MiABHIIEHOI yBarw, SK OCHOBa OyIb-sIKOTO
TeTePOreHHOTO KaTaJliTHYHOTO Imporiecy. B ocTanHiit yac
el iHTepec TakoX MIAKPIJICHHA  MOXJIUBICTIO
iMOO1Ti3anii aKTHBHUX MOJIEKYJISIDHUX I'PYIl Ha IMOBEPXHI
KpeMHe3eMy. Y 3B’A3Ky 3 I[UM OCOOJHMBO I[iKaBi
€JIEMEHTapHI peakiii ra3onoAiOHuX pearydnx peuoBUH
Ha TBEpAOMY Tili, mpolecu anacopObuii, xemocopOuii i
JecopOIIii, BiAMOBIIHO, a TaKOXX BHBUYCHHS KIHCTHKH
JOeCTpyKUii MIOBEPXHEBUX CIIONYK, YTBOPEHHX
KOBAJICHTHUMH a00 HOHHUMH 3B’ I3KaMH Ha KPEMHE3EeMi.

le mo BIOKPWUTTS JAHIIOTOBUX peakmid OyIo
BUSIBJICHO YIOBIJIBHEHHS HIBUAKOCTI XIMIYHHX IPOLECIB
MaJMMH JOMIIIKaMH JASSIKHX PEYOBMH. Taki CHomyku
Oyynu Ha3BaHi IHTrIOITOpaMM 1 BOHM CBOTOJHI ITUPOKO
3aCTOCOBYIOTBCA JJIsL raJJbMyBaHHs caMux
PI3HOMaHITHUX pEeakliil, y TOMY 4YHCIi il JIAHIIOTOBHX.
EdexruBnicth aii iHriOiTOpiB Ha mpoLEC TOPIHHS
BYIJICBOJHIB 3BHUYAHHO TPOSBISAETHCA Y CTYHEHI ix
BIUIMBY Ha MIBUAKICTH ToOpiHHA. IIBUIKICTE ropiHHS
BYTJICBOJIHIB OOYMOBJIEHA KIHETHUKOIO XIMIYHHMX PEaKIii,
BIIIMOBINAJILHUX 34 JIAHIIOTOBUH MeXaHi3M. BUBYEHHS
iHTiI00BaHOTO  BYTJICBOJHEBOTO TOJIYM’sl  TTO3BOJIIE
r0mIe 3pO3YMITH MEXaHIi3M eJeMEHTApHHUX PeaKIlii
paauKaiiB, a TAKOXK IXHIO POJb y KIHETHI[l OKHUCHEHHS
BYTJICBO/IHIB.

Sk iHTiGiTOpM OO0 HENAaBHROIO dYacy IIHUPOKO
3aCTOCOBYBAINChH T'aJIOTEHBMICHI BYIJIEBOIHI. Aue, 5K
Bi}lOMO, y 3B’H3Ky 3 HCTAaTUBHUM BIIJIMBOM TaKHUX CITIOJIYK
Ha 030HOBHUH miap 3eMJIi, BUHHKJIA HEOOXiIHICTh MOIIYKY
HOBUX PEYOBHH, IO iHTIOYIOTH TOPIHHS, aje NPH LOMY
MIHIMQJIBHO IIKOJSITH HAaBKOJIMIIHBOMY CEpEJOBHILY.
HaBHo momiveHo [1], mo amidarudni amiHH He
BCTYNalOTh y XiMiumi peakuii 3 'O, ane eekTHBHO
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iHT10YFOTh OKMCHEHHS IHIINX CIIONYK, III0 MAalOTh BHCOKY
peakiiiiHy 3JaTHICTh MO BIAHOLICHHIO 10 CHHIJIETHOI'O
KUCHIO.

B ocraHHI pOKM BHSBIIEHO, LIO JOCUTh aKTHBHHM
inriditopom € auermnamin (JEA). Tak, B poboti [7],
Oyyio BigMiYeHO, IO JOAABaHHs Ii€i pPEYOBHHU Yy
NPOMAaHO-TIOBITPsIHE TMONyM’sl, y KimbkocTi 0,8% 3a
00’eMOM, 3MEHIIy€ HIBUIKICTH T'OPiHHS NPHONM3HO Ha
40%. Y crmexTpi BYIJIEBOJHEBO-NOBITPSHOTO IOIYM sl
cmyra NH npu 336,0 Hm stenp momitHa. [Ipn monmaBanHHi
JEA iHTeHCHBHICTH ii MOMITHO 3pocTae i JIOTATKOBO
3’sBusgereest cmyra NH mpm 337,0 am [1]. 3miam y
CHEKTPi MOJyM’s, IO CIIOCTEPIralThCs NPU BBEICHHI
JEA, cBiguate mpo Te, IO I pedoBHHA I(HEKTHBHO
BIUIMBA€ Ha MPOILEC TOPIHHS BYIJIEBOJHIB. AuridaruuHi
aMiHM 1HT10YIOTh OKUCHEHHS BYTJIEBO/IHIB, allbJECTH/IIB Ta
eTepiB 1 MiABMUIYIOTh MEXy chnajaxy. B pobGoti [7]
aBTOpH npumyckaoTs, mo BmiuB J[EA Ha mporec
TOpiHHS BYTJICBOAHEBHX NAJIMB IOB’S3aHUH 3 Y4YacTiO
aKTUBHUX aTOMIB a30Ty Vy KIHCTHI[l JIAHIFOTOBOTO
pO3ray’)kKEHOr0 MEXaHi3My OKHCHEHHS BYIJIEBOJHIB.
Bimpai aTomMm HiTporeHy MOXyTh YTBOPIOBATHCS B
iariboanomy JIEA momym’i B mpomeci XiMIYHHX
peakIiif, mo BimOyBalOThCS B HOro peakUiiHIN 30Hi.
OpHak Hamr po3paxyHKH IUIAXIB TEPMIYHOI JECTPYKIii
JAEA  mokazamm, 1m0  iMOBipHime  iHTiOyBaHHA
BimOyBaeTbcs 3a paxXyHOK IHIIUX YAaCTHHOK, IO
YTBOPIOIOTHCS IIPH PO3KIIAJl MOJIEKYJIH.

B niteparypi OyJio 3arponoHOBAaHO JCKUIbKA Pi3HUX
MEeXaHi3MiB, 100 ypaxyBaTH Iil0 aMiHiB HAa OKMCHEHHS
BYTJICBOJHIB 1 IXHIX MOXiMHUX B Ta30Bidl (a3i, Xxo4 He
OyJ10 MaHOo Hi AETANFHOTO KIHETUYHOTO, Hi aHAIITHYHOTO
mokasy [2]. Y poboti [3] 3ampomoHOBaHa cxema
MeXaHi3My IHTiOyBaHHSA, fKa YaCTKOBO IOSICHIOE JifO
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TOPIHHS:
RX >R +X )
X +Ho— HX+a (I1)
HX+B—HB+X (11D)

(ne =M, OH, O:—aKkTHBHI LEHTPU MOJIYyM’sl, O —
BYIJIEBOJHEBUI paaukan). Y mepeapeakuiiHiii 30Hi
BinOyBaeTbest poskian iHrionropa (RX) 3 BuniieHHAM
BibHOTO ramoreny X (I), skmit morim B3aemogie 3
MOJIEKYJIOI0 TIabHOTO ab0 BYTJICBOAHEBUM paUKalloM
(Ha), yrBoproroun ramorernoBoneHbr HX (II). OcHoBHMIA
iHTIOyIOUMi BIUIMB BUSBISIE TAJIOTCHOBOICHB, SKHHA
3MEHIITy€ KOHIIEHTPAI[II0 aKTUBHUX BUTBHUX PaIUKAIIB Yy
momym’i. Peakmist B3aemomii MiXK TaJOr€HOBOJHEM i
panukaraMu Tmoimym s, mo € Hocismu naHmiora (II),
BiZIOYBAETHCSl TUM CKOpIllle, YAM MEHII MILHHH 3B’S30K
H-ranoren [4]. Tak 3Banuii “scaveging effect” (edekr
NAacTKH) IHTrIOITOPIB AJIS pajuKaiiB, BiANOBIAAJIBHUX 3a
PO3BHUTOK JIAHLIOTOBOTO TOPIHHS HAaBOAWTHCS 1 B
OaraThOX OUTBIN Mi3HIX POOOTaxX I TOSCHCHHS
MexaHi3My iHri0yBaHHs [5, 6]. Takum urHOM, € migCcTaBH
BBaXKaTH, IIO iHTiOYBaHH MPOIIECY TOPIHHS BYTICBOIHIB
TOJIAATA€ y 3aXOIUICHHI 1HTI0ITOPOM aKTHBHUX PaJHUKAiB.
OpHak BUHHKA€ MHUTAHHA, SK BiOYBAE€THCS 3aXOIUICHHS
aKTUBHMX paJWKaTiB 13 30HM TOPIHHA: CaMOIO
MOJIEKYJIOI0 iHTibiTOpa abo X MPOIYKTaMH ii PO3KIady.
B manomy Bumanky, KO MOBa #Jie PO KOPOTKOKHUBYHI

iHTepMe/iaTH, KOPHCHHMH BHSBJSIFOTBCS  KBaHTOBO-
XIMIYHI JOCIIKEHHS.
B pobGori [7] AuMeTHiaMiH BHU3HAHUM KpalluMm

IHriGITOPOM XOJIOAHOTO MOJYyM’sl H-TenTaHy cepex 29
JOCHI/DKEHNX ~ OPraHiYHUX  CHONIYK 3  pI3HUMH
¢ysakmioHansHIMHE TpymaMu. [Ipu boMy, SIK BiIMIi9ar0Th
aBTOpH, iHTIOITOp HisB Ha cTajii MOBUTBHOI peakmii i,
TaKMM YHHOM, NOIEPEXKyBaB BUHHUKHEHHS XOJIOJHOTO
momym’si. [HTiOyroda i MOSICHIOBajach KOHKYPEHIIIEO
IBYX TIPOIECiB: 3 OXHOTO OOKy — BIUIMB JOMIIIKA Ha
3MiHY HIBHAKOCTI PO3TajiyKEHHs JAHIIOTIB, 3 1HIIOI —
Ha MBUKICTh OOpPUBY JIAHITIOTIB. [[efi BUCHOBOK IliKaBHiA
TUM, II0 B pa3i iHriOyroudoi il amiHIB 3 pI3HHUMH
BYIVICBOAHCBUMH paduKajlaMH, MOXKJIUBO IPUIIYCTUTH,
110 YNOBIUJIbHEHHS peakiii Bi0OyBaeTbCs CKOpille 3a BCe,
HE 3a paxyHOK pajaukaia, a Oe3noceperHbo 3a ydacTio
amiHorpynu. Ha KOpMCTh LBbOTO NPUITYLIEHHS TaKOX
CBiUaTh Pe3yNIbTAaTH HAIIOl MomepenHpoi podoTu [§], B
K IUISIXOM  HAMIBEMITIPUYHUX KBAaHTOBO-XIMIYHHX
pO3paxyHKiB  cepell  BCIX TPOAYKTIB  TepMi4HOI
mecTpykuii  ¢ocdaTie  aMOHIO,  HaHaKTHBHIIINM
iHribyr0YnM KOMIOHEHTOM OYB BU3HaHMH paankan NH, .
Bbyno mnoxasaHo, mo, JaHa 4YacTHHKAa B3a€MOJie 3
aTOMapHUM BOjHEM (eHepris 3B’ s3yBanHs ~ 11 eB). [Ipu
[[bOMY YTBOPIOETHCS CTAa0LIbHA MOJICKYJIa aMOHIaKy, i
el iHTi0yroYnii KOMITOHEHT MOXE iCTOTHO 3MCHIIUTH
LIBHJKICTH TOPIHHS BOJAHEBOTO MOJIYM .

Jus MOJAJIBIIOTO 3’sICyBaHHS MeXaHi3My
iHTiIOyBaHHS JIAHIIOTOBOTO TOPIHHSA aMiHO-BMiCHIMH
CHOJXyKaMu OyIi TIPOBEICHI HEEeMIIPHUYHI PO3PaxXyHKH
HeoOMeXxxeHNM MetoaoM Xaptpi-Doka B 6aszmci 6-31G
[UIAXIB JECTPYKIiT MOJIEKYJl €THII-3aMiIIeHUX aMiHiB, a
TAaKOXX MJOCIHIPKEHI IMOBIPHOCTI B3aeMOMii MPOIYKTiB
pO3KJIay 3 aKTHBHUMH neHTpamu momym’s (ALIT). B
pe3ybTari MIPOBEJIEHUX KBaHTOBO-XIMIYHUX

114

PO3paxyHKIB Oymo  3’scoBaHO, IO  PO3KIAX
JOCTIKYBaHIX MOJIEKYJ BiOyBAa€THCSI TOMONITHYHO; 1I€
Ja€ MiACTAaBH NPHUILYCTUTH iXHIO y4acTh B JIAHIIOTOBUX
peakmisx. Sk moka3any Haim pPO3paxyHKH PALy eTHII-
3aMillleHUX aMiHiB, HAHOLIBLI HU3bKY €HEPTilo TePMi4HOT
necrpykuii mae ermnamin  C,HsNH,. Tlpum wuwsomy
YTBOPIOETHCSA eTHII-paJuKal i iMIHO-pauKall.
XapakTepHO, 110 BeJIMYMHA EHeprii MiABUILYeTbCs i3
301IBIIEHHAM KUIBKOCTI 3aMiHHUKIB (Tabmuis 1).

Taoaunsa 1

PesynbraTi HEEMITIPUIHOTO PO3PAXYHKY HEOOMEKEHUM
MeTozoM XapTpi-Doka nUIAXiB TEPMITHOT AECTPYKIIiT
MOJIEKYJI €THII-3aMIIIeHUX aMiHiB.

Enepris
Ne po3puBy
i nsaxu nectpykuii 383Ky,
E, kxan/moan
1 C2H5 NH2 — C2H5 NH- + H. 32,7
2 C2H5 NH2 — C2H5 "+ NH2- 51 ,4
3 (C2H5)2 NH — -C2H5 NH. + 56,9
C2H5
4 (C2H5)2 NH — (C2H5) 2 N. + H- 64,1
5 (C2H5)2 NI:I d NI_I-(C2H5- CH 76,2
_CH,)+H
6 (C2H5)2 NH —t NH(.CzHS- CH2 84,5
“CH,) +H
7 (C2H5)2 NH — NH- + 2(C2H5) : 96,7
(CHs)sN - — (CoHs),N™+
8 CHs" 97,0

OpHak, U1 1HTI00BaHUX PEaKIil, MO BiIOYBAIOTHCS
IpH  TOpiHHI  BOJHEBOTO  TOIyM’s,  HaHOUIBII
e(peKTHBHUM MOJKHa BBaXaTH caMe JUETHIIaMiH,
OCKUTBKM TIpH TEPMIUHIN AECTPyKIil eTHIaMiHy, SK
BUAHO 13 Tabmumii 1, mnepeBakae po3pUB 3B’S3KY 3
YTBOPEHHSIM aTOMY BOJHIO, SIKMH, SIK BIJIOMO, Bijirpae
KJIFOYOBY pOJIb B TIPOLECaX PO3BUTKY JIAHLIOT'OBOTO
ropinHs. BpaxoBylodi 1i BUCHOBKH, a TaKoX Te, IO B
EKCIIEpUMEHTAILHUX pOOOTax caMe JAWETWIAaMIiH BHSBUB
iHriOyroui BJIACTMBOCTI O BiJHOLICHHIO /0 BOJHEBOTO
MONMyM s, IUTSL TIOAAJBIIOrO IOCTIDKCHHS MU 0OpaiH
came 10 pedoBuHy. [ 3’AcyBaHHA iMOBIpPHHX
IHTi0YIOUMX KOMITOHEHTIB OyB MPOBEINCHUN PO3paxyHOK
NUIAXIB JECTPYKIIi i€l MOJIEKyNH, pe3ylbTaTH SIKOTO
npeacTaBieHi B Tabnmmi 2.

AHaNi3yl04l  pe3yNbTaTH pPO3PaxyHKIB, MOXKHA
0lIpa3y BU3HATH, IO B IIJIOMY TOMOJITHYHHNA PO3KIIAI
BiZIOYBA€ETHCS JOCTATHRO JIETKO, PO IO CBITYUTH TE, MO
Maiike BCl €Heprii po3puBy 3B’3KiB 3a aOCOJIIOTHOIO
BEJIMUMHOI0 MeHIe abo He Habarato IepeBUILYyIOTh
eKCIIEPUMEHTANIbHY TEIUIOTY YTBOPEHHS JAUETHIaMiHy
(AH ~ 72,4 xxan/monp) [9]. IlopiBHIOIOYM 3HAYCHHSA
€Hepriif, MO)KHa BU3HAYUTH HAWOUIBII iIMOBIpHUHA MIISX
TEPMIYHOI JECTPYKIIii, IK caMOi MOJICKYJIH IUETHIIAMIHY,
TaK 1 MPOAYKTIB ii po3kiamy. SIk BUOHO, eTHI-paguKa
MOPIBHAHO JIETKO  BIAIICIUIIOETBCA  BiA  MOJEKYIH
IieTunaMiny. Y MOAAJIBIIOMY IPH IECTPYKIii aMiH-eTHII
panukai qae yactTiHky NH: 3 HafiMEHIIO0 eHepriero:

L. (CZHS)Z NH — CZHS T+ C2H5 NH’ (Epozp.zs. =




KBaHTOBO-XIMiYHE HOCIIKEHHS 1HTiOYI0UOT Aii AieTHIaMiHy

56,9103 kkay/mMoub ),
2. GHsNH" — CoHs "+ NH "™ (Eposp. 5. = 39,1839
KKaJI/MOJIb ).

Taoauns 2

PesynbraT HEeMIIPUUHOTO PO3PaxyHKY B Oasuce 6-31G
HUISIXIB TEPMIYHOT AECTPYKLIT

ArtomapHHii  BOIEHb  NOOpe  3axXOIUTFOETBCH,  SIK
MOJIEKYJIOI0 ~JHETHIaMiHy, TaK 1 MpOAyKTamMH  ii
poskmany. OxgHak He0OXiIHO BH3HATH, IO ETHII-PaJnKal
i wactmnka (C,Hs),N' marorh gemo Oinbuni eneprii
B33a€EMOJIii, TOMY MOJKHA IPHITYCTHTH, IO LEH KaHaj
NPUETHAHHS BOJHEBOrO pajMKalla MOXE BijirpaBaTh
3HAa4YHy POJIb MpH iHriOyBaHHi. lle mpupomHO, OKIIBKH

IIpH  I[bOM TBOPIOIOTHCA ~ CTAOLIBHI  MOJIEKYIIH
monexymi (CoHs), NH ,HECTI/IJ‘IaMiH; iy eT:Hy, BigmosigHo. Tak, eHegriﬂ
EHeprist pospusy B3aemonii  (C,Hs), N'+H' ckmamae 75,3 KKaja/MoJb.
Ne Iluixe nectpyxiii 3B°s13Ky Ockinbkn, SK BiJIOMO, aTOMapHMH BOJEHb BiJirpae
/1 E. kKka/Moilb MIPUHITUIIOBO BAXJIMBY POJIb B JIAHIFOTOBOMY TOpIiHHI,
(C,Hs),NH - C,Hs + : MOKJIMBO  aKTMBHICTb  JIOCIIIKyBaHOIo  iHribiropa
1 C,HsNH’ 56,9 MIPOSIBIIIETHCS caMe B IbOMY. XapakTepHo, IO
(CHs),NH - (CoH3), N paZ[I/IK.?:JII/I C2H5-NI{ 1 NH Marote HaiiMeHII 3HAYCHHSA
2 T 64,1 eneprii B3aemomii 3 aromom Boxmio (E,=33,0 i
(CH:),NH - 2(CoHy) + 56,5 KKaH/MO.Hf), BiIMOBiAHO). K Buﬂﬂq, eTMn-paﬂu.Kan
3 2 NH: 275 96,7 BUSIBJIIE TOMITHUM BIUIMB Ha peakiiiiHy 3/1aTHICTh
(C2H5)2NH B aMiHOprnH. 1o .Bi%IHOH.I.eHHK?. JI0 pauKana § H,
4 (CH,C'H)NH C,Hy+ H' 76,2 MIJBUIIYIOUl BIPOTIIHICTh 1XHBOI B3aeMonii. B Toil xe
3 23 gac, 30UTBIICHOI BUSABIAETHCS eHepris B3aemomnii C,Hs-
5 (CH ((CJ:I%IH)S)I\?}II\IEI H_ gt 84,5 NH' 3 aToMapHMM KHCHEM i TiZpokco-pamukamoM. s
22 23 iHIIMX aKTUBHHX IIEHTPIB HOIyM’sl E€HEpril B3aeMOmii

6 C,HsNH™ - C,Hs; + NH: 392 JeI0 MEHIIe.

Ha migcraBi muxX JaHMX MOXKHA MPUIYCTHT, IO
pamukan C,HsNH' i wacturka NH' — ngiroui inriOyroui
KOMITOHEHTH MOJIEKYJIX B 30HI ropiHHs. J{aHui BUCHOBOK
KOpPEJIo€ 3 €KCIEPUMEHTANBHUMU pe3ynbraTamu [1], ae
MiATBEPIKYETHCSA HASBHICTH JaHUX MPOIYKTIB PO3KIATY
B CIIEKTpax BYIJIEBOAHEBOTO IIOJIyM’s, NPH JOJaBaHHI
nmietmnaminy. Hactymamit  eran IOCIIOKEHHT —
PO3paxyHOK B3a€MOJil MPOIYKTIB PO3KIAAY MOJIEKYIH
inriditopa 3 ALl (tabmums 3). Enepris B3aemomii
BU3HAYaJacs K Pi3HULST MK CyMOIO €Hepriil IMOBIpHHX
NPOJYKTIB PO3KIJIaAY 1 EHEprielo BUXiJHOI YacTHHKH (200
Mosiekynu). Jlias  TOpIBHSHHS TakoX po3paxoBaHa
B3aemoist NH, 3 AL

Sk BUAHO i3 pe3ynbTaTiB pO3paxyHKy, HaHOULIbII
AKTHBHOIO 1HT10YIOYOI0 YaCTHHKOIO IO BiJHOILEHHIO IO
Bcix AL € C,HsNH'. TIpo e cBimuats memo Gimbimi
3HAa4YeHHsS eHeprii B3aemoxii. Jlume y BHmagky
ATOMApPHOTO KHCHIO €HEepTis B3aEMOIi CIIA0KO 3aJIeKHUTh
BiJ mpupou iHribyrodoro kommnoneHTa. 11lo crocyeTrncs
IHIIMX IIEHTPIB MOJNyM’s, TO B JAaHOMY BHIIQJAKY
CIIOCTEPIraeThCsl Aesdka BHOIPKOBICTh. Tak, HalpHKIal,
npu B3aemoxii 3 rigpokcwiom  NH- u C,HsNH'-

LixaBo mpociiAKyBaTH 3MiHY €JIEeKTPOHHOI I'YCTHHU
Ha artomi Hitporemy B 3ajexxHocTi Bifg dHCIa
BYTJICBOIHEBHX PAAMKAJIiB, 3B’S3aHUX 3 aMiHOTPYIIOIO B
vactunkax: (C,Hs) ,-NH, C,Hs-NH', HN'". Ile, 30kpema,
JIOTIOMOXE 3PO3YMITH BIUIMB PaJMKaIy Ha DPYXJIUBICTH
aMiHOprHl/I, fAKa, AK IMOKas3aHO BHUIIC, MPOSABJIAE€ 3HAYHY
1HT10yI09y aKTHBHICTb.

AHaji3 eJeKTpPOHHOI 3aceleHHOCTI I0Ka3ye, Mo
BOHA HEICTOTHO 301IBIIYETHCA 31 30UIBIIEHHSIM KUTBKOCTI
BYTJICBOIHEBHUX DPAIUKAIiB, 3B’S3aHUX 3 aMiHOTPYIIOO
NH'. I3 3MmenmnIeHHsM 3aceneHocTi Ha atomi Hitporeny,
AKTHBHICTh BIAITOBIZHOT YaCTHMHKH I10 BITHOIIEHHIO 10
ANLIl  36impmryerscsi.  Takum  umHOM,  iHTIOyIOUi
KOMIOHEHTH  JieTWiaaMiHy 10 Mipi  30iJIbIIeHHS
AKTHBHOCTI MOYKHO PO3MICTUTh B TaKill TIOCIIIOBHOCTI:

(C2H5)2 NH— C2H5NH.—> (C2H5)2N. — NH’

Omxe, MOXKHAa 3pOOMTH BHCHOBOK MNpO T€, L0 3
AaKTMBHUMH LEHTPaMH IOJyM’s Kpalle B3aeMOAIIOTh
«yJlaMKM»  MOJIEKYJIH  iHriOiTopa (pamukanu, IO
YTBOPIOIOTBCS IIPU TEPMIuHIH JecTpykuii), Xou i cama
MOJIEKyJIa TPOSIBIIIE€ 3HAYHY IHTIOYIOWY MHif0, OCOOIMBO
10 BiJHOWICHHIO 1O aToMapHoro BoxaHIO. IIpoBenene
OCTIDKCHHST TOKa3alio, IO iHri0yro4a aKTHUBHICTH

paavKain MAlOTb [PAKTUYHO OJHAKOBY EHEprio. 3pOCTaE 1Mo Mipi 3MEHIIIEHHS PO3MIpy paiuKajia, a TaKoxXK
Tabauus 3
Enepris B3aemMopii akTHBHUX 1HI1OYIOUHX KOMITIOHEHTIB 3 aKTUBHUMH LIEHTPAMH TTOITYM 51
AKTHUBHI TICHTpH
No MOJIyM st Enepris B3aemonii, E, a.o.
wn IIponykTu

HCCprKHff (C2H5) 2 N C2H5 C2H5NH NH: NHZ
1 H 75,3 84,3 33,0 56,5 85,6
OH’ 18,7 49,0 259,7 2478 258,6
3 o) 90,4 113,6 94,2 74,9 94,7
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MATBEPANIO KOPEKTHICTh MeXaHi3My mii iHTiOiTopiB y
SAKOCTI MTACTOK ISl aKTHBHUX LIEHTPIB TOIYM sI.
Taoaunus 4

3apsiau Ha atomi HiTporeny B amiHOTrpyIi B IPOJyKTax
TEPMIYHOI IECTPYKLII JieTHIIaMiHy

[aTi6yroui 3apsix Ha atomi N
JaCTUHKH
(C,Hs), NH -0,764
C,HsNH’ -0,4807
(C,H5),N' -0,3839
NH' -0,2752
3 METOIO TIOIITYKY [IISIX1B T ABUIIIEHHS
e(eKTUBHOCTI iHTIOYFO4OTO KOMIIOHEHTa, a TaKOX

MPOJIOHTYBaHHA HMOro [ii, MOJaJbIIe JOCIiIKEHHS
MOB’sA3aHE 3 IMOOiTi3amiel0o aueTWiIaMiHy, a TaKOX
MPOAYKTIB JNECTPYKIii, IO BUSBWIA AaKTHBHICTH IIO
BigHomeHHo g0 AIIIl Ha mOBEpXHI AMCIEPCHOrO
KpeMHe3eMy. Sk mokaszanu Haml po3paxyHKH, eHepril
PO3pHBY 3B’SI3KiB MK TIOBEpXHEIO KPEMHE3EMY Ta aMiHO-
1 aNKiTGHUMH paJWKaJaMH, 3B SI3aHUMHU 3 IOBEPXHEIO
yepe3 KUCHEBHM MICTOK, 3HAYHO MEHIIN aHAJOTI9HUX
EHEpriil po3puBy, OE3MOCEPEAHBO BiJl aTOMa KPEMHIIO Ha
MOBEepXHI aepocwiy (Tabmuis 5). Skmo mopiBHIOBaTH
eHeprii po3puBYy 3B’SA3KIB OCTIIKYBaHUX YaCTHHOK,
3B’S3aHMAX 3 MOBEPXHEI0 KpeMHe3eMa 4Yepe3 KHCEHb, TO
oIIpa3y MOXKHA IOMITHUTH, IO HaWMEHINE 3HAYCHHS
BifnoBigae jgecTpykuii 3 BimpuBoM wactuHku NH,
(Epospas. = 20,1 kxan/mons). Ilpu mpomy, 6e3nocepennbo
BiJl KHCHEBOI MIOBEPXHI BiIPHUB BiJOYBA€THCS OLIBII, HIK
y Tpu4i Jerme, HiK BiJ iMOOLIi30BaHOT €THUIILHOT rpynu
(Epospas = 62,8 kKkan/mons). IIpubnuzHo Taka * eHepris
HeoOXiJTHa JJIs BipUBY IMIHOCTIUIFHOTO paauKaia Bij
TTOBEPXHI.

Enepris  po3puBy 3B’S3Ky MDK  ITOBEPXHEIO
KpeMHe3eMa Ta aMiHOTpymor B 1,4 pasw MeHIIa, HiK
aHaNOTIYHA EHepris MK I[OBEPXHEI0 Ta eTHIHHUM
paguKaioM. OT1xe JacTHUHKA NH,' JIerIIe
Bimmemmoerses Hix pamukan CH',-CH;. Tomy, skino
BHKOPHCTOBYBaTH KPEMHE3EM, SIK IIUTagKy Ui aMiHO-
rpynu, TO 3BUIBHEHA BiJ I[bOr0 pajuKaia B MPOIECi

TEPMIYHOI AECTPYKIIi MOBEpPXHSI KpPEeMHE3eMy, B CBOIO
yepry, Oy/ae BIOBIIOBAaTH ETHIbHI PaJUKaIIM 13 BOTHHIIA
monyMm’si, a dactmHka NH, mistume Ha aromapHHA
BOJIeHb B ra3oBidi ¢aszi. Takum uuHOM, MOXKE OyTH
JIOCATHYTa MOjBilHA iHTiOyroua mis. LikaBo BiaMiTUTH
TOW (haKT, LIO XO4ya EHepris TEepMIYHOI JeCTPYyKLii
eTHJIaMiHy, IMOO1II30BaHOrO Ha TOBEPXHI KpeMHe3eMa,
TPOXH OiiblIa aHAJIOTIYHOI eHeprii Ipu AECTPYKIII i€l
K MOJICKYJIM y BUIBHOMY CTaHi, OJTHaK cepej MPOIYKTiB
po3kiamy 1€l peYOBMHHM 3 IIOBEPXHI aepocuily, He
YTBOPIOIOTBCS TaKi AaKTHBHI IGHTPH MOIYM’s, SIK
aTOMapHU BoNeHb (TaObmuId 5), a TakoX JOAATKOBO
3’BIISIETECS  HOBUK KOMIIOHEHT, II[0 SBJISIE COOOIO
MOBEPXHIO  KPEeMHE3eMa, SKHH 37aTeH  aKTUBHO
HEHTpasmizyBaTH Maike BCl BiOMiI aKTHBHI IIGHTPH
MOJIyM’s1.

OTxe, sIK BUAHO 3 TaOmuULi 5, HaOLIBII IMOBIpHUI
HUISIX TEPMIYHOI JNECTPYKUil MOJIEKYJIM JUETHJIaMiHy,
iMOO1TI30BaHOT Ha TOBEPXHI KpeMHe3eMy, BiOyBaeThCs
3 yrBopennsm pamukanis NHC,Hs™ ta (OH);SiO-C,H,,
pUIOMY eHepris po3pHBY 3B’SI3KY
(Epss. = 61,2 kkan/mMonp) Mailke He BiAPI3HAETBCA BiJ
eHeprii TepMiuHOi MeCTPyKILii MOJIEKYITH AHETHIAMiHY
(Tabmurs 2). [Ipu mboMy TakoX YTBOPIOETHCS PaIUKal
NHC,Hs', sakuif, Sk MU NOKa3yBalld PaHille, OPOSBIISE
BUCOKY iHTIOyIO4y 3HaTHICTh BIZHOCHO IIPOIIECIB
JIAHIFOTOBOTO MOMIMPEHHS MOIyM 5.

[le oauH (akT Ha KOPUCTH MOJIEKYJIU AMETHIAMIHY,
iMOO1TI30BaHOT HAa TMOBEPXHI KPEMHE3EeMy, SK OUIBII
e(peKTUBHOI  1Hri0ylO4oro KOMIIOHEHTa  IPOIECiB
TOpPiHHS, MOXe OYTH Te, 10 IPH PO3KJIa/i i€l peYOBUHA
HE YTBOPIOETbCA  €TWII-pajiKall, KOTpPHH  3laTeH
MIATPIMYBaTH TPOIECH TOpiHHSI (SK Y BHIAAKY
TEPMIYHOI  JIECTPYKLii MOJNEKyIH TUETAIAMIHY ).
HatomicTh, 3’MBIISIETBCS HOBHUW KOMIIOHCHT, SIKHMH, 3a
HAIlMMH PO3paxXyHKaMH MOXKE 3B SA3yBaTH AaKTHBHI
LHEHTPU IMOIyM’s, THM CaMHM 3MEHIIYIOYH CyMapHy
MIBUAKICTh TIOIIMPEHHS JIAHIIOTOBUX PEAaKIliii TOpiHHS.
ToMmy, sKIIO BUKOPHUCTOBYBAaTH  KpEMHE3eM,  SIK
MiAKIaaKy A7 MOJIEKYJIM JTMETHIIaMiHy, TO 3BUIbHEHA
BiJl I[bOTO pagHKalia B MPOIECI TEPMIYHOI JCCTPYKIIii
MIOBEPXHS KpEMHE3EMY, B CBOIO Uepry, Oy/ie BIIOBIIOBATH
aKTMBHI IIEHTPH IIOJMyM’sl i3 BOTHHMIIA IIOJNyM’s, a
yactuaka NHC,Hs' nistume Ha aromapHuii BojeHb B

Taoanusa 5

Pe3ynpraT HeeMIipIYHOTO PO3PAaXyHKY MOKIMBHX IIUIAXIB TEPMIYHOI AECTPYKIi] aKMIBHUX 1 aMiHO-paIiKaiB
Ha ITOBEPXHI KpeMHe3eMy B 6asuci 6-31G

HInsix gecTpykmii Eosp.s., KKQJI/MOJTB

(OH);SiO-C,H,-NHC,Hs — (OH);SiO-C,H';, + NHC,H;5' 61,2

(OH);Si0-C,H,—~NHC,H; — (OH);SiO-C,H,NH" + C,H5’ 1249
(OH);SiO0-C,H,-NHC,Hs; — (OH);SiO + C,H,NH C,Hs’ 387,5
(OH);Si-NH, — (OH);Si" + NH, 108,5
(OH);Si-NH’ — (OH);Si" +NH" 136,7
(OH);Si-NHC,Hj; — (OH);Si" + NH'- C,H; 166,1
(OH);SiO0-NH, — (OH);SiO" +NH,’ 20,1
(OH);Si O-NH’ — (OH);Si O + NH” 52,5
(OH);SiO-C,H,;NH, — (OH);SiO-C,H'; + NH, 62,8
(OH);Si0-C,H; NH, — (OH);SiO" + C,H,; NH,’ 63,2
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ra3oBiii (¢azi. Takum umHOM, MOXKE OyTH IOCATHYTa
MoJ(BiiiHa 1Hri0yro4a ais.
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Quantum-chemical research of diethyl amine inhibition action
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The destruction ways of diethylamine appeared to be a hydrocarbon fuel combustion inhibitor have been
researched by the ab initio calculation with 6-31 G basis set. The best energy of probable destruction ways of
inhibitor molecule was shown and was also analyzis the probability of interaction of the destruction products with
active sites of flame. It was proved that the destruction of inhibiting particles on silica surface could be easily than
that of isolated diethylamine molecule.
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