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Mertonom DFT (PBE96) B 6azucHom Habope def2-tzvpp paccuMTaHbl 3JIEKTPOHHBIE TTa-
paMeTphl aTOMOB a30Ta ¥ BHYTPUMOJIEKYJISIPHbIE B3aMMOJIENCTBYSI B OCHOBHBIX U TIEpe-
XOnHbIX cocTtosiHusix MHBepcuu amuHoB H,NXH, (XH,=CH,, NH,, OH, F, SiH,, PH,,
SH, Cl). YcraHoBjeHO, UYTO 3JIeKTPOHOAKLENTOPHAs CIOCOOHOCTh 3amectureneidr XH,
OKa3bIBaeT JOMUHMPYIOIIee BIMSHUE Ha M3BMEHEHHE 3JIEKTPOHHBIX TTapaMeTPpOB aTOMOB
a3ora; ee TMOBHIIIIEHNE TTPUBOANT K YMEHBIIIEHUIO 3apsiia Ha aToMe a30Ta U YBEJTMYEHUIO
S-XapakTepa M 3aceJIeHHOCTM HemoneeHHON ayekTpoHHoit mapbl (HBIT). Bee paccmar-
pUBacMble TTapaMeTphbl KOPPEIUPYIOT C %- M ©,-KOHCTAHTAMM 3aMECTUTEJICI; MPU OT-
JeIbBHOM PAacCMOTPEHUM aMUHOB, COIEPXKAIIUX aTOMBI X TOJbKO OJHOTO Teproia, KO-
3¢ GULIMEHTB KOppessIuii moBbiaioTcs. OOHapyXeHO, YTO 3HAYEHHMS p IJIT AMUHOB, B
KOTOPBIX aTOMBI X SIBJISIIOTCS 3JIEMEHTAaMU BTOPOTO WJIM TPETHETO MEPUOIOB, 3HAUUTETh-
HO OTJIMYAIOTCs. BeposSITHBIMU MPUYMHAMM, CIIOCOOHBIMHU BBI3bIBATh PA3IUYHYIO BOC-
MPUUMYHMBOCTD 3JIEKTPOHHBIX TTapaMeTPOB aMMHOB, COAEPXKAIINX aTOMbl X pa3HbIX Me-
pUOIOB, K U3MEHEHUIO 3JIEKTPOHOAKIIENITOPHOCTU 3amecTuTeneii XH, He MOryT GOHITh
U3MEHEeHUs] SHEPTHI TOHOPHO-aKIENTOPHBIX B3aMMOICHCTBUIA, S-XapaKTepa W 3acesIeH-
Hoctu HBIT; ycTaHOBIIEHO MX TOMYMHEHHOE BIUSIHUE TIO CPAaBHEHUIO C BIUSIHUEM 3JIEK-
TpOHOAKIIeNTOpHOCTH 3amecTuTeeid XH,. OTpuiiaTeIbHBIN 3apsi Ha aTOMe a30Ta YMEHb-
IaeTcs ¢ YBEJIMYEHUEM S-XapaKTepa M 3JIEKTpOHHOM 3aceseHHoct HOII, a Takke co
CHIDKEHUEM SHEPTHil ABYX3JIEKTPOHHBIX JOHOPHO-aKIETTOPHBIX B3AUMOACCTBU, CIIO-
COOCTBYIOIIMX OTTOKY 3JIEKTPOHHOU TUIOTHOCTM OT aTOMa a30Ta. S-XapakTep U 3JIEKT-
poHHas 3acejeHHOCTh HDIT yBemMunBaOTCS CO CHUXKEHMEM DHEPruil JOHOPHO-aKIIeT -
TOPHBIX B3aUMOJIEUCTBHIA, CTOCOOCTBYIOIINX YMEHBIIEHHUIO 3JIEKTPOHHOM MIOTHOCTH Ha
atoMe a3ota. C poCcTOM 3JIeKTPOHOAKLIETITOPHOM CITIOCOOHOCTH 3amectutesieit XH, yMeHb-
LIAIOTCSI CyMMapHbBIE TIOJIOXUTEIbHBIE 3apsiabl rpynn XH, 1 aToMoB Bogopoa Mpu aTo-
Max asota. [lokazaHa GOJbLIAsT JOCTOBEPHOCTh OTPAXKEHUS 3JIEKTPOHOAKIIETTOPHOCTH
3aMECTHUTEJIE ¥ -KOHCTAaHTAaMU 110 CPaBHEHUIO C G,-KOHCTAaHTaMU; aTOM XJIOpa SIBJISIETCST
6oJiee caabbIM aKIIENTOPOM 3JIEKTPOHOB IO CPABHEHUIO C aMUHOTPYTIION.
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Beeoenue

B nipenpinyiiieit paboTte Ha IpUMepe 3aMellieH-
veix amuHoB H,NXH, (XH,=CH,, NH,, OH, F,
SiH,, PH,, SH, Cl) namu mokazaHa B3auMMOCBSI3b
9JIEKTPOOTPUILIATEbHOCTU 3aMeCTUTeNIell Yy aToma
a30Ta U BHYTPUMOJIEKYJISIPHBIX TOHOPHO-aK1IeNTop-
HBIX U YeThIPEXDJIEKTPOHHBIX B3aUMOAEUCTBUN C
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OGapbepaMu MHBepcuu aToMa a3ora [1]. YcraHosne-
HO, 4TO pacyeTHhIE 3HAYEHUST GapbepOB MHBEPCUU
(AE;) paccMOTpeHHBIX aMUHOB, COepXKallluX B 3a-
MecTuTensax XH, ameMeHTE BTOPOTO WJIM TPEThETO
nepronoB (3a uckimoyeHueM atomoB C u Cl), Kop-
PeIUPYIOT C x- U G;-KOHCTAaHTaMU 3aMeCTUTeJIel 1
BO3pacTaloT C TOBBIIIEHUEM 3JIEKTPOOTPULIATEb-
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HOCTHU 3amecTuTelieil. BHyTpuMonekysipHble B3a-
UMOJIEICTBUSI UMEIOT MOJYMHEHHOE 3HAaUeHUE U B
LIEJIOM CIIOCOOCTBYIOT CHMZKEHUIO 0aphe pOB MHBEP-
CHUU C YBEJIMYEHUEM BJIEKTPOOTPULIATEILHOCTU 3a-
MecTtutesaeir XH, B mpengenax nepuoaa (3a UCKIIO-
yenueM CH; u Cl). OcHOBHOV BKJIaJ B yMEHbIIIE-
HUe 6apbepOB BHOCSIT JOHOPHO-aKIENTOPHbIE B3a-
UMOJIeCTBUS, KaK MpaBWiIo, BO3pacTalollne B me-
PEXOJHBIX COCTOSIHUSIX UHBEpPCUU. UeThIpexaaeKT-
POHHBIE B3aUMOAECHCTBUSI MEXIY G-CBSI3SIMU aToO-
MOB a30Ta WJM HETNOAEJIEHHBIMU 3JIEKTPOHHBIMU
napamu (HBIT) atomoB azota u rerepoaToMoB X,
Hao000pOT, CMOCOOCTBYIOT MOBBILIEHUIO OapbepoB
uHBepcuu. Habnromamouiyecs 3Hepruy B3auMojaei -
crBuit HOI1 aromoB azota ¢ opoutansmu Punoep-
ra reTepoaToMoB (B TOM YHCJE, ¥ B3aUMOACUCTBUIA
nN—3dS) oTpuLaloT X CylleCTBEHHBbIH U, TeM 00-
Jiee, IOMUHUPYIOLIUI BKJIaa B TMOHUXXEHUE Oapbe-
POB MHBEPCUU aMWHOB, COIEpXKalllMX TeTepoaro-
MbI TPEThETO MePHOoa, 10 CPaBHEHUIO C aMMHAMMU,
coiepXallMMHU reTepoaToMbl BTOPOro Meproia Tou
ke rpymnnbl. HeGonblie 6apbepbl MUHBEPCUU COOT-
BETCTBYIOIIMX aMUHOB OOYCJIOBJIEHBI, TIpEXIe Bce-
ro, HU3KOW BJIEKTPOOTPULIATEIbHOCTbIO 3aMeCTH-
teneir XH, (kpome atoma Cl).

Hacrosmasa padora sIBIsIETCS TOTMYECKUM
MPOJOJKeHUEM cTaThy [1] M MOCBsIIEHa UCCen0-
BaHMIO B3aMMOCBSI3U MEXY 2JIEKTPOHHBIMU Tapa-
MeTpaMy aToMa a30Ta W BHYTPUMOJEKYISIPHBIMU
B3aMMOJEHCTBUSIMU B OCHOBHBIX U TMEPEXOAHbBIX
cocTosiHMSIX uHBepcuu amuHoB H,NXH,.

Memooduka pacuemos

B kauecTBe 00BEKTOB HCClIEIOBAaHUST BhIOpa-
HbI U303JIeKTPOHHBIE N-Mpon3BoaHbIe aMMUaKa [—
VIII, B KOTOpbIX MMHUMU3UPOBAHO CTEPUUYECKOE
BJIMSIHUME 3aMECTUTENIe y aToMa a30Ta Ha 6apbephl
WHBEPCUMU:

H,NXH, (n=0-3),

rme XH,=CH, (I), NH, (II), OH (1II), F (IV),
SiH, (V), PH, (VI), SH (VII), Cl (VIII).

PacueThl TIpoBeieHBI ¢ MCIIOIB30BAHNEM Me-
toma DFT (PBE96 [2]) B 6a3ucHOM Habope aToM-
HbBIX QyHKMi def2-tzvpp [3] mpu moMolu Tpo-
rpamMHoro komriekca Firefly 8.2.0 [4,5]. OnTu-
MM3aLMsT TECOMETPUU TIPOBeAeHA UIST BCEX CUCTEM.
INpuHamIeXXHOCTh HAMAEHHBIX TOUYEK MIUHUMYMaM
M CEUTOBBIM TOYKAM ITOBEPXHOCTEU MOTECHIINAIb-
HBIX 3HEPTHI TONTBEepXIcHA pacyeTaMU BTOPBIX
MIPOM3BOIHBIX 110 KoopauHaTtaM. [1oaydeHHEBIe BOJI-
HOBBIE (DYHKIHMU TIPOaHAJN3UPOBAHBEI B paMKax
Meroma NBO [6]. Cxema NPA 6blta ncrmorb3oBaHa
DI TIOTYYeHUs 3HAUYeHWI aTOMHBIX 3aceIeHHO-
CTE€ M 3apslI0B.

HaiinenHsle 11t aTOMOB a30Ta 3HAYCHUS 3a-
psanoB (qY), BKJIAIOB S-OpOUTaIeil B TMOPUIN3ALINIO
HeTIOMIEJICHHBIX 2JIEKTPOHHBIX TT1ap (%s), 2IeKTpOH-
HbIX 3acesieHHocTeir HBIT (N'), cyMMapHBIX 3a-
psmoB 3aMecTuTeneit (qXH") m aToMOB Bomopoaa mpu
atome aszota (q*"), a Takke CyMM SHEpPTU BHYTPHU-

Tabauuma 1

DJIeKTPOHHBIE MAPAMETPHI M SHEPTHH BHYTPUMOJIEKYJISIPHBIX B3AaMMOJEHCTBHII B OCHOBHBIX W MEPEXOIHBIX COCTOSTHUSAX
unBepcun amunoB H,NXH, I-VIII

XH, q,e g™ e q,e %s N e SE1¥ SE29
Me OC -0,812 0,120 0,694 22,46 1,955 57,2 55,5
TIC -0,866 0,122 0,744 0,00 1,935 77,3 60,2
NH2 OC —0,663 0,000 0,663 24,62 1,970 0,00 39,2
IIC -0,715 0,010 0,705 0,00 1,951 46,6 46,3
OH OC -0,540 -0,116 0,656 35,19 1,994 244 12,4
TIC -0,614 —0,094 0,708 0,08 1,980 -24.6 12,8
F OC —0,398 -0,251 0,648 44,66 1,997 -152 7,2
TIC -0,519 -0,218 0,736 0,00 1,995 7,6 0,0
SiH3 OC —1,244 0,466 0,778 9,71 1,915 69,1 70,5
I1C —1,267 0,473 0,794 0,00 1,908 -83,6 55,8
PH2 OoC -1,102 0,344 0,758 12,82 1,922 46,0 58,1
TIC -1,130 0,354 0,777 0,00 1,905 -572 41,8
SH OC —0,938 0,206 0,732 24,58 1,958 22,1 43,4
TIC -0,997 0,236 0,760 0,08 1,924 -36,6 35,9
cl OC —0,762 0,051 0,712 37,90 1,991 11,8 249
IIC -0,893 0,117 0,776 0,00 1,982 -30,5 0,0

IMpumeuanus: » — yuyreHa sHeprus BzaumopeiicTsuit nN—c’y ;, nN—>RY’y, nN->RY";, on_y—RYy, onn—=RY Y, oneu—6 xons

On_n—0 noxs NX—RY'y, nX—>RY", ox_n—=RY"\, ox_n—=S'\on; @ — ydTeHa sHeprust Bzaumoaeicteuit nN—c'y_;, nN—->RY’y, nN—->RY",.
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MOJIEKYJISIPHBIX B3aumoaeicTeuil (X E;) mpuBeaeHbl
B Tabj. 1. [lonHble JaHHBIE TIO BHEPIUSIM BHYTPU-
MOJIEKYJISIPHBIX JOHOPHO-aKIENTOPHBIX U YEThIPEX-
9JICKTPOHHBIX B3aMMOAEHCTBUI MpPUBEACHBI B pa-
oote [1].

IIpu BbITIOTHEHUN PaOOTHl YIYUTHIBAIUCH 00-
HapyXeHHbIe paHee 3aKkoHoMepHocTH [1,7]. Drek-
TPOHHBIE TTapaMeTpbl U TaHHbIE BHYTPUMOJIEKYJISIP-
HBIX B3anmMonevictsuii amnHoB [—VIII, He3aBmcu-
MO OT XapaKkTepa 3aMeCTUTeNIeil y aToMa a30Ta, Kak
MPaBUIO, YAOBJIETBOPUTEIBHO KOPPEJIUPYIOT C IJIeK-
TPOOTPULIATEILHOCTBIO 3aMecTuTeneit () [8] u He
00HApYXMBAIOT KOppessuuil TpU UCIOJIb30BaHUU
COOTBETCTBYIOIIMX MHAYKIIMOHHBIX KOHCTAHT (o))
[8]. TIpu oTmenbHOM pacCMOTPEHUM HAHHBIX IS
amuHoB [—1V, comepxxalnx y atoma a3oTa 2JeMeH-
Thl BTOPOTO TMepuoaa (rmoarpymnmna A), 1 aMuHOB V—
VIII, conepxkailiux 3jieMeHTbl TPEThero Inepuojaa
(moarpynmna b), KoaddulmeHTs Koppeasuuu mo-
BBILLIAIOTCSI, OCOOEHHO, MPU UCIOJb30BAHUU G;-KOH-
cranT. Habmopawouuecs: oTanuusi 00yCIOBIEHbI
pa3HBIM XapakTepoM (CBOWCTBaMU) y- U G,-KOH-
CTaHT, KOTOPbIE HEe KOPPEIUPYIOT MEXIY COOOM st
zaMmectuteneit XH,, B KOTopbix aToMbl X SIBJISIIOTCS
aJieMeHTaM1 pa3HbIX nepuoaoB (r=0,733), u Kop-
PeMpPYIOT MPU pa3aeabHOM PACCMOTPEHUU aMUHOB,
colepXalliXx B 3aMECTUTENSIX 3JEMEHTbl BTOPOro
00 TpeThero ImepuonoB (Tabm. 2, ypaBHeHUS 1,
2). IToatomy BausiHue 3amectuteneit XH, Ha cym-
Mbl DHEPIUii BHYTPUMOJIEKYJISIPHBIX B3auMMOJEi-
CTBUI U 3JIEKTPOHHbBIE TTapaMeTpbl aMuHOB [—VIII,
Kak TpaBuJjIo, TPEANoUTUTeIbHEee paccMaTpuBaTh,
WCIIOJIb3Ysl -KOHCTAHTHI; B AJajibHEHIIeM, TIpU pa3-
JeJIbHOM aHajin3e 3aBUCUMOCTEN Il aMUHOB MO/~
rpynmt A 1 b 6yayT mpuBOANTLCS HaHHBIC JTYJIINX
KOPPEJSILIUMN C - UIN G,-KOHCTaHTaMH.

Pezyavmamot u o6cyncoenue

A priori oTpuuaTebHbIE 3apsiAbl HA aToMax
azota (q\) B OCHOBHBIX U MIEPEXOTHBIX COCTOSTHUSIX
uHBepcun aMuHOB [—VIII mojkHbI yMeHbIIATbCS
MPONOPUMOHAIBHO YBEJIUUYEHUIO 2JIEKTPOOTpHUIIa-
TeJbHOCTU 3aMecTuteneit XH,. HeiicTBUTENbHO,
3HAYCHMS N XOPOIIO KOPPEIUPYIOT C ¥-KOHCTaH-
TaMU 3aMeCTUTeJIell y aToMa a30Ta, YMEHbIIAsICh C
YBEJIMYEHHUEM 3JIEKTPOOTPULIATETbHOCTH TTOCAETHUX
(Tabun. 2, ypaBHeHUs 3, 4); aHaJOrMYHbIE KOppeJisi-
LINY C 6,-KOHCTaHTaMu OTcyTCTBYIOT (r=0,607 (OC),
0,537 (ITC)). I1pu oTaeabHOM PacCCMOTPEHUU aMU-
HOB [—IV u V—VIII He ToJNbKO MOBBIIIAIOTCS KO-
3¢ GUIMEHTH KOppeIsaunit 3HaYeH qN ¢ y-KOH-
CTaHTaMu, HO HaOJI0AAKTCA KOPPEasiUUM U C
o,-KOHCTaHTaMM 3aMecTuTeseir (Taba. 2, ypaBHe-
Husg 5—12). Ilpennonarasg gnsg amuHoB -1V n
V—VIII ugeHTMYHOE BIUSHUE JIEKTPOHOAKIIETITOP-

HBIX CBOWCTB 3aMECTUTEJIC HAa U3MEHEHWUE 3apsi-
0B qV, MOXKHO OBLITO OBI OXKUAATH, YTO 3HAYCHUS P
JUIS1 HUX OyAyT MpUMMEPHO OIMHAKOBbIMU. B neii-
CTBUTEJIBHOCTU € COOTHOLIEHWE 3HAYeHUI p IS
noarpynn b u A n®™ ) (xoadduumeHT nponopuu-
OHaIbHOCTU NNy=pNB/pNA tne X — y, o; %s,
N ynmu E,;), He3aBUCUMO OT MCIIOJB3YeMbIX KOH-
CTaHT, 3HAYUTEIbHO OTIMYAIOTCS U COCTaBsIOT 1,43
(0OC) u 1,31 (ITC), TO ecThb, NOMKHBI OBITH (HAKTO-
pbl, BbI3BIBAOIIME 3TO paznuuue. Bo3MOXHBIMU
MpUYMHaAMU OOJIbllIe} UyBCTBUTEIbHOCTU 3HAUCHUI
q" ammuOB V—VIII mo cpaBHeHWI0O ¢ aMWHAMM
I—1IV x n3MeHEeHUIO 3JIEKTPOHOAKIIETITOPHOCTH 3a-
MECTUTeNel MOXeT ObIThb M3MEHEHHE BKJaId0B
s-opouraneii B ruopuauzanuo HOII atomoB a3o-
Ta, 3JEeKTPpOHHBIX 3aceiaeHHocTeil HOII u sHepruit
BHYTPUMOJIEKYISIPHBIX JOHOPHO-aKIIeTOPHBIX B3a-
UMOJEUCTBUI, B KOTOPBIX y4acTBYIOT opOuUTaau
o-cBsa3eit u HOII atoma azota (ZE,). Onpeaenutb
OTHOCUTEJIbHBIE BKJIaJbl YKa3aHHbBIX (DAKTOPOB Ha
BEJTMYMHEI 3apsI0B N HeTb3sl, TTOCKOJIBKY OHU TIPSI-
MO WJI1 KOCBEHHO O0YCJIOBIEHBI U3BMEHEHUEM 3JIeK-
TPOOTPULIATEILHOCTU 3aMecTuTeseil. OqHaKo ole-
HUTH UX BIMSHIE Ha U3MEHEHWe 3HaUSHU N TIpe-
CTaBJISIETCSI BO3MOXHBIM.

OrpunarenbHble 3apsaabl N B ITepeXOmTHBIX
coctossHUsIX uHBepcuu aMuHoB [—VIII mo cpaBHe-
HUIO C OCHOBHBIMU COCTOSIHUSIMM BO3pacTaloT
BCJIeJICTBUE YBeIUUeHUs 3(PPEeKTUBHON 3JEKTPOOT-
PpHIIATEIBHOCTY aToMa a30Ta TIPU Tiepexolie 13 spi-
B Sp’-TMOpMIHOE COCTOSTHHME; B Cllydae aMHWHOB
I—IV u V—VIII oHu KoppenupyliorT ¢ s-xapaKTepoM
H3BIT (OC), cHuXasch ¢ yBeJIUUeHUEeM JT0JU S-0p-
Outanei (Tabia. 2, ypaBHeHus 13, 14). Takum 06-
pa3oM, 3HaYeHUS N YMEHBIIAIOTCS CUMOATHO YBeE-
JIMYEHUIO Kak 7y (o;)-KOHCTAHT 3amectutesieit XH,,
Tak U s-xapaktepa HOII. OgHako, B oTiimune OT
KOppeJsILuii ¢ y (6,)-KOHCTaHTaMU, KO3(pPULIeHT
NN, MeHble enuHUIE (0,94), TO ecTh, TpamTueHT
n3MeHeHns N Gombine mrst moarpynmbel A. Coot-
BETCTBEHHO, HabjloJaeMoe M3MEHEeHUE 3HauyeHUi
qY B 3aBHCHUMOCTH OT s-xapaktepa HIII crocob-
CTBYET CHUKEHUIO YYBCTBUTEJIbHOCTU aMHUHOB V—
VIII no cpaBHeHuto ¢ amuHamu [—IV K u3ameHe-
HUIO 3JIEKTPOHOAKIIENITOPHOCTY 3aMECTUTENIEN U He
MOXeT ObITb MPUUYMHON HaOJI0JAIOIIErocsl pas3iu-
yusi Ko3hGULIMEHTOB p B ypaBHEeHUSIX 5—12.

B To Xe Bpems1, 3HaUeHUS qN YMEHBIIIAIOTCS C
BO3pacTaHueM BeJTMIUH %S, TO €CTh, CO CHIDKEHM-
eM CTerleHu THUOpUIM3alluu aToMa a30Ta W TOBbI-
1eHrueM ero 3(GeKTUBHOM 3JIeKTPOOTpULIATETbHO-
CTU, YTO JOJIKHO ObLIO ObI, HAOOOPOT, MPUBOAUTH
K YBEJMYEHMIO OTPULIATEJILHOTO 3apsija Ha aToMe
azora. AHTHOaTHOEe M3MeHeHne QyHKumit qN u %s
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Tadauma 2

JlaHHbIe KOppeJsuuii o- H O;-KOHCTAHT, SHEPTHii BHYTPMMOJIEKY/ISIPHBIX B3AMMO/EHCTBHIl 1 3JIEKTPOHHBIX NAPAMETPOB
aroma azota B OC u IIC unBepcun amunos I—VIII (Y=pX+C)

Howmep Amunbl | CocrosHue | X Y p C s r
YpaBHEHHUS
1 -1V — Y o; 0,324 —0,85 0,05 0,966
2 V-VIII — Y o; 0,333 —0,60 0,03 0,988
3 [-VIII oC x Q" 0,395 ~1,94 0,06 0,972
4 [-VIII c Y Q" 0,351 ~1,88 0,07 0,963
5 -1V oC 5 Q" 0,285 -1,55 0,01 0,999
6 V-VIII oC y Q@ 0,407 -2,01 0,02 0,997
7 -1V c Y Q" 0,240 -1,47 0,01 0,999
8 V-VIII Ic Y qQ 0,315 ~1,84 0,02 0,990
9 -1V oC G Q" 0,827 -0,78 0,04 0,971
10 V-VIII ocC o; Q" 1,179 -1,27 0,05 0,975
11 -1V Ic o Q" 0,686 -0,83 0,04 0,957
12 V-VIII I1C o Q" 0,906 -1,27 0,05 0,961
13 IV oC %s Q" 0,017 | —1,129 0,05 0,964
14 V-VIII 0C %s Q" 0,016 | —1,350 0,04 0,981
15 -1V oC N Q" 8,472 | —17.37 0,05 0,963
16 V-VIII 0C N Q" 5806 | —12,31 0,04 0,978
17 -1V I1C N q 5397 | —11,29 0,03 0,982
18 V-VIII I1C NP q 3,805 —8,42 0,09 0,842
19 -1V oC TE, Q" | —0,004 | —0,59 0,09 —0,857
20 V-VIII oC YE, Q" | —0,008 | —0,72 0,04 -0,979
21 IV I1c  E, q —0,003 | —0,60 0,08 —0,835
22 V-VIII c YE, Q" -0,007 | -0,73 0,03 —0,982
23 I-VIII 0C Y g™ [ 0,332 1,06 0,01 —0,985
24 [-VIII T1C Y g™ | —0,319 1,04 0,01 -0,975
25 -1V oC Y ' | —0,031 0,768 0,01 —0,952
26 V-VIII oC Y ' | —0,057 | 0,883 0,00 —0,997
27 [-VIII oC Y %s 16,3 -20,3 4,20 0,938
28 -1V oC o %s 48,9 21,1 1,58 0,988
29 V-VIII oC o %s 73,6 525 1,96 0,988
30 V-VII oC YE, %s | —0,515 | 46,51 3,46 —0,958
31 -1V oC *E, %s | —0,422 | 43,80 3,55 -0,938
32 V-VIII oC *E, %s | —0,644 | 52,94 2,10 —0,987
33 [-VIII ocC Y NP 0,042 1,84 0,01 0,938
34 [-VIII I1C Y NP 0,047 1,81 0,01 0,935
35 -1V oC o N 0,094 1,96 0,01 0,971
36 V-VIII oC o NP 0,203 1,90 0,00 0,995
37 IV I1C G; NP 0,130 1,94 0,00 0,994
38 V-VIII I1C o; NP 0,189 1,89 0,02 0,905
39 [-VIII oC YE, | N | —0,001 2,01 0,01 —0,948
40 [-VIII T1C YE, | N | -0,001 1,99 0,02 —0,843
41 IV ocC YE, | N | —0,001 2,00 0,00 —1,000
42 V-VIII ocC YE, | N | -0,002 2,03 0,01 —0,983
43 -1V Ic TE, | NY | —0,001 1,99 0,00 -0,998
44 V-VIII I1C YE, | N | —0,001 1,98 0,01 -0,964
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CBHIIETENIBCTBYET O MUHOPHOM BKJIaJie 3HAYeHUI %S
B HabiomaeMble BeTMYMHBI (N IO CpaBHEHHUIO C
9JIEKTPOHOAKIIENITOPHOU CMOCOOHOCTBIO 3aMECTU-
TeJieil; B MPOTUBHOM cllydyae OTpMLATEJbHBINA 3a-
pSIT Ha aToOMe a30Ta I0JKEH BO3pacTaTh C yBEJIUYE-
HueM s-xapaktepa HOII.

OTpuuaresbHble 3apsiibl Ha aroMax a3oTa B
OC u I1C amunoB [—IV u V=VIII takke koppenu-
PYIOT C 3JIEKTPOHHBIMM 3acelieHHocTssMu HOII
(Tabun. 2, ypaBHeHus1 15—18), cHMXasACh C yBeJInye-
HueM 3HaueHU N'P. Kak u B mpempiayIieM ciy-
yae, koaddummmeHTsl NNy, B OC u [1C meHbIe
equaniE (0,69 n 0,71, COOTBETCTBEHHO), TO €CTh,
rpagveHT M3MeHeHUs N OOJbIle IS TTOATPYTIITEI
A. CnepoBartesibHO, HaOIIOaeMOE U3MEHEHUE 3HA-
yeHUT N B 3aBUCHUMOCTH OT 3JIEKTPOHHEIX 3ace-
neHHocTeir HOIT Takke crocoOCTBYET CHUXKEHUIO
yyBcTBUTENIbHOCTH aMMHOB V—VIII 1o cpaBHeHU1O
¢ amuHamu [—IV npu usaMeHeHUU 37EKTPOHOAK-
LIeNTOpHOCTU 3aMectutesieir XH, 1 He MOXeT ObITh
MPUYMHOM HAOIIOMAIOMIETOCST pa3Indus Ko3pdu-
LIMEHTOB p B ypaBHEHMSIX 5—12.

C npyroit CTOpOHbBI, OTpULIATENIbHbBIE 3apPSiIbl
Ha aroMax a30oTa YMEHbIIAITCS C YBEJIUYEHUEM
9JIeKTpoHHON 3aceieHHoctu HOII aroma azora.
ITpoTrBOMNOJIOXKHOE HAMPABJIEHUE BEKTOPOB 3HAYE-
Huit qN 1 NP yka3pIBaeT Ha MOTYMHEHHBIM BKITaI
MOCJeIHMX B BEJIMYMHBI 3apsiIoB Ha aToMax a3oTa
10 CPaBHEHMUIO C 3EKTPOHOAKIENTOPHOI CITOCO0-
HOCTBIO 3aMECTUTENIEI; B TPOTUBHOM CTy4yae OTpU-
maTeJbHbIe 3apsaabl qN MOJKHBI BO3pacTaTh C yBe-
JMYeHneM 3HadeHUit NP,

JBYX2JIEKTPOHHbBIE JOHOPHO-aKIENTOPHbIE
B3aMMOJEHCTBUS BCIAENCTBUE MEPEHOCA INEKTPOH-
HOI TMJIOTHOCTM OT AOHOpPA K aKUENTOpy Hemnoc-
PEICTBEHHO BJIMSIIOT Ha BEJIMYMHY OTpHUIIATEIbHO-
ro 3apsiia Ha atoMme a3ota. [Ipu aHanuse paccMart-
pUBajoCh BIUsIHUE apru(MEeTUYECKON CyMMBI SHEp-
T B3aUMOIEWCTBUM, YYACTBYIOLIMX B IEPEHOCE
9JIEKTPOHHOW TUIOTHOCTU OT aToOMa a30Ta U K HEMY
(ZE)) [7,9—12]; npu 3TOM B3aMMOJEUCTBUSI, CIO-
COOCTBYIOLIME€ YMEHBIIEHUIO 3JEKTPOHHON TIOT-
HOCTHU Ha atoMe azora (tTura nN—c'y_;, nN—-RY'y n
on_n—RY’y), YIUTBIBAIMCH CO 3HAKOM «+», YBEJINUe-
Huto (tuma nX—RY"y, oy y—RY'\ 1 oy _y—>c'vy) —
€O 3HaKOM «—» (Tabu. 1). OTpuliaTeNbHbIE 3apsabl
Ha aroMax azota B OC u [1C amunoB -1V usme-
HSIIOTCSI CUMOATHO CyMMaM JIOHOPHO-aKIENTOPHBIX
B3aMMOJICUCTBUI U KOPPEJUPYIOT C HUMU B Clydyae
amuHoB V—VIII, cH1XasICh ¢ yMeHbIIIEHUEM SHEp-
ruii £E, (Tabn. 2, ypaBHeHust 19—22), cnocoOCTBy-
IOLIUX OTTOKY 3JIEKTPOHHOU TUIOTHOCTM OT aroma
azora. Takum obpa3om, 3HaueHUS N YMEeHBIIAIOT-
cs C yBEJIMYEHUEM Y (G;)-KOHCTAHT U CHUXXEHUEM

sHepruit 2E,. B ommmure ot koapduimeHToB NN,
1 nNyp, Koadbobummentsr NN, B OC u I1C 3Ha-
ynTeabHO 0osbiie equHULbI (2,00 1 2,33, cooTBeT-
CTBEHHO), TO €CTh, TPaIeHT U3MeHEeHUS N CyIIe-
cTBeHHO Oojbuie s monrpyrmnel b. Ho B atom
clyyae, yYMThIBas TPOTHUBOIOJIOXHbBIE HampabJe-
HUSA BEKTOPOB M3MeHeHMI 3apsimoB N oT y (o))-
KOHCTaHT U XE, (pa3Hble 3HaKU p B YPaBHEHUSIX S5—
12 u 19—22), Habnogaemoe uaMeHeHue cyMm XE,
JIOJIKHO CIMOCOOCTBOBAaTh YMEHBIIEHUIO KO3(hhU-
uueHToB NN . Clie1oBaTeIbHO, pACCMAaTPUBAEMBbIE
JIOHOPHO-aKLENTOPHbIE B3aMOIEICTBUS TAKXKeE He
MOTYT OBbITh OTBETCTBEHHBI 3a OOJIbIIYIO BOCHPU-
WMYMBOCTb 3JIEKTPOHHBIX TTApaMeTPOB aMUHOB V—
VIII no cpaBHeHuto ¢ amuHamu [—IV K usameHe-
HUIO 2JIEKTPOOTPULIATEIbHOCTU 3aMecTuTeneit XH,.
B To ke Bpemsi, oTpuuaTe/ibHbIE 3apsiabl Ha
aToMax a30Ta CHUXXAITCS C YMEHbIIeHWEeM 3Haye-
Huil E,, To ecTh, ¢ yBeJIUUYEHUEM SHEPrUil B3a-
UMOIEeCTBUI, CTIOCOOCTBYIOIIMX CMEILIEHUIO BJIEK-
TPOHHOM TIJIOTHOCTM K aToMy a3oTa. AHaJIu3 Ha-
OJII0Jal1o0lerocss U3MEHEeHMsl 3apsiloB Ha aToMmax
a30Ta U MPOTUBOMOJOXHOIO HaIlpaBIeHUsI BEKTO-
poB dyHKIMI qN OT 3HAYeHMH 7 (o;)-KOHCTAHT U
cymM XE, yka3pIBaeT Ha JOMMHAHTHBIN BKJIa dJ1eK-
TPOHOAKIENTOPHON CITOCOOHOCTHU 3aMecTUTeJIeil B
BEJIMYMHBI 3apsIIOB MO CpaBHEHMIO ¢ cymMmMaMu X E;
B MPOTHMBHOM Cjyyae OTpUlIAaTeJbHbIE 3apsiabl Ha
aToMax a3oTa JOJIKHBI BO3pacTaTh C yBeJIUUYEHUEM
% (0;)-KOHCTaHT. YUuTbIBasi, YTO UBMEHEHUE BCeX
paccMmaTpuBaeMbIx (paKTOPOB — KakK S-XapakTepa 1
aJIeKTpoHHOI 3aceneHHoct HOII, tak m moHop-
HO-aKIENTOPHBIX B3aUMOAENCTBUII — MPU TOBbI-
LIEHUU 3JEKTPOOTPULIATEbHOCTU 3aMeCTUTE el
(aromoB X B mpeaesiax mepuopaa) JOJDKHO ITPUBO-
JIUTb K YBEJWUEHUIO OTPUIATEIbHBIX 3apsiIoB Ha
aTomax a3oTa, CJIeJyeT IPU3HaTh, YTO BIUSIHUE 3JIeK-
TPOOTPULIATEILHOCTU 3aMeCTUTEJIEN Ha U3BMEHEHUE
3HAYCHMH qN SBIISICTCS JOMUHHPYIOIIAM W OOJIbIIIE
CYMMapHOTO BJIMSIHUSI OCTaJIbHBIX (PaKTOPOB.
CymmMmapHsbie 3apsabl 3aMectuteneit XH,, (gXHn)
B amuHax [—VIII B OC u I1C naBepcun atoma a3o-
Ta, KaK U CJIEeIOBAJIO OXUIATh, CHUXKAIOTCS C YBe-
JIMYEHUEM MX 3JIEKTPOOTpULIATeIbHOCTU (Tabia. 2,
ypaBHeHus1 23, 24). Ilpu oTaenbHOM paccMoTpe-
Huun aMuHOB [—1V 1 V—VIII koaddpuireHTs KOp-
peJsiiiy BO3pacTaloT U BbIlle TTPU UCTIOJb30BAHUN
yx-KoHcTaHT (r=0,990—0,999), yeM o©,-KOHCTaHT
(r=0,957—0,982), uTro yka3biBaeT Ha OOJIbIIYIO J0C-
TOBEPHOCTb OTPaXXEHUSs y-KOHCTaHTaMU 3JIEKTPO-
HOaKILIENTOPHOCTU 3amecTtuteseii. OcobeHHO Ha-
MJISIAHO 3TO BUJIHO TMpPU CPaBHEHMU IAHHBIX IS
xynopamuHa VIII u ruapasuna Il — ucxons u3 3Ha-
YeHWI y-KOHCTAHT M 3HadyeHmit X" aTom xyopa
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siBJIsieTCsl OoJiee cabbiM aKlLeNTOPOM 3JIEKTPOHOB
10 CPaBHEHUIO ¢ aMUHOTPYIIIOM, TOTAa KaK IT0 JaH-
HBIM G;-KOHCTAaHT — HaobopoT. [Ipm aToM 31IeK-
TPOOTPUIIATETEHOCTh aMUHOTPYIIITHI YBEJTMINBACT-
cs B I1C, 4yTo Xopolllo MpocexknBaeTcsl Kak 1o yBe-
JIMYEHUIO OTPUIATENIBEHBIX 3apsI0B Ha aToMaX a30-
Ta, TAK ¥ CYMMapHBIX ITOJIOXKHUTEIBHBIX 3apsIoB Ha
aToMax BOIOpoIa aMUHOTPYIIILI (q2H, Tadm. 1).
HeobxomumMo oTMeTHTh, 4TO 3HaueHUs Y B
OC amunoB -1V u V—VIII ymeHb11atoTCs ¢ poc-
TOM 3JIEKTPOOTpULIATEIbHOCTU 3aMecTuTenaein XH,
(tabn. 2, ypaBHeHUs 25, 26); COOTBETCTBEHHO,
yMeHblaeTcs nojspusaums csizeir N—H u N—X.
HanGonbmM TONIOXUTEILHBIM 3apsiioM o0Jana-
10T aToMbl Bomopona cBsizeit N—H B cuiunamuHe
V, HaumeHblIUM — B ¢ropamuHe IV; nmoaspuza-
g cegazeir N—H (pasHocth 3apsimoB g m qV)
MakcuMasibHa B ciyvyae amuHa V (2,022) 1 MUHU-
MaibHa y amuHa IV (1,255). Torma, co cratuue-
CKOI TOYKM 3peHUs (pacrpeaeicHUs 3apsiIoB B U30-
JIMPOBAaHHOM HEpearupyroleii MoJeKyie) CrInia-
MUH JOJIKEeH ObITh Hanbosiee cuiabHoit H—N-kuc-
JIoToil, (propamMmH — camoii ciaboii. ITo-BummMo-
My, B 3TOM CJIydae, OTHOCHUTEJIbHAsI KUCIOTHOCTh
paccMaTprUBaeMbIX aMIHOB 3aBHICUT TOJIBKO OT I~
HaMM4ecKoro (pakropa — CIIOCOOHOCTH 00Opa3y-
folieiics nocie yxogaa npotroHa HOII yaepxuBarh
3JICKTPOHEI, a He TIPOTUBOIOJIOXKHO HAIIPaBICHHBIM
CTaTUYECKUM (PaKTOPOM, UTO TPpeOYeT TOTIOTHUTEIb-
HOTO M3y4YeHUs. Bo3aMOXHO, aToM a30Ta IpeIcTaB-
JISIET co00il HeKuii AeMrdep, HUBEJIUPYIOLIUI 13-
MEHEHHNE 3JICKTPOOTPULIATEIBHOCTA 3aMECTUTENS
XH, — ¢ yBenmuueHNEM 3JIEKTPOOTPHUIIATSIHHOCTHI
3aMecTuTeNsl Bo3pacTaeT s-xapaktep HOII aroma
a30Ta M, COOTBETCTBEHHO, YMEHBIIAETCS BKIaL
S-opOuTaIM aToMa a30Ta B OpOUTaIb, 00pa3yIOIIYyIO
o-cBsI3b N—H, s31eKTpooTpuiIaTeIbHOCTDL ITOCIIE-
IHE! CHIKAETCSI, YTO BBI3BIBAET MECHBIIYIO TIOJISI-
pu3aImio 3toii cBsi3u. [pemmoxkeHHas cxema 0ObsC-
HsIeT HabJomamleecsd U3MeHeHe 3HaueHuin g1,
Bxuman s-opOutanm B ruOpUIHYI0O OpOMTAIbL
HODII aroma a3ota (%s) mOKeH 3aBUCETh OT 3JIeK-
TPOHOAKIIEIITOPHOCTH 3aMmecTuTenss XH,, BEI3BIBa-
foleii n3MeHeHne 3G GEKTUBHON 3JIEKTPOTPUIIA-
TeJLHOCTH aTOMa a30Ta, W TOHOPHO-aKIEITTOPHBIX
B3aUMOJIENCTBUIA, B KOTOpbIX yyacTByeT HOII aro-
Ma asora. JleficTBUTEIbHO, 3HaUYeHUsS %S aMUHOB
I—VIII (taba. 1) KoppeaupyloT ¢ y-KOHCTaHTaMu
zamectuteneit XH,, KoahbULMEHTbl KOPPETSLIUU
C Y- U G,-KOHCTAaHTaMM BO3paCTalOT TPU OTHEIb-
HOM pacCMOTPEHUH JAaHHBIX JJISI aMUHOB TTOATPYIIIT
A u b (tabmn. 2, ypasHenus 27—29); BKJam s-opon-
Tajeil YyBeIMUMBACTCSI C POCTOM DIIEKTPOHOAKIIECTI-
TOPHO criocoOHOCTH 3aMecTuTeneid. [1pu aToM Ko-

3G PULIMEHTHI TPONOPLIMOHATBLHOCTH N, ¥ n™; co-
crasistior 1,57 u 1,50, coOTBETCTBEHHO, T.€., IJIS
aMIHOB, COIEpKaIINX aTOMBI X TPEThEro rmepruoaa
10 CPaBHEHWIO ¢ aMMHAMM, COMEPKAIINMH aTOMBI
X BTOpOro Tepuona, HabawogaeTcs: 00Jbliiasi BOC-
MMPUUMYNBOCTh 3HAYCHUN %S K M3MEHEHUIO y- W
G,~-KOHCTaHT.
s-Xapakrep HOII aromoB azora B OC amu-
HoB I—VIII u3smensieTcss aHTOATHO CyMMaM 3HEp-
TMA NOHOPHO-AKLEITOPHBIX B3aMMOAECHCTBUIA
nN—c'y_y, nN->RY"y 1 nN—->RY"; (1abx. 1, ZE,,
Tab. 2, ypaBHeHUs1 30—32) 1 KoppearpyeT ¢ HUMHU,
MTOBBIIIASACH ¢ YMeHbIIeHeM cyMM ZE,. [1pu aTom
K03(h(PULHMEHT MPONOPLUOHATBHOCTH 1%, paBeH
1,5, To ecTh, TpamMeHT M3MEHEHUS 3HAYCHU %s
6omple mis moAarpynmnsl b. B 1emom, s-xapakrep
HOII nosbliiaetcst ¢ ypeandeHueM y (c;)-KOHCTAHT
3aMeCTUTeNell y aToMa a30Ta U YMEHbIIIEHUEM SHep-
ruit TE, YuutsiBas mpoTUBOMONOXHbBIE HaMpaBiie-
HUS BEKTOPOB M3MEHEeHMI 3HaYeHU %S OT ¥, (o;)-
KOHCTaHT U XE, (pa3Hble 3HaKM T B ypaBHEHUSIX 5—
12 u 30—32), Habmogaemoe usmeHeHue cymm E,
JIOJIKHO CITOCOOCTBOBaTh YMEHbILIEHUIO KO3(hbhu-
LIMEHTOB NS p,. ClleoBaTeNIbHO, pacCMaTpUBaeMble
JOHOPHO-aKIETITOPHBIC B3aMMOIEHCTBUS HE MOTYT
OTBEYATh 3a OOJBIIYI0 BOCIIPHMMYNBOCTE aMUHOB
V—VIII no cpaBHeHuto ¢ amuHamu [—IV x usme-
HEHUIO BJIeKTPOOTPULIATEIbHOCTU 3aMeCTUTeNel
XH,.
C npyroii ctopoHsl, s-xapaktep HBII Ha aTo-
Me a30Ta MMOBBIIIAETCS CO CHIDKEHMeM dHepTuii X,
CIOCOOCTBYIOLLIMX YMEHbILIEHUIO p-xapakTepa HOII.
AHanMM3 HaOTIOMAIOIIETOCT N3MEHEHNS 3HAYeHNH %S
1 TIPOTHUBOITOJIOKHOTO HAMPAaBJICHUSI BEKTOPOB (hyH-
KInii %s OT 3HaYeHWi y (c,)-KOHCTaHT U cymM ZE,
yKa3bIBaeT Ha JOMMHHPYIOIINN BKJIAA SJIEKTPOHO-
aKIIeNTOPHOU CMOCOOHOCTH 3aMeCTUTeJIei B u3Me-
HeHue s-xapakTepa HOII mo cpaBHeHMIO ¢ BKJa-
noM cymM SE,; B IPOTUBHOM cCjy4ae, S-XapakTep
HOBIT nomkeH Bo3pactaTh ¢ yBeaudeHUEM cyMM ZE,.
DnekTpoHHas 3aceneHHocTh HOIT aroma azota
(N'") 8 OC u I1C mnuBepcun amuHoB [—VIII Taxke
JIOJI’KHA 3aBUCETD OT JIEKTPOHOAKIIENITOPHOCTU 3a-
MecTuTeds XH,, m JOHOpHO-aKIIENTOPHBIX B3a-
uMoneicTBuii, B Kotopbix yyactByeT HOII aroma
azora. 3nauenus N* amuraoB I—VIII (Ta6:1. 1) kop-
pPeUPYIOT C x-KOHCTaHTamMu 3amectuteneit XH,,
KO3(PPUITMEHTHI KOPPEISIIIAN C - U G;-KOHCTaHTa-
MH BO3pacTaloT P OTIACITBHOM PacCMOTPEHUH JTaH-
HBIX 11 aMUHOB noarpynn A u b (ta6xa. 2, ypas-
HeHnus 33—38); saceneHHOCTh NP yBeMuMBaeTCS
C POCTOM DBJIEKTPOHOAKLIETITOPHOM CIIOCOOHOCTU
zamectutesieil. [1pu aTom KoadduiireHTHI IpoITop-
uroHansHocT NN (MNP ) B OC n T1C cocrasns-
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o1 2,19 u 1,47 (2,15 u 1,45), COOTBETCTBEHHO, T.€.
IIJIST aMWHOB Toarpynmel b mo cpaBHeHMIO ¢ amMm-
HamMu moArpynnbel A HabGmogaetcst Oosbliiast BOC-
MIPUUMYNBOCTD 3HaYeHNI N'¥ K M13MEHEHUIO JIeK-
TPOOTPULIATEIBHOCTU 3aMECTUTENIEH.

OnekTpoHHas 3aceseHHocTh HOII atomoB
azota B OC u I1C amunoB [—VIII uameHnsiercst aH-
TMOATHO CyMMaM 3HEPTUil TOHOPHO-aKLENTOPHBIX
B3aummoneiicTBuit nN-c'y ;, NnN—>RY'y u
nN—RY"y (tabn. 1, £E, tabn. 2, ypaBHeHusa 39—
44) 1 KoppeaupyeT ¢ HUMMU, TMOBBIIASICH C YMEHb-
eHueM cyMm 2E,. TTpu aTom KoadhduLiMeHThI npo-
niopioHatbHOCT MNP B OC m [1C cootBeT-
ctBeHHO paBHH 2,0 n 1,0. B mretom, 3HageHus NP
BO3pACTAlOT C YBEJIUMYEHUEM Y (o;)-KOHCTAaHT U
yYMeHBIIIeHeM 3Hepruit XE,. YYuTeBas mpoTuBo-
MOJIOKHbIE HaIpaBeHUS BEKTOPOB W3MEHEHU
3HaueHU# MMy, oT y (o;)-KoHcTaHT U XE, (pas-
Hble 3HaKu p B ypaBHeHUsIX 5—12 u 41—44), Ha-
onrogaemMoe uaMeHeHue cymm XE, 10JDKHO criocod-
CTBOBaTh YMEHBIIEHNIO KOG duimeHToB nNWPy,.
CrenoBarebHO, pacCMaTpUBaEMble TOHOPHO-aK-
LIETITOPHBIE B3aUMOICUCTBUSI HE MOTYT OBITH TIPU-
YUHOM 00JbIIeH UyBCTBUTEIBHOCTH aMuHOB V—VIII
Mo cpaBHeHUIO ¢ amuHamu [—IV K mM3MeHeHUIO
3JIEKTPOOTPULIATEILHOCTU 3amectutesieil XH,,.

C nmpyroiif cTopoHbl, 3HaueHnsT N yBemmun-
BAIOTCSl KaK C YBEJIMYEHUEM DJIEKTPOHOAKIIETITOP-
HOI CITIOCOOHOCTU 3aMeCTUTeNel, TaK U CO CHUXKe-
HUEeM 3HaueHuil ZE,, onpenessionux oOTTOK 3JeK-
TpoHHOM 1ioTHOcTH oT HBII atoma azora. AHa-
J13 HabJIomarolerocss M3MeHeHusT 3HadeHnit NP
U IPOTUBOIIOJIOXHOIO HAMPAaBJIeHUS BEKTOPOB (PyH-
kumit N ot 3HaueHU y (o;)-KOHCTAaHT M CYMM
>E, yka3bIBaeT Ha TOMUHUPYIOLIMI BKJIal 3Haye-
Huii cyMmMm XE, Ha usmeHenue 3aceieHHoct HOII
10 CPABHEHUIO C BKJIAIOM 3JIEKTPOHOAKIIENITOPHOMI
CIMOCOOHOCTH 3aMECTUTENCH; B IPOTUBHOM Ciyyae,
3HayeHnsT NP MOJKHBI YMEHBIIATHCS C YBEJTMUe-
HUEM Y (o;)-KOHCTaHT.

IIpoBemeHHBINT aHATN3 BEPOSTHBIX MPUYWH,
CITOCOOHBIX BBI3BaTh IMOBHIIICHHYIO BOCIIPHUMYM-
BOCTb 2JIEKTPOHHBIX mapaMeTpoB amuHoB V—VIII
K UBMEHEHUIO JIEKTPOHOAKIIENITOPHOCTU 3aMECTU -
teneit XH,, comepxaiux sjemMeHTbl X TPETbEero
nepuosaa, o cpaBHeHuto ¢ amuHamu [—1V, B ko-
TOPBIX aTOMBI X SBJISIIOTCS 3JIEMEHTaMU BTOPOTO
Imeproaa, MoKa3bIBaeT, UTO MMU HE MOTYT OBITh
SHEPTUM JOHOPHO-aKIETITOPHBIX B3aMMOACHCTBII
>E, u XE,, s-xapakrtep u 3aceseHHocTb HIOII. B To
XKe BpeMsI, aHaJIN3 WHTEPBAJIOB M3MCHEHUS y- U
0,-KOHCTaHT 3aMeCTUTeJIei IS aMUMHOB TTOATrPYIIII
A u b noka3spIBaeT, UTO OH 3HAYUTEJbHO OOJbllIe
st noarpynnel A (1,45 u 0,44) mo cpaBHEHUIO C

moarpyrmoit b (1,15 u 0,36). CooTBeTCTBEHHO, OC-
HOBHBIM (PaKTOPOM, OITPEAEIISIOIINM OOJIbIITEe 3HA-
yeHus p ajist amuHoB V—VIII o cpaBHeHMIO € amMu-
Hamu [—IV npu Koppensuusix uccienyeMbIx mapa-
METpPOB C ¥- M 6;~-KOHCTAaHTaMH1 3aMeCTHUTEJIeH, TT0-
BUAMMOMY, SIBJISTFOTCSI MEHBIIIME WHTEPBAJIbl U3Me-
HEHMsI COOTBETCTBYIOIIMX KOHCTAaHT, TO €CTh, W3-
MEHEHHE 3JEKTPOHOAKIIENITOPHOCTU 3aMeCTUTe e
XH,. Ho mpakTtuyecku BO BceX APYIUX KOppesi-
IIUSIX, B KOTOPBIX HE YYACTBYIOT %- M G;-KOHCTaH-
ThI, TaKXKe HaAOIIONAIOTCS pa3InyHbie KO3(hOULm-
eHTBl p. KoHeYHO, 37IeKTPOHOAKIIEIITOPHOCTh 3a-
Mectuteneir XH, 3HaYUTeIbHO BIWSIET HA aHAJIM-
supyeMble 3HaueHms qN, %s, N'* u SE, omHako
HaOJroalolIeecsl pa3inuue B 3HAUCHUSIX p B aMU-
Hax I—-1V u V—VIII, ckopee Bcero, o0yciIOBICHO
Pa3HBIMU CBOMCTBAMM BHEILTHUX 3JIEKTPOHHBIX 000-
JIOYEK aTOMOB BTOPOTO U TPETHETO MEPUOAOB; BO3-
MOXHO, 3T0 Oosblast guddy3HOCTh (pa3phIXJICH-
HOCTB) 3JIEKTPOHHBIX 00OJOYEK aTOMOB TPETHETO
repuozaa Mo CpaBHEHUIO C aTOMaMK BTOPOTO TMepu-
ona.

Boteoodwt

B 130351eKTpOHHBIX TPOM3BOAHBIX aMMUAKa B
OCHOBHBIX M MEPEXOAHBIX COCTOSTHUSIX MHBEPCUU
yBeJIMUEHNE BJIEKTPOHOAKIIENTOPHON CITIOCOOHOC-
™ 3aMmectuTeneir XH, oka3bIBaeT TOMUHUpPYIOIIEE
BJIMSTHAE HAa U3MEHEHUE 3JIEKTPOHHBIX ITApaAMETPOB
aTOMOB a30Ta U MPUBOJANT K YMEHBIIEHWIO 3apSII0B
Ha HUX U YBEJIMYEHMIO S-XapakTepa U 3aceJeHHOC-
teit HOII. Bece paccmaTpuBaemMble mapamMeTpsl KOp-
PeIUPYIOT C %- U o;-KOHCTAaHTaMU 3aMeCTUTEJIEl;
MPHY OTAEIBHOM PaCCMOTPEHNU aMUHOB, COJEpKa-
IIMX aTOMBbI X TOJLKO OJHOTO Ileproga, Ko3ddu-
LIMEHTHI KOppeJauuii moselaoTces. Kak mpasuio,
3HAYCHMS p JJISI aMUHOB, B KOTOPBIX aTOMBI X SIB-
JISIOTCSI DJIEMEHTAMU BTOPOTO WJIM TPETHETO ITepH-
O/I0B, 3HAYUTEJBHO OTIMYAIOTCS. AHAJIU3 BEPOSIT-
HBIX IPUYMH, CHOCOOHBIX BBI3LIBATH PA3IMUHYIO
BOCIIPUMMYUBOCTD 3JIEKTPOHHBIX ITApaMEeTPOB aTo-
Ma a30Ta aMUHOB, COAEPXKAIMX aTOMBI X pa3HBIX
MEepUoaO0B, K U3MEHEHUIO JIEKTPOHOAKIIETITOPHO-
cty 3amectuteneil XH, mokasan, yTo uMu He MO-
T'YT OBITh U3MEHEHMSI SHEPTUI1 JTOHOPHO-aKIEITOP-
HBIX B3amMoneiicteuii *E, u IE,, s-xapakrepa u
3aceseHHocTn HOII; ycTtaHoBiIeHO MOTUYMHEHHOE
BJIMSTHAE TIOCJEIHUX MO CPAaBHEHUWIO C BIMSIHUEM
9JIEKTpOHOaKLeNTopHOCTU 3amecTuTeneit XH,. Io-
Ka3aHo, YTO OTpULIATEIbHBIN 3apsil Ha aTOMe a30Ta
YMEHBIIIAETCI C YBEJIMUEHUEM S-XapaKTepa U dJIeK-
TpoHHOM 3aceneHHocT HBOII, a Takke co cHuKe-
HWEM SHEPTUii JBYX3JEKTPOHHBIX JOHOPHO-AKIIET -
TOPHBIX B3aMMOJEUCTBUI, CITOCOOCTBYIOIINX YMEHbB-
LIEHUIO OTPULATEbHOTO 3apsifa. S-XapakTep U
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9JIeKTpoHHas 3aceneHHocTh HOII yBenmuuBaeTcs
CO CHUXXEHMEM BHEpPruil TOHOPHO-aKUENTOPHBIX
B3aUMOJIEHCTBUIA, CTOCOOCTBYIOIIMX YMEHBIIEHUIO
3JIEKTPOHHOM MJIOTHOCTU Ha atoMe a3oTa. C poc-
TOM B3JEKTPOHOAKIENTOPHOU CMOCOOHOCTH
3amectuteneit XH, yMeHbIIalOTCs CyMMapHbIe T0-
JIoxXuTeJbHble 3apsabl rpynn XH, u atomMmoB Bogo-
pona mpu atomax azorta. [lokazaHa Gosblliast A0C-
TOBEPHOCTb OTpaXKeHUsl 3JEKTPOHOAKIIENITOPHOCTU
3aMeCTUTeNIell MpU MOMOIIU -KOHCTAHT MO CpaB-
HEHUIO C G;-KOHCTaHTaMH; aTOM XJiopa SBJsIETCS
OoJiee cnabbIM aKUENTOPOM BJIEKTPOHOB MO CPaB-
HEHUIO C aMUHOTPYTIION.
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IMoctymmia B penakumio 07.12.2018

B3AE€MO3B’130K MK EJJEKTPOHHUMHA
ITAPAMETPAMMU ATOMA HITPOTEHY TA
BHYTPIIITHbOMOJIEKYJIAPHUMUN B3AEMOAISAMU B
IOXITHUX AMIAKY

10.A. Yepmuxina, H.B. Kyuux-Caeuenxo, O.C. Jle6idv,
0.C. JIi6, O.B. Iluzanxos, O.B. Ilpocanux

Memodom DFT (PBEY6) e 6asucrhomy nabopi def2-tzvpp
PO3Paxo8ani enekmporui napamempu amomie Himpoeeny i enym-
DIUHbOMONCKYASPHI 83A€MO0II 8 OCHOBHUX | NepexiOHUx cmaHax
ineepcii aminie H,NXH, (XH,=CH;, NH,, OH, F, SiH;, PH,, SH,
Cl). BcmanoeaeHo, wo esekmpoHOaKyenmopHa 30amuicme 3amic-
Hukie XH, mae dominyrouuii éniueé Ha 3MiHy eieKmpoOHHUX napa-
mempie amomie Himpoeeny; ii nideuwenus npuszgooums 0o 3meH-
wenHs 3apady na amomi Himpoeeny i 30invuuenns s-xapakmepy ma
3acenerHocmi éinvHoi napu eaexmpotnie (BITE). Bci pozeasnymi na-
pamempu KOpearms 3 y- i o;-KOHCMARMamu 3aMIiCHUKI6; npu OK-
pemomy po3ensdi aminie, wo micmams amomu X auuie 00H020 nepi-
00y, koegiyienmu kopeasayitl niosuuwiyromecs. Buseneno, wo 3na-
UeHHS p 045l AMIHIG, 8 AKUX amomu X € enemenmamu opy2020 abo
mpembo2o nepiodis, 3Ha4HO 8i0pi3HArOMbCA. Bipoeionumu npuuuna-
MU, 30amMHUMU BUKAUKAMU DI3HY CRPUUHAMAUBICMb eAeKMPOHHUX
napamempie aminie, wo micmsame amomu X pizHux nepiodie, 0o
3MiIHU eneKkmpoHoaKyenmopHocmi 3amicruxie XH, ne moxcymo 6ymu
3MIHU eHepeiil OOHOPHO-AKUeNnMOpPHUX 63acmodill, s-xapakmepy i
3acenenocmi BITE; ecmanoenenull ix nioareaauti 6naue y nopieHsHHI
3 @nAuBoOM esekmpoHoaxkyenmopHocmi samicnuxie XH,. Heeamue-
Hutl 3aps0 Ha amomi Himpoeeny smenuiyemocs 3i 30inbuleHHAM S-
xapakmepy i eaekmpornnoi 3aceaenocmi BIIE, a makoxc 3i 3HU-
JICEHHAM eHepeill 080eAeKMPOHHUX OOHOPHO-AKUENMOPHUX 83AEMO0Il,
SAKI CNpUsIloms 3MIileHHI0 eneKmpoHHoi eycmunu 6id amoma Himpo-
eeny. s-Xapaxmep i eaekmponna 3acenenicmo BIIE 36invuwyromocs
31 BHUIICEHHSAM eHepeill OOHOPHO-AKUeNnMOPHUX 83AEMO0Il, SKI cnpu-
AHOMb 3MEHUIeHHI0 eAeKMPOHHOI eycmunu Ha amomi Himpoeeny. 3i
3POCMAHHAM eNeKmpOoHoaKuenmopHoi 30amuocmi 3amicHukie XH,
3MEHUYIomubCsl cymapHi nozumueHi 3apsou epyn XH, i amomie Tidpo-
eeny npu amomax Himpoeeny. Ilokazana 6invwa docmogipricmo
8i003epKaneHHs eneKmpoHOAKUen mopHOCMi 3aMICHUKI@ y-KOHCMAH-
mamu 6 NOpIGHAHHI 3 c;-KOHCMaHmamu,; amom Xaopy € binvu caao-
KUM GKUenmopom eneKmpoHie y NOPIGHAHHI 3 aMiHOSPYNOK).

KuiouoBi ciioBa: aMiHu, iHBepCis, BHYTPilLIHBOMOJIEKYJISIPHI
B3aEMO/Iii, €JICKTPOHETaTUBHICTb, 3apsill, KOPEJSILIiNHUI aHaTi3.
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THE INTERRELATION BETWEEN THE ELECTRONIC
PARAMETERS OF NITROGEN ATOM AND
INTRAMOLECULAR INTERACTIONS IN AMMONIA
DERIVATIVES

Yu.A. Chertihina ¢, N.V. Kutsik-Savchenko ¢ *, O.S. Lebed °,
A.S. Lib ¢, A.V. Tsygankov b, A.V. Prosyanik “

2 Ukrainian State University of Chemical Technology, Dnipro,
Ukraine

b National Technical University «Kharkiv Polytechnic Institute»,
Kharkiv, Ukraine

* e-mail: organiknv@gmail.com

The electronic parameters and intramolecular interactions in
the ground and transition states of inversion of the amines H,NXH,
(XH,=CH;, NH,, OH, F, SiH;, PH,, SH, Cl) were calculated using
DFT (PBE96/def2-tzvpp) method. It was established that the electron-
acceptor properties of the XH, substituents has a prevailing influence
on the change of the electronic parameters of nitrogen atom. Its
increase leads to both a decrease of the charge on the nitrogen atom
and an increase of the s-character and population of nitrogen lone
pair (LP). All parameters under consideration correlate with the
- and o-constants of the XH, substituents. The correlation coefficients
increase when amines that contain X atoms only from one period are
considered separately. It was found that the p values for amines
containing X atoms from the second or third period are substantially
different. The changes of the donor-acceptor interaction energies,
s-character and LP population cannot be probable causes for different
sensitivity of the electronic parameters of amines containing X atoms
from different periods to the change of electron-acceptor properties
of the XH, substituents. It was established that the mentioned
parameters has only a subordinated influence in comparison with
the influence of electron-acceptor ability of the XH, substituents.
The negative charge on the nitrogen atom decreases with the increase
of s-character and LP population and also with the decrease of
energies of donor-acceptor interactions which lead to the withdrawal
of electron density from the nitrogen atom. The s-character and LP
population increase with the decrease of energies of donor-acceptor
interactions which result in the reduction of electron density on the
nitrogen atom. The total positive charges of the XH, groups and
hydrogen atoms at the nitrogen atom decrease with increasing the
electron-acceptor ability of the XH, substituents. The representation
of the electron-acceptor properties of the substituents was shown to
be more valid by using the y-constants than by using the o;-constants.
The chlorine atom is a weak electron acceptor in comparison with
an amino group.

Keywords: amine; inversion; intramolecular interaction;
electronegativity; charge; correlation analysis.
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