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KsanTtoBo-xumuueckum metogom B3LYP-D3/def2-TZVP paccuntansl CTPYKTypHBIC B TEPMOANHAMHYCCKHE
XapaKTEepUCTUKH JOHOPHO-akIenTopHbix komiuiekcoB LA -E'H,EH,-LB (E=B, Al, Ga; E’=P, As, Sb; LB =SMe,,
NMe,); LA —kucnotsl JIptonca Ha ocHoBe anemeHToB 13 rpynmsl ER; (E=B, Al, Ga; R=H, Me, F, C|, Br, |, C¢F5) n
KkapOoHmIEI epexonusix MetamioB Fe(CO),, M(CO)s, (M = Cr, Mo, W), CpMn(CO),. [TokazaHo, 4To OTpbIB
ocHoBaHus JIpronca MeHee SHI0TePMUYEH, YeM KUCIIOTHI JIbtorca. BEIsBICHBI psiIbl H3MEHEHHS YCTOMYHBOCTH
KOMIUIEKCOB B 3aBUCHUMOCTH OT NPHPOABI 3neMeHToB 13 u 15 rpynn u kucnots! JIstonca. Hanbomnsmuii crabu-

msupytonuii agdexr okazpiBaer W(CO)s.

KiroueBsle ¢j10Ba: BOIOPOIHBIC COSTUHEHUS dieMeHTOB 13/15 rpymm, kuciotsr JIktouca, ocHoBanus JIbtouca,
JIOHOPHO-aKLENTOPHAs! CBsI3b, KBAHTOBO-XUMHUYECKHE PACUEThI
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BaneHTHO-U3031EKTPOHHBIE aHAJIOTH 3TUJIEHA Ha
OCHOBE 3J71eMeHTOB 13—15 rpynmn sSBustoTCsS Nepcnek-
TUBHBIMH TIPEKypCOpaMU JJIsi CHHTE3a MaTepHasIOB
IUIl MUKPOJIEKTPOHUKHM U (DPyHKIMOHATBHBIX IOJIH-
mepoB [1]. BBugy Toro, 4to MOHOMEpPHBIE BOJOPOII-
uele coenunenus E‘H,EH,, rne E u E' anementsr 13
u 15 rpymnn, omInYaroTCsl HU3KOW YCTOHYMBOCTBIO 110
OTHOUIGHUIO K IIpoLieccaM OJMIOMEpPHU3aluU, aKTHB-
HO pa3pabaThIBAIOTCS SKCIIEPUMEHTAIBHBIE TTOIXOMbI,
MO3BOJISAIOLINE CTa0MIM3UPOBATh TaKHE COCAMHEHHMS
32 C4eT JOHOPHO-aKLENTOPHOI'O B3aUMOJAEHCTBHA C
KHUCJI0TaMHu U ocHOBaHUsIMU JIbtonca [2].

PC3yIHJTaTbI KBAaHTOBO-XUMHWYECCKUX PACUYETOB I10-
Ka3bIBAaIOT IIPUHIUIIHNAJIBHYIO BO3SMOXHOCTDH crabum-
3allMiM HeopraHuveckux axajoros stwieHa E'H,EH,
3a CUeT B3aMMOJCHUCTBHS TOJBKO C OCHOBaHUEM JIbto-

644

uca (LB) [3]. HeiictBurensHo, pa3paboTaHbl METO-
JIUK{, MO3BOJISIOIINE CHUHTE3UPOBATh JIOHOPHO-CTA-
OounmsupoBaHHblil  pocdannnbopan PH,BH, NMe,
B 3aMETHBIX KommvectBax (mopsimka 1 1) [4], yTO
MO3BOJIMJIO U3YYUTh MPOLIECC €ET0 TEPMUUECKOTO pa3-
noxxkeHus: [5]. M3BeCTHBI Takke TSKENbIe aHaJoru
¢dochanmnbopana E'H,EH, LB, nns crabunuzanun
KOTOPBIX HMCIOJIB3YIOTCS OoJjiee CHIIbHBIE OCHOBaHMS
JIbtouca, Takue kak N-reTeporuKIndecKre KapOeHbI
[6]. HampotuB, crabummzamms E'H,EH, wuckmoun-
TEJIHHO 33 CUET KOMIUIEKCOOOpa30BaHUS C KHCIOTOU
JIstouca (LA) Ha HaACTOSIIMH MOMEHT ele He pea-
JTU30BaHa Ha mpakTuke. Kak mokaszaay KBaHTOBO-XH-
Muyeckue pacuersl komiiekcoB LA-E'H,EH, [7], B
TaKUX COCTUHEHHAX TPOSIBISIOTCS JOMOTHUTEIHHBIC
B3aMIMOJICHCTBUSI aTOMOB BOJIOPOJA WJIM aTOMOB 3JIe-
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(a) ©) (B)

Puc. 1. OnTuMHU3MpOBaHHEIE reoMeTpun kommiekcos LA-PH,BH,-NMe,. MexbsiepHble paccTosHUsA 1aHbl B A. YpoBeHb Teopuu
B3LYP-D3/def2-TZVP.
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Tadmuua 1. Cobonusie >Heprun [nOOca A(l)Gzogg (xx/Momp) mnst mporiecca ra3odasHoi IUCCOIMANN KOMIDIEKCa

ITOMOT'AEBA wu np.

LA-E'H,EH,-NMe; ¢ orpbiBoM KucioTsl JIbronca

LA E'E

PB AsB SbB PAl AsAl SbAl PGa AsGa SbGa
BMe, -33.9 —47.7 2 -44.9 -29.8 -30.7 —44.3 -28.6 -30.1
BH; 73.7 46.4 25.7 58.8 354 18.1 59.2 342 16.3
BF; -6.5 9.4 -13.5 -16.3 -10.5 -13.3 -16.9 -14.1 -15.0
BCl, 22.4 -9.4 -34.0 27.4 1.9 -27.5 23.5 -3.1 -33.5
BBr; 41.9 343 1.7 50.8 233 —6.8 46.9 18.2 —-12.7
BI; 64.9 48.5 17.6 65.9 37.5 8.3 62.0 325 2.2
B(C¢Fs); 41.6 21.1 -19.9 35.0 15.5 -13.6 343 12.3 -14.9
AlMe; 15.1 =53 -9.7 3.2 -11.0 -15.9 6.2 -2.5 -17.0
AlH; 493 36.8 21.1 39.8 29.0 15.3 38.8 27.1 12.8
AlF, 90.7 75.7 544 79.5 65.5 45.8 78.4 64.8 43.6
AlCl, 85.5 70.4 48.3 93.0 78.6 533 88.6 72.7 48.0
AlBr; 88.4 74.6 50.9 94.6 80.5 56.2 90.6 75.5 51.5
All, 86.5 74.6 48.8 90.0 76.6 543 85.9 71.7 48.8
Al(C4Fs); 101.1 86.4 58.4 90.7 78.0 51.0 89.7 75.4 52.5
GaMe; 1.9 -16.0 -18.3 -14.9 -20.2 -24.0 -10.4 -12.0 -24.8
GaH; 38.7 28.2 16.3 29.6 21.0 10.8 28.8 19.6 8.8
GaF, 104.0 89.8 70.7 95.3 81.6 63.7 90.4 71.7 59.9
GaCl; 83.0 69.5 50.6 92.7 80.4 59.4 88.0 74.9 54.5
GaBr; 81.1 69.1 49.4 89.0 77.1 58.3 84.8 71.9 51.3
Gal, 74.6 58.9 40.5 78.4 67.4 49.8 74.3 62.4 43.9
Ga(C4Fs)3 90.1 77.1 533 79.3 68.5 45.7 77.9 65.7 43.1
Cr(CO);s 106.7 91.6 81.6 96.4 82.6 69.5 98.4 82.7 68.7
Mo(CO); 116.6 98.9 85.9 101.6 88.3 74.0 102.4 87.6 72.6
W(CO); 131.2 117.3 102.1 119.0 104.4 89.5 120.6 104.3 87.9
Fe(CO), 109.9 91.3 80.0 100.5 83.3 70.6 101.1 82.4 71.3
CpMn(CO), 120.3 99.9 86.0 108.3 89.3 73.5 110.9 89.0 76.3

ar[pI/I ONITUMHU3AINU IT'COMETPUN KOMIUIEKC JUCCOLIMUPYET HA CBO60,Z[HI)IC Q)paFMeHTBI.

MeHTa 13 Tpymnmel ¢ TEpMUHAIBHBIMU aToMaMu LA,
YTO B KOHEYHOM HTOTe€ INPHUBOAUT K OOPa30BaHUIO
LMKIMYECKUX COEeNNHEHNH MM 0OMEHY aTOMOB BOJIO-
pOZa Ha aTOMBI I'aJIOreHa.

HauGonee sHepreTmueckd BBITOJHOW SBISETCS
crabuwmmsamus E'H,EH, mocpencTtBoM Komriekco-
00pa3oBaHusl Kak C KUCIIOTOW, TaK U C OCHOBaHHEM
JIptonca. JIOHOpHO-aKIENTOPHO CTAOMIM3UPOBAH-
Hele coenunenus LA-E'H,EH, LB cunTe3upoBansl u
CTPYKTYpPHO oxapakTepu3oBaHbl B cucteMax EE' = BP,
AIP, GaP, BAs, AlAs [8—11]. B kauectBe kuciot JIbto-
uca ucnons3oBauck M(CO)s (M = Cr, W), E(C¢F5);,
EX; (E =B, Ga). Cnenyet OTMETHTb, YTO COCANHCHUS
LA-E'H,EH, LB MoryT ciayXuTh B Ka4eCTBE CTPOHU-

TEJIbHBIX OJIOKOB JUISI CHHTE3a MOJIMIEMEHTHBIX OJU-
romepos [12].

B macrosme#t pabore HaMH TPEINPUHATO CUCTE-
MaTH4YEeCKOe€ KBAaHTOBO-XUMHUYECKOE HCCIEOBaHUE
BIIMSIHUSI IPUPOJIBI aTOMOB 3i1eMeHToB 13 u 15 rpymm,
kucnoTel JIptonca u ocHoBaHus JIplonca Ha U3MEHe-
HUE CTPYKTYPHBIX W TE€PMOAMHAMHUYECKHX XapaKTe-
puctuk xommurekcoB LA-E'H,EH,-LB (E = B, Al, Ga;
E'=P, As, Sb; LB = SMe,, NMe;; LA=ER; (R=H, Me,
F, Cl, Br, I, C¢Fs), Fe(CO),, M(CO)s (M = Cr, Mo, W),
CpMn(CO),; LB = NMes;, SMe,.

OnTUMH3NPOBAHHBIE TEOMETPUU  KOMILIEKCOB
LA-E'H,EH, NMe; mnpencrasinensl Ha puc. 1 Ha
npumepe coeanaenuii ¢ E = B, E' = P. bonpmmacTBO

J)KYPHAJI OBLLENA XUMMU tom 93 Ne 4 2023
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Tabauua 2. CpoGonnbie sHeprum mb6ca, A)Grog (KILK/MOnb) mst mpouecca ra3odasHoil AMCCOLMALMA KOMILIEKCA
LA-E'H,EH, SMe, ¢ oTpsIBOM KHCIOTHI JIbIOHCa

A E'E
PB AsB SbB PAl AsAl SbAl PGa AsGa | SbGa
BMe; 304 | -19.9 —» 472 | 289 | 271 | 462 | 282 | -285
BH, 76.7 50.0 31.0 56.1 337 19.1 572 33.8 17.5
BF, 3.9 23 3.7 ~189 | -115 | -108 | -188 | -120 | -11.9
BCl, 41.1 10.8 -30.1 22.1 -3.0 -30.0 20.5 -5.6 —34.1
BBr, 65.1 328 0.4 46.5 19.2 -8.9 292 16.7 ~13.4
B, 80.9 474 15.9 62.3 342 7.0 60.9 31.4 2.3
B(C4Fs); 41.9 16.6 4.9 29.1 8.7 -11.9 29.5 9.7 -13.5
AlMe;, 17.1 8.3 -6.3 3.6 3.8 -14.0 52 4.0 -15.0
AlH, 514 39.6 253 36.6 272 16.0 36.5 26.5 13.6
AlF, 90.7 75.1 56.6 76.2 65.1 455 75.6 622 42.6
AICI, 83.9 69.7 522 85.7 722 37.8 83.4 72.1 39.9
AlBr, 88.1 712 50.8 87.9 74.7 54.0 85.8 71.9 49.7
All 96.1 81.3 59.3 83.8 71.7 52.0 81.8 68.2 47.6
AI(C¢Fs)s 99.7 85.8 60.0 87.4 76.7 552 85.8 77.4 51.4
GaMe; 4.6 -1.6 ~12.1 8.6 ~132 | -19.9 -6.2 ~135 | -214
GaH, 413 314 20.9 26.6 19.4 11.8 26.3 18.6 9.4
GaF, 103.7 88.7 71.5 125.5 76.9 81.0 86.7 95.4 59.5
GaCl; 81.1 68.1 63.7 84.9 733 55.8 82.3 69.9 51.0
GaBr, 79.1 812 62.1 81.7 70.9 545 79.4 67.9 49.9
Gal, 84.6 71.7 53.9 71.9 61.6 46.6 69.6 58.7 42.0
Ga(CgFs), 88.7 76.4 53.7 76.5 66.7 502 742 68.6 46.1
Cr(CO)s 110.4 97.4 82.9 93.6 812 70.4 94.6 81.1 70.3
Mo(CO)s 1146 | 1023 87.2 98.9 86.6 78.0 101.9 86.7 73.9
W(CO)s 1346 | 1202 | 1033 115.8 102.8 91.8 118.8 102.6 89.7
Fe(CO), 114.4 92.0 83.7 96.3 80.3 71.6 99.5 81.6 70.4
CpMn(CO), 1250 | 103.8 89.6 105.8 89.2 742 109.5 88.6 77.8

2TIpu ONTHMHU3AIIH TCOMETPHH KOMILJICKC TUCCOLIMUPYET Ha CBOOOIHBIC ()parMEHTHI.

COCAMHEHUH NPUHHUMAIOT «3UI3aroo0pazHyIo» KOH-
¢dopmanuio, B KoTopoil TopcuoHHbId yron LAE'EN
Oomm3ok k 180° (puc. 1). B HEKOTOpPBIX KOMIIEKCax ¢
kucinoramu JIstonca EX; (X = Cl, Br, ) nabmonaercs
HCKaxkeHHe (TopcuoHHBIH yron 30-50°) 3a cyer cna-
061X BOOpOAHBIX cBsizeil H- - X (MexbsagepHbie pac-
crostans 2.7-3.2 A).

B onTHMH3MPOBaHHBIX CTPYKTYpaX BCEX KOMILICK-
coB ¢ E(CgFs); mpuCyTCTBYIOT KOPOTKHE KOHTAKTHI
Mexay aroMamu Bopopoma NMe; mwim SMe, rpymnmn
n atomamu ¢rTopa LA (puc. 1x) ¢ MeXbAACpHBIM
paccrossareM H---F OGonblie cymMmbl BaH-Aep-Ba-
albCOBBIX paauycoB aromoB ¢ropa (1.20 A)
u Bogopoma (1.47 A) [13]. MunumansHOe pac-

JKYPHAJI OBLUENA XUMMU Ttom 93 Ne 4 2023

crosnue H---F 2.37 A peamusyercs B kommuiekce
B(C¢F5);'PH,AlH,"NMe;, makcumanshoe 3.02 A B
komuiekce Ga(CyFs);PH,BH,-NMe;. Ontumusupo-
BaHHbIE T€OMETPUH (IEKapPTOBbI KOOPAUHATHI aTOMOB)
JUIS BCEX MCCIIEOBaHHbIX COCAMHEHUN U UX TEPMOIH-
HaMHMYECKHE XapaKTepUCTUKU NpHUBeeHbl B Jlomon-
HUTEJIBHBIX MaTepHajax.

Nsmenenus cranmaptHoil sHeprum [mbOca mpo-
necca raso¢asHoill AMCCOLMAIMU KOMILIEKCOB II0
ypaBHeHuIO (1) A;yG,9g IpeCTaBIEHBI B TA0M. 1 117151
komIuiekcoB ¢ LB = NMe; u a0, 2 1 KOMIUIEKCOB
¢ SMe,.

LA'E'H,EH, LB =LA+ E'H,EH,-LB. (1)
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Puc. 2. Dneprun nonopuo-axuentopuoro cessu LA-E' u ee cocrasnsromue (x/[x/mMonb): snepruu aucconmanuu Ao\ E (cepbiil),
SHEPIUH NEPECTPONKN PParMeHTOB Ao, E(LA) (waxmamoiii) v Aeoro E(E'HEH, LB) (wepnoni) post kommnexcos LA-E'H,EH,-LB.
(a) EE=PB, (6) E'E = SbB (8) E'E = PAl. Yposens teopuu B3LYP-D3/def2-TZVP.

JKYPHAJT OBIIEM XUMMHU Tom 93 Ned 2023
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A(l )1‘10298, K%/ Monb

Puc. 3. CranaapTHble SHTAJIBIMUK AUCCOLMALIUY [TIPOLIECC
(1)] nnst LA-E’H,EH,-NMe; ¢ LA = B(C4Fs); (6envie
wapuxu) 1 W(CO)s (uepnvie wiapuku). YpOBEeHb TEOPUH
B3LYP-D3/def2-TZVP.

Bemmannst A;)GZog JUIsL KOMIUIEKCOB € TPUMETH-
JIAMUHOM U TUMETUICYNb()UIOM CXOKU MEXIY cO00it
(n1s1 CONMBIIMHCTBA KOMILJIEKCOB Pas3iIMyue HE IIPEBbI-
maer 7 kJ[/MONb), 4TO CBHIETEILCTBYET O MaJIOM
BIUSHUM OCHOBaHUs JIptonca. JIumme A1 HEKOTOPBIX
KOMIIJIEKCOB, KOTZa €CTh CYLIECTBEHHAs pa3HHLA B
3HAYEHUSAX TOpcHOHHBIX yr1oB LAE'EN, Makcumais-
Hoe pasnuuue B A Grog nocruraet 20-30 k[x/mornb.

WnTepecHo mpociequTs BIUSHUE MPUPOINBI KHC-
notel JIptouca LA Ha 3HEpruto0 JOHOPHO-AKLENTOp-
HO cBsi3U Epy,, PACCUNTAHHOH 110 YpaBHEHHIO (2).

Epp = A)E + AreorgE(LA) + Ao E(E'H,EH, LB),  (2)

reorg

rae A yE — dHeprus Quccourani J0HOPHO-aKIem-
topHoro komruiekca Ha LA u E'H,EH, LB [mpouecc
(D], AreorgE(LA) 1 Ao E(E'H,EH, LB) — sueprun
MEPEeCTPONKH aKUENTOPHOTO U AOHOPHOTO (parMeH-

TOB IIpH 06pa3013aHI/11/1 KOMILJIICKCA.

[Tony4yeHnHble JaHHBIE AJIS1 HEKOTOPBIX COSTUHEHUH
MpeACTaBIeHbl Ha pHC. 2 (IaHHbBIE I BCEX COEANHe-
HUI TpuBeneHbl B JIONONMHUTENBHBIX MaTepHalax).
Cpenu KoMIIIEKCOB ¢ KuciaoTamu JIptonca Ha OCHO-
BE€ 3JIEMEHTOB 13 IpymnIibl CaMbIMH MIPOYHBIMH SBIIS-
torcst kommiekebl ¢ Al(CgFs);, Ga(CyFs);, AlF;, GaF,
(eutanenun - juccoumaimn A Hzeg  or 81 1o
145 x/x/monsb). [lockonbKy SHEpruu HepecTporKH

JKYPHAJI OBLUENA XUMMU Ttom 93 Ne 4 2023

Oopconepkanmux KUCIOT JIpomca HamOONbIIHE, TO
SHEPrUs JOHOPHO-aKUENTOPHOIO CBSI3U Ep, OKa3bl-
BaeTCsl MaKCUMAJIbHON JUIs KoMmIuiekcoB ¢ Bl; n BBry

(puc. 2).

OHeprun nmucconmanuu [npomecc (1)] anms Bcex
PacCMOTPEHHBIX KOMIUIEKCOB YMEHBLIAIOTCS B Py
P> As > Sb (puc. 3), npuieM KOMIUIEKCHI, COAEpKa-
mue cyppMy H Oopcoiepkammue KUcIoTsl JIbronca
BH;, BCl;, BBr; u B(C¢F5);, HaumeHee cTaOUIbHBI.
IIpu 51oM A1)Gr9g OKa3bIBACTCSA OTPHULIATENBHON WU
ONMM3KOM K HYIIO JJIs BceX OOpcoAepsKalux KUCIOT
JIptouca, kpome BH;.

ITpupona snementa 13 rpynnsr B E'H,EH, LB
OKa3bIBACT HEOOIBIIOE BIUAHME HA 3HAYCHHUS A1) Hoq
(puc. 3), 1 BceX pacCMOTPEHHBIX KOMILIEKCOB pa3-
JIUYAE MEXAY AlIOMHUHHUN W Tajuil-conepKaluMu
E'H,EH,-LB ne npesbrmaer 7 k/[x/monb. Pazauma
B 3Ha4eHUIX A)H3g MeXIy GOp M amoMHHHICO-
nepxammmu E'H,EH,-LB nocturaer 20 x/Ix/mMonb B
ciyuae, ecnmu LA =ER;, X=H, F, Cl, Br, L.

CambIMH CITaObIMHU, C TOUYKH 3PEHUS CTA0MITU3ANN
E'H,EH, LB, oka3sbiBatoTcsa kuciotsl JIprouca BF; u
EMe;. Cnenyer oTMETUTh, YTO NMPOLIECCHl AUCCOIHMA-
muu ¢ orpeiBoM BF; 1 BMes ax3epronss! (tabm. 1).
BF; obpasyer cnalblii JOHOPHO-aKIIENTOPHOTO KOM-
mwiexc ¢ E'H,EH,'LB B ciayuae E' = P, a g E' = As,
Sb mOHOPHO-aKIENTOPHOTO KOMIUIEKC HE 00pa3syeT-
csl, B3aUMOJCHCTBUE MEXIy (parMeHTaMu sIBISIETCS
BaH-JIep-BaajbCOBBIM. Hanbonpmmii cTaOumm3upy-
ol A3PPEKT OKa3bIBAIOT KAPOOHWIIBI MEPEXOIHBIX
MeTaJlIoB, 3HaYeHus A1) 39g yBenmanBatorcs or 113
s Cr(CO)s-SbH,GaH, - NMe; o 181 x/Ix/Momnb mist
W(CO)s-PH,BH,-SMe.

3uauenus A y3g B LENOM 1200 3aBUCAT OT TIPH-
poasl LB, pasnuna mexnay xomiuiekcamu ¢ SMe, u
NMe; B cpenHem cocTtaBisieT Bcero 3.5 kJ[/Mons.
OskHaaeTcs, YTO KOMILIEKCOOOpa3oBaHue ¢ Ooliee
cuIbHBIM ocHOBaHWeM Jlptonca NMe; Oymer 0oib-
e CTaOMIN3MpPOBaTh JOHOPHO-AaKIENTOPHOTO CBA3b
LA-E', yem komiuiekcooOpasoBanue ¢ SMe,. On-
HaKo BHYTPUMOJIEKYSIDHBIE B3aUMOICHCTBUS CY-
LIECTBEHHO MEHSIOT CUTYalMIO: TaK, B COCAMHEHHU
GaF;-PH,AlH, SMe, (puc. 4a) onun u3 aroMoB ¢T0-
pa GaF; 3aHMMaeT MOCTHKOBOE IOJIO)KEHHE MEXK-
ny aromamu Al m Ga, 9TO TNPUBOAMUT K TOMY, UTO
AgyH3og Takoro coenunenus Ha 43 k/Dbx/monn
Oonbllle, 4YeM aHaJOrMYHOTO KomIuiekca ¢ NMes
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Puc. 4. Ontumusuposannsie reomerpun GaF;-PH,AlH,-SMe, (a), GaF;-PH,AlH,-NMe; (0), AICl;-SbH,AlH,-SMe, (B),
AlCI;-SbH,AIH,-NMe; (r). Yposens Teopun B3LYP-D3/def2-TZVP.

(puc. 40), B KOTOpOM cIIBUTa aToMa (PTOpa HE MPOUC-
xoaut. HaoGopor, anst cuctemst AlCl;-SbH,AlH,-LB
B ciydae LB = SMe, (puc. 48) 3Hauenue Ay /H3g Ha
23 x/Ix/mMonb menbie, uem g LB = NMe; (puc. 4r),
YTO OOYCJIOBIEHO JIOTIONHUTENbHBIMU B3aUMOJAEH-
CTBUSMH MEXJy aTOMaMHU BOJOPOJa TPUMETHUIAMIHA
u aromamu xyiopa AlCl;. [TogoOHbIe B3auMoaeHcTBHS
ormeueHbl KeTkoBBIM ¢ coaBropamu [14] mns xom-
IIJIEKCOB CYpBbMBI C OCHOBaHHAMH JIbronca.

[IpencraBnger wuHTEpeC BIHMAHHE KOMIIJIEKCO-
o0pa3zoBaHusl ¢ OCHOBaHUEM JIbIorica Ha SHEPrEeTHKY
npouecca orpsia LA or LA-E'H,EH, LB [mponecc
(1)] mo cpaBHEHHMIO C TUCCOLIMAIMEH KOMILIEKCOB,
CTaOMIIM3UPOBAHHBIX TOJBKO KHCIOTOM Jlpromca
LA-E'H,EH, [mpouecc (3)], ucciaenoBaHHbix B pabo-
Te [7].

LA-E'H,EH, = LA + E'H,EH.,. 3)

LA + E'H,EH, + LB

A A A

lA[ 1 }E A(:{]E A(ﬁ]E

LA + E'H,EH, LB

rF 3

LA-E'H,EH, + LB

F

AwyE AE

LA-E'H,EH, LB

Puc. 5. DHepreTuyeckas quarpamMma IpoLeccoB JUCCOLU-
anmy komruiekcos LA-E'H,EH,-LB.

Iporecc (1) cymecrBenHo (Ha 52—70 xIx/MoJb)
Oosee sk30TepMuyeH, yeM nporiecc (3) ais E = B; nns
E = Al pazuuna mexay npoueccamu (1) u (3) HeBe-
JIMKa: B auamna3oHe oT —2 10 26 k/[k/Moib a1 Beex
E(C¢Fs); u M(CO)s. Dueprerndeckas Iuarpamma
MIPOIIECCOB MPEACTABIICHA HA PHC. 5.

B ta6n. 3 mis Hanbonee cUIBHON U3 paCCMOTPEH-
HeIx Kkucnot Jlptonca W(CQO)s mpencTaBieHbl dHEp-
THH JUCCOIMAINU A1 TiporieccoB (4) u (5).

LA-E'H,EH, LB = LA-E'H,EH, + LB, 4)
LA E'H,EH, LB=LA+EHEH, +LB.  (5)

OnTuMHU3NpOBaHHBIE TE€OMETPUU  KOMIUIEKCOB
W(CO)s-E'H,EH, npeacrasnens! Ha puc. 6. Ha puc.
6a mpencTapiieHa CTPYKTypa KOMIUIEKca 0e3 Jormoi-
HUTEJBHBIX B3aMMOJCHCTBUM, Ha pUC. 60-T — CTPYyK-
TYpBl, B KOTOPBIX IPOUCXOAUT JONOJIHUTEIBHOE B3a-
uMonelicteue aeMenta 13 rpymmsl ¢ onHoit u3 CO
IpyIIN IEeHTakapOOHMIIa BOIb(pama.

Cuna ocHoBanus JIplouca maso BIHsSET Ha dHEp-
THIO OTpBIBa KUCIOTH JIbtouca [mpomecc (1)], HO cy-
mectBenHa ansa aucconmanuun LA-E'H,EH,-LB Ha
CBOOOAHBIE KOMIOHEHTHI [mpouecc (5)]. OTphIB Kuc-
notel JIptonca [mpomecc (1)] Gomee sHAOTEPMHYCH,
4yeM oTphIB ocHOBaHus JIptonca [mporecc (4)].

[IpeacraBnsger HHTEpPEC CPaBHUTH CyMMY IIpoO-
[ECCOB JTUCCOIMAIMA C OTPBHIBOM KHCIOTHI JIbtomca
[mponecc (1)] u ocHoBanus Jlprouca [mporecc (4)]
¢ muccormanmerrn LA-E'H,EH,-LB cpa3y Ha cBo-
OomHble KOMITOHEHTHI [miporniece (5)]. PasHocts AAE,
paccuutanHas 1o dopmyie (6), ormpenenseT BelInn-
HY CHHEPreTH4ecKoro 3(Qekra mpu cTaOHIN3aIu
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Tabauna 3. Dueprun auccormanuu komruiekcoB W(CO)s-E'H,EH, LB [mponeccsr (1), (4), (5)], sHepruu 1oHOpHO-aKIeT-
TOPHOTO cBsi3u ¢ Kucinotor Ep,(LA)  ocHOBanmeM Ep ,(LB) JIstouca u pasnoctu AAE 1 AAER 5 (x1K/M0B)

LB | EE' AWE | Epa(LA) | AwE | Epa(LB) | AsE | Epa(LA+LB) | AAE | AAEp,
NMe; |BP 187.6 196.7 152.9 256.4 3142 398.7 263 | 544
NMe; |BAs 169.0 179.2 171.2 266.9 3114 393.1 288 | 53.0
NMe;  |BSb 149.8 160.5 190.5 2745 305.9 386.0 344 | 49.0
NMe; |AIP 1713 181.5 143.6 181.6 301.2 334.4 137 | 287
NMe; | AlAs 155.9 167.5 156.4 185.6 289.5 3229 228 | 302
NMe; |AISb 139.0 150.2 132.9 187.3 275.4 308.2 35| 293
NMe; | GaP 172.3 182.8 124.0 146.5 275.1 302.2 212 | 271
NMe; |GaAs | 1558 167.8 127.4 150.3 262.1 290.0 21.1 | 281
NMe;, |GaSb | 137.6 149.5 127.3 1515 246.7 274.6 182 | 264
SMe, |BP 189.6 190.4 102.3 179.4 263.6 321.1 283 | 487
SMe, |BAs 171.3 171.7 120.2 189.1 260.5 315.2 310 | 456
SMe, |BSb 154.1 152.8 143 .4 200.4 258.7 312.7 388 | 405
SMe, |AIP 167.9 177.8 96.8 122.7 254.4 275.1 103 | 254
SMe, |AlAs 153.9 163.4 109.4 126.1 242.4 263.4 209 | 261
SMe, | AlSb 140.5 146.7 87.6 128.4 230.1 250.4 20| 247
SMe, |GaP 170.1 180.0 90.8 105.0 2419 260.3 190 | 247
SMe, |GaAs | 154.8 164.6 94.0 108.3 228.7 247.8 201 | 251
SMe, |GaSb | 139.8 147.0 95.6 110.4 215.0 234.1 204 | 233

E'H,EH, omHOBpEMEHHO M KUCIIOTOH, 1 OCHOBaHUEM
JIsronca.

Pasnocte AAE, Kak mOpaBUIIO, MOJOXKHUTEIbHA
(Tabn. 3), 3a uckmodeHuem cucreM ¢ SbH,AlH,,
rje HaOJNIoAAaeTCs CHUIIBHOE B3aUMOJICHCTBHE MEKIY
TEPMUHAIBHBIM aroMoM Kkuciopoma CO rpynmsel ¢

aromoM amomunusi B W(CO)s-SbH,AIH, (puc. 60).
AmnanornuHas pa3HOCTh SHEPTHH JOHOPHO-aKIIETITOP-
HOTO CBsi3eit (7) Bcerna MmoloKUTeTbHA U IPUHIMAET
3Ha4eHus OT 23 110 54 k/[/MOIb, 4TO CBUICTEIBCTBY-
€T 0 3aMETHOM CHHEPTreTHIECKOM d(PdeKTe mpu OIHO-
BPEMEHHOH CTaOMIM3aIK BOJOPOAHBIX COCAHMHECHUHN
aneMeHToB 13/15 Tpynm U KUCIOTOH, U OCHOBaHUEM

JIprouca AJIs1 BCEX U3YYCHHBIX CUCTCM.

Puc. 6. Onrumuzuposannsie reomerpun W(CO)5-SbH,BH, (a), W(CO)s-SbH,AlH, (6), W(CO)s-SbH,GaH, (B), W(CO)s- AsH,BH,

(r). YpoBens Teopun B3LYP-D3/def2-TZVP.
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AAE(DA) = Epp(LA) + Epy(LB) — Ep(LA+LB).  (7)

Jlst cTabrIM3aiuyl KOMIUIEKCOB BOIOPOIHBIX CO-
e):[I/IHEHI/Iﬁ C TSXKCIIBIMU ITHUKTOI'CHAMH, OCO6CHHO
CypbMOH, TpeOYIOTCS JOCTATOYHO CHIIBHBIC KHUCIOTHI
JIbtouca, Kak HaIpUMep MEeHTaKapOOHUIBOJIb(GPaMa.

Takum 0oOpa3oM, Ha OCHOBaHWH KBaHTOBO-XHUMH-
YECKHX PacyeToB MOKa3aHO HAIW4YHE CHHEpreTHye-
ckoro 3QQekTa Mpu COBMECTHOW JOHOPHO-AKIICTI-
TOPHOTO CTAaOMJIM3allMd MOHOMEPHBIX BOAOPOTHBIX
coeanHeHHn 3neMeHToB 13/15 rpynm U KUCIOTOH, H
ocHoBaHueM JIbrouca.

OKCIIEPUMEHTAJIBHA A YACTD

KBaHTOBO-XMMHUYECKHE pacueThl B Ta30BOH (a3se
BBITIOJIHEHBI ¢ UCTIOJIb30BAaHUEM CTAaHIaPTHOTO TTaKeTa
nporpamMMm Gaussian 16 [15] B pamkax Teopun QyHK-
MOHaNa TOTHOCTH MeTogoM B3LYP-D3 [16-18]
¢ def2-TZVP [19] GasucubiM HabopoMm. CTPyKTypHI
BCEX COCIMHEHUI B Ta30BOH (pa3e MOIHOCTHIO OMNTH-
MU3HPOBAHKI C TIOCICIYIOIIUM KOJIeOATeIbHBIM aHa-
JU30M U OTBEUAIOT MUHUMYMY Ha MOBEPXHOCTHU IO-
TEHUMAIbHON 3Hepruu. B eNWHUYHBIX CIydasx s
ONTHMHU3HUPOBAHHBIX CTPYKTYp HAOIIOMAIUCH Majble
(menee 20i cM!) MHMMBIE KONMeOaTeIbHbIE YACTOTHI,
00yCJIOBJICHHBIC HENOCTATKAMH MOJIENIA TapMOHUYE-
CKOTO OcHWUIATOpa I cBOOOmHOH sHepruu [20].
J1st TaKX KOMILTIEKCOB TEPMUYECKYIO TTOTPABKY KOp-
PEKTUPOBANIM IyTEM YIABOCHHUS BKIJIaga OT HIDKHEU
JNCHCTBUTENBHON KOJeOATeIbHOH MOJBI. DHEPTHIO
JIOHOPHO-aKIIENTOPHOU CBSI3M PACCUUTHIBAIM, KaK
CyMMY 2HEpPIHH JUCCOLIMAIIMM KOMIUIEKCA U SHEp-
ruii nepectpoiiku aknentopHoro (LA) u qoHOpHOTO
(E'H,EH,-LB) u ¢pparmenToB. JHeprus nepecTporku
(parMeHTa — Ta SHEPrusl, KOTOPYI HEOOXOAMMO 3a-
TPaTUTh HA MEPEXO] OT ONTUMHU3UPOBAHHOU reoMe-
TPUH MOJICKYJIBI B Ta30BOM (pa3e B TEOMETPHIO, KOTO-
PyIO OHa IPUHKUMAET B COCTaBE KOMILJIEKCA.
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Structural and thermodynamic characteristics of donor-acceptor complexes LA-E'H,EH,-LB (E=B, Al, Ga; E'=
P, As, Sb; LB =SMe,, NMe;); LA—Lewis acids of group 13 elements ER; (E=B, Al, Ga; R=H, Me, F, Cl, Br, I, C¢Fs)
and transition metal carbonyls Fe(CO),, M(CO)s, (M = Cr, Mo, W), CpMn(CO), were computed by quantum
chemical B3LYP-D3/def2-TZVP method. It is shown that removal of the Lewis base is less endothermic than
removal of Lewis acid. Stability trends of the complexes depending on group 13/15 elements and Lewis acids
were established. Tungsten pentacarbonyl has the highest stabilization effect.

Keywords: group 13/15 element hydrides, Lewis acids, Lewis bases, donor-acceptor bond, quantum chemical

calculations
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