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Report on Doctoral qualification work of Elena BELOGOLOVA
"Intramolecular complexes of silicon with dative bonds N—Si and O—Si. New aspects of
structural theory”, specialty 02.00.08, chemistry of organometallic compounds

The doctoral work of Elena BELOGOLOVA presents several important aspects of intramolecular complexes of
silicon with N—Si and O—Si dative bonds through a theoretical approach mainly based on computations using
quantum chemistry softwares. Underlying the theoretical consideration throughout this work, the author develops
the concept of polyelectronic hyperbonds, stressing out the importance of the orbital components in the N...Si
coordination as a core element of the 3c-4e and higher polyelectron-polycenter bonding models using state-of-the-
art theoretical methods (various DFT exchange-correlation kernels, M05-2X, MP2, CCSD, CCSD(T), OVGF,
TPSSH/IGLOIII) with account of solvent effects (PCM, COSMO) and concepts (ELF, AIM, etc...) for the analysis.
One of the most important results of this work appears to be the strict demonstration of the independence (retention)
of the total bond order of the axial bonds in the trlgonal bipyramid coordination unit X-SiC;0 on the physical state
of the compound.

Careful consideration of the dependency of ionization energies on the fundamental parameters (geometry,
energetics, electronic and orbital characteristics) of the N—Si coordination using modern methods of quantum
chemistry (SAC-CI and EOM-IP-CC methods, electron propagator theory, many-body methods as well as linear
vibronic coupling model) allowed the author to demonstrate a general linear relationship between the ionization
energy of the axial n(N) orbital of the 3c-4e hyperbond and the orbital length of the intramolecular dative contact
N—»Si of the N—Si--X axial unit in silatranes. This finding might afford a fair and simple guideline for predicting
ionization paths in other reaction series, including beyond the Group 14. The results are reliable and consistent; the
whole discussion is well grounded, logical and clearly written.

Among the new and indisputably promising developments of this work is the study of first dipole-bound anion
radicals of the intramolecular complexes of Si, which is akin to the problem of solvated electrons in liquid ammonia
and other polar media. Unprecedented alteration of the structure in the pair {neutral complex/dipole-bound anion}
that cannot be described within the standard model, is certainly opening a new direction for the experimental studies
of such species. :

For all these reasons, this work represents a genuine and original progress, from a theoretical physical-chemistry
perspective, of hyperbonded and hypercoordinated organometallic systems. Undeniably, it corresponds to the high
standards of doctoral qualification works and the author, Elena BELOGOLOVA fully deserves the Doctoral degree
sought for.
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O13b1B Ha JlokTopekyio kpasndukamonnyio padory Exenst BEJIOIOJIOBOM
"BHyTpUMOJIEKYISIPHBIE KOMILIEKChI KPEMHHS ¢ IATHBHBIMH cBsI3AMH Si—N n Si<—0:
HOBbBIC ACHIEKTHI TCOPHH cTpPoeHHus ",
cnennaiabiocts 02.00.08, xumus Y2IEMEHTOOPraHHYECKHX COE/ITHHEH U
(nepeBoj ¢ anrumickoro u gpannysckoro sa3pika: besoronosa E.M.)

B jioktopekoit pabore Enenst BEJIOIOJIOBOM npesicTaBienbl HEKOTOPBIE BaKHBIE ACTIEKThI
BHYTPHMOJICKYJISIPHBIX  KOMIUIEKCOB KPEMHHsSl ¢ JIaTUBHbIMH  cBa3siMu N—Si u O->Si,
PACCMOTPEHHBIE € UCIIOJIB30BAHUEM TEOPETHYECKOIO 110/1X0/1d, OCHOBAHHOTO TJIaBHBIM 00pa3oM
Ha pacyérax KBAaHTOBOXMMHYECKMMM mporpamMmamu. (OCHOBBIBAsICH Ha TEOPETHYECKOM
paccCMOTPEHUM B paMKax 5Toi paboThl, aBTOpP pa3BHBACT KOHIEMIIHIO MHOTOMJICKTPOHHBIX
THIIEPCBSI3EH, 110/{YEPKHBasi BAXKHOCTh OPOUTANILHLIX COCTABIISAIONIUX B KoopauHaiuu N...S1 kak
LEHTPAJILHOTO JJIeMEHTa 3c-4¢ MOJCIN M MOJICJICH MHOI0YJIEKTPOHHBIX-MHOIOLICHTPOBBIX
cBsizeit Oosiee BBICOKOTO mopsiaka. JUis 9Toro oH MCNojib3yeT COBPEMEHHBIE TEOPETHHCCKUE
MeTOJIbI (pasiuuHbie 00MeHHO-Koppelnsiitnonnbie Gynkimonansl DET, M05-2X, MP2, CCSD,
CCSD(T). OVGEF, TPSSWIGLOII) ¢ yuerom mimsiuust pactsoputens (PCM, COSMO) u
xkonuenuui (ELF, AIM u 1. 1.) st ananusza. OjuuM u3 nandosiee BaKHBIX Pe3yabTaToB ITOM
padoThl NpPEJACTABISETCS CTpOrasi JAEMOHCTPAlMS HE3aBHMCHUMOCTH (COXpaHEHHUs) MOJHOIO
HOpsi/IKa AKCHAJIbHBIX CBSA3€H B TPUIOHAIBLHO-OMIUPAMUIAIBHOM KOOPIMHAIIMOHHOM IIEHTpE
X-SiC30 o1 pu3nueckoro COCTOAHUS COCAMHECHUS.

TwarenbHoe paccMOTpeHHME 3aBUCUMOCTH JHEPruid MOHM3AIMM OT OCHOBHBIX I[ApaMeTpoB
(reoMeTpusl, SHEPreTHKA, MNICKTPOHHBIC U OPOMTATLHBIC XapaKTEPHCTHKH) Koopauuatuu N—Si
C HCIIOJIL30BAHUEM COBPEMEHHBIX METOJIOB KBAaHTOBOH XUMHH (MeTobl SAC-CI u EOM-1P-CC,
TCOPHS DJICKTPOHHOIO NPONaraTtopa, MHOIOYaCTHUHBIE METOJIbI, a TaKKe MOJIeNIb JIMHEHHOTO
BUOPOHHOIO  CBA3BIBAHMS) [O3BOJIMIK  ABTOPY [1POJICMOHCTPHPOBATH  OOIIYIO JIMHEHHYIO
B3aUMOCBS3b MEIKIY SHEpruei vonuzanuu akcuaibHoi n(N) opOutanu 3c-4e runepesssv u
JUIMHOH BHYTPHMOJIEKYJISPHOTO JaTHBHOTO KoHTakTa N—Si akcnansnoro (pparmenra N—Si-X
B CcHJIaTpaHax. DTOT pe3ybTaT MOXKET Jarh SICHbIH M IPOCTOH MPHHIHIL JUISL TPOTHO3HPOBAHUSI
yTeid MOHM3ALMU B JIPYIMX PEAKLUMOHHBIX CEPHSX, B TOM YHCJIC 3a npeaeiaMu 14 rpynibl.
Pesyibrarsl SBISIOTCS HAIACKHBIMM M COIIACOBAHHBIMU: BCE 0OCYIKICHHE XOPOIIO 000CHOBAHO,
JOTHYHO M YETKO HAIKHCAHO.

Cpeau HOBBIX M OECCIOPHO MEPCIEKTHBHBIX PE3y/IbTaTOB JaHHOH paboThl SBISIETCS M3YYeHHE
MEPBBIX JIMIOJILHO-CBA3AHHBIX AHWOH-PAIMKAIIOB BHYTPHMOJICKYJISPHBIX KOMIUICKCOB Si, 4TO
OIU3K0 K npodiieMe COJIbBATHPOBAHHBIX IEKTPOHOB B JKHJKOM aMMHAKe W JPYTHX MOJSPHBIX
cpenax. becnpeneieHTHOE H3MEHEHHE CTPYKTYPhBI B nape (HeHTpaabHBIH KOMIUICKC/ JIMIIOIBHO-
CBSI3aHHBIH AHMOH), KOTOpPOE HeJIb3s ONMcaTh B paMKaxX CTaHIapTHONH Mojeinn. 0e3yclioBHO,
OTKPBIBACT HOBOE HAIPABJICHUE JUIA IKCTICPUMEHTAIBHBIX HCCIICA0BAHUI TAKHX CTPYKTYP.

Ha ocHoBanumM Bcex HTHX NPUYMH JlaHHas padota npejcTaBisier coOoi  MOUIHHHOE W
OPUTHHAJIBLHOE JIOCTHKECHHE B O0JIACTH TEOPETHUECKOH (PU3MUECKOI XUMHH THIICPCBA3AHHBIX
FHNEPKOOPAMHHPOBAHHBIX METALIOOPraHnveckuX cucreM. HecoOMHEHHO, OHA COOTBETCTBYCT



BLICOKMM  CTAHJApPTaM  JIOKTOPCKHX  KBaIM(MKALMOHHBIX pabor,
BEJIOI'OJIOBA. HOJHOCTBIO 3aC/y/KHBAET HCKOMYIO JIOKTOPCKYIO CTETICHD.
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