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JABUCUMOCT MEKIY CTPYKTYPATA
N CBOUCTBATA HA CbEIUHEHUSATA
HHPH p-EJIEMEHTUTE

E. Kupkosa

Pe3tome. /lagenu ca nmpumepu, KOMTO MMOKa3BaT TeTpaeapHyHaTa U OKTaeJpUYHaTa
CTPYKTYPH KaTO €MH OT KMHETHYHUTE (haKTOpH 3a CTAOMIIHOCTTA Ha ChEIUHEHUsS TIPH P-
enementuTe. TerpaeqpuyHara CTPYKTypa, KOATO Ce ONMpEeAessi OT HANUYHNUTE 4 BaJICHTHU
opOuTasIM Ha aTOMUTE, € XapaKTepHa 3a eIEMEHTHUTE OT BTOPUS TEPUO,. Ta3u KoHpUTyparms
Ce OCBIIECTBsIBA MO PA3IUYHU HAUMHU: Ype3 MpUeMaHe Ha eIeKTpoHHU ABoHkH ([BF4]),
usnon3BaHe Ha 4 enuHnyHM enekrpoHa (CHa4), ornaBane Ha enekTpoHHM ABOHKH (NH4"),
o0pa3yBaHe Ha BOJOPOJHH BPB3KH (KUCIOPOIHH aTOMU B JIed). 3a €JIeMEHTUTE OT TPETHs
U CIIeJBALIMTE NEPUOJHN, TETPAcIPUIHATA KOOPAMHAIINS € XapaKTepHa 3a OKCUAN, OKCHIHU
MOJIMMEPHU, OKCOAHUOHHU ¢ 00111a opmyria AO4™ 1 3a HIKOHU KHCIOPOICHIbPIKAIIM KHCEITHHH.
B noBeuero ciy4au, obade, TEHICHIMATA € 32 00pa3yBaHe Ha OKTaeIpuiHa KOH(PUTypalusl.
[Ipu iekuTe p-eJIEMEHTH TS ce OchlecTBsBa upe3 sp*d>-xubpunusaius ([AlFs]*, [SiFe]*), a
NPU TIO-TEKKUTE TOBA CTaBa U Ype3 eJICKTPOCTaTHYHO B3auMozeicTBue. ChC CTpyKTypaTa Ha
SnS: e 00sicHEeHO KaueCTBEHO KOBAIIGHTHHS U €JICKTPOCTATUYHHUS 5T HA Bpb3KuTe. JlafgeHu ca
Pa3IMiIHu IPUMEPH Ha Cb€ANHCHUA HA P-CIICMCHTH OT I'OJIEMHUTEC IEPHUOAN HA IICPUOIUYHATaA
CHCTeMa C OKTaeIPUYHO OOKPBHIKEHHUE, HIKOM OT KOUTO MpH 00pa3yBaHe Ha aJ{yKTH.

Keywords: tetrahedral and octahedral structures, p-elements, hybridization, electrostatic
interactions, adducts

B TCPMOANHAMUYCH ACIICKT 3a CTAOMJIHOCT Ha HOHHHUTE CbCAMHCHUA € MCPOJiaBHA
SHeprusTa Ha KpUCTaJIHaTa PelIeTKa, a Ha KOBaJICHTHUTE — eHeprusita Ha [ mbc 3a oOpa-
3YBaHC Ha CbC€AMHCHHUATA UJIM CHTAJIIIUATA Ha o6pa3yBaHeT0 Ha KOBaJICHTHUTE BPBH3KU
ot razoo0pazuu onn (Kemmnoen, 1975). Haii-3apaBu Bpb3KH NPH p-eJIEMEHTHTE UMaT
TeXHUTE (IYOPHIH M OKCHIIH, 3AI[0TO BCUUKU EIEMEHTH Ca TM0-EJIeKTPOIOI0KUTE-
HH OT (uryopa u kucnopona. OCBEH TOBa, T€ MMAT MaJKH aTOMHH PaJIMyCH, Ch3/1aBaT
II0-MaJIKO CTPYIBaHE OKOJIO IIEHTPAIHHS aTOM M I10-MaJIK{ BaHAEPBAaJICOBU CHIIN Ha
orobckBane (Shiver & Atkins, 2005). 3a ctabrITHOCTTa Ha BelecTBaTa odaue, OCBeH
TCPMOAMNHAMUYHU, UMAT 3HAYCHNEC U KUHECTUYHU q)aKTOpI/I. EI[I/IH OT TAX IIPH KOBAJICHT-
HUTC CHbCIUHCHUS € CUMETPUYHOTO CTPYKTYPHO IMOAPECIKAAHEC HA TPAAUBHUTE YaCTUYKHU,
KOCTO 3arpyAHsaBa IPOTUYAaHETO HA 0OMEHHUTE IIpoUeCH U ONpeCaAciist He]lOG’bp KOHTAaKT
¢ pearenTa. OT BCHYKH BB3MOKHU CTPYKTYpH, Hali-BHCOKa CTENEH HA CUMETPUYHOCT
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UMaT TeTpaepuyHara u okraeapuyHara koHpurypamuu (Kaprmen & ®oync, 1979).
3a BIMSHHUETO Ha CTPYKTypara Karo KHHETHYeH (haKTop, MOKA3aTEIIHA Ca PEaKINnuTe
Ha terpaenpute Ha CFs u okraeapure Ha SFe ¢ Bogara. PaBHOBecHaTa KOHCTaHTa MPU
IbpBaTa cucTeMa nMa MHOTO rojsima ctoiiHocT (Koton & Yunkuncosn, 1979):

CFam + 2H20 (rew) CO20) + 4HF (), Kpasu= 10?2

[Tpu BrOpaTa mbK, MpecMsITaHUATA HA M3MEHEHUETO Ha eHeprusita Ha [ moc mokassar
orpunarenna ctoiHocT (Kupkosa, 2007):

SFsw + 3 H2Owapyy — SOs) + 6HF 1), AG%208 = - 460 kJmol!

Pa3bupa ce, Apyru cheIMHEHHUs C TaKaBa CTPYKTypa HE ca 00e3aTeqHO cTaOuIHu.
Hanpumep TeFs xunponusupa npu 25°C, koeTo 3Hauu, ue CTAOWIHOCTTA 3aBUCH U OT
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®@ur. 1. O6pa3yBane Ha TeTpaeapuyHa KoH(purypamnwus B momumep Ha BeCl: (a),
TeTpaeApUIeH MOJIEKYJIeH KOMIUIEKC (0) 1 TeTpaeApuieH KaTHOHEH KOMILIEKC (B)
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apyru ¢akropu. CTpyKTypaTa MOXKE J1a BIMsAE U Ha TEPMOJUHAMUYHATA CTAOMIIHOCT.
TerpaeapuuHata CTpyKTypa NP €IEMEHTUTE OT BTOPHS MEPUOA CE ONpesesis OT Ha-
JMYHUTE YETHPHU BaJCHTHU opOuTanu Ha aromute. Ilpu cienBamuTe p-el1eMeHTH T
€ XapakTepHa 3a MHOTO ChEIUHEHU 3a€JHO C OKTAaeIpUYHAaTa, Makap 4e IIpH TIX uMa
neset opburanu. Terpaeapuuanata KOHQUrypauus pyu HEHHNUTE BApUAHTH — IPOCTH U
neGopMUpaHH TeTPaeApH WIK TPUBI'BJIHU MUPAMUIN C €JHA HETOAEICHa eJIeKTPOHHA
JIBOIKa, ce OCBILECTBsABA Ha Oa3ara Ha sp’-xuOpuamsanus. [Ipu okraenpuyHara ToBa
MOXKE JIa CTaHe C yJacTHeTo U Ha d-opOutanu - sp’d*-XuOpuamu3anus WM ¢ YaCTUIHO
€JIEKTPOCTaTUUHO B3aumozneiicTBue. C TeTpaeapH U OKTaeApH Ce U3rpakia Hali-Bede
TBbpIara ¢asa, 3aI10TO Ha MAJIKUTE PA3CTOSHUSI HE MOXKE J1a C€ OCBILECTBIT ONAKOBKU
C MO-HUCKO CUMETPUYHH CTPYKTYpH.

[Ipu enemenTUTE OT BTOPHS NIEPUOA, B TEXHUTE 4 OpOUTAIN MOTAT Ja CE PA3MOI0KAT
4 cBBp3BAIIN M HECBBP3BALLY EICKTPOHHU JABOMKH, KOUTO ONpPENeIsT TeTpacIpuIHaTa
cTpykTypa. ChbeANHEHNS Ha TE3HU eNIEMEHTH C IO-HUCKA CUMETPHS C€ CTPEMST J1a TOOUST
CTaOMIIHOTO TETPACAPUIHO OOKPBKEHUE, KOETO MOXKE Ja CTaHE 110 pa3InuHu HauuHu. [la
3all0YHEM I10 peJa Ha Te3U eIEMEHTH, KbM KOUTO MPUUYHUCISIBAME U OepHIIHs, KOUTO 110
CBOUTE CBOWCTBA NPWJINYA HA P-€JIEMEHTUTE. bepunust u 6opbT cbC cBOUTE BaJCHTHH
€JIEKTPOHU 00pa3yBaT XMMUYHY CheIMHEHHs C TIpocTa JuHelHa (Be) u TpubrbiaHa (B)
CTPYKTYpH. 32 IOCTUTaHE HA IO-CUMETPHYHA TeTpaeJpruyHa KOH(PUTypanus Te U311013BaT
CBOUTE CBOOOAHU P-OpOUTAIIH, KOUTO IPHEMAT EJIEKTPOHHH ABOMKH OT APYT'H MOJIEKYJIH
unu onu. Taka Te aelicTBaT karo JIFOMCOBU KHCEIMHHU, a JOHOPUTE — KaTo JIroncoBu
ocHoBH. Hanpumep, npu 6epunueBute xanorenuan (BeX:) ce momyyaBar KoMIuieKkcu-
Te [BeX4]* mo moHOpHO-aKIenTopeH MexaHu3bM. TeTpaeapuyna KoHUrypamus ce
oOpa3yBa u B TBbpjata (aza Ha BeCl upe3 mocTtoBu Bpb3ku (Pur. 1 (a)). B cioyuas
OepUIIMEBHUSAT aTOM IIpHEMa eJICKTPOHHH ABOMKH OT XJIOPHH aTOMU HA CBOU ChCEIH U CE
ochIIecTBsBa Sp’-xubpunusanus. [lopaau ToBa peayBamuTe ce CTPyKTypHU €IUHUIIN
nexar B pasnuuiu miockoctd. brenasT Cl-Be-Cl (98°) e mo-Manbk oT TeTpacapuaHus
(109%), mopam OTONIBCKBAHETO HA JABAaTa ChCEAHN OSPUIIMEBH aTOMa BbB BEpUrara, KbM
KOWTO Ca M3TENVICHH €JIEKTPOHHUTE IBOMKHU Ha 1BaTa XJIOPHHU JOHOpHH atoma. [1o-cnabu
JOHOPH Ha €JIEKTPOHM (HaIIpUMep eTepH) pa3KbCcBaT YaCTUYHO BEpUrara karo oopasyBar
TeTpaeApryueH MOJIEKYJIeH KOMIUIEKE, a no-cuiHute (NHs n H20) paskbseBar Bcuuku
BPB3KM U 00pa3yBar TeTpaeapuyHu KaTHoHHU Komruiekcu (Dwur. 1 (6,8)) (Greenwood
& Earnshaw, 1984). bopuust xuapua BH3 He chinecTByBa mput OOMKHOBEHU YCIOBUSI.
Bopuute xanorennnu, odaue, ca cCTaOMIHM MOHOMEpPH B I'a30Ba, TEYHA U TBbpAA (asa.
ToBa ce 00sICHsIBa TaK ChC CTpEMEXka Ja Ce U3MOI3BAT YSTUPUTE OpOUTANH 3a TeTpae-
puuHa KOH(GUrypauus, KaTo CBOOOAHUTE P--OPOUTAIHM IPU OOPa YACTUYHO CE 3aIbIBAT
OT JIeJIOKATU3alHATa Ha €JIeKTPOHHATA IITbTHOCT Ha P-~OpPOUTAINTE HA XaJOTCHHUTE
enemenTH (ur. 2) (Douglas & Alexander, 1994). [Ipu 60pHUS XUAPUA BOAOPOITHUTE
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aTOMH HsIMa C KaKBO JIa 3aJ0BOJISIT HEHACUTEHOCTTa Ha Oopa u 3aroBa BHs He chiecTBy-
Ba, a qumepusupa (Kirkova, 2011). I1pu 6GopHHTE XaTOT€HUIH CE OCHIIECTBSIBA TETPa-
eipuyHa KOHQUTypays 1 0 JTOHOPHO-aKLENTOPEH MEXaHN3bM B OOpXaJIOreHUAHUTE
koMruiekcu [BX4], a cpiio taka u B TeTpaxuaporenooparausi annon [BH4], koiito e
n3oenekTpoHeH Ha CH4 u NH4". OT OopxanoreHuHITEe KOMIUIEKCH Hal-CTaOWIIeH e
[BF4], xoliTo y4acTBa B CHIIHATa KUCENHHA BogoposeH terpadmyopunodopar H[BF4]
(dyxos, 2007). Ocrananure [BCls],, [BBr4], [Bl4] ce momy4aBat B HEBOHU pa3TBOPH.
[Ipu BFs terpaenpuuna KoHPUTYpanys ce MmojlydaBa U Ipu B3aumoerictsue ¢ NHs.
[Ipu noOnmxaBaHe Ha JBETE MOJICKYIIH, MEXKy €JIEKTPOHHATa ABoiika Ha NHs u Tpute
€JICKTPOHHHM ABOHKH Ha Bpb3KuTe B-F cTaBa oTOnbCcKBaHe M IUIOCKaTa TPUTOHAJIHA
cTpykrypa Ha BFs ce neopmupa. Cnen ocbliecTBsBaHe Ha Bp3KHUTE CE MOy4aBa Io-
CUMETpHUYHATa U MO-CTa0MIIHA TeTpaeIpuyHa CTpyKTypa Ha BFs B chenunennero BFs.
NHs (Kaprtmen & ®@oyinc, 1979). [lpu 1oHOpHO-aKIENITOPHUS MEXaHU3BM MOXKE Ja TMa
IBJIHO 00001IeCTBIBaHE HA €IEKTPOHHATA JABOMKaA OT akuenrtopa. Torasa Toi 1o0uBa
OTpPULIATEINICH 3apsijl, a JOHOPBT — NojoxkuTesneH BN, Ako enexkTpoHHara IBONKa
OCTaHe 0TYaCTH COOCTBEHOCT Ha JIOHOPA, TOraBa MMa YaCTHYHU 3apsiiid Ha aTomute B
:N°", ITbJIHO WJTH YaCTHYHO OTJaBaHE MOJKE Jla CTAaHE CaMo C eJHA CICKTPOHHA JIBOIKA.
VYyacTue Ha BTOpa €IEeKTPOHHA ABOIKA HE € Bb3MOXKHO, TOPaIH IMOJIOKHUTEIHUS 3apsl

(D>-C5)

@ur. 2. 3anrpIIBaHE Ha P,-opOHTanara Ha B ¢ eJlekTpoHHA IUTBTHOCT OT p-opOUTa-
nute Ha F-Hurte aromu B BF;3
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Ha JIoHOpa cieq 00pa3yBaHEeTO Ha IIbpBaTa JOHOPHO-aKIenTopHa Bpb3ka (Koton &
YunkuncoH, 1979). 3aroBa nmpu cheMHEHHUITAa Ha OSPUIIHSI, B aT0OMa Ha KOWTO NMa JIBE
CcBOOOTHHM OpOUTAINH, 3AITBIIBAHETO UM CTaBa C JBa JJOHOPHU JINTAH/IA.

[Ipu GopuuTe XxUApuaM B tudopana B2He 1 B mo-cnoxxanTe 60panu, TeTpaeqpuyHaTa
KOH(HUTypaIus ce OChIIECTBIBA Ype3 TPHUIIEHTPOBA JIByelIeKTpOHHA Bph3ka. Ha dur.
3 e mpeacTaBeHo 0OpaszyBaHETO Ha TakaBa Bpb3ka (Kupxosa, 2007). B mporeca Ha
peaknusTa 1BaTa O0pHHA aToMa 00pasyBar 1o TPH BPH3KHU C BOJOPOJHHUTE AaTOMHU, KOUTO
3a€/IHO ChC CBOOOJIHUTE OPOUTAIH Ce OMUCBAT ¢ Sp*-xubpuau3anus. [Tonydenurte BeHo-
IpyNH JeKaT B eHa paBHUHA. OCcTaHAINTE JIBa BOJIOPOTHH aTOMa ca Pa3MoJIOKEeHU OT
JIBETE CTPAHM HA paBHWHATA. BCeKkM eMH OT TAX € CBbp3aH C JBaTa OOpHU aroMa upe3
CBOsITa CBHP3Ballla TO €JEKTPOHHA JBOWKA C e€WHUS OOpPEH aToM U chC CBOOOIHATA
opbOurana Ha apyrus. Taka ce oOpa3ysa TpuneHTpoBara B-H-B Bpb3Ka, 00ciyxBana ¢
€/IHa eTIeKTPOHHA JIBoiiKa. TeTpaeapuyHa CTpyKTypa ce HabIonaBa U Mpu OKCHIHU U
XUJIPOKCUIHH aHHOHH Ha Oopa (Dwur. 4), KOUTO ce cpelar npu HIKou MuHepaiu. B 6op-
HaTa KucenuHa, obade, boparHute anrnoHr BOs* MMar raHapHa TpUbBIBIIHA CTPYKTYPA,
MTOJIPEICHH B CJIO€BE, KOETO OTPEeIesisi HEMHHUTE CBOWCTBA — MAJIKa TBPOCT U IUTHTHOCT
Ha KPUCTAIUTE U IETUTETHOCT Ha THHKH JIFOCITH.

®@ur. 3. O6pa3yBaHe Ha JBYCICKTPOHHA TPUIICHTPOBA BPBH3Ka B MOJICKYJIaTa Ha
nubopana B2He

ITpu BBIIEpOna HAMa mpodieM 3a o0pasyBaHe Ha TETpacIpH B ITOYTH BCHYKHU He-
TOBY CHEJMHEHUS, TIOPAIN 3a’bIHEHUTE My 4 OpOMTAIH C IO eIUH EJIEKTPOH CIIeN
IPOMOTHPAHETO HA €IUH EJIEKTPOH OT s- Ha p-opOuTana. OT XaJlOreHONPOU3BOIHUTE
Ha CH4 Haii-ctabuneH e Bpriiepogausar Terpadyopun CF4 (Hykos, 2007). ®nyopsT
3acHiBa CTaOMITHOCTTA M HA CMECEHHTE XaJOT€HH/IH, U3BECTHH C OOIIOTO THPTrOBCKO
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@ur. 4. TerpaeapuyHa CTpyKTypa Ha HIKOW OKCHIHHM (a) U XUIPOKCUIHN aHHOHHU
Ha Oopa (0, B), KOUTO CE CPEIIaT B HIKOM MUHEPAIN

Ha3BaHue PPEOHH, 3aLI0TO U ITPH TSX CE 3ara3Ba TeTpacApuyHaTa crpykrypa. CTabuiHo
cbeaunenue e u rpuxsiopomeranbT CHCLs — XxopodopMbT, mopaau ChLUTe MPUIHHU.
Moske 1a ce o4akBa, 4ye HAJIMYUETO Ha KUCIOPOIHH aTOMH B TE3M ChEANHEHHUS CHILO 1I1e
neiicTa ctaOminsupaino, nopaau 3apasara C=0 Bpb3ka. ONUTHT [10KA3Ba, U€ BCHIKUTE
kapoonmixanorenuan COXs (X = F, Cl, Br) ca HecraOwiHHU, MOpaay MOHIKEHUE HA
CHUMETpUsATA — OT TeTpaeApuyHa B Tiocka TpubreiHa (Kirkova, 2011).

Ipu a3oTHUS aToMm, ciies1 00pa3yBaHETO HA TPH IBYLICHTPOBH ABYEJICKTPOHHH BPB3KH,
ocTaBa eJHa OpOUTaJIa C HEMOAEIICHA eJICKTPOHHA IBOHKA. [Ipr XMMHU4HYU B3aUMOIeHCT-
BUSI, BCHYKH 3a€]THO C€ OIHCBAT C SP’-XHOPHIU3aLus, HO CTPYKTypaTa Ha MOIy4eHUTE
CHEIMHEHMS € TPUTOHAJIHA IMPAMKJIA, KaTo Ha BbPXa Ce HAaMUpa HeTo/eJIeHaTa eJIeKTPOH-
Ha JBoiika, HanpuMep amoHsk NHs u xuapokcunamud NH2OH. buneliku nonopu npu
HSIKOW PEaKIIiH, Te JOOUBAT Mo-cTabuiTHara TeTpaenpuydHa crpykrypa NH4", NH3;OH™.
TpuronanHa nupaMuja ¢ €1Ha HENOAEICHA eJICKTPOHHA JIBOMKA € CTPYKTypara U Ha
azoraute Tpuxanorenuan NXs (X = F, Cl, Br, I). HezaBucumo obave ot Terpaenpud-
HOTO 00KpBKeHHue, camo NFs e crabuiieH ¢bc CpaBHUTEIHO MAIBK AUIIOJICH MOMEHT L
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@ur. 5. TerpaeapuyHo 0OKpHKEHHE HAa KUCIOPO/Ia B JIe[a ¢ TIOMOIITa Ha JBE BO-
JIOPOJIHU BPB3KH

= 0,2 D. Ilpu okcuauTe 1 OKCOKHCEIMHUTE HA a30Ta, 00auye, OCHOBHATA CTPYKTypa €
TpUBI'bJIHA. BCHUKM TE3U CheIMHEHUs ca HECTaOMIIHH.

Kucnoponst B 1e1a ©Ma TeTpaeApUYHO OOKPBHKEHHE, OJlarogapeHne Ha BOOOPOIHU
BpB3kHu (Pur. 5.) B monekynara Ha Bojara, B BE OT Sp’-XHOPUIAHUTE OpOHUTAIN UMa
HEMoJIeNICHH eTICKTPOHHU JIBOWKH, KOETO i IpuiaBa briioBa cTpykrypa (Kupkosa, 2011).
B 5iena 31paBu BonopoaHU BPB3KH €€ MOITy4aBaT UIMEHHO 10 IOCOKa Ha Te3H OpOuTaIn
1 BIVIOBATA CTPYKTypa MUHaBa B TeTpaeapuydna (Kaprmen & doyice, 1979).

B monekynara na HF ¢iyoprausiT atom nma camo ejHa Bpb3Ka U TPU HETIOACIICHH
€JIEKTPOHHU JIBOMKH. M3BECTHO €, ue B TBBpO cheTosiHMe HF ma nunelino-3ur3zaroo-
OpaseH CTpoeK,

. F F
R N
o 116 P H \}56 pm
F F 795 pm “F
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o0Opa3yBaH ¢ BOJOPOJHH BPB3KH. ToBa cTaBa IpH B3aMMOJICHCTBHE HA BOIOPOJIEH aTOM
ot enHa monekyna HF ¢ HermoneneHa enexTpoHHa BOiKa Ha Hal-Onu3kus (ryopeH
atom. Tyk, obade, He ce 0Opa3yBa TpEMepHa Mpeka, KaKTo IpH Bojara.

Kaxro Oemre kazaHo, 32 €IEMEHTHTE OT TPETHS W CIEABAIIUTE TIEPHOIU, OCBEH
TeTpaepuvyHaTa CTPyKTypa, Hal-IIpeIMOYnUTaHa € U OKTaeJpuyHaTa HACOUYEHOCT Ha
BpB3KuTe. [IpH TsIX OMxa MOTITH /1a e TIOTy4aT U CheIUHEHUS C TO-TOJISIMa KOOPANHAIIHS.
[IpobnemMbT € MOKke OU CTepUYEH, 3alI0TO TPH MO-TEKKUTE P-EIEMEHTH C TO-TOJIEMHU
ATOMHHM PaJInyCH, HANCTHUHA C€ TIOTyYaBaT ChbeAMHEHUS M KOMILJIEKCH C ITO-TOJISIM Opoit
nvranu, Hanpumep: [F7, [TeF7], [TeFs]*, [ XeFs]*. 3a Te3u eneMeHTH OT TONEMUTE TIepH-
0J1, TeTpaeapuyHaTa KOH(pUTyparysi BbB BHJI HA TETPASAPH HIIH TPUBI'BIHH ITUPAMUIN
C e[THa HEeTOJIeJIeHA eJIEKTPOHHA JIBOMKA € XapaKTepHA 32 OKCHU/IU, OKCHJIHU ITOJIMMEPH,
oKkcoaHHOHHU ¢ obma ¢popmyna AO+™ 1 32 HIKOW KUCIOPOACHIBPIKAIIN KHCETHHU
(Kupxoga, 2007). [Ipu MHOTO NpyTH cChemuHEeHHs, 00aue, ce HaOIonaBa TeHISHIIHS 3a
OKTaeqpuyHa KOH(PUTYpalus. 3a HEHHOTO OCHIIECTBIBaHE Ca HEOOXOANMH JIOCTATHUEH
MTOJIOKUTEIICH 3aps/l Ha STPOTO M IOCTATHYHO MPOCTPAHCTBO 32 KOOPAWHUPAHE HA J]aJIeH
BUJ JIUTAH/IA. 32 TIO-JICKUTE P-eJIEMEHTH, OITBIHATENCH 3aps/] Ha SApOTO TPIOBa 1a ce
WHIyIIAPa OT CHITHOOTPUIIATEITHH JIMTAH]IH, 32 JIa C€ ITpHUBJIeKaT d-opOuTau, 3aoTo aTto-
MUTE Ha T€3U EJIEMEHTH NMAaT MaTbK aTOMEH PauyC U HEe MOTaT J1a KOOPIUHUPAT TOIISIM
Opoii uranu. be3cropeH e ciydasT ¢ mpuBiInYane Ha d-opOuTaIu OT AOMBIHUTEITHUS
SIIPEH 3aps/l, UHAYIHpaH oT Guyopuaaute WoHu npu AlFs u SiFs u oOpa3yBaneTo Ha
koMmiuiekcure [AlFs]* u [SiFs]*.

®@ur. 6. [IpoctparcTeena crpykrypa Ha qumepa Al2Cls
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[Ipu anmymunus TeTpaeapruyHa KOHPUrypauus ce HabmoaBa Mpyu HErOBUTE JUMEPHHU
xanorenuau (dwur. 6), ycroitunsu 1o 700°C. C enekrpoHHOTpadUICH METO € TTOKa3a-
HO, Y€ Bpb3KaTa MEX.y JBETE MOJIEKYJIH € MOCTOBA ¢ AbJKUHA 221 pm, IpH KOETo ce
o6pazysa pom6 ¢ s Cl-Al-Cl okono 80°C, kaTo JOHOPHHUTE aTOMH Ca PA3MOI0KEHH
MIePIICHANKYIISIPHO Ha IUIOCKOCTTa Ha poM0a (Punan & Yetsany, 1971). MocroBute Bpb3-
KM MEKAy BaTa METaJIHU aTOMa ca eJHAKBH [0 Pa3MepPH, MAJIKO HO-IBJITH OT IPEKUTE
Bpb3ku. Te npencrasisBar 4-eIEeKTPOHHH TPULICHTPOBH XUIIEPBaIeHTHU BpB3KHU (KoToH
& YunkuucoH, 1979; Kupkosa, 2007), KOUTO c€ OCBILECTBSIBAT I10 JOHOPHOAKLETITOPEH
MexaHu3bM. B TBbpaaTa ¢asza auMepuTe ce IoApekaaT B CI0eCTa CTPYKTYpa C OKTae -
PUYHO OOKpBKeHHE Ha anmymuHueBHuTe aroMu (Dur. 7), koeto ce 00sCHABA ¢ 0TYACTH
HOHHUS XapakTep Ha Bpb3kaTa. OKTaeIpUYHA € U CTPYKTypara Ha IOJIMMEPHHS XUIPH]
(AlH3)n, KOATO Ce OCBILECTBSBA YPE3 ABYEIECKTPOHHU TPULIECHTPOBH Bpb3KH (Dur. §). Ot
¢urypara ce BIKIa, 4e BCEKH alyMUHHEB aTOM 00pa3yBa TP TaKuBa BPB3KU C BOAO-
POAHU aTOMH OT €IMH CHCEA U JIBa JICXKALIHN B TOPHUS U JIOIHUS CIIOW Ha moiauMepa. B
a-Al203, U3rpazieH 0T XeKCaroHaJ HO IUTBTHO MOAPEACHU KHCIOPOIHH aToMu, Al 3aema
OKTaepuyHM npasHuHu. B npyra ¢popma Ha Al2Os3, KakTO U B allyMOCHJIMKATHTE, TOH
3aeMa 1 TeTpaepuyHu npasHunu. [pu ocrananure enementu ot IIIA rpyna, crabunna
¢ oKTaeapryHaTa KoHpurypamus Ha komruiekca [ T12Clo]*, nmpu koiiTo n1Be OKTaeaApuyHN
eIMHUI nMar ob1ia terpaenpuyHa cteHa (dur. 9). MonomepsT Tlls He e crabuien.
AKo ce MoJTy4u CheMHEHUE C TaKbB ChCTaB, TOW BCHITHOCT peacranisisa T1' B mbpBa
CTEIICH Ha OKUCIICHHUE, CBbP3aH ¢ KOMIUIEKCHUs HoauaeH annoH Is. Tperara crenen Ha
okucnenue Ha T1™ ce crabunusupa B TeTpaeapuyunus komruieke [T1l4]".

®ur. 7. Crpykrypa Ha Al2Cls B TBEpIaTa dasza
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®ur. 9. Crpykrypa Ha ausapenust tanueB koMmruieke [T1Clo]*
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®ur. 10. /IBa TeTpaeabpa B CUIUKATHU CTPYKTYPH,
000011IeCTBEHHU C €ANH KHCIOPOIEH aTOM

®@ur. 11. dparment ot cTpykTypata Ha Pb204; Pb"Y ¢ okTaeapuuHo 0OKpbKEeHUE U
Pb" ¢ TerpaeapuyHO ¢ eHA HEMO/ENeHA eJIeKTPOHHA JIBOMKa
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3a cunmunus B SiO2 1 MHOTOOPOHHHUTE My ChEJUHEHHS € XapaKTepHa TeTpacApruuHa
KOH(HTYpaIysi, KaTo B CHIIMKATHTE TeTpaeApuTe ca obodmecTBenu ¢ enuH (Pur. 10),
JIBA, TPU U Y€TUPHU BbpXa upe3 kucinopoaau aromu (Cuerko et al., 1968). Ot okcuante
Ha npyrute enemeHTH ot IVA rpyna (Ge, Sn, Pb), crpykrypa, aHanorudna Ha SiO2
nma camo GeQO:. KanaeHUST AMOKCH] KPUCTATIM3UPA B KyOUYHA CUHTOHMS TUIT PYTHIL,
IIPY KOMTO BCEKHU aTOM Sn € OrpajieH ¢ 6 KUCIOPOJHH aToMa, Pas3lojoKeHH BbB BU Ha
OKTaeAbp, @ BCEKH KUCIIOPOACH aToM KOHTAKTyBa C TPH KajaeHu atoma. OKTaeapuyuHa
KoH(urypaunust uma u 010BoT0 B PbO2, KOWTO, OCBEH KaTo M03HATOTO ChEAWHEHHE,
y4actBa U B cMeceHus: okuca PbiO4(Pb0O2.2Pb0O). Ha ®wur. 11 e nanen ¢pparmeHT ot
CTPYKTypara Ha TO3u okcua. Ha Hes ce BKnaT oKTaeApUYHUTE BEpUru ¢ o0Iu pedpa
Ha PbO: u TerparonanmnoTro ookpwxenne Ha Pb u PbO, koeto ce ompenenst ot Tpute
BPB3KU U €/IHA HETIO/IeIIeHa eNIeKTpOHHa JBoiika (AxmeToB, 1988). IIpu Ge, Sn u Pb ca
W3BECTHH OKTACIPUIHN XUIAPOKCUIHH KoMmIuiekeu, Hanpumep [Sn(OH)s]*, kouto He ce
MoJTy4aBar IpH Si, BEPOSTHO MOpaau cTepuunu npuduHu. [Ipu Terpaxanorenuante Ha
0J10BOTO, cTabuiieH € caMo PbF4. PbCls 1 PbBrs4 ca muoro necradwinu, a Pbls BL0oOIIIE
HE € moiydeH. Bucimara cTeneH Ha OKHCIICHUE ce cTabuimu3upa B koMruieke [PbX]*,
KOMTO € monyueH u 3a Tetpaiionnaa [Pbls]*. AHAIOrHYHH KOMITJICKCH ¢a MOTYyUSHHU U TIPH
teTpaxanorenuaure Ha Ge u Sn. OkTaeapuuHa KOH(QUTypaLys PH Kaas ce OChIIEeCT-
BsiBa U nipu kpucranm3amnust Ha SnCls B mpucherBrue Ha POCl min SeOCla. Tomyvasar
ce anykty (Pur. 12). ALyKT € CbeANHEHHE OT J1Ba KOMIIOHEHTA, EIMHUAT OT KOUTO J100-
KOMIUIEKTOBA CTPYKTypara Ha JIpyTrHs, HO 3arasBa cBoeTo o0kpuxernue (Yenc, 1987). B
CiTydJast iBa KUCIOpoHH aroMa oT 110 Be MoJieKyimr POCls u SeOClz mookomruiekroBar
OKTaeApuyHaTa KoHGUrypanus Ha kanas. ToBa craBa Ha OCHOBA Ha €JIEKTPOCTATUYHO
B3aUMOJICHCTBHUE, TOPAIN 3aCHIICHHUSI METAJIEH XapaKTep Ha Sn U HO-TOJIEMUST My aTOMEH
panuyc. BChITHOCT TOBa € mpruuHAaTa U 3a 00paszyBaHeTo Ha [MXe6]* KOMITIEKCH TIpH
Ge, Sn u Pb. Anykt Mo>e 1a ce MoydH 1 10 JOHOPHO-aKLENTOPEH MEXaHU3bM MEKIY
MOJIEKYJIM Ha JBE CbEAMHEHMs, KaKbBTO € CIy4asT IpH B3auMmozelcTsuero Ha BFs u
NHs. Tpsi6Ba na ce kaxe, 4e 3a IbPBUS CIIydail Jocera HAMa TOYEH METO[ 33 pa3rpaHu-
YaBaHe HA YaCTUYHO KOBAJCHTHHS, YACTUYHO HOHHHUS XapaKTep Ha BPb3KaTa B AaJCHO
crenuHenue (Yenc, 1987). M3BectHa e camo enHa Gpopmyna Ha [loauHT 32 onpenensHe
crenienTa Ha oHHOCT (Douglas & Alexander, 1994):

Yact Ha HoHHUS XapakTep Ha Bpb3kaTa = 1 —exp [— 0,25 (ya — x8)*],
KBJIETO € EIIEKTPOOTPULIATEIHOCTTA Ha esleMenTHTe. Kanaenust aucyndun e crabuiiHo
CheAMHEHHUE, N3M0JI3BAaHO B IpakTukara. C Heroara CTpyKTypa Moske J1a Ob/ie 0OsICHEHO,

MaKap U Ka4€CTBCHO, KaK CC OCHUICCTBABA KOBAJICHTHUAT U CICCTPOCTATUYHUAT IsJ1
Ha BPB3KUTC MY, KaKTO U IPU APYTrU HO,Z[06HI/I CbCAMHCHHNA U KOMIIJICKCH. Kanaenusr

737



E. Kuproea

mucyndun nma cinoecra crpykrypa tin Cdl: (dwur. 13 (a)) (I'mmnecrn, 1975). Beekn
KaJIaeH aToM € OTrpaJIeH C IeCT CEpHH aTOMa, PA3I0JI0KEHHU M0 TPU B [IBE IMIIOCKOCTH MOJ
n Haj kanmaeHute aromu (Our. 13 (0)) (Immmecnu, 1975). KanasT u3non3sa yetupure cu
€JIEKTPOHA 1 00pa3yBa Cc eIMHUYHUTE €JICKTPOHH Ha JABaTa CEPHU aTOMa YeTHPH BPB3KH.
Taka ce ochILeCTBsBa KOBAJICHTHUST [T HA BPB3KUTE SN-S, KaTo IpH ABaTa CEpHU aroMa
0CTaBar I10 JIBE HEMO/IEICHH EIEKTPOHHH IBOMKH. [10-HAaTaThIIHOTO 6-KOOPAMHALIMOHHO
0OKpBKEHHE OKOJIO Sn HE MOXa J1a CTaHEe Ype3 NpUBIHYaHe Ha d-opOuTanu, KakTo MpH
[SiFs]*, mopaau mo-mankara eneKTpOOTPHUIIATEIHOCT Ha S-aTOMHU OT Ta3u Ha (GIIyOpHHUTE.
Tyk oOade oka3Ba BIMSIHHUE €IEKTPOIIONIOKHUTETHUAT XapaKTep Ha Kasiasi 1 aTOMHOTO PO
[IPUBIINYA JIEKTPOHHUTE ABOMKHM OT ABaTa CepHH atoma. ToBa ce 61aronpusTcTBa OT MHo-
rojieMusi My paanyc, KOMTO MOXKeE 1a TH KOOpAUHUPA. Taka ce OChLIeCTBIBA HOHHUAT ASI
Ha Bpb3KaTa M1y Kanas u csipara. [Ipu kommnekcute Ha Ge, Sn u Pb ot Trima [MXs]?,
KaKBHUTO Ca M3BECTHH M 3a MHOT'O JIPYTU €JIEMEHTH, KOBAJIEHTHOTO B3aUMOJEICTBUE €
CBIIECTBEHO M €(PEKTUBHHAT 3apsi]] Ha ICHTPAIHUS aTOM € MHOTO TO-MalbK oT M*".
B nmureparypara ca u3BecTHH AaHHM 3a edextuBHHA 3apsan Ha Ce'Y (MapTeiHeHKO &
Cobius, 1986) B xekcaxiopuzornepar (2-) [CeCls]* (dyxos, 2007). TTonyemnupuaHu
KBaHTOBOXMMHUYHH NPECMTAaHUs, HAIPaBeHU Ha 0a3ara Ha CHEKTPalIHU U3CICIBaHNUS,
MoKa3Bar, 4e eeKTUBHUAT 3apsia Ha Ce'Y B To3n komIuieke He npesumasa +1,8. Mim B
TO31 BHJ Komruieken Hounte M*" u Cl, kaTo TakuBa, He ChIeCTBYBaT. B mporeca Ha
B3aUMOJICHCTBHE T€ BUAOM3MEHAIT CBOMTE CICKTPOHHU OOBMBKHM M Makap, ue HeoOpa-
THM TIpeHoC Ha enekTponu oT Cl° kbM M*" He cTaBa, OCHIIECTBIBA C€ OKHCIUTEIHO-
penyKIMOHEH mpoliec. B ciryuast okraenpuyHaTa KOH(GUrypauus OCUrypsiBa Ho-roisiMa
TEpPMOAMHAMHMYHA CTAOMITHOCT, [TOPai O-MaJIKOTO Pa3CTOSIHUE MEKIY 6-Te TUraHaa u
LIEHTPAJIHUS aTOM, OTKOJIKOTO 4-Te B MoHOMepute MXa. [lo-nerailiHoTo pasriexiaHe
Ha TO3U NpoOJIeM U3KCKBA A2 C€ B3eMe 10 BHUMAHHE OCBEH €HEpPIusiTa Ha BPb3KHTE,
CBIIO TAaKa U EHEPrusATa Ha MPOMOTUPAHE Ha €IUH S-eJIEKTPOH Ha p-opOHTaia, KaKTo
U eHeprusTa Ha oOpasyBaHe Ha TBbpaara ¢asa. JlokonkoTo obaue B Hesl HE € T0Ka3aHo
ChIllecTByBaHeTO Ha M**, TO3M mapaMeThp He MOXKe J1a e OTIPEeIeITH U u31oNI3Ba. B ciryyas
¢ [Pbls]*, mo Bcsika BepOSITHOCT, €HEpIHsATa Ha BPB3KHUTE B KOMIUIEKCA € I0CTaThyuHa, 32
Jla KOMIICHCUPa €HEPrUsTa 32 IPOMOTHPAHETO Ha €JIEKTPOH OT S- Ha P-HUBOTO, JTOKATO
B xurnoretnyHus Pbls eneprusita Ha Bpp3kute Pb-1 He e nocrarvuna 3a ToBa (Koton &
YunkuHcoH, 1979).

OT neHTaxaJoreHuANTe Ha eIEMEHTUTE OT VA Tpyna ca U3BECTHHU BCHUKH 3a (oc-
(hopa, a 3a ocrananure enemeHTH — camo AlFs, SbFs, BiFs, AsCls u SbCls, kato AsCls
€ MHOro HectabuieH. Bcuuku uMat cTpykTypa Tpuronaina ounupamunaa (Kupkosa,
2011) ¢ TerneHnMA 3a OTy4YaBaHe HA OKTaenpuyHa KoH(purypanus. Toa craBa ¢ 00-
pa3yBaHe Ha KOMIUIEKCH, C MOCTOBH BPB3KH HJIH Ype3 NOTydaBaHe Ha aayKTu. Beuuku
neHTagIyopuIi ca MOLIHY aKLEeNTOpH Ha -, kaTo ce rmomyyaBaT OKTacApYHN KOMIUICKCH

738



3asucumocm mexncoy cmpykmypama u céoticmeama...

195 pm

OO0 @esn OCl OP
(a)

OO0 @sSn O Cl OSe
(0)
®@ur. 12. Crepeoxumus Ha Sn'Y B agykrute SnCle.2POCI; (a) u SnCls.2SeOCl2 (6)

[MFs]- (Koton & YunkuucoH, 1979). TakbB KOMIUIEKC Ce ITOJyuaBa v B TBbpjaTa (asza
Ha PCls, [PCls]". B Teunara ¢aza Ha SbFs ce oOpa3ysar terpamepu (dur. 14), kouto
i mpuaasat roysaM BUcKo3uTeT. B TBbpaara dasza na SbCls aHTUMOHBT cu ocurypsiBa
OKTaeZpuyuHa KoH(purypanus B npuchcTBreto Ha Gochoprixinopun POCls, SO: unu
TeTpacepeH TreTpanuTpus (SsN4), kato ce nomydasar agykrure SbCls. POCls, SbCls.SO2
1 SbCls.SaNa. Chc cBOMTE €IEKTPOHHU JBOWKH, KUCIOPOIHU UM a30THH aTOMH Ha TE3U
CheIIMHEHMSI Ch3/1aBarT Iecrara Bpb3ka B SbCls, (Bx. mpumep Ha dur. 15) (Veic, 1987).
CBo0o/Ha eeKTpOHHA JABOIKA B MOJICKYJIaTa ChIII0 MOXKE Jla Urpae poisita Ha (akTop
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3a IOCTUTaHEe Ha CTa0MiIHATa OKTaeApU4YHa KOH(UTrypalus. 3aToBa MOJEKYJIM U HOHU
kato ClFs, XeOs, [TeFs]" u mp. umar cTpykTypa KBajipaTHa MUpaMH/a, 32 Pa3iuKa OT
MIPOCTHUTE MEeHTaxaJoreHu 1 Ha eneMenTute ot VA rpyna (Kirkova, 2011).

IIpu enementute ot VIA rpyna SOs € MOHOMED C IIIOCKA TPUBI'BIIHA CTPYKTYpPa, KO-
TO CBINIECTBYBa caMo B ra3osa (haza (dur. 16 (a)). B xonnen3zupanute asu ce momyyasar
TpuMepH u nonumepu (Pur. 16 (0) u (B)), U3rpajieHn OT MO-CTa0MITHATA TETPaeApUIHA
koHpurypanus. CepHUAT AUOKCU] € ra3 C bIVIOBA CTPYKTYpa, KOSTO € MPUUYMHA 3a ro-
JsiMaTa My peakTHMBOCHOCOOHOCT , a SeO2 e TBBPIO BELEeCTBO, O-CTA0MIHO U C TO-
cumetrpudHa cTpykrypa (Dur. 17). T e monuMepHa, Thi KaTo BCEKH aTOM Se € CBhp3aH
C TPHU KUCIIOPOHHU aToMa, JiBa OT KOWUTO Ca MOJEJICHH C JiBa ChCEIHH CEICHOBU aToMa.
Tpure KuCIOPOOHM aTOMa JIe)KaT B OCHOBAaTa Ha TPUTOHAJIHA MUPaMUA, HA BbpXa Ha
KOSITO c€ HaMHUpa HEeIo/IeIeHaTa eJIeKTpOHHa ABoiiKa ipu Se atoM. Miu cenensT ce Ha-
MHpa B TeTpaepuiHa KOOPIUHAIINS, KOSTO ce oIcBa ¢ sp*-xudpuauzarms (Greenwood
& Earnshaw, 1984; Kirkova, 2011). Terpaxanorenuaure Ha S, Se u Te (momoHueBuTe
TeTpaxaJoreHUIH He Ca U3YUEHH ), UMaT CTPYKTypa Ha TPUTOHAIHA OMIUpaMuia ¢ eHa
HenozieneHa enekTpoHHa apoiika (Kirkova, 2011). T mpunaBa neopMupaHOCT Ha CTPYK-
Typara W OmpeJelis rojsiMa PeakTUBOCIIOCOOHOCT Ha (IyOpHIUTE KaTo (GIyopHpalu
arentu. C m3xmmrouenne Ha Tels, ocrananure TeTpaxanoreHuay Ha S, Se u Te oO6pa3sysar
TETpaMepH C OKTaeAPHUUHO 0O0KpBkeHue. Ha ®@ur. 18 e nanena 3a mpumep cTpykTypara
Ha TesClis. Tt mpencraBisiBa nedopmupan Kyo, nsrpajaes ot yetupu karuona [TeCls]*
(Te-Cl1 231 pm) u 4Cl-aamnona (Te-CI 293 pm), pa3nonokeHu ChOTBETHO Ha ITPOTHUBO-
MIOJIOKHUTE BbPXOBE Ha KyOa. Bpb3kute mexny Te u Cl umat oTuacTu HoHEH XapakTep.
Ot xekcaxanorennaute ca mo3Hatu camo SFs, SeFs u TeFs. C ocTanamnTe XanoreHHH
eNIEeMEHTH XeKCaxXaJIoTeHUIM He ce mony4asar. [Ipu SY'ca n3BecTHH cyndypuixanore-
Huau (SO2X2), mpu KOUTO ce CTa0MIM3Upa LIecTaTa CTEICH Ha OKUCICHHUE Ha cspaTa
¢ Te3u eseMeHTH. Te, obaue, ca HECTAOMWIIHU KaTo KapOOHMIIXAJIOT€HUANTE, TOPaIH
HOBOIIOJIyY€HAaTa MO-HUCKO CUMETpUYHA JeopMupaHa TeTpacapruuHa KOHPUTypaLus
(Kirkova, 2011). Cyndopunxmopuabt SO2Cl 2, Hanpumep, JIecHa XUAPOTU3UPA.

[Ipu xanoreHHUTE eeMEHTH BbB BUCILIA CTETICH HA OKUCIICHHE, CTAOMIIHU CheJMHEHUS
oTHOBO ca ¢uryopuaute. M3BectHu ca ClFs, BrFs, [Fs u eqnHCTBEHOTO 32 p-eleMeHTHTE
ceequHenue [F7. Ilpu xmopa He ce momyuaBa CIF7 mopaau crepuyHN NpUYrHM, a IPU
Opoma — Mopajau TOBa, Ye HETOBUTE ChbEANHEHMS BbB BUCIIATa CTEIICH HA OKHUCIICHHUE Ca
MHoro HecTabmitan (Kupkosa, 2007). [Ipu xmopa, xmopuust neHtadmyopus CIFs n ok-
cotryopuante B V 1 VII crenen Ha okucienue (ClO:zF, CIOFs, ClO:2F3) ca cbe cTpyKkTYypH,
[I0-HUCKOCHMETPUYHH OT TeTpaeApUYHAaTa U OKTacpUYHATa U ca HeCTAOUIIHHU, CUITHO
(iryopupaliy areHTH. AHAJIOTHYHY CheJUHEHHS NMa U ITpy Opoma u Hoxa. M3knrouenue
npast Tpuokcuadmyopunure — AOsF (A = Cl, Br, 1) cbc cuMeTpryHO TETpaeapuIHO
0OKpBKEHHE BbB (pOopMa Ha TPUBI'BIHA MHPAMHUIA, B OCHOBATA Ha KOATO ca TPUTE
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=
)
O

®@ur. 13. Xekcaronaina cioecta cTpykrypa Ha SnS: tun Cdlz (a); pparmeHT ot

cTpykTypara Ha SnS: (0) —

Oeute Kpbrye€Ta IoKa3BaT aTOMUTE Ha cApara 1moa rioc-

KOCTTa Ha KaJJaCHUTEC aTOMH, a CUBUTEC — HAJl Ta3u ITIJIOCKOCT.
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KHUCJIOPOJHM aTOMa, a Ha BbpxXa — (GayopHuUsT. [Ipu Te3u chenuHenus ce crabuimnsupa
cexMara CTENeH Ha OKHMCICHHME Ha XJopa, OpoMa u ioxa. [loOpe e u3ydeH XJIOpHUST
tpuokcuadmyopun (ClOsF) (Hdykos, 2007). Toit e Tepmuuno cradbwmien mpu 400°C,
XUMUYECKU UHEPTEH, C He3HaUUTeNeH aunoned MoMeHT | = 0,023 D. M3menenueTo Ha
e”HeprusTa Ha ['nbc npu nonyyaBaneTo My, o0ade, € mojaoxuTenHa BeanunHa (AGos =
48,1 kJmol '), koeTo noka3Ba TepMoMHAMHYHA HecTaOuWIHOCT. M HeroBata cTabu-
HOCT C€ OIPEAEsl eIMHCTBEHO OT KWHETHYHUS (DAaKTOp HA CUMETPUYHOTO HOAPEKAAHE
Ha aromure. [Ipu fioga e momyuen u onunmentadyopus IOFs, koiito chIo e crabuieH
c oktaenpuyHa cTpykrypa (dur. 19). TpsiOBa ia ce oTdenexu 1 xapakrepHaTa 0COOSHOCT
Ha nepiogHara HIO4, TemypoBata H2TeOs u anTumonenara HsSbOs xucenuan. [lpn
TSIX, HOPAJH MO-TOJIEMHS PaliyC Ha LEHTPAIHUS aTOM, IOIBJIHUTEIHO C€ KOOPAUHUPAT
10 JIB€ MOJIEKYJIH BOAa U ce noayuaaT opronepitogna HsIOs, oprotenypoBa HeTeOs u
xekcaxuapokcoantumonena H[Sb(OH)s] xucennuu. Kakto ce Bmkaa, mpu T4X HOABT,
TEJypbT U aHTUMOHBT JOCTUTAT CTAOMIIHATA OKTaeIpUIHA KOH(PUTYpaLusl.

F

N
N N

F

F F

\Sb/

) N

F \Sb/ F
RN

N
I

F
F

F F

F

@ur. 14. Terpamepu B TeuHara ¢aza Ha SbFs

[Ipu 6iaropoaHuUTE ra30Be ca XapaKTEPHU ChbEANHEHUTA Ha KCEHOHA, KOMTO I0CTUra
niecta creneH Ha okuciaenue npu XeFs, XeOs u H2XeOs 1 ocMa cTeneH Ha OKUCICHUE
npu XeOs u nepkcenonoBara kucenuna HaXeOs. Ctpykrypara Ha XeOs e TpuroHagHa
MUpaMHIa ¢ eHa HeTlo/iesieHa eJIEKTPOHHA J1BoiiKa, Ha XeFs — neopmupan okraensp,
Ha XeOs 1 XeO+* — TeTpaepuyHa, a B IEPKCEHATHNS aHMOH KCEHOHBT MMa IPAaBUIIHA
OKTaepuyHa CTPYKTypa.
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Cl
217 pm 152 pm
cl 0 ¢l
\ 198 pm

Sb 147° P—Cl

Cl / \ Cl Cl
233 pm
Cl

@ur. 15. OxraeapuuHo 00KpBKeHHE Ha aHTUMOHA B axykra SbCls. POCls

(0)

125“/‘ %T 143 pm
S S =2
142 pm (0] (0)
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S g 1219
0
/<>\ 163 pm
0 1200 O \o
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/O O\S/O O\/s/
S
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; \O 0 \O

B-SO;

(8)

0)

O\s
o

®ur. 16. Crpykrypa Ha monomepa SOs (a), Tpumepa Y SOs (6) u moaumepa 3 SOs (B)
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0. 178 pm 0 0
/ Se/ \ Se 125° Se
173 pm 20°
0 0

®@ur. 17. BepwxkHa HerutanapHa cTpykrypa Ha (SeO:2).. Kucmoponaure atomu ca B
OCHOBATa HA TPUTOHAHU MMUPAMUJIU C BbPXOBE HEMOJICIICHUTE eJICKTPOHHH JIBOHKH
pu Se-aromMu

1
Cl\TBl pm

Cl\ TQ\ Cl
—\T'ei_" el .Cl

@ur. 19. OxraeapuuHa cTpykrypa Ha Honmnmnentadmyopuaa (IOFs)
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®ur. 20. Cnoectu OKTa€APUYHU OJUMEPH B CTPYKTypara
Ha KanaeHus terpadyopun (Snk4)

Rel

e

i

® In

OF

®ur. 21. TpuMepHa TETpaeAPHIHO HOJUMEPHA CTPYKTYpa Ha MHIAMEB TPUMIyOPU.
(InF3)
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001110, 32 MHOTO €JIEMEHTH CJIE/I BTOPHSI IEPUOJ € HAJIMLIE TEHACHINATA 32 JOCTUTaHEe
Ha Bb3MOXKHO Hall-CUMeTpHUYHAaTa U CTa0MIIHA OKTaeApHYHa CTpyKTypa. ToBa cTaBa 1o
pa3nuYeH HauYuH, KOETO Ce OTPa3siBa Ha CBOMCTBATa Ha chequHeHUsITa. Hanpumep dury-
opuaute Ha Te, Sb u Sn — TeFs, SbFs u SnFs ca nsrpagenu ¢ okraeIpuaHu CTPYKTYpHHU
enuHUIM (AxmetoB, 1988). IIpu Tenypa ToBa ce OChIECTBSIBA C HETOBUTE 6 BAJICHTHU
eJIeKTpoHa B okTaeapuuHaTa mosiekyia TeFs. [Tpu SbFs net enexrpona He cTurar, 3aToBa
MOJIEKYJIUTE C€ MOAPEKAaT B TeTpaMepu ¢ MOcToBH Bpb3ku (Dwur. 14). [Tpu SnFs ToBa
MOAPEXJaHe Ha MOJIEKYIHTE € B ciioecTd nosimmepH (Pur. 20). KbM Te3u cheTuHeHus
MoOXxe z1a ce npubasu u InFs, usrpazneH ot terpaenipuyHyu TpUMEpHHU noaumepu (Pur.
21). B cboTBeTCTBUE C yCIOXKHABAHETO HA CTPYKTYypaTa, CBOMCTBATa Ha BEILIECTBATA CE€
n3MeHsIT cbiecTBeHo: TeFs mpu oOukHOBeHN ycnoBus e ra3, SbFs — BUCKO3HA TEUHOCT,
SnF4 u InF; ca kpucranau Bemectsa, karo SnFs cyonmumupa ripu 700°C, a InFs ce Tormu
npu 1170 °C. YcnoxHsIBaHETO Ha CTPYKTypaTa ce OTpa3siBa ChIIO HA HaMajsiBaHE Ha
Pa3TBOPUMOCTTA BbB BOJA, KAKTO U HA XUMHUYECKaTa UM aKTUBHOCT.
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DEPENDENCE BETWEEN STRUCTURE AND PROPERTIES OF
COMPOUNDS OF P-ELEMENTS

Abstract. In this paper, some examples of tetrahedral and octahedral structures are given as
one of the kinetic factors that affect the stability of compounds of p-elements. The tetrahedral
structure is typical for second period elements whose atoms have four valence orbitals. This
configuration could be realized by different ways: acceptance of electron pairs ([BF4]-), use
of 4 single electrons (CH4), donation of electron pairs (NH4"), formation of hydrogen bonds
(the oxygen atoms in ice). Oxides, oxide polymers, oxyanions with the general formula AO4s™
and some oxyacids of the third and next periods elements also typically have a tetrahedral
coordination. However, in most cases an octahedral configuration is formed. For light p-
elements it is realized by spd>-hybridization ([AlFs]*, [SiFs]*) but for heavier elements it is
formed by electrostatic interactions. The covalent and electrostatic part of bonding is explained
qualitatively by the SnS: structure. A number of compounds of the p-block elements from the
long periods, some of which form adducts, exemplify the octahedral structure.
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