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IpaH-npu: 6 3apava

KomMmnnekcHble Komnaekcbi (20 6)

B KOMITIEKCHBIX WIIM KOOPAMHAIIMOHHBIX COCIMHEHHSAX, KOMIUIEKCOOOpa3oBaTesb (B YaCTHOCTH aTOM
WIM KaTHOH METaJula) CBSA3aH C JUraHaaMu (aHMOHAMH H/HMIIM MOJIEKYJIaMH ) yepe3 KOOPAUHATHBHEIE,
T.€. JOHOPHO-AaKIIENITOPHBIE CBA3U. B Taknx xuMudeckux cs3ax murana L (ocnoBanue Jlptonca) Bener
cedsT Kak Odonop CBOOOMHOHM maphl MMEKTpoHOB, a Metal M (kucimora Jlstonca) co cBOOOTHOM
opbuTanpio BedeT ceds Kak axkyenmop SIEKTPOHHOW maphl, TeM caMbiM 00pasyst oaHy (oOrryro)
opOuTaIb.
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KOJ'II/I‘ICCTBO CBH?:Gﬁ C JIMTaHAaMU, O6p330BaHHBIX HeHTpaHBHBIM aTOMOM Ha3bIBAKOT
KOOpaMHaHHOHHbZM YUCIIOM, KOTOpOC moMoracT HpCIIHOJIO)KI/ITI) BO3MOXKXHOC CTpOGHI/Ie KOMIIJICKCA.

Camble pacripocTpaHEeHHbIE KOOPAMHALMOHHBIE yKcha - 2, 4 u 6. O0beMHOE pacroyIoKeHUe JIUTaHI0B
B OTHOIICHUH TUIOCKOCTH OyMard yKa3bIBaIOT MPEPHIBUCTBHIMU ( 1 ) U JKUPHBIMH ( == ) JINHUSIMH..
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Jlunetinwiii Keaopammnuiu Tempasopuyeckuti Oxmasopuyeckuti
a) Onmnpexnenu cTeneHb OKUCICHUS LEHTPATBHOTO METalIa B KOOPIMHAIIMOHHBIX cpepax ey romux

KOMITJIEKCOB Wik HOHOB. Ph = penunpuas rpynmna (C;Hs—). (2)

[Fe(NCS)(H,0)5]SO,

K,[PtCl,] [Co(NHa),CL]Cl [W(CO),(PPhs,),Cl]

B 3aBuCHMOCTH OT KOM4ECTBa 00pa3yeMbIX UMU CBS3EH, TUTaH bl TOAPA3ICISIOT HA MOHOJICHTATHBIC
(omHa CBsI3B), OMICHTATHBIC (JBE CBS3M) W MOJMUACHTATHBIC. JINTaH IbI, KOTOPHIE MOTYT 0Opa30BHIBATH
CBSI3M 4epe3 HECKOJbKO Pa3HBIX aTOMOB, YTO JIa€T BO3MOXKHOCTH JJII OOpa30BaHUsl CTPYKTYpPHBIX
HM30MEPOB, HA3bIBAIOT AMOUOEHMAMHBLMU.

b) Hamummm guciom cTeneHb ACHTATHOCTH JIMTAHA IS IIPUBEIACHHBIX CTPYKTYP.
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K pactBopy Meramia X pacTBOPEHHOTO B YHCTOM JTAHOJE J0OABHIM OMPEICICHHOE KOJIMYECTBO
KHUIKOTO Taxydero TpuMmeTtmindochuna (PMe;), B Xome d4ero M3 pacTBOpa B OCAIOK BHINAJIH
TEMHO-CHHME KPHCTAJLIbI KOMILIEKCHOTO COeMHEHHUS Y (Wyocpop = 21,96%). KpucTaninl nonyuennsie
BaKyyMHOI (uibTpalyieil mpoMbUIH JICASHBIM 3TaHOJIOM U BBICYIIWIH. 11 onipeneneH s coepKaHus
xJiopa B coequHeHnn Y ObLT mpoBeneH rpaBumerpudeckuid ananm3. Poao 0,5000 r coenunenus Y
pacTBOPWIX B BOJHOM PacTBOPE a30THOM KUCIJIOTHI M HAIPEBAJIM II0KA OpraHU4YECKasl 4acTh IOJTHOCTHIO
He pasnoxuiiack. OCTHIBIIMKI pacTBOp pa30aBUIM BOAOH, 3aTeM q00aBWIN N30BITOK pacTBopa AgNOs, B
pesynbrare yero B ocanok Beimano 0,5087 g AgCl.

¢) Ompenenu xumuueckyto popmyiny coequHeHus Y ¢ TOMOIIBIO0 PacYeTOB. (2)

Muorue coenuaenus xene3a (1) ucmoms3yroTcst Il KBAJIMTATUBHOTO OMpeAeNieHUs aHWOHOB. [1pu
N00aBIeHNN CYIb(QUI-MOHOB K KPacHOMY BOIHOMY pacTBopy Hutpompyccuaa [Fe(CN)s(NO)]Z,
OKpacka pacTBopa MeHseTcs Ha (HONETOBBIH, W3-32 00pa3oBaHUS THOHUTPONPYCCHAA
[Fe(CN)5(N(0)S)]* (peakmmst 1). Eciam oCTaBuTh CMeCh CTOST, TO BCKOpe oOpasyercs
nepruonurpornypecun  [Fe(CN)s(N(0)SS)]* xoropelii  00yclaBaMBaeT TEMHO-CHUHIO —OKPAcKy
pactBopa. [Ipu nodasnenuu cynbara xenesa(ll) kK BogHOMY pacTBOpy HUTpAT-MOHOB, MOAKUCICHHBIX
U30BITKOM  KOHIIGHTPUPOBAHHOW CEpPHOM KHCIOTBHl, 0O0pa3yeTrcssi MOHOOKCHZI a30T B XOje
penokc-peaknuu (peakuusi 2). B xome mpomecca JIWraHgo3aMemIeHMs, OKCHJ a30Ta Cpaszy ke
pearupyer ¢ OCTaBIIMMCS B PaCTBOPE reKcaruaparupoBaHHbIM HoHOM >kene3a(Il), obpasys Tem cambim
TEMHO-KOPUYHEBBII €0 MOHOHUTpPO3WI KOMIUIeKkca (peakuusi 3) Ha rpaHuLe paszena (a3 BOAbI U
KOHIIEHTPUPOBAHHOM cepHOM KuCIOoThI (p = 1,841 ¢ M ).
d) Hapucyii ctpykrypusie hopmynsl JIbtonca 1y aMOUACHTATHBIX i) HUTPO3UII-, ii) THOHUTPO3HI-
iii) nmepruonuTposnn nuranaos. Ecinu nurana o61anaeT HECKOJIBKUMU XUMUYECKH CTaOMIIbHBIMU
CTPYKTYpamH, TO HapuCyHl OJIHY U3 HUX. (1,5)

i) ii) iii)




e) Hanumm u pacctaBb K03()(OUIUEHTHI B COKPAIICHHBIX HOHHBIX YPABHEHUSX peaxknmii 1-3.

(2)
1.

f) Bonuble pacTBOpbl colell KaTMOHOB META/UIOB C MAaJEHBKUM PaJuyCOM M BBICOKHM 3apsiioM
SBIISIOTCS  KHCIBIMH. Paccuwmrain 3madenme pH it 0,02 M pactBopa FeCls;, wmcmomssys
MIPUBEACHHYIO KOHCTAHTY AUCCOLMAIIH. (0,5)

[Fe(H,0)¢]** (o) = [Fe(H,0)s(OH)]** () + H K,=3,5107

(p-p)

XUMHUYECKHE CBOWCTBA KOMIUICKCHBIX COCTHHEHHI OIMKMCHIBAIOT CIICAYIONIHNE TEOPHH: meopus
sanenmuuix cesizetl (VBT), meopus kpucmaniuueckoeo nons (CFT) u meopus nons aueanoos (LFT).

bonee crapas VBT onmceiBaeT 0Opa3oBaHME JOHOPHO-aKIENTOPHBIX CBA3EH 4epe3 IepeKpbhIBaHHE
aTOMHBIX H 2ubpuonsix opoumanei. [Ipu KOMOMHUPOBAHWY, T.e. THOPHUIU3ALNY S-, p- U d-opOuTanei
NEePeXOAHbIX METAJUIOB 00pa3yroTcss rHOpHIHBbIE opOuTanu ¢ obmeil ¢opmynoi d'sp’, rne x u y
0003HAYalOT COOTBETCTBYIOIIEE KOJUYECTBO d- W p-opOuTanel. JleWcTByeT mpaBWiio: “mipH
komMOuHar N aToMHBIX opOuTaneid oOpaszyercs N WACHTUYHBIX THOPUIHBIX opOuTtaneit”. s

o0Opa3oBaHMsl THOPUIHBIX OpOHTAaNell MCHONB3YIOTCS CBOOOAHBIE (BaKaHTHBIE) aTOMHBIE OpOUTAIH



HanOoJee cxXokue Mo dSHeprud. KakaoMy THIy THOPHIM3allMM OTBEYAET OJHA WM HECKOJBKO

Pa3INYHBIX 3KCIIEPUMEHTAIIBHO I0Ka3aHHBIX MOJIEKYJISIPHBIX CTPYKTYD.

g) 1) 3amomHM JaHHYIO0 CXeMY TMOAXO/ISIIMM YHCIIOM BAJICHTHBIX 3JIEKTPOHOB, UCTIONB3YSI CTPEIIOYKH.
ii) Hanumm Ha myHKTHpHOW JAMHUY, TUN TUOpuAN3auuu. I1oockaska: Xpom He ciedyem NPUHYUny

Aygoay. (2)

3d 4s 4p
Zn
Zn?*
u6puduzayus \L+ 4 OH"
[Zn(OH).J*-
3d 4s 4p
Cr
Cr3+
lubpuduzayus \L+ 6 NH,
[Cr(NH3)]*

CFT paccmarpuBaeT »3JEKTPOCTATUUYECKOE B3aUMOACHCTBHE arOMOB WM HMOHOB METAJUIOB C
JUTaHJaMH, TPUIKCHIBAasl YaCcTUIAM TOuedHbIi 3apsi. [Ipu oTTankuBaHum d-3IEKTPOHOB U JTUTAHIOB
(c oTpHIaTeTHPHBIM TOYCUHBIM 3aPSIIOM ) SHEPTETHUECKUE YPOBHU d-opOuTaiell paclICIISIOTCS Ha IBE
IPyIIbI B 3aBUCUMOCTH OT 0ObEMHOI OPHEHTALUH - TIPU OKTa3IPUUECKOM PACIONIOKEHUH MO HA ey-
U t,,-0pOMTaM, a IpH TETPadIPUYECKOM PACIOIOKEHHU IO Ha tp- M e-opOuramu. Pacmennenne
DHEPTeTHUECKUX YPOBHEH TMpPH OKTAYIPUUYECKHX W TETPAYIPUUYECKUX TMOJAX B TOYHOCTHU
IPOTUBONOJIOKHO. Pasuuiy B sHeprum mexay oOpasoBaHHbIMH opOutamsamu A (A, wm A.,)
HA3BIBAIOT napamempom pacujenienus. Hanpumep, B OKTa’apHYEcKOM HONE  tp,-opOHMTaIn
pacnonorarorcs Ha —0,4A,,, HUKe 110 OTHOIIEHUIO K YPOBHIO d-OpOHTaleH, a e,-opouranu Ha +0,6A,,
BBIILIE.
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Okma3sdpuyeckoe rosne

Tempasdpuyeckoe foife
h) Paccuuraii 3Hauenue mapamerpa pacmermienus A, (kx M o a1 b %) gua [Cr(NH;)e]*, ecnu
KOMIUICKC TIOTJIAIAET U3JIydeHHUe ¢ JUTMHOM BOJIHBI 440 HM. Mcnionb3yii ¢popMysbl JaHHBIC CHHU3Y,
e nocrosuHas Ilnanka h = 6,626 1073* [l ¢ u ckopocTh cBeTa
2,998 -10%m ¢ !
A=E=hy

Cc =
(1)
A=c/v

A Tem BbIe, ueM 1) 3HaYMTENbHEE PACIHICIUICHHWE BBI3BAHHOE JIMTAHIAMU, 2) BBIIIE 3apsija (CTeneHb
OKHCIeHHs) HeHTpanbHoro M™ u 3) yem Oomnblie pasmep d-opOuTtaineii, ABUrasch BHU3 MO TpYIIIIE.
JIuragapl

CREKMPOXUMUYECKUM PAOOM:

pacAensioT Ha JIMTaHAbl CWIBHOTO U CJIA0OTO TMOJsl, KOTOpPbIE XapaKTepHU3YIOTCA

Br- < SCN-®Cl" < F~ < OH" < C,0,2 < H,0 < NCS~ < NH, < CO % CN-~
JluraHasl cs1a60ro rnosaAa

> JluraHabl CUsbLHOIo MosA
A poct

B cilydae ci1aboro I10JIs1, J3JICKTPOHO IIO BO3MOXHOCTH PpacCIlOJIOraroTCsa B 0p6I/ITaJ'IHX I10-OAMHOYKE,
ClIcayd mnpaBuily XYHI[a. Takne KOMIUIEKCHI C MAKCHMAaJIbHBIM KOJIMYECTBOM HECITaPCHHBLIX 2JICKTPOHOB

Ha3bIBAKOT 6bICOKOCNUHOBbIMU. .HI/IFaH,Z[BI CHJIBHOI'O IIOJIA OAK0T HU3KOCnUHOBble KOMILICKCHI, TIAC
OJICKTPOHBI NPEKAC BCETO 3alIOJTHATOT HUKHHUE DJICKTPOHHBIC YPOBHU.
i)

[Ipycckasi CHHB - 3TO COETUHEHHE ITyOOKO CHHETO I[BETa, YbI0 BOIOPACTBOPUMYIO KOJUIOMIHYIO
dhopmy onuceiBaeT popmyna KFe[Fe(CN)¢] n nepactBopumyro dhopmy Fe,[Fe(CN)¢];. Hamumm Ha

IyHKTUPHOMN JIMHKH, OKTadAPHUUECKOE pacuieruienne kakoro uona (Fe®" mim Fe**) uzobpaxeno na
OpOUTANBHOM AMarpaMMe U 3ar0IHU CXEMY JIEKTPOHAMH, UCHIOIb3YS CTPETIOUKH.

(1)
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B 3aBucumoctu ot BSaHMOHeﬁCTBHH C MArHuMTHBIM IIOJICM, COCAUMHCHHA MOXHO PAa3AC/IMTbL Ha ABC
TPYNIbL:  napamazHumusie BEIIECTBA COJAEPXKAT JJIEKTPOHBI C HECMAapeHHBIM CIHMHOM, KOTOpBIE
JBUXKYTCS B HaIPaBJIE€HUUM MArHUTHOIO TIOJIA, a OuamazHummusle BEIECTBA COJAEPKAT TOJBKO
CIIapCHHBIC 3JICKTPOHBI, KOTOPLIC ABUXKYTCA IIPOTHUB MArHUTHOTO ITOJIS.

j) Onpenenu Kakue CBOKMCTBA ONMCHIBAIOT CIICAYIOIINE KOMILICKCHBIC MOHBL IloMeTh KpecTHKOM

KK]TYIO TIOJIXOIAILY IO KIIETKY. (2)
[Os(CN)¢]* [MnCl,]* [CoF¢]* [Co(NH3)]*"

BBICOKOCTIMHOBBIM

Hwu3zkokocnnHOBBII

[TapamarsuTHBIN

JlmaMarHUTHBIN

Ounepeus cmabunuzayuu xpucmaniuveckoeo noas (CFSE) mokaspiBaeT, Ha CKOJBKO d-3JIEKTPOHBI
PacIIONIOKEHHBIE B PACHICTITICHHBIX OPOUTANISX CTAOMIIM3UPYIOT YHEPTHUIO KOMITJIEKCA MO0 CPAaBHEHHIO CO
CpPEeIHUM DPHEpPreTHYecKuM ypoBHeM d-opOutaneit. Hanpumep, popmyna mis CFSE Terpasnpuueckoro
MOJISl BbIpaXKaeTcsl Tak, Ile N, U N, 0003HAYaIOT KOJUYECTBO 3JIEKTPOHOB PACIOJIIOKEHHBIX B
COOTBETCTBYIOIINX OpPOUTAIIAX.

CFSE = —0,6A 1,71, + 0,4A 1,71,

B cnydae, ecniu B opOuTansix MpUCYTCTBYIOT criapeHHbie 31ekTpoHbl, To B CFSE ciemyer mo6GaButh

TAKIKC MapaMCTpP SHCPIr'uu ClriapuBaHUsA mP, A€ m - KOJIM4E€CTBO Iap 3JICKTPOHOB.
4

_AOKT‘

I[JIH TCTPASAPUUICCKUX KOMIIJICKCOB TAKKEC ﬂeﬁCTByeT CJICAYIOMICC OTHOMICHHUC: ATeTp = 9

K) Paccuuraii snagenus CFSE ms i) [MnCl,]* u ii) [Co(NH;)¢]** CFSE otHOCHTENBHO A. €))
i)




1) Karuon meramna M B none [MCl,]* umeer d® snexrponnyro konpurypanuio. Paccunraii 3HaueHue
CFSE nnst TeTpaspudecKkoro KOMIUIEKC-HOHA OTHOCUTEIBHO A . (1)

LFT - aT0 camasi coBpeMeHHas Teopusl, KOTopas
MIOKa3bIBa€T CBA3aHHOCTH JIUTAHIOB C aTOMOM
WIH WOHOM MeTala d4epe3 (MOJsIpHBIC)
KOBaJICHTHBIC CBSI3U. Jns OTIHCAHUS
AIIEKTPOHHON CTPYKTYPhI TAKUX KOMIUIEKCOB U3
aTOMHBIX OpOHWTaNieil KOHCTPYHPYIOTCS CXema
AIEKTPOHHBIX yYpOBHEN MONEKVAAPHBIX
opobumanet, T.e. MO-muarpamma. JleiicTByeT
npasmwio “‘Tlpu  komOuHanuu N  aTOMHBIX
opburaneir obpazyercs N  MOJEKYISIpPHBIX
opoutaiteir”. I[Ipu 3amomaernn MO-uarpaMMel
UCXOIAT W3 TeX JK€& CaMbIX MPHHIHUIIOB
pacrpefeneHusi IEKTPOHOB  (SIEKTPOHHBIX
KoH(purypanuii) B aroMHBIX opOuTamsx. Ha
cxeme cOOKy IpUBEICHA cxema
MO-auarpamMmbl U1t OKTadapudeckoro [MLg]™
KOMIUIEKCA, TI€ AaTOMHBIE W MOJEKYJISpHbIC
opbutanu o0603HaYeHbl uepToukamu. CreBa
pacnonoxensl M"" aToMHbIe OpOUTaNH, CripaBa
aroMHble opOuTasm mectd L nurangoB u
MoCepeIMHe -  MOJIEKYJISIpHBIE  OpOuUTamu
KomIuiekca. [TyHKTUPHBIME JIMHUSIMH YKa3aHO,

\ 4
\ 16]1g )
pR—

M [MLg]"* 6L

KaKHe aTOMHbIE OpOUTaIHN yYaCTBYIOT B (JOPMHUPOBAHUH KAKHX MOJEKYISPHBIX OpOUTATICH.

Ha MO-auarpaMmme MOXKHO HalWTH TPH THIIA MOJICKYJISIPHBIX opOuTaineit. CesaspiBaroniue (bonding)
opbutanu oOpa3ylOT XMMUYECKHE CBSI3M, CTAOWIM3UPYS TEM CaMbIM MOJIEKYSIPHYIO CTPYKTYpY.
Paspeixmstomue (anti-bonding) opOuTanu He y4YacTBYIOT HalpsMyl0 B OOpa3oOBaHUM CBS3€H, mpu
3allOTHEHUN JITHX OpOWTale d3JIeKTpPOHAMHU CTPYKTypa aAectadmiusupyercs. Hecss3piBaromue
(non-bonding) opbutanu He y4YacTBYIOT B OOpaoBaHMHU CBs3€H, M3-3a YEro OHM HE BIUAIOT Ha
CTAaOWJIBHOCTh M B HHUX MOTYT paCIOJIOTaThCs TMapbl CBOOOIHBIX JICKTPOHOB. DPpoHMAIbHbIMU
opbumanamuy Ha3bIBAIOT MOJIEKYJISIpHBIE OpOUTAM, KOTOPhIE YYaCTBYIOT B XUMHUECKUX PEaKIHsX, B



3aBUCHUMOCTHU OT 3alIOJTHEHHOCTH JIEKTPOHAMH UX pasnestor Ha aBa tuna: HOMO (Highest Occupied
Molecular Orbital), T.e Bbiciias 3aHaTas monekymnspHas opOutanb u LUMO (Lowest Unoccupied
Molecular Orbital) - Hu31Iast MOJICKYIISIpHAST CBOOOTHASL.

m) OtseThb Ha Bonpockl 1po MO-auarpammy [Co(H,0)]*". TIoMeTh KPECTHKOM IOAXO/SIIHME KIETKH.

(3)

Kakue monekynspHbie opOUTau. .. lay, | 1ty | leg | 1ty | 2e; | 2ay, | 2t

i) ... 3amomHEeHBI BaJCHTHBIMU JIEKTPOHAMH?

ii) ... cBaswIBaromme?

iii) ... Paspexusroniue?

iv) ... mpoucxXoasT TOMBKO OT d-opOuTaen?

v) ... sBusrorcs HOMO?

vi) ... sBistores LUMO?
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