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BCTYN

KommiekcHi croiyku 3HaXOAATh MIMPOKE 3aCTOCYBAHHS B PI3HUX
rajys3ax Ximii Ta TexHonorii. Ix BUKOPHMCTOBYIOTH y XiMiuHOMY aHa-
Ji31, TaNbBaHilll, EHEPTETHIII; JUIS BUIOOYTKY, PO3IIJICHHS Ta KOHIIE-
HTPYBaHHS KOJHOPOBHUX 1 PIAKICHAX METaJiB; Y TOMOT€HHOMY U re-
TEPOrCHHOMY KaTai3i, CUIbCBKOMY TOCIOJApCTBI Ta MEIUIUHI.
[lepcneKTHBHUM € BUKOPHCTAHHS KOMIUIEKCIB JJIsSI CTBOPEHHST MOJIe-
KYJISIDHUX TPHCTPOIB 1 cucTeM 30epekeHHst i 00poOku iHpopmaii.
Jyke BaXIHMBOIO € 010JIOTiYHA POJIb KOMIUIEKCIB.

V¥ KwuiBcbkoMy HarioHaapHOMY yHiBepcuteTi imeHi Tapaca Illes-
yeHka "XiMis KOMIUIEKCHHX CHOJYK' BUKJIAJA€ThCS SIK CIellialbHa
TUICTIMTLUTIHA 3 UKy AUCIHMILTIH BiUTFHOTO BHOOPY CTYJEHTA P! IIifI-
TOTOBIN OakayiaBpiB 3a crnemianbHicTIO "Ximis". OTpuMaHi MPH BU-
BueHHI "XiMii KOMIUIEKCHUX CIIONYK' 3HAHHS € HeOOX1THUMU TS TI0-
JAJIBIIIOTO0 BUBUCHHS TAKUX CIEIabHUX JUCIMIUIIH MPH IiArOTOBII
¢axisuiB 3a OKP "bakanasp" i "Marictp" i3 ximii, sik "Opranivni pea-
rentn B aHamizi", "MarepianozHaBctBo", "EnexTpoxiMiuHi MeToqu
a"amizy", "MeTtoaum MoONeKyyspHOi crnekrpockomii”, "JlocmimkeHHs
KOMIUIEKCOYTBOPEHHs cydacHuMu Metogamu”, "KiHeTmuHi meroau
aHami3y" ToIo.

3a ocTaHHI POKM BHAAHO psll, 0e3 mepeOuIbIIeHHs, 3HATYIUX
MiAPYYHUKIB 13 KoopawHamiiHoi ximii: "Koopaunamifina ximisg"
(2004) B. B. Cxomenka Ta JI. I. CaBpancekoro, "IIpakTukym 3
koopamHamiinoi ximii" (2003) B. B. Ckomenka Tta B. 5. 3y6 —
YKpaiHCHKOI0 MOBOIO; "XHMHS KOOPIAWHAITMOHHBIX COEIUHEHHH"
(2007) 1O. M. KucenvoBa ta H. A. JIoOpuHiHOT — pOCIHCHKOIO.
Opnnak 3a cBOIM 3MICTOM yCi BOHHM CHpPSIMOBaHI Ha MHiArOTOBKY
(haxiBIiB y Tally3i HCOPTaHIYHOI Ta KOOPAMHAIIHHOT Ximil. YV ToH
e Yac A CTYIEHTIB, IO CHEeUialli3yI0ThCsl y IHIIMX HampsaMax
miAroToBKHU (axiBLiB y ramysi XiMii, icHye nmotpeba y mociOHHUKY,



Ximis koMnnekcHWX cnonyk

y sskoMy O Ha 0a30BOMY piBHI BHUKJaJajUCs 3arajbHi OCHOBH Xi-
Mii KOMIUIEKCHUX CIIOJNYK, IXHI BIaCTHBOCTI i OymoBa, Ta MpHIi-
nsmocst 6 AOCTAaTHBO yBaru Pi3HUM HampsMaM iXHHOTO MPakKTHY-
HOTO 3aCTOCYBaHHS.

CrioziBarocsi, 10 1el MOCIOHWK 3MOXE 3aJJ0BOJIBHUTH MOTPEOy Y
Moi0HOMY HaBYAILHOMY BHUIaHHI i OyJe KOpPUCHUM HE JIHIIE IS
CTYIEHTIB, MaricTpiB Ta acHipaHTIB aHANITHYHUX 1 XIMIKO-TEXHO-
JIOTIYHHUX CIIeHiaJhbHOCTEH, ae TaKOXX PO3IMIUPUTH 3HAHHSI W PO3y-
MiHHS poOJIeMaTHKH (PaxiBISIMH HIIUX TaTy3el HAyKH.



Po3gin 1
OCHOBHI MOHATTSA XIMII KOMMJIEKCHUX CMONYK

I3 mowarky XIX cT. y XiMif0 BBOAUTHCS TOHSTTS "BaJleHTHICTB",
sIKE BIAJIO 3aCTOCOBYETHCS AJIS MOSICHEHHS CKJIAAy Ta BJIACTHBOCTEH
0araThbO0X HEOpPraHiyHUX 1 OIIBIIOCTI OpraHiyHUX cHodyk. OpHak,
YTBOPEHHSI JIESKUX CIHOJYK 13 TO3ULiil Teopii BaJeHTHOCTI 3auiia-
Jocsi He3po3yMinuM. Tak, BajleHTHa Teopis HE MOIJa MOACHUTU Oy-
JIOBY CIIOJYK, SIKi yTBOproBanucs npu po3unHeHHi Cu(OH), y Box-

HOMY aMOHiaKy, OKHCHEHHS XiMIYHO ITACUBHOTO 30JI0Ta KUCHEM II0-
BITpS y NIPHUCYTHOCTI LiaHiA-ioHIB, B3aemonito I, i3 kpoxmaiem,
icHyBaHHs rifpuny 6opy y dopmi qumepy B,H, tomo. Tpaaumiiino
CTIOJIYKH, YTBOPEHHS Ta CKJIaJl IKUX HEMOXJIMBO MOSCHUTH 3a JIOTO-
MOTOI0 KJIAaCHYHOI BaJIEHTHOI Teopii, MaloTh Ha3By KoMILIeKcHi (Bix
JMATHHCBKOTO ""complex" — ckiamHuit).

Jlo KOMIUIEKCHHUX CIIONYK HaJleXaTh PEYOBHHHU PIZHHUX KIIACIB.
30KkpeMa, 1e CHONyKH, OyJOBY SKHX MOXKHA OIUCATH 4Yepe3 yTBO-
PEHHSI IOHOPHO-aKLENTOPHUX 3B'A3KIB: €JIEKTPOHM i3 3aifHATOI MoO-
JIEKYJIIPHOI opOiTam ofHiel MOJeKyIHn (qoHopa) YaCTKOBO IEPEXO-
ISTh Ha BiIbHY OpOiTanb iHIIOI MOJIEKynH (akmentopa). Y Koopau-
HAIIAHAX CHoJyKax TOHOPHO-aKLIENTOPHI 3B'SI3KM YTBOPIOIOTHCS MK
BUIBHMMH OpOITaIsIMU aTOMa, KU Ha3WBalOTh mentpaabuum (L[A),
1 HeTOAUIEHUMH E€JeKTPOHHUMH TapaMH MOJIEKyJd abo HOHIB, SKi
Ha3UBaIOTh JIiraHgaMu.

VY BUNAIKY MOJEKYJSIPHHX KOMILIEK- H.C CH,
ciB SIK JJOHOp, TaK 1 aKIenTop — OpTaHivyHi 3 @
MoJeKyu. Hanpukian, mpu 3MilryBaHHI O.N CH,
TPUHITPOOCH3EHY Ta TPUMETHIIOCH3EHY 2 0 NO
YTBOPIOIOTHCS  IHTEHCHBHO 3a0apBicHi 2
KpUCTAIH, Y CTPYKTYpi SIKMX TUIOIIUHH O.N

ApOMAaTUYHUX MOJICKYII pOBTaH_IOBaHi ona- 2

Ha HaJ OJHOIO.



Ximis koMnnekcHWX cnonyk

Po3unnenns 6e3bapBHoro TterpanianoermiieHy (NC),C=C(CN),

y OeH3eHi MPHU3BOIUTH 0 SICKPaBO-OPaHKEBOTO 3a0apBJICHHS PO3-
YUHY, TIOB'SI3aHOTO 3 YTBOPEHHIM MOJEKYJISIPHOTO KOMILUIEKCY aHa-
JIOT19HOT OYI0BH.

Po3unHenHs cnoiyki i0HHOT OyIOBH B MAJIOTIOJIIPHUX PO3UYUHHU-
Kax TPU3BOJIUTDH O YTBOPEHHs ioHHux acoumiatiB ([A), y KX KaTioH
Ta aHIOH TMOB'A3aHI MK CO0OO0I0 €JICKTPOCTATUYHHM 3B'SI3KOM. Y TBO-
penHs [A Mae Benuke 3HAYCHHS y Mpoliecax €KCTPaKINl Ta MoB's3a-
HHMX 3 HAMHM XIMIKOAHAIITHYHUX METOAaX. Tak, cTuOil BH3HAYAIOTH
METOJIOM EeKCTpaKIiiHOi criekTpodoToMeTpii 3 GapBHUKOM METHIIO-
BUM (ioneroBuM y Burisaai [M®]'[SbCIl, ] (auB. po3ain 7.1.4).

Crionyku, 10 YTBOPIOIOTHCS 32 PaXyHOK BKITFOUEHHS MOJIEKYJ JI0
MOPOXHUH KPHCTAJIIYHOI I'PaTKH, MAalOTh Ha3By kiarpatn. Hampu-
KJIaJl, IPH OXOJIOMKeHHI XJI0pHOoi Boau 10 0°C yTBOPIOIOTHCS KpHUC-
tamu cknany Cl,-8H,O, a yTBOpeHHSM KIIaTpaTy CEYOBHHH 3 He-
posranykeaumu ByrieBonusimu (n-C H, ., -(NH,),C=0) xopuc-
TYHOTBCSI 3 METOK BUJUICHHS OCTAHHIX 13 MOTOPHOTO MaJIMBa Ta Mij-
BHIIIEHHSI HOTO OKTaHOBOTO YHCJIA.

Komrutekcn "ricTh-xa3stin" yTBOPIOIOTHCS 32 paXyHOK BKITIOYCHHS
aTomiB abo mouekyn ('rocteit") 10 MOPOKHUH 1HIIMX MoJekyn ("'xa-
3s1B"). Buan B3aeMoniii Mixk IMMU MOJIEKYJIaMH MOKJIHBI Oy Ib-sIKi:
10HHI, TOHOPHO-aKIeNTOPHI, cuiu Ban aep Baamnca tomo. ®@opma
Ta PO3MIipH MOJEKYIH "TOCTA" BiAMOBIAAIOTH MOPONKHUHI MOJIEKYITH
"xa3sina". Jlo KOMIUIEKCIiB "TicTh-Xa3siH" BiTHOCUTHCS SICKPABO-CHHS
cnonyka I, -(C¢H,,O;),, 0 yTBOPIOETbCA NpH B3aeMoOJii Homy 3
kpoxmaneM. [Ipu 11 yTBOpeHHI MOJEKyIH HOMy MOTPAIUIIOTH ycepe-

JIMHY CIIipajieii, yTBOPEHUX MOJIEKYJIAMH aMiJIo3H.

Crioyka TeTpOAOTOKCHH, BWJALIEHA 3 pHOH
y

(yry, YTBOpIOE IyXe CTIMKWH KOMIUIEKC 13 Oil-
KaMH, 5Kl CKJIa[aloTh HATPi€EBUI 10HHUN KaHal y 2
KIiTHHHIA MeMmOpasi. [Ipu norpamnssiHai B opra- W///
HI3M TETPOJOTOKCHH OJIOKYE TTPOXOKCHHS HEp- N
BOBHX IMITYJIbCIB, TOMY € CHJIBHOIO OTPYTOIO.

VY cnoaykax i3 TomoaoriyHuM 3B'S13K0M CTPYKTYPHI OIMHHII CHUC-
TEMH MOXYTb TPUMATHUCS pa3oM 0e3 OyIb-fKuX XIMIYHUX 3B'S3KiB
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Pozgin 1. OCHOBHi NOHATTA XiMii KOMNNEKCHWX CNONYK

Mixk HAMU. Tak, cepell IPOIyKTiB 3rOPSHHS, SKi YTBOPUIIMCS MiJ Yac
aBapii Ha YopHoOmnbscekiit AEC y 1986 p., 6yno 3adikcoBaHo crmo-
ayky UC,,, mo sBuse coboro dynepen Cg, 13 BKIOUYEHUM Yy HOPOXK-

HUHY aTOMOM ypaHy. Pi3HOMaHITHI TOIOJIOTIYHI CUCTEMHU MOXKYTb
YTBOpIOBAaTHCA Ha (a3l JOBrOJIAHIFOKKOBHX OPTaHIYHUX MOJEKYJ,
NPUKIJIAIN SSKHUX 13 HUX HaBEJCHO HIDKYE.

> 000 S

Kartenan Porakcan By3soan

BracTrBOCTI KOMITIEKCHUX CHOJYK € TMPEAMETOM PO3TISAY JBOX
XIMIYHUX JUCLMILIIH, 110 TEBHOK MIPOI0 MEPETHHAIOTHCS MIX CO-
0010 — cympamouieKyIspHoi Ta KoopauHamiiinoi ximii. Cynpamorneky-
JISIpHA XiMisl — MDKIUCIUTUTIHAPHA Taly3b 3HaHb, M0 BUBYae (hi3wmd-
Hi, XiMiYHI ¥/ OGIOJIOTIYHI BJIACTHBOCTI CIIOJIYK, SIKi YTBOPIOIOTHCS 3a
PaxyHOK MDKMOJIEKYJSIPHUX (HEKOBaJICHTHHX) B3a€MOJINA 1 MaloTh
opranizoBany OymoBy [6]. ¥ ocranni 30—40 pokiB 115 Tany3p Oypx-
JINBO PO3BHBAETHCS, OJHAK 11 METANBHHUKN PO3TIISAI BUXOAUTH 32 MEXKi
JaHoro nocioxuka. Jleski 0coOIMBOCTI CynpaMoNeKyJIIPHUX CIIONYK
PO3IIAHYTO y MiApy4YHHKY [1].

[IpenmeToM BHWBUYEHHS KOOPAWHAININHOI XiMil € koopauHauiiiui
cnoayku (KC). Ha manmit yac cuare3zoBano KC mpaktudHO IS BCiX
enemeHTiB [lepiognunoi cucremu, 3a BuHsATKOM He, Ne Ta Ar, onHak
HaW4YacTille HeHTPaTbHUM aTOMOM € aTOM MeTaly.

JliraHaaM¥u MOXKYTh BHCTYIATH HEOpraHidHI abo OopraHidHi Mose-
KyJH/I, oo MarThb aToOMHU 3 Hel'[O)]iJ'IEHI/IMPI CJIEKTPOHHUMMU IIapaMu
(HEII). BinnoBigHi aToMu MarOTh Ha3BY JOHOPHHX, 3BHYAIHO II€ aTo-
mu HemetamiB (C, N, P, O, S, Hal tomo). Kommiekcn 3 momiOHUMHU
JITaHIaMHi Ha3WBaIOTh G-KOMILIeKcaMu (YTBOPIOIOTHCS G-3B'S13KHM), 00
BepHEpPiBCLKMME KoMILIekcaMu 3a iM'sMm A. BepHepa, mocCiigHHKa,
SIKMIA 3aKJI1aB OCHOBH TEOPii OyI0BY KOOPIUHAIIHHIX CIIOYK.

M + (G >L = M®L, 1HIIIE TO3HAYEHHSA M=—L



Ximis koMnnekcHWX cnonyk

Takox JiraHgaMd MOXYTh BHCTYNATH MOJIEKYIH 3 KpPaTHUMHU
3B'SI3KaMH, y IIbOMY BUIAJIKY /10 METAITy KOOPJUHYIOTHCS €IEKTPOHH
T-KOMIIOHEHTH KPaTHOTO 3B'A3KY, a BiJMOBIJHI CIIOJYKHA MarOThb Ha-
3BY M-KOMILIEKCH.

CH CH
MO + G2 = MG T 2
CH, CH,

Crig Big3HAYUTH, IO 3 TMO3UIIH KOOPAUHAIT MOKHA PO3TIISAATH
1 yTBOpeHHS "3BHYAaHWX" CHONYK, OyIOBY SIKHX JIETKO IOSICHIOE

BaJICHTHA TEOPisl.
Cl< 3D +0H* = CK_DH
ATne, 3po3yMmino, Taki CIOJYyKH B Kypci KOOpIWHALiHHOI Ximii
HE PO3rIAMa0Th. TakoX 3BUYAWHO HE PO3TIIAAIOTHCS MPOCTI aHi-
OHM OKCHUI'CHBMICHUX KHCIOT 1 TOJABIAHI COJIi, HAaNpPUKIAI

KCr(SO,), -12H,0.

PosrnsaemMo OCHOBHI TepMiHH, IO BUKOPHCTOBYIOTHCA B KOOP-
nuHaniiHid ximil. CyKyHHICTh IEHTPaJbHOTO atoMa i JiraHmis
Ha3UBAIOTh KOMILIEKCHA yacTka 200 kommieke. [Ipo miranau, 1o
KOODAMHOBAHI 10 aTOMa METaly, KaKyTh, [0 BOHU 3HAXOISATHCS Y
BHYTPilIHil koopauuauiiiniii cdepi. JlocwuTs 9acTo KOMIUIEKCHI
YaCTKU € 3apsDKCHUMH, TOMY 0 CKJIaay KOOPAHMHAIIHHUX CIO-
JIyK BXOJSATh 10HU, HEOOXIIHI JJIT KOMIEHCAIlii IXHbOTO 3apsny —
nporuiionn. Yci i0HH a00 MOJIEKYJIH, IO BXOMATH IO CKJIaTy KO-
OPJIMHAIIMHOI CIIOJIYKH, ajie He KOOPAMHYIOTHCS 10 IIEHTPAIbHOTO
aToMa, BIJHOCHTH 10 30BHIIIHLOI KoopauHauiiuoi cpepu. Ciix
Bi3HAYWTH, [0 MPH KPHUCTATi3aImii M0 30BHIMIHBOI chepu myxke
4acTO BXOJIATh MOJIEKYJHM pO3YMHHHKA. Tak, y CHOJYIl
[CrCI(NH,)](SO,)-H,O nmo BHyTpimHb0i chepu Bxoaars ion Cl
i m'sate Monekyn NH,, 10 30BHimHBOT — anion SO; i Monekya
H,O. TepMmiH koMmiekcoyTBOpoBa4Y Ma€ JIBa B3a€MOBUKIIOYHI
3HAUYEHHs: y JIiTepaTypi 3 KOOpJAMHAIIHOT XiMii IIe CHHOHIM Tep-
MiHa UEHTpaJbHUN aTOM, Y TEXHIYHIH JOKyMEHTalii — pe4yoBHHa,
[0 TPOSBISAE 3MATHICTh YTBOPIOBAaTH KOMIUIEKCH 3 METallaMH.
Hamami Mm 3acTocoByeMo 1ei TepMiH caMe B OCTaHHBOMY 3Ha-

10



Pozgin 1. OCHOBHi NOHATTA XiMii KOMNNEKCHWX CNONYK

YEHHI: BMHHA KHCJIOTa — KOMIUICKCOYTBOpIOBaY, a il aHiOH
C,H,0; , KoOp/MHOBaHMii IO aTOMa METAIy, — JiraHu.

[Tpwm 3amuci opmys KOMIUIEKCHY YacTKy OepyTh Y KBaJIpaTHi JIyK-
KH, CTIOYaTKy 3alrCyIOTh HEHTPaJbHAN aToM, a TOTIM JIiTaHAH, CIIO-
YaTKy aHiOHHI, IMOTIM HEUTpasbHI B al(aBiTHOMY MOPSJIKY JAaTHHCh-
KUX Ha3B. Jliranj NHIIeThes 10 METany THM aTOMOM, SIKUM KOOpAWHY-
€TbCs. SIKIIO crionyka GaratosiiepHa, MiCTKOBI JIiFaH 1 IO3HAYAOTHCS
JITEPOIO |l 1 MUIIYThCS OCTaHHIMH. SIKIO MICTKOBHI JIraHj 3B'S3y€
Oibllle, HIXK IBAa aTOMH, IXHS KUIBKICTEH IHUIIETHCS SK HIDKHIN 1HIEKC
micis | KarioHn 30BHINHBOI cdepu 3amicytoTh Iepe]], HeWTpasbHi
YaCTKM W aHIOHM — TiCJIs KOMIDIEKCHOT yacTku. HoMmeHkaTypa koop-
JMHAIIAHUX CTOJIYK 1 OUIBII JIeTallbHI MpaBmiia 3amucy (GopMmys pos-
[JSIHYTI y migpyynuky [1, cT. 17].

BaxxnuBuM MOHATTAM, IO XapaKTepHU3y€e KOOPAMHAIINWHI CIIOITy-
KH, € koopauHauiitne unciao (KY) — 111 G-KOMIUTEKCIB 1€ KUTBKICTh
JIOHOPHUX aTOMiB, O€3MocepeHbO 3B'I3aHUX 13 IEHTPAIBLHUM aTo-
MOM Yy Aadiii cronmymi. CyKynHICTb KOOPAMHOBAaHUX TOHOPHUX aTo-
MiB Ma€ Ha3BY KOOpAMHAWIAHUIA motienp.

3BuvaitHo s o-koMimiekciB KU Moxke HaOyBaTH 3HAYCHHS Bill
mBoX 1Mo 12. Y Tabn. 1 HaBemeHO THITOBI KOOPIWHAIIWHI IOTiEIPH
Juis pizHUX 3HayeHb KU i mpuKIamm Cronyk, Ui sSIKHX XapakTepHa
Taka reoMeTpis. Y pasi, skmo mis onHoro KY xapakrepni nBa abo
OlnbIe pi3HMX MoJienpd, IX HaBeAeHO B TaOn. | 31miBa HampaBo y
MOPSIIKY 3MEHIICHHS IXHBOI CTIMKOCTI, 1 Bi/IIOBITHO, PO3MOBCIOIKE-
HOCTI CIIOJIYK i3 Takot reometpiero. Tak, mis KU = 6 mepeBaxHa
OUTBIICTh CHOJYK Ma€ TeOMETPil0 OKTaeapa ab0 BUKPUBJIICHOTO OK-
Taenpa, CHOJIYKH 3 TEOMETPI€I0 TPUTOHAIBHOT MIPU3MHU 3YCTPIvalOTh-
csl myxke pigko. [IpuumHOO pi3HOI CTIMKOCTI KOOPAWHAIIHHUX TOJTi-
e/IpiB € BiAMTOBXYBaHHS MiX Jirangamu (AuB. po3min 5.1).

Bucoki (Bume 6) 3HadeHHss KU € HaWOLIBIT XapaKTepHAMH IS
enemenTiB no6iuHux miarpyn [V-VII rpyn [epionnunoi cucremu,
10 3HAXOAThCS Y 5—6 Tepioiax, a TAaKOXK JIJIs JIAHTAHOIIB 1 aKTHHO-
iniB. [{ns Bucokmx KU BigMIHHOCTI Mik Pi3HUMH T€OMETPisIMU KO-
OpAMHALIIHHOTO TOJiEApPY CTAIOTh HECYTTEBUMH, OCOOIHMBO 3 ypaxy-
BaHHIM TOTO, IO YaCcTO Y BHYTPINTHIO KOOPAMHAIINHY chepy TaKux
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Ximis koMnnekcHWX cnonyk

KOMIUIEKCIB BXOJSATh JIOHOPHI aTOMHU Pi3HOI mpupoaud. ToMmy 4dacTto
reoMeTpist moJiepa € YUMOCh CepeHIM MK HaBeJeHUMH y Tabui. 2
i71ealli30BaHUMY TEOMETPISIMH.

Taoauua 1
I'eomeTpu4Ha iHTepnpeTanisi KOOPAUHALIHHIX YK CeJI

/lna koopounayiiinozo yucna 2

" *
N

Tliniiina (D, ) Kyrosa (C,,)

[Ag(NH;),]Cl I

3
/lna koopounauyiiinozo uucna 3

| .

. Q

N . ey
puronansa mipamina (C; )

Tpuxyrauk (D;;) [Nd{N(SiMe,), },]
((CH;);S)[Hgl,]

Jlna koopounauiiinozo uucna 4

/

*\
Terpaenp: (7)) Ksagpar (D,),)
K,[CoCl,] [Pd(NH,), ]CL,

/lna koopounayiiinozo yucna 5

TpuronansHa 6imipamizna ( D, ) Tpuronansua 6inipamina ( D;,)

K, [Ni(CN),]. Fe(CO); K, [Ni(CN),], Fe(CO),

12



Pozgin 1. OCHOBHi NOHATTA XiMii KOMNNEKCHWX CNONYK

Ilpooosircenna maon. 1

/lna koopounayiiinozo yucna 6

Oxraenp (O, ) Tpuronansua npusma (D, )
[Cr(NH;),]Cl, Mo(~S—C(CH,)=C(CH,)-S-),

Jna koopounaiitnozo uucna 7

¥ & -

OpmHomankoBa
IlentaronanbpHa
TPUTOHAIbHA TTPHU3Ma o )
OIHOIIAIKOBUH (C,.) Gimipamina (Cs,)
oxtaenp (C,) K,[NbE ], K,[V(CN),]-2H,0
[Cr(CN-Bu), ](PE)), K,[TaF,] Cs;[UO, (NCS);]

na koopounauiiinozo uucna 8

q

KBagpatna Honexaenp .
antunpusma (D, ) 3 TPUKYTHUMH Kyg (Igmglgoc)s( 0
[Se(H,0),J[Hgl,]  rPawmn (D) (FLNLIUINES)]

[Ca(H,0),][Hgl,]
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Ximis koMnnekcHWX cnonyk

IIpoooercennsn maon. 1

Jlna koopounauiiinozo uucna 9 Jna koopounauiiinozo uucna 12

0

=

7

)

Tpumankosa
TpUroHansbHa npusma (D;),) Ixocaenp (1)
Kz [ReHo] [Mg(H20)6][ThO\IO3 )6] : 2H20

V m-xkommiekcax KU cTrae HeBH3HAUEHOIO BEJIH-
ynHO10. Tak, y cnonyni Cr(C,H,), KY moxna BBa-

XaTh piBHUM 12 (3a KiTBKICTIO aTOMiB, HAHOINKINX
JI0 IIEHTPAILHOT0), MIECTH (3a KUIBKICTIO KOOPIUHO-
BaHMX 10 LEHTPAJbLHOTO aTOMa EJIEKTPOHHHUX Iap)
a00 JBOM — SKIIO PO3TIANATH IiraHj OEH30I SK
0e3CTPYKTYpHY YaCTKYy.

KinbKicTh TOHOPHUX aTOMIB, 3aBISKA SKUM JIITaH 3B'SI3Y€THCS
3 00HUM aTOMOM MeETajly, Ma€ Ha3By aeHTaTHicTh. J[€HTaTHICTBH,
Ky MOJKE TPOSIBJISATH JIraHll, 3aJeKUTh BiJ] 0ararboX YMHHUKIB,
30kpeMa kinbkocti HEII y miranai ta crepuunux daxropis. Tak,
NH, mae oxny HEII, Tomy BuCTynae nuiie MOHOAEGHTaTHUM JIi-

raujom, etwieHaiamin (2 HEIT) 3Buuaiino € OifeHTaTHUM, a Tij-
pasuH, skuil Takox MictuTh nBi HEIl — moHonmeHntartHmii. Taka
0COONUBICTH Tipa3WHy IMOB's3aHa 3 TEOMETPUYHOIO HANpYyXKeHic-
TIO 3-4JIGHHOTO IUKIY, KW MaB OW BUHUKHYTH IpU HOTO Oi/N€H-
TaTHIM KOOpIWHAIIII.

Jliranou, mo maroTh aekineka HEII, ame mpu mpoMmy HE MO-
KYTh KOOPAMHYBATHCS HUMH 10 OJHOTO aToMa MeTajly, 4acTo

BHUCTYNaroTh MicTkoBuMH. Tak, rigpasun, NH, i H,O moxyTs

noennysatu g8a, OH™ — Tpu, a anion O’ — YOTHPH aTOMH Me-
Tajgy. 3p03yMisio, IO MICTKOBa KOOpJHWHAIis Ma€ Micle He 3aB-

14



Pozgin 1. OCHOBHi NOHATTA XiMii KOMNNEKCHWX CNONYK

&K1au, 30kpema, 11 H,O MoHOAeHTaTHa KOOpPAMHALIS € 3HAYHO

O11bII XapaKTEePHOIO.

o ”? 0“@ Oog O% Oog

Jl1s T-KOMIUTEKCIiB JCHTATHICTh JIiranmy, Tak camo sk i K4, € He-
BH3HAUYEHOI BeNW4MHOI. HaifuacTime ii nmpuiiMaroTh piBHOKO Kilb-
KOCTI €NIeKTPOHHHX TIap, 0 OepyTh y4acTh B YTBOPEHHI 3B'A3KY JIi-
TagIy 3 aTOMOM MeTaiy. I3 X MipKyBaHb JIEHTaTHICTH OCH30JY B
TUOCH30JIXPOMI IOPIBHIOE TPHOM.

Cnip Big3Hauuth, mo KY 1 neHTaTHICTh HE MOKHA BH3HAYATH,
BUXOJSYM JIMIIE 3 XIMIYHOI'O CKJIAy CHoiayku. Tak, cronyka
K,Bi(SCN),, HacmpaBii cKIalaeTbecsl 3 30BHIIIHBOCHEPHUX KaTio-

H

niB K Ta amionmis SCN™ i kommiekcHoi wactku [Bi(SCN) T,

a aHioH y Oe3BopHOMY cuitikarti HaTpito Na,SiO; moOynoBaHuii sk

HECKIHYCHHUH JIAHITIOKOK 13 CHIIIII-OKCUTEHOBUX TETpae/IpiB.
BaxuBUM NpH PO3MIIAAI KOOPAWHAIIWHUX CIIONYK € TMOHATTS

CTYHiHb OKMCHEHHS, BiJloMe 3 HeopraHiuHo1 XimMii. KibKkicTh 3B's13KiB,
mo yrtBoproe I[A 3 HaWONMMXKYUM CYCIHIMH aTOMaMHd, Ma€ Ha3By

KoBasenTHicTh: Tak, y conyui [UO,F, ], koBanenTtHicTh n0piBHIOE

neB'sti, a K4 — cemu. Ane Ha mpakTHIl TOHATTS "KOBaJEHTHICTH"
BUKOPHUCTOBYETHCS PiIKO.

KonmponbHi 3anumaHHs ma 3ae0aHHs

1. YuM Bipi3HSAIOTHCS KOMILJICKCHI CIOJIYKH BiJ] KOOp-
TUHALIWHAX?

2. SIKi K1acy KOMILTIEKCHUX CITONyK B 3HaeTe?

3. SIki criomyKu MOXKYTh BUCTYIATH JiraHaamm?

15



Ximis koMnnekcHWX cnonyk

4. lllo Take "koopauHallifiHe YynciIo" Ta "KOOpAMHAIIIM-
Hull momienp"?
5. Big sSIKuX YMHHUKIB 3QJICKHUTh JICHTATHICTH JITaH Ty ?
6. Ha3BiTs 3a Homenkinatyporo [UPAC crionyku:
K,[Sn(C,0,),], Na,[Fe(CN),(NO)],
[PdCI(NH3 )3 ] [PdC13 (NH3 )] > [Coz (NH3 )10 '“'NHz ]Cls :
7. SIKy NEHTATHICThH IPOSIBJISIE CTUIICHIIAMIH y KOMILICK-
cax i3 Ag" (KU2)i Ni** (KU 6)? Yomy?

16



Po3gin 2
ISOMEPIA KOOPD,I/IHALI.II?IHVIX Cnonyk

BiacTuBOCTI KOOpAMHAIIIHHUX CIOJIYK BU3HAYAKOTHCS HE TLlb-
KM IXHIM CKJIajioM, ajie i OynoBoro. KoopauHallifiHi Crioayku o-
HAaKOBOTO XIMIYHOTO CKJIaay, ajie pi3HOi OyJAOBH, MaiOTh Ha3BYy
i3omepiB, aHANOTIYHO 0 OpTraHiyHUX cronyK. [eski Bunu i3omepii
KC He noB'si3aHi 3 i30Mepi€r0 caMOro KOMIUIEKCHOTO i0Ha. Jlo HUX
BIJTHOCSTBCS:

Koopaunauiiina izomepisi: HEOTHAKOBUN PO3IMOAUT JIITAaHAIB MiX
KaTioHOM Ta aHIOHOM Y CHONYyIli, IO MICTUTh IOHAWMEHINIE JBa
KoMIUleKkcHI 1oHM. Hampuknan, cnomyku [Pd(NH,),][PdCl,] i
[PACI(NH,),][PdCIL;(NH,)], [Cr(NH;)(][Co(CN)] i [Co(NH;)¢]x
X[Cr(CN), ] € koopauHamiiHUMH 130MEpaMH.

Koopaunaniiina nogimepisi: SBUIIE MOMIOHE HO KOOPAWHAIIHHOI
i30Mepii, aje CroyKH MaroTh Pi3HY MOJEKYISPHY Macy, HampuKiIa
[PACL,(NH,), ] i [PA(NH,), ][PdCL,].

Tonizamiitna MeTamepisi: i30MepH PO3PI3HAIOTHCS 32 PO3MOLIOM aHi-
OHIB MDK BHYTPILIHBOIO ¥ 30BHINIHBOIO cdepamu: [PtBr,(NH,),]Cl,
i [PtCl,(NH;),]Br, .

CoJbBaTHA i30Mepisi: CIIOIYKH PO3PI3HSIIOTHCS 32 (DYHKIIIEIO po-
3YMHHUKA, M0 BXOJHUTH JI0 IXHBOTO CKJIaay. SIKIIO PO3YMHHUK —
BOJIa, LIeH BUJ HA3UBAETHCA rimpatha izomepis. Hanpuknan, aist Bu-
najaky rigpatis xnopuay xpomy: [Cr(H,O),]Cl; — diankoso-cipui,
[CrCI(H,0),]Cl, -H,O — cBitno-3enenuti i [CrCl,(H,0),]CI-2H,0
— TEMHO-3€JICHUH.

EaexkTponna izomepin: JOCUTH PIAKICHHM BHJA i30Mepii, 10
TOJIITaE y Pi3HOMY PO3MOAiNi €JIEKTPOHIB MK OKPEeMHUMH dYac-
THHKaMH, IO BXOJATH 10 CKIATy CIIONYKH. 30Kpema, IIe MOXKYyTh



Ximis koMnnekcHWX cnonyk

OyTH pi3HI aTOMHU MeTally y MONIsSJEpHINA CIONyIli, HANpUKIA
[Ru”* (NH,),][Fe™ (CN);(py)] i [Ru’" (NH,),][Fe’" (CN);(py)].
Banspkoto 1o enekTpoHHOI 130Mepii € cinoBa i3omepis. CIiHOBI i30-
Mepu — 11e KC, 110 BiJIpi3HAIOTHCS JIAIIE KITBKICTIO HECIAPCHUX elie-
KTPOHIB (IUB. po3Aial 5.4), TOMi SK BCe iHIIE (CKIaa, B3aEMHE PO3Ta-
[IyBaHHS JITaHAIB Y TIPOCTOPi, TEOMETPisl KOOPIUHALIIHHOTO TOJie -
py) onnaxose. Hanpuknan, Fe’* yrsoproe 3 Tio- a6o ceneHocemikap-
0a3oHaMM OKTacOpUYHI KOMIUIEKCH, IO TPH HHU3bKIA TeMmmepaTypi
(<0°C) € HH3BKOCIIHOBUMH, MAalOTh OJMH HECHAapEeHHWH EJIEKTPOH,
a TIpY BUCOKIM — BUCOKOCITIHOBUMH (IT'ITh HECTIAPCHHUX CJICKTPOHIB).

_ N NH T R
NS \
- 2
N\ \[s( O\N "
Ve !
O\/Fe%\o R
S R
A
HNT NS
L H _
Kommiaexe Fe’* 3 tiocemikap6azonom CaninanbauMiHaT HiKeT0

PosrnssHeMo Buau i30Mepii caMoi KOMITIIEKCHOT YaCTKH.

AJUIOTOHAJILHA i30Mepisi: KOMIUICKCHI YacTKU PO3PI3HAIOTHCS
TreOMEeTPi€I0 KoopauHaIiHOTo Tonieapy. Tak, KOMIUIEKCH HiKeIto
3 N-ankincaminarsAUMiHaMA MOXYTh ICHYBaTH y BUTJISIAL K TET-
paempa, Tak i IJIOCKOTO KBajpaTa, IPUYOMY IIi CHOJYKH BiIpi3-
HSIOTHCS 32 MAaTHITHUMU BJIACTHBOCTSAMU: "KBaJIPaTHI" KOMIUICKCH
— JAlaMarHeTuKH, a "TeTpaeapuuHi" — mapaMarHeTHKH.

Koopaunamiifauii  mojie;)p aroMa I[HHKY B KOMIDIEKCI
[Zn(acac),(H,0)] mae Burnsan, Onu3pkuil 10 TpUroHaNbHOI Oimipa-

Mifu Ta TeTparoHalbHOI mipaminu; xapOonin kobamsTy Co,(CO),

y PO3UYMHAX ICHYE Y BHIJISII PIBHOBAXKHOI CyMillIi TPhOX 130MepiB:
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Po3gin 2. 13omepis koopanHaLiiHNUX cnonyk

H,C
CcO CO oC CO oc CO CcO
0c., \QCO \ N CcO OC\ /CQ CO
~ Co—Co\ — "N Co—Co'
c” | |\ | | / \C6
CO CO coO CO co

I3omepis 3B'a3Ky. SIKIIO JIiraH Mae IeKijabKa JIOHOPHUX aTOMIB, TO
BiH MOXE KOOPIWHYBATHCA PI3HUMH crocobamu. I3omepist 3B'SI3Ky

XapakTepHa AJs TakuX Jiranais, sk NO,, CN™, SCN™, SO§' TOIIIO.
[pu peaxuii [Co(NH,),H,O]*" i3 NO, crouaTky yTBOPIOETbCS
xommiekc [Co(ONO)(NH,),J** poskeBoro kombopy, skuil uepes
OeSKUH dYac TepexXOAWTh y  CTIAKIMUH  KOBTO-KOPWIHEBHH
[Co(NO,)(NH,),]*" . Anasnoriuna peakuis Bizoma i ayist SO; .
Teomerpuuna izomepis. ['ecoMeTpUYHUMH i30MEpaMU HA3UBAIOTHCS
KOMIUIEKCH, 10 BiIPi3HAIOTHCS PO3TALIYBAHHSM JIITaHIIB y BEpIIMHAX
KOOpIUHAIlIHHOTO noienpa. Tak, I MmI0CKO-KBapaTHIX KOMILIEKCIB
cxiany [MX,Y,] Ta okraempuunux cknamy [MX,Y,] po3pi3HAIOTH
yuc- 1 mpauc-i3oMepu, U1 OKTaeAPUYHHX KOMIUIEKCIB CKIALy
[MX,Y,] OyBatots (awiansHi (¢pay-) i MepuaiabHi (Mep-) 130MepH.

I, [
/ N / N L
YT \ X X -X
X Y
yuc-izomep mpanc-izomep
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Ximis koMnnekcHWX cnonyk

X X
Y{ """"" =Y Y ke Y
M oM
/ N L : A
XFrmmmmeees ‘-X Y& \
Y X
day-izomep Mep-izomep

Bup i3oMepii, moB's3aHull i3 pi3HUM PO3TAIIyBaHHSIM y KOOP/U-
HaI[ifHOMY TIOJIieIpi JOHOPHUX aTOMIB ITOJIIEHTATHOTO JIIraHIy Mae
Ha3By Tomojoriuna izomepin. Ha pucyHky HaBeneHo izomepu (0e3
ypaxyBaHHSI €eHaHTIOMEpiB, IUB HIKYE), 10 YTBOPIOIOTHCSA MPU KO-
Op/MHALIT TIeHTaeTHIeHTekcaMiny (JTinmeny) 1o kariona Co’*. Vci
i i3oMepu OyJIo BUIINIEHO MeToI0M Xpomarorpadii, a iXHI0 CTpyK-
Typy BCT@HOBIIEHO 3a JIOIIOMOTOI0 PeHTreHoTpadii MOHOKPHUCTAITIB.

OnruyHa i3omepist. SIKIIO MOJIEKya CIIOTYKH HE Ma€ TaKHX eJie-
MEHTIB CHUMETpii, IK LEHTp iHBepcii Ta IJIOLMHU CUMETPIi, sl MO-
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Po3gin 2. 13omepis koopanHaLiiHNUX cnonyk

JIEKyJla € ONTHYHO-aKTUBHOIO, TOOTO 00epTae IUIOIIMHY MOJspH3a-
mii cBiTia. [3oMepH, SKi CIIBBIAHOCATHCS, SIK IPEAMET 1 HOTo a3ep-
KallbHE BiOOpaXCHHS, HA3MBAKOTHCS eHaHTioMepamu, 30Kpema,
xommuekcu [Cr(en),]’" i [Co(en),]*", nerko MoxyTh 6yTn po3ine-

Hi Ha CHAHTIOMEPH.

EnanTiomepn mMatoTh ineHTHYHI (Ppi3WdHI Ta XiMidHI BIaCTHBOCTI
(y peakuisix i3 ONTHYHO-HEAKTUBHUMH CIOJYKaMH), aje BiApi3Hsi-
FOThCS HAPSMKOM OOCpTaHHS TUIONIMHU TOJISApU3allii CBITIA, XiMid-
HUMU BJIACTUBOCTSIMU B PEAKI[isX 3 ONTHYHO-AaKTUBHUMHU CIOIY-
KaMH ¥ OIiOJIOTiYHMMH BJIACTHBOCTAMH. Hampwkiam, mpaBo-
obeprarouunii i3omep kommiekcy [Ru(dipy),]Cl, (dipy — 2,2'-aumi-

puAuI) i€ HAa MUIICH SIK CUJIbHA OTPYyTa, a JiBooOepTalduil €
MPOTUOTPYTOIO 10 TEPIIOTO.

BunukHeHHS onTH4HOI i30Mepii OyBae 3yMOBIEHO: B3aEMHUM
pO3TallyBaHHSM MOHOJEHTATHUX JITaH[iB a00 XelaTHUX LHKIiB
HAaBKOJIO LIEHTPAILHOTO aToMa, KOH(QOpMAIi€l0 XeTaTHUX IUKJIiB,
HECUMETPUYHICTIO MOJIJCHTATHUX JIIraH/iB a00 iXHbOI ONTHY-
HOIO aKTHBHICTIO. Y pa3si, SKIIO CIIOJyKa Ma€ JEKiTbKa acHMeT-
pUYHUX TEHTPiB, 130MepH, [0 BiAPI3HAIOTHCA KOHQIrypalli€ero
JUIIe YACTUHU 3 HUX, HA3UBAIOTHCS giacrepeomepamu. Lli cnomy-
KM BIAPI3HSAIOTHCS MK cOO0OI0 HE TUTBKH 3a 00epTaHHSIM ILIONIH-
HHU ToJisipu3anii cBitia, ane i 3a Gpi3MIHIMHU Ta XIMIYHUMH Bllac-
TUBOCTAMH. JleTanbHO sIBUIIE ONTHUYHOI i30Mepii BHBUYA€ETHCS B
Kypci cTepeoximii.
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Ximis koMnnekcHWX cnonyk

Koudopmauiiina isomepin. [Ipu xoopauHarii jiranay, 3BHYaiiHO
TaKOTO, IO YTBOPIOE XENATHI IUKIH, TIEPEeXia MK pi3sHUMHU KOH(OP-
MallisiMd KOOPJMHOBAHOTO JIraHay Moke OyTH 3aTpynHeHuM. [30-
MEpH, 110 YTBOPIOIOTHCS 32 PaxyHOK LBOTO €(EeKTy, Ha3UBAIOTHCS
kongopmepu. Tak, wis kommuiekey cis-[CoCl, (trien)]” 3adikcoBano

IBi Mapu eHaHTioMepiB (0e3 ypaxyBaHHsS KoHpopMepiB Mana 6 OyTu
JMIIe OJTHA Mapa):

Konmponwvni 3anumannusa ma 3a60anns

1. ki Buau i30oMepii KOOPAMHALIWHUX CIOJIYK HE
MoB'si3aHI 3 130Mepier0 KoMIUlekcHoro ioHa? HaBemiTh
MPUKJIAIH.

2. SIxi BUaM i30Mepii KOOPAWHAIIHHIX CIOJYK IMOB'sI3a-
Hi 3 130Mepi€l0 KoMIUIeKcHOTo i0Ha? HaBeniTh mpukiau.

3. 3aBIAKH KMM YMHHUKAM BHHHKAC Ta SIKI BJIACTHUBOC-
Ti CIIOJTYK 3yMOBJIIOE ONITUYHA i30Mepis?
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Po3gin 2. 13omepis koopanHaLiiHNUX cnonyk

4. Hamamoiite Bci i3omepu st kariona [CrCLL,]",
L — N-metunerunenaiamin, CH,NHCH,CH,NH, . fxi Bu-
I i30Mepii MPOABISIOTHCS B I[bOMY BUTAAKY?

5. Hamamolite Bci i3omepu s crionyku CrBrClF(en), ,

ypaxoBYyIO4H, 110 HeHTpanbHuil aToM Mae KY 6, a Mmosiexy-
TU eTWICHIIaMiHy HE MOXYTh 3HaXOJWUTHUCH Yy 30BHIIIHIN
KOOpIWHAIIWHIA cdepi. SIKki BuHAN i30Mepil MPOSBISIIOTHCS
B IIbOMY BHUMAAKY?
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Po3gin 3

MOHATTA NPO TEPMOAWHAMIKY YTBOPEHHS
KOOPAWHALIMHUX CNONYK

3.1. KoHcTaHTH Ta (hyHKUi,
AKi XapaKTepu3yTb NPOLECH KOMNNIEKCOYTBOPEHHS

YTBOpEHHS! KOMILIEKCHOI YaCTKH, fK 1 OyIb-siKa XiMi4Ha peakLis,
XapaKTePU3YETbCS KOHCTAHTOIO PIBHOBAard. 3BUYAalHO PIBHOBAru
KOMIUIEKCOYTBOPEHHSI BUBYAIOTh Y PO3YMHAX, NPU IBOMY KOOPIH-
HAII€I0 PO3YNHHHUKA HEXTYIOTb, 1 BIMIOBIAHY PEaKLil0 pO3TISIAI0Th
SIK IPUEHAHHS MOJICKYJI JIiraH/1a 10 BUILHOTO i0HA METaIy:

M+nL 2 [ML,]

[ML, ]
[M]-[L]"’
1ii, Ma€ HA3By KOHCTAHTA KOMILIEKCOYTBOPeHHs 200 KOHCTAHTA CTili-
KOCTi KoMIUlekcy. Y KBaJIpaTHHX IyKKaxX 3allUCYIOTh PiBHOBaXKHI
KOHIEHTpaIlil pi3HuX Qopm (BUIBHHX i0HIB MeTarmy — [M], BUTbHOTO
nirangy — [L], kommuiekcy neBHoro cknany — [ML, ]) mo icHyroTb y

KoncranTa piBHOBaru B, = 3amucana JIs Takoi peak-

pozunHi. OGepHeHa 10 3, BEJUUYUHA, IO XapaKTePU3ye AUCOLIALio
KOMIUIEKCY Ha i0H MeTajly Ta BiIbHI JIITaHAW, HA3UBAETHCS KOHCTAH-
Ta HecTiiikocTi. KOMIUIEKCOYTBOPEHHSI B PO3YHHI € CTYHIHIACTHM
MIPOLIECOM:
M+L 2 [ML] 2 [ML,] 2 ...[ML,]
[ML, ]
ML, ]-[L]

HTH cTiiikocTi, 1erko 6aunty, mo B, =K, -K, -..K, . Cnig 3BepHyTH

Koncrantn K, = Ha3UBAIOTHCSA CTYMiHYACTI KOHCTa-

yBary, oo B Cy4acHii JOBITKOBiH JiTepaTypl HalyacTime HaBOASTH
3HAYEHHS NTOBHUX KOHCTAHT CTIMKOCTI 3, A7 BCHOTO PsTy KOMILIEK-



Po3pin 3. MoHATTA Npo TepMoaMHaMiKy YTBOPEHHSI KOOPAUHALIMHUX COMYK

ciB ML-[ML, ], mo icHy!oTb y wiii cuctemi. Yum Oisblne 3HaAYCHHS
KOHCTaHTH CTiMKOCTI — TUM CTIMKILIMIA KOMIUIEKC. Y JiTeparypi, BU-
naniit 3a yaciB CPCP mpubmuzno mo 1970 p. (quB. Hanpuknax [12]),
HABOJMJIM 3HAYEHHsI TIOBHUX KOHCTAHT HECTIMKOCTI, SIKI MO3HAYaIH
gk K, Ipu 1bOMY CTYIiHYACTi KOHCTaHTH CTIHKOCTI HMO3HAYalIH SIK
k,. ToMy npu KOpPUCTYyBaHHI JOBIIHHUKOBUMHU JaHUMH TpebGa OyTu
YBaKHHUM, 100 HE MeperuIyTaTi KOHCTAHTH CTIMKOCTI Ta HECTIMKOCTI:
AKIIO J0AaTKOBOI iH(popMallii Hemae, 3Budaiino B, >1, a KOHCTaHTa
HecTiikocTi < 1.

Ckmam KOMIUIGKCIB, IO YTBOPIOIOTECS B PO3YMHI, 1 3HAYCHHS
KOHCTAaHT KOMILIEKCOYTBOPEHHSI 3HAXOJSATh, BUBYAIOYM 3MiHY KOH-
LIEHTpAaIlii OJTHOTO 3 KOMIIOHEHTIB (BUJIPHHX 10HIB METaly, BUTLHOTO
JiraHay abo KOMITIEKCY) TpH 3MiHiI CKIIaay CHCTEMH MeTaj-JiraH/I.
Jist BU3HAUCHHSI KOHIEHTpAIlli BHKOPUCTOBYIOTh METOAU (POTOMET-
pii, moTeHiomMeTpii TomIO.

Skmo y cucteMi MeTan-JiraHj] YyTBOPIOETHCS JIHUINE OAWH KOM-
mwieke [ML, ], mo Mae meBHy xapakTepUCTH4HY (i3MUHY BIacTH-
BiCTb, HANpHUKIaZ, 3a0apBIICHHS, CKJIaJ LBOIO KOMIUIEKCY MOKHA
BCTAaHOBUTHU, KOPUCTYIOUHCH MeTOAOM i30MoisipHuX cepiid. 111 iboro
TOTYIOTH CEPiI0 PO3YMHIB, Y SIKi BHOCATH 3MiHHI KOHIICHTpAIlii MeTa-
ay (C,,) 1 miraagy (C, ), ajne 3a yMOBH, IO IXHS CyMa € CTaJolo:

C\, + C, =const. Konnenrparis xommiekcy [ML, ], a oTxe if inTeH-

CHUBHICTb HoOro 3abapmicHHS, Oyae MaKCHMaIbHOIO 3a YMOBH:
C

—L =pn. IluM METOJOM MOKHA BCTQHOBHUTH, IO B PO3BEIEHHUX BOJI-
CM

HUX PO3YMHAX, MiJKHCIEHHX HIiTpaTHOI KucioToro, Fe’* yTBoproe
3 poJiaHiioM KoMITIeKc ckmany 1:1.

SIxio >k pu yTBOpeHH1 y cucteMi M—L ognoro kommuiekcy [ML ]
€ MOXJIMBICTh BH3HaunTH [M] (HanmpuKiaa, METOJOM IOTEHIIIOMETpii),
CKkIaza i 3, IbOro KOMIUIEKCY BCTAaHOBIIOIOTh METOOM 3CYBY PiBHOBArH.
J1s 1T50T0 TIPOBOATH BUMIpIOBaHHS [M] 11 cepii pO3YHHIB 13 CTAIOI0
Cy 13MiHHOIO C] 3a YMOBM BEJIMKOIO HQJUIMILIKY JiraHgy (Tax, 1100

25



Ximis koMnnekcHWX cnonyk

MoxHa Oyio BBaxaty, o [L]~C, ta [ML, ]~ C,,). Ilicia norapud-

[ML, ]
MYyBaHHS BUpa3y 3, = ———"— MaeMo:
[M]-[L]"
Ig[M]=[ML, ]-1gB, —n-Ig[L]~1gC —1gB, —n-1gC;

I3 nineapuzoBanoi 3anexHocti Ig[M] Bin —Ig[L] Bu3HaYarOTh 1
1 B3, SK KyTOBHI KOe(iLi€HT 1 BUIbHUI J0JaHOK BiJIOBIIHO.

JIJis cpoIlIeHHsT PO3paxyHKIB CTYMIHYACTUX KOHCTAaHT KOMILICK-
COYTBOPECHHSI BUKOPUCTOBYIOTH PsiJl TOTIOMIKHUX (PYHKIIIH.

®ynkuin B'epyma n Mae (bi3uyHMIA 3MICT CepeHbOI KiTbKOCTI L,
- CL —[L]

npueaHanux a0 LA i MaTeMaTH9HO BUPAKAETHCS K 71 =
M

KonreHnTpariito BUIBHOTO JIiTaHAY HEPIOKO MOKHA BU3HAYHUTH
CHEKTPOPOTOMETPUYHIM a00 MOTCHIIOMETPUYHUM METOIOM, a
OTXKe 1 po3paxyBaTd BiJIOBiTHE 3HAYCHHS n. OnuuM i3 Halmpoc-
TIIIHM METOMIB PO3pPaxyHKY CTYIIHYACTHX KOHCTAHT CTIMKOCTI
(K,) € meroa B'epyma, 110 IOJArae B TaKOMY. BynyroTh 3aiex-

Hicth ¢yHKmii B'epyma Bim —Ig[L] (manpuxnazn, puc. 1). Ha mid
3aJIEKHOCTI 3HAXOAATh TOUkH, Ae n=i—0,5. ko BBaxaTu, 10

MpH TAaKOMy 3HAauYCHHI n y PO3YMHI ICHYIOThH JHUIIEC KOMIUICKCH
ML, i ML,,, To iX KOHIEHTpalii piBHI MiX co0oI0
[ML,]=[ML, ], aorxke IgK, =—Ig[L].

IHma QyHKIsA, 10 YaCTO BUKOPHCTOBYETHCS MPU PO3paxyHKax
CTYIIHYACTUX KOHCTAHT CTIMKOCTI KOMIUICKCIB — dynkuiss ®dponeyca
a00 3aKOMILIEKCOBAHICTH, BOHA BIJAIMOBIAA€ BIIHOIICHHIO 3arajabHOl
KOHIICHTpAITil 10HIB METaTy 10 KOHIIEHTpAIii BUTbHUX 10HIB METaIY:

o =S MIFIMEI* -4 IML g gy g P 4 gp Ly
[M] [M]
OyHKIis @ Moke HaOyBaTH 3HAYeHHS y iHTepBaii Bix 1 (KOMILUTeK-
COYTBOPEHHsI HeMae) 10 +oo (BC1 i0HM MeTally 3B'si3aHi B KoMIniekc). Ha
BuKoprcTaHHI ¢yHKIii @poHeyca 6a3yeTscs meron Jleaena, M0 JT03BO-

Jisl€ po3paxyBaTH Bech HaOlp 3HaueHb [3, i cuctemu M-L, Bukopuc-
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Po3pin 3. MoHATTA Npo TepMoaMHaMiKy YTBOPEHHSI KOOPAUHALIMHUX COMYK

ToBYyrOouHM 3HaueHHs [M] i [L] ms cepii po3unHis i3 cranoto C,, 13MiH-

Howo C| (QHAJIOTIYHO METO[Y 3CYyBY PIBHOBAarH).

n

1.5

0.5

Puc. 1. 3anexnocti ¢pyukuii B'epyma » Bixg rorapudpmy koHueHTpanii
BiIbHOTO Jiranay y cucremax TP’ —1° i Cu® —NH,.
SIKmIo cTymiHYacTi KOHCTAHTH CTIHKOCTI K, Iy’Ke BiIpi3HSIIOTHCS

Mix co6oro (cuctema TI'" —17 ), HA 3AJIEKHOCTI CIIOCTEPITAIOTHCS EPETHHH,

SIKi BIIIOBIIAIOTh YTBOPCHHIO KOMILJICKCIB IIEBHOTO CKJIALy

Jns mpoBeseHHsT pOo3paxyHKY CIIOYAaTKy OOYMCIIOITh 3HAYSHHS
@ U1 KOKHOI AOCHIIKEHOI TOYKH. I10TIM OOYMCIIIOIOTH 3HAYEHHS
nonomixkHoi pyHkuii ¥, :
(D 1 el
[ Bl +[32[L]+ +Bn[L]
Excrpanomoroun 'V, Ha HyJIbOBY KOHIIEHTpALIIIO JiraH1y 3HAXOIATh
3Ha4eHHs [3, Ta OOUMCIIIOOTh 3HAUEHHS JONoMDKHOI (pyHKii ¥,

¥, = T[ ]B‘ =B, +By[L] .t B, (L]
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Ximis koMnnekcHWX cnonyk

Hani excrpanonsauiero ¥, na [L] = 0 3Haxomsares B, Ta oOumc-
morote W, 1 Tak gami, noku obumcnena WV, =P, =const He Oyne

3MIHIOBaTH CBOE 3HAUCHHSI 3aJIC)KHO Bijl KOHIICHTPAIIIT JIiraHTy.

binbIm neranbHO CYyKYITHICTh METO/IB 1 MAaTEMaTUYHUX IPUHOMIB,
HEOOXITHUX IJIS JOCIIHKEHHSI TPOIECiB KOMIUIEKCOYTBOPEHHS PO3-
TIISAAAEThCA B MEKaX AUCUHUILTIHE "MeToau JOCIHiPKEHHS KOMILICK-
cHUX crioyyk y po3uuHi". 3a 1O. 5. diankoBumM, mporeaypa 3Haxo-
JDKEHHSI TEPMOJUHAMIYHUX XapaKTePUCTUK XIMIYHHUX a00 (i3HYHHX
pIBHOBAr IOCIIIKEHHSIM 3aJIe)KHOCTEH "CKIa/I-BJIacTUBICTh" Ha3WBa-
eThesl "KimbKicHUH (izuko-xiMiuani aHami3" (KOXA). IIpu mpose-
nerHi KOXA s KOMIUIEKCOYTBOPEHHS. B PO3YHMHHI BaXKJIMBOIO
YMOBOIO TIPaBHJIBHOCTI aHaji3y € BpaxyBaHHS PiBHOBar MpPOTOHY-
BaHH/IENPOTOHYBaHHS JiranAy (OUIBIIICTh JITaHAIB € CIa0KUMH
KHCIIOTaMU a00 OCHOBaMH), a TaKOX YTBOPEHHS TiAPOKCOKOMILIEK-
CiB MeTaJIiB.

3.2. IHepTHi ¥ NabinbHi kKOMNNekcu

Peaxiisi KOMIUIEKCOYTBOPEHHS, K 1 Oy/b-sIKa 1HIIA XIMiYHA peak-
1is, XapaKTepU3y€eThCs TIEBHOIO SHEPTi€r0 aKTHBaLii. SIKIIo 1s eHep-
rist HeBUCOKa (pucC. 2, KpuBa 1), TO MBUAKICTH TPOXOHKEHHS peaKiii
KOMILJIEKCOYTBOpeHHs Benuka. OTke, i piBHOBara B MpoLeci KOMII-
JIEKCOYTBOPEHHS BCTAHOBIIIOETHCS IIBUIKO. SIKIIO K €Hepris aKkTH-
Ballii yTBOpEHHSI KOMIUIEKCY BHCOKa (pHC. 2, KpuBa 2), TO piBHOBara
B peakxiii KOMILJIEKCOYTBOPEHHSI BCTAHOBIIOETHCS MOBiIbHO. Komm-
JIeKCH, 13 HEBHCOKHUM Oap'epoM akTuBallii MarOTb Ha3BY JabiibHi,
13 BUCOKUM — iHepTHi.

VY TBOpEeHHS iHEPTHUX KOMIUIEKCIB XapaKTepHO JUIS TUIATHHOBUX Me-
taniB, Cr’*, Co’", meBHOW0 Miporo s Ni**. 3aranpHO0 3aKOHOMIp-
HIiCTIO € OlIbIlIa IHEPTHICTh HU3bKOCIIHOBUX KOMIUIEKCIB TIOPIBHSHO 3
BUCOKOCITIHOBUMHU (uB. Pozmin 5.4). [ToTpiOHO 3a3HaYUTH, IO TETIOBI
edeKTH peakiliii KOMIUIEKCOyTBOPEHHSI HE y>Ke BHCOKI, 3BHYalfHO BOHH
MEHIII, Hi>K SHEepTil aKTUBALlil IPH YTBOPEHHI IHEPTHUX KOMILIEKCIB.
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E

T

Puc. 2. EHeprernuni npogiii peakuiii kKoMnjiexcoyrBopeHHs

YacTo BIacTUBOCTI KOMIUIEKCY BH3HAYAKOTHCS came HOro iHepT-
HICTIO/NabIbHICTIO, a He cTilikicTio. Tak, 6e3soanuii CrCl; y Boai

HE PO3UUHSIEThCS. AJie, BAPTO JIUIIE TOJATH JIO0 HHOTO KPATUTUHY PO3-
yuHy SnCl,, BinOyBaeTbcst OypXIMBUN €K30TEPMIYHUI IIpoLEC po3-

ypHeHHs. [IpuuauHoI0 IbOTo € iHepTHiCTH Kommiekcis Cr’': y Kpwuc-

tamiuniil rpatui CrCl; xoXHUH i0H Cr’* oToueHwii micTeMa KOOp-

TUHOBaHUMHU 10 Hboro Cl°, sKi 3aMIIIyIOTBCS MOJIEKYJIaMH BOAH
nysxe nosineHO. [Ipu nogaBanni SnCl, ionn Cr’* ua MOBEPXHI KpHC-

TaJly BiHOBJIOIOTHCS 0 TabinbuuX ioniB Cr’' :
1 1

Al Tgzee=Cl g2 LT3l
,/, r ,/, —_— ,/, r ,/,
N N 1
ClE-------- -Cl Cl/"'"" -Cl ( )
Cl Cl
Kpucran Kpucran
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Ximis koMnnekcHWX cnonyk

B orouenHi [Cr”Clé] XJIOpWJ] TIBUAKO 3aMII[ye€ThCS HA BOAY
1 IEPEXOAUTh y PO3YUHUH:

[ |
,,'Cl(-: '23;7(:] H,O 1120 (': -2-4-70H2
r r
Cl%_"_.fc] HZOK oft, 2)
Cl HJ)
Kpucran Po3unu

Ilicns 1poro BinOyBaeThes OOMiH eneKTpoHOM Mixk ioHamu Cr’*
Ha noBepxHi kpuctany ta Cr’* y po3umHi:

/CI'C”3’+’7’,’?C1 01y —0H,
ro - - - ro -
e T Cl H,0™ ‘”OHZ
Cl OH,
Kpucran Po3uun
J 3)
,fCI'C”z’;/’j:Cl H0 14— 0H,
CI/W Cl H,0= ‘”OHZ
Cl OH,
Kpucran Po3uun

Hani BinOyBaeTbes yepryBanus crafiit (2) i (3) 10 mOBHOTO po3-
yuHenHs CrCl,.

Jyxe BaXJIIMBO BII3HAYMTH, IO BCI PO3MVISIHYTI BHIIE 130MEpH
KOMILJIEKCHOT YaCTKH B PO3UMHI MOXKYTb OYTH pO3pi3HEHI TiJIbKH JUIS
iHEpTHUX KOMIUIEKCiB. {151 nabiabHUX KOMIUIEKCIB MK PI3HUMHU
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i30MepaMy IIBHUIKO BCTaHOBIIIOETHCS PiBHOBAra, MpuyoMy Mepena-
*Kae TOW i30Mep, IO € HAWCTIMKIIUM. Y CBOIO 4Yepry, IUIsl OMHCY
BJIACTUBOCTEH 1HEPTHUX KOMILJIEKCIB HE IyXe KOPEKTHUM € 3aCTOCY-
BaHHS KOHCTAHT PiBHOBAru, OCKIJIbKU IIi PIBHOBAard BCTaHOBIIOIOTH-
csl Ty’Ke MOBUIBHO.

KonmponbHi 3anumaHHa ma 3ae0aHHs

1. o Take cTymiHYACTi Ta MOBHI KOHCTAHTH KOMILIEKCO-
YTBOPEHHSI?

2. SIxi MeToaM MO’KHA 3aCTOCOBYBATH y BHIAQAKY YTBO-
peHHs y cucteMi M—L 0omHOTO KOMIUIEKCY AJIsi BCTaHOB-
JICHHS HOTO CKJIaay i KOHCTaHTH CTIMKOCTi?

3. SIki momatkoBi (GYHKIIT i1 METOAW BUKOPHCTOBYIOTH
JUISL PO3PAaxyHKy CTYIIHYACTHX KOHCTAHT KOMIUIEKCOYTBO-
peHHs?

4. Ha sKki B1acTMBOCTI KOMIUIEKCY BIUIMBA€ 3HAYECHHS
eHeprii akTuBaii peaxiii 1oro yTBOpeHHs?

5. Jng skuX KaTiOHIB XapaKTepHE YTBOPEHHS iHEPTHUX
KOMILUIEKCIB?

6. flka cronyka, [Cu(NH,),]”" um [Cu(OH),]*", 6yne
yrBoproBatuca npu posuuHeHHi Cu(OH), y 1M posuusi
amoniaky? B,[Cu(NH,),]=5-10"; B,[Cu(OH),]=1,4-10",
pK,[NH,OH]=4,76 . CTyniH4acTUM KOMILIEKCOYTBOPEHHIM
Ta YTBOPEHHSIM 3MIITAHO-TIraHIHIX KOMIUIEKCIB 3HEXTYBATH.

7. Po34MH OAHOTO 3 ONTHYHHUX i30MEPIiB CHOIYKH
[Co(en),]Cl; obeprae muomuHy nojispusanii cBiTia Ha
KyT o =25° mpuyoMy I BeIHYWHA HE 3MIHIOETHCA TPH
30epiranHi po3uuny. [Ipu mogaBaHHI 70 I[OTO PO3UHUHY
HeBeIUKOro 06'eMy poszuuny cosni Co’" 3HaueHHS o moc-
TynoBo 3MeHIIyeTscs. Yomy? HaBeniTe piBHSHHS peak-
i, 1110 BiI0yBaIOThCA.
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Po3pin 4
PEAKLIIi KOMMNEKCOYTBOPEHHS

4.1. 30BHiLUHi O3HaKW peakLi KOMNNEKCOYTBOPEHHS
Ta HAUNPOCTiLWi MeToAN BMABNEHHS KOOPAUHALiHOI chepu

[IpoxomkeHHsT peakilii KOMIJIEKCOYTBOPEHHsI B PO3YHMHI MOXKHA
Ha SKiCHOMY piBHI 3a()iKCyBaTH 3a ITOSBOIO B PO3UHHI BIIACTHBOCTEH,
MpPUTAMaHHUX YTBOPEHOMY KOMIUIEKCY. Tak, yTBOpEHHS KOMIUIEKCIB
MOXK€ TIPU3BOJUTH JIO 3MiHUA KOJIbOPY PO3YHMHY, HANPHKIAMI, J0Ja-
BaHHS POJAHILY 70 CIabKO-KOBTOTO Po3dMHY coneii Fe'* mpuso-
JUTh IO MOSIBH SICKPABO-YEPBOHOTO 3a0apBIICHHS:

Fe** + NCS™ =[Fe(NCS)I**

a 0JTaBaHHS aMOHIaKy JI0 CBITJIO-OJAKUTHOTO PO3YHMHY COJIi Cu® -
JI0 YTBOPEHHS TEMHO-CHHBOT'O KOMILJICKCY':

Cu’" +4NH, =[Cu(NH,),T**

Hepinko pe3ynpraToM KOMIUIEKCOYTBOPEHHS € PO3YMHEHHS a0o
YTBOPEHHS OCaJliB, HANPHUKIAX XJIOPUA Ccpidiaa pPO3UMHSAETHCS IPH
nonasanni NH,, a comi Cu’" npu 10/1aBaHHi aleTHIAETOHY YTBO-
protoTh ocan HepozunHHOT KC.

AgCl{ +2NH, =[Ag(NH,),]CI

Cu(CH,CO,), + 2Hacac = Cu(acac), ¥ +2CH,CO,H

KoMriekcoyTBOpeHHST MOKE NMPU3BOJUTH JO 3MIHH KHCIOT-
HOCTI po3unHy. Hampukian, npu 1ogaBaHHI €THICHIIIKOIIO abo
IJIiIepuHy 10 po3umHy TeTpabopary Hatpiro (pH =9,18) cepe-
JOBHIIE CTa€ OIU3BKUM 10 HEHTPaIbHOTO, OCKUIBKH KOMIUIEKCHA
KHCJIOTa, 10 YTBOPIOETHCSA, € CHILHINIOK MOPIBHAHO 3 Oopart-
HOIO KUCJIOTOIO.



Pozpgin 4. Peakujii koMnnekcoyTBOpeHHs

Q Q

/ \ =
Na,2B407 + 8 HO OH 2H O//]B\O + ZNa O//]3\

o

ol TH,0

oo

VY minoMy 30BHIIIHI O3HAKH, 332 SKAMH MOXHa TOBOPHTH TIPO
MIPOXOJDKEHHS Peakilii KOMILUIEKCOYTBOPEHHS, TaKi X caMi, sIK 1 JyIs
OyIb-IKUX XiMiYHUX peakuid. OmHaK, CIij] BII3BHAYUTH, 110 TEIUIOBI
eeKTH peakilii KOMIIEKCOYTBOPEHHS HEBEJHKi, TOMY 3BUYaiHO 3a
3MIHOIO TEMIIEpaTypy PEaKIiHOI CyMiIlli HEMOXJIMBO BCTAHOBUTH,
YH BiIOYBA€THCS YTBOPEHHS KOMIIJIEKCIB.

Takox 03HaKOI0 KOMITJIEKCOYTBOPEHHS € 3HUKHEHHS 4M IMociad-
JICHHS BJIaCTHUBOCTEH, 3yMOBJICHUX HAsIBHICTIO HE3B'SI3aHHUX 10HIB Me-
Taiy abo niradmy. SIKIo KOMIUIEKC TOCHTh CTIHKHHA, MEHTPaTIbHUMA
aTOM 1 JTiraHAX HEe BCTYMAIOTh y AKICHI XIMIYHI peaxilii, o BUKOPHUC-
TOBYIOTBCS TIPH BU3HAYCHHI 10HIB, SIKi BXOJSTh JI0 CKJIAAy KOMILICK-

cy. Hanpuknan, kommnekc [FeF, ] e 3a6apsitoe pozunn pozaniny,
a [TiF, ] He yTBOpIOE OpaHKEBOTO KOMILIEKCY TIPH 0OGPOOII MEepOKCcO-
BomHeM. ToMmy sIKicHI peakiii MOXHa 3acTOCYBaTH i Ui BCTaHOB-
JICHHSI, 3HAXOJUThCS JIraHA y BHYTPIIIHIA YW B 30BHIMIHIN cdepi
komiutekcy. Tak, cmomyka [CoCI(NH,),](SO,) MHTTEBO yTBOpIOE
ocan npu npoxasaHHi Ba(NO,),, a npu nonaBanni AgNO, ocaz
YTBOPIOETHCS JOCUTH MOBLIEHO. OOEpHEHY KapTHHY MA€EMO IS CIIO-
ayku [Co(SO,)(NH,),]CI.

Jns BcranoBienHs MoisipHol Macu KC moxyTs OyTH 3acTOCOBa-
Hi METOIU Kpio- Ta e0yIriocKkorii. BuMipioBaHHS €IEKTPOIPOBIIHOC-
Ti po3unHy KC nae 3Mory BCTaHOBUTH, Ha CKIJIbKH 10HIB JIUCOIIIIOE
JocHimKyBaHa crofyka. Tak, 3HaueHHs eneKTponposiaHocTi 10° M
PO34YHHIB CHOJNYK, IO ITUCOLIIOITHh HA MEBHY KUIBKICTh 10HIB, HaBe-
ZIeHO B Ta0. 2.

MeToau KiNBKICHOTO BU3HAYCHHS CKJIaJy KOMILUIEKCIB OYyJIu po3-
[ISHYTI B po3aini 3.1.
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Tabnuysa 2
Enexrponpoignicts po3uuniBs KC
KinbkicTs ionis %, Om™" - em?
2 100
3 250
4 400
5 500

4.2. MeToau CUHTE3Y KOOPAMHALIMHUX CMONYK

[epm 3a Bce, peaxiiii, 3a SIKUMHU OJICPXKYIOTh KOOPAMHAIIIHHI CIO-
JIYKH, MOXHA PO3JIUIMTH 3 MOMJIALY KIHETUKH HA TEPMOJIMHAMIYHO-
KOHTPOJIbOBaHi (a00 piBHOBaXkHI) i KiHETHYHO-KOHTPOIIbOBaHi (200
HEpiBHOBaXH1). BiIMiHHICTD MiX ITUMHU PEaKIisIMA MOKHA TIPOLTFOC-
TpyBaTH puc. 3.

Puc. 3. Enepreruuni npo¢ini repmogunamiuno (1)
i KiHeTHYHO (2) KOHTPOJIbOBAHUX PEAKIil KOMILIEKCOYTBOPEHHS
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Pozpgin 4. Peakujii koMnnekcoyTBOpeHHs

Skmo peaxiis € piBHOBaXHOI, TO YTBOPIOEThCS HAMCTIHKI-
WUH OPOAYKT peakuii 3 MOXKINUBHUX, HOro OynoBa BH3HAYAETHCS
JIAIIE CKIIaJIOM peakIiiHOi cyMilmi i HisK He MmoB'a3aHa 3 Oymo-
BOIO BHXITHHX CHOJyK. Tak, mpu JomaBaHHI HAIIUIIKY (iryo-
pua-ioHis fo coneit amominito (AI(NO,),-9H,0, AIClL, -6H,0) i
Oinmpmocti #oro kommiekciB (Hampuknan, K [Al(C,0,),],
[AL (-p-CH,CO, ), -p,-O]Cl, KoMIUIEKC 3 ali3apuHOM) YTBOPIOIOTh-
csi amionn AIF)”, ockinbku (uryopuaHuii KOMIUIEKC aTIOMiHiIO €

CTIMKIIIIMM 32 BCI BUIIICHABE/ICHI CITOTYKH.

SIKmo K peaxilisi HEpiBHOBa)KHA, YTBOPIOETHCS TaKWH MPOIYKT,
IIBUJIKICTh YTBOPEHHS SIKOI'0 MaKcHMalibHa. By/ioBa I1[bOTO MPOIYKTY
MOB'AI3aHa 31 CTPYKTYPOIO BUXIHUX PEareHTiB, TOMY iHOII METOIH
CHHTE3y, II0 0a3ylThCsl Ha KIHETHYHO-KOHTPOIILOBAHUX PEaKIIisX,
Ha3WBalOTh 'reHeanorigunnMmu". Hampuxman, mpu oOpoOIli CIOMyKH
K,[PtCl,] amoHiaKOM yTBOPIOETBCS yuc-130Mep, a IPH Aii XJTOPOBOA-
Hio Ha [Pt(NH,),]Cl, — mpanc-i3omep cnonyku [PtCl,(NH,),].

Criz BiA3HAYUTH, IO TPOXOHKCHHS KIHETHIHO-KOHTPOJIHOBAHUX
peaxiiii MOKJIMBE JIMIIE IPH YTBOPEHHI IHEPTHUX KOMILIEKCIB, OCKi-
TBKU JUTsE Ta0iTPHUX KOMIUIEKCIB 3HAYSHHsI eHepril akTuBaiii E, He-
CYTTEBO Majie, OT’KE YTBOPIOETHCS MPOAYKT, IO € TEPMOIMHAMITHO
HaHOUIbII BUTigHUM. Tomy OunbimicTe MeTonmiB cuntedy KC Ga3sy-
IOTBCSI Ha PIBHOBaXXHUX peakilisx. OmHaK, CIIij] Bi[3HAYUTH, IO PiB-
HOBa)KHI PEaKIlii 4acTo € TAaKWMH JIUIIE A0 TeBHOI Mexi. Hanmpukmazn,

JIOCTIDKYIOUN CHUCTEMY Fe** —Cin’ , CJIiJ Imam'aTaTH, 10 HaHCTIiH-
KIIIMMH 3 TepMOJMHaMivHOro norisiny npoaykramu € CO ta CO,,
OCKUIBKY IIaBJIeBa KUCIOTa — METacTablIbHA CITONyKa i Mae caMo-
4YUHHO po3kiafgatuca 3a peakuiero: H,C,0, - H,0+CO+CO,,
AGjy ==76,6 kJlx -Moib ™. AJle 33 HOPMAIBHHX YMOB MpPOLEC
Fe’* +3C,0; 22[Fe(C,0,),]" € piBHOBaKHUM.

Ha#inpocTimmumMu Ta HaWOUIBII MOCTIDKEHUMH € PeakIlii ojaep-

KaHHS KOMIIEKCHUX CIIOJIYK, L0 HOJISTal0Th Y 3aMillleHH] JIraHA0M
MOJIEKYJIM PO3YMHHUKA 200 1HIIOTO JIraHay y BHYTPIIIHIA KOOPIU-
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Ximis koMnnekcHWX cnonyk

HaliiHiA cdepi. 3aranom, 6e3 ypaxyBaHHS 3apsiliB, TaKy PEaKIIito
MOJKHa 3aITUCAaTH SIK:

[M(Solv),]+mL=[ML, ]+ nSolv;
Haifgacrime peakitii 3aMiIeHHs TMTPOBOIATE Y BOAHUX PO3UMHAX
HUISXOM JI0J[aBaHHs JITaHAy J0 BiAMOBIIHOT COJIi, HATTPHUKIIAI;
CuSO, +4NH, =[Cu(NH,),]SO,;

[Cr(H,0),]CL, + 6KNCS = K,[Cr(NCS), ]+ 3KCl + 6H,0 ;

st 3aBepIIeHHs] CHHTE3y POJAaHITHOTO KOMIUIEKCY XpOMY peak-
UiHYy CyMilll KHI'SITSATH 31 3BOPOTHUM XOJOAMIBHHUKOM, OCKLIBKH
akBakoMmIuiekcu xpomy(IIl) nocuts iHEPTHI.

Hepinko mpoliecu 3aMillieHHs JIITaHJIIB CYNPOBOIKYIOTHCSA 3Mi-
HOIO CTYNEHS OKHCHEHHS LIEHTPaJIbHOTO aToMa:

4CoCl, +20NH, + 4NH,Cl + O, =4[Co(NH, ), ]CI;, + 2H,0;
a00 XIMIYHIMH TIEpETBOPEHHSIMH, ITOB'SI3aHUMH 3 CAMUMH JIITAHIAMU:
K,PtCl, + C,H,OH = K[PtCl,(C,H,)]+ KCI+ H,0;

K,Fe(CN), +4HNO, =
= K,[Fe(CN),(NO)] + NH,NO, + 2KNO, + CO, ;
ﬂKHIO CIIOJTYKa Ma€ OOCUTH BCJIMKC 3HAYCHHSA KOHCTAHTU YTBO-

PEHHS, CKJIHINTY Tpo0JieMy CTAHOBHUTD He 11 CHHTE3, a BUAUICHHS Y
yrctoMy BUIAAl. Y HaBeneHux suiie npuxiagax [Cu(NH,),]1SO,

"BUCOJIOIOTE" 13 BOJHOTO PO3YMHY ETHUIIOBHUM CITUPTOM, KOMIUIEKC
K,[Cr(NCS),] excrparytoTh TUM CaMHM PO3YMHHUKOM 13 peakiiii-
HOI CYMIIIIl TICJIsI BUTIAPIOBAHHS BOJN, a KOMIUIEKC (hepyMy KpHCTa-
nisytots y Burmani Na,[Fe(CN),(NO)], nomatoum 10 peaxuiiHOT
cymimi Na,COj; i cnupr.

YMOBOIO KpHCTaTi3allii CIIOTYKH € OMM3bKICTh PO3MIpiB KaTiOHA i

anioHa. OCKIUTPKM KOMIUIEKCHI 10HH MarOTh JOCHThH BEJUKI pPO3MipH,
SIK IPOTHIOHM HEPiIKO BUKOPUCTOBYIOTH BEJIHKI 38 PO3MIpOM KaTio-

uu (NH,, Cs", TI', N(CH,),, PPh;) Ta amionun (ClO,, BE,,
BPh,, PE, [Cx(NCS),(NH;),] ).
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Pozpgin 4. Peakujii koMnnekcoyTBOpeHHs

— i cuHTE3y CIOJYK, IO € HEIOCTaTHBO
w CTIIKUMU, 3aCTOCOBYIOTh MiJXiN, SIKUH
\ OTpUMAaB Ha3BY "METOJ MPUMYCOBOTO 3CYBY

piBaOBaru". Tak, XJIOpHUA-10H KOOPINHYETh-
cs o Pt xpame, mixk Boma. OnHak, mona-
BaHHS BOJHOTO PO3YHMHY HITpaTy cpibna mo
cis-[PtCl,(NH;),] mae 3mory oTpumaru
[PtCI(NH,), (H,0)](NO,), ockinbku XJO-
pun BuITy4aeThes 3 peakuii y Burisini AgCL

AUETOHITPHII KOOPIUHYETHCS 0 KyHpy-
my(Il) cnabkime 3a Bomy. OaHak, KAI'SATiH-
1 [Cu(H,0),](BE,), y cymiui aneroHit-

pwry 3 OEH30JI0M TPHU3BOIUTH /IO BiJITOHKH
norpiiHoro azeorpony CH,CN:C,H,:H,O,

AKU{ TIpH 30MpaHHi HOro y BOJOBIIAIIIOBAY
(puc. 4), po3mapoBy€eTHCS HAa BOAY Ta CyMilI
areToHITpUTy 3 OceH30y0M. TpuBane Kum's-

Puc. 4. Tipucrpiii TIHHS 3 Bo,uogifmimogaqu npmlvso;me bi o)

VIS KU ST HEST BIJTy4YEHHS BCi€l BOJM i3 CHCTEMH 1 yTBOpEH-

3 pojoBimgimopauem  Hi 11boBoi comyku [Cu(CH,CN),](BE,), .

Brnu3pkuM 10 METOLy MIPUMYCOBOTO 3CYBY PIBHOBAru € €KCTpak-
uittnuii cunte3 KC. Tak, y BogHoMy po3unHi koOanbT(1l) B3aemonie
3 pOJIaHi/I-I0HOM 32 CXEMOIO:

[Co(H,0),1*" + NCS™ =[Co(NCS)(H,0),]" + H,0

OpHak, SIKIIO A0 CUCTEMH JIOJIaTH 130aMUIOBHIA CIIUPT, B OpPraHiy-

Hili dasi yreoproethes cnomyka [Co(NCS),]”” cuHBOrO KONBODY.

[IprurHOIO HOTO € TIOTaHa PO3YMHHICTH BOJH B 130aMiJIOBOMY CIHPTI
i excrpakuis KNCS ado NH,NCS B opraniuny ¢a3zy. Obuznsa ui

YUHHUKHU 3CYyBalOTh PIBHOBAry peakiii B OiK yTBOPEHHS LIJILOBOTO
MPOAYKTY. AHAJIOTIYHO OyJI0 OTPUMAHO PSAJT POJaHITHIX KOMILIEKCIB

Fe’*, pmouatoun [Fe(NCS), ], X0ua y BOJXHUX PO34MHAX CTiHKHM
e mame [Fe(NCS)(H,0),T*" .
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Ximis koMnnekcHWX cnonyk

Henonikom cuntedy KC i3 BOAHHMX PO3YHUHIB € JOCHUTH CHIIbHA
KOOpJIMHAIliST BOAM JIO 10HIB METaJIiB i MOMJIMBICTh MPOXOKCHHS
peakmii rigpomizy. Hus toro, mo6 mo30yTHca nii MUX YUHHUKIB,
cuaTe3n KC mpoBOAAITh y HEBOAHUX pO3UMHHHMKAX. OcCKinbku Oi-
abiricte KC — mosspHi CHONyKH, JUIs iIXHBOTO CHHTE3Y BUKOPHUCTO-
BYIOTh MOJISIPHI PO3YMHHMKH: CHUPTH M PI3HOMAaHITHI ampoTOHHI
po3unHHUKHK (areToH, nuMerwidopmamin (AMDA), numeruicy-
nepokcun (AMCO), aneronitpui, HiTpomeraH, edip, 1,4-niokcaH,
tetparizpodypan (T['®) Tomro). ANpPOTOHHUMH LI PO3YMHHUKH
Ha3WBAIOTHCA 4Yepe3 HEMOXKIMBICTh IXHBOI TUCOMIalii 3 YTBOPEH-
HSM TPOTOHY, a OTXE 1 HEMOXXJIUBICTh COJLBOJI3Y 10HIB METaliB.
Yci BUIlleHaBEIeHI PO3YMHHUKHA KOOPAUHYIOTHCS 0 OiIBIIOCTI 10-
HiB MeTaJiB cladIie, HiXK BOJa, TOMY iXHE BUKOPUCTAHHS JIa€ 3MO-
ry oxepxatu pizHoManiTHi KC, Mo € HeCTIHKUMH y BOTHUX PO3UH-
Hax. Tak, y alleTOHITpUILHOMY PO34HHI JIETKO OJIepKaTh KOMILIEKC
amominito K,[AI(NCS),], y edipromy — [Cr(en),]Cl,, cnpoba x
OJIep KaTH BIATOBIIHI KOMITJIEKCH Y BOJIi MPU3BOJUTH A0 yTBOPEHHS
TiZPOOKCHU/IIB METAIB.

Croyiyku MeTalliB y aHOMaJIbHO-HU3bKHUX CTYIICHSIX OKUCHEHHS Ta
METaJI-OPTaHIYHI CIONYKH 3BHYAHHO CHHTE3YIOTh Y HEBOJAHHX PO3-
YHHHUKAX 32 BIJICYTHOCTI KHCHIO TTOBITPSI, OCKUIBKY OUIBIIICT TOAI0-
HUX CITOJIyK a00 MPOMIKHUX PEUOBHH IS iIXHBOT'O OJICPIKAHHS JISTKO
PO3KJIaIalOTHCS BOJIOKO i OKUCHIOIOTHCH. Hanmpukiaza, cnoinyky Tpu-
KapOOHI(T)5-IIUKIONEHTaIUEHIT)MaHTalH  (IIUMAaHTPEH), W0 1HOJI
BHKOPHCTOBYETHCS K MPHUCAIKA IS 301TBIICHAS] OKTAHOBOTO YHCIA
MOTOPHHX ITaJIUB, CHHTE3YIOTh 3a TAKOI CXEMOIO:

2CH,+2Na=CH,Na+H, T;
2C;H Na + MnCl, = Mn(C,Hj;), +2NaCl ;

Mn(C;Hjy) o o
n |
T e THF /N{n\
-C ¢ o
O \\\
0
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Pozpgin 4. Peakujii koMnnekcoyTBOpeHHs

VYci peakuii npoBoasTs y 6e3BogHOMYy TI'® y armocdepi cyxoro
a3oTy abo aprony.
Cunres "kommtekcy YinkiHcona" RhCI(PPh,),, mo e karamiza-

TOPOM TOMOTEHHOTO TiJIpyBaHHS, IPOBOASTH B €THJIOBOMY CIHPTI, &
cunte3 peaktuBy I'punbspa C,H,MgCl, mo 3acTocoByeThCS B Op-

ra"igHomy cuHTe3i — B eipi abo B TI'D.
RhCI, + 4PPh, + H,0 = RhCI(PPh;), + 2HCl+ O=PPh, ;
C,H,Cl+Mg =C,H,MgCl.

KpiM BKITIOYEHHS y BHYTPILITHIO KOOPIUHAIIIHY cepy MOJICKYI
BOAM a00 IHIIMX PO3YMHHHKIB, HEPIIKO Ma€ Miclle KOOPIMHAIISL
MIPOTHIOHIB, TAKKX SIK TaJOreHI I, CyJabdaT Tomo. [1030yTUCs 11LOro
MO’KHA, CHHTE3yIOUH KOMIUIEKCHI CIIONYKH 3 COJIEH METajiB 3 aHio-
HaMu, Mo cIabKo KOOpAWHYIOThCS. [ GiibmIocTi MeTaliB e HiT-
patu Ta coni 3 a”ioHamu Benukoro posmipy (ClO,, BEF, , BPh,,

PE, ", [Cr(NCS),(NH,),] ), mo Bxke 3ragyBaaucs BHILE.

Ille oquu crioci0 BUKIFOYEHHS KOOPIWHAINI aHIOHIB — 3aCTOCY-
BaHHS SIK BUXITHUX PEYOBHH JJII CHHTE3Y KOOPIUHAIIHHHUX CIONMYK
HE CoJIei, a caMuX MeTaliB abo TxHix okcumiB. Lle# mixxin orpuman
Ha3BYy MPAMMIi CHHTE3, HOTO MOXKHA MIPOBOJMTH B PO3UMHI, y TA30BiH
1 HaBiTh TBepAii (azi. Hampuknaa, kapOoHINKM MeTaliB OAEPKYIOTh
IIUISIXOM B3a€EMOJIIT IMOPOIITKIB MeTamiB i3 razononionum CO npu Ha-
TpiBaHHI Mil THCKOM:

Fe +5CO =Fe(CO),
Bzaemogis merany abo okcumy 3

PO3YMHOM JliraHay BiOyBa€eThCs Ha

MOBEPXHI YaCTHHOK 32 PaxyHOK ix- K\ N(CH
HBOTO TIOCTYMOBOTO PO3YMHEHHS.

ToMy MeTOlOM MpSMOTO CHHTE3y B Cl\| Cu <C1
pinkiii dasi Oymo oxmep:xaHo psn — Zn\ |

CHONYK, SIKIi HEMOXIHBO ab0 Iyxke (CH3)2 \ /

Ba)KKO OTPHIMATH TIpH Oe3rmocepemHii ()/C\u‘NH3
B3a€EMOJIII COJIEM METaNliB 13 JIraH- Q/N(CH)

JaMH. LIC, 30KpEMa, CIIOJIYKH MCETa-
JTiB Y HU3bKUX CTYNCHAX OKUCHCHH,
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Ximis koMnnekcHWX cnonyk

a Takoxk OararosmepHi W pi3HOMETadbHI KOMIUJICGKCH, CHHTE3
SKAX aKTHBHO IOCHIJKY€EThCA Ha Kadeapi HeopraHiuyHOl Ximii
mig kepiBEUITBOM mpod. B.M. Kokozes. Hanpuknan, mpu B3ae-
MOJii MeTajaiuyHOi Mijai, OKCHUIY I[MHKY, XJopuay abo Opomimy
amoHio Ta N,N—numeruneranonaminy ( HMe,Ea) y meranoins-

HOMY pO34HHI 3 BHX0J0M Oim3bK0 70 % yTBOPIOIOTHCS KOMII-
nekcu [Cu,ZnX,(NH,)(Me,Ea),]".
2Cu+ZnO +3NH,X +3HMe,Ea+ 0O, =
=[Cu,ZnX,(NH,)(Me,Ea),]+ 2NH, +3H,0

Jlo HemoJiKiB MpsSMOTO CUHTE3Y CIIiJ| BiJIHECTH HEKOHTPOJIHOBA-
HICTB TPOIIECIB OKHCHEHHS METaTy 3a PaXyHOK B3a€MOIIi 3 JIITaHIOM
a00 KHUCHEM MOBITPS Ta, 4acTo, Henepen0auyBaHiCTh YTBOPSHHS THX
YH iHIIUX CTIOJYK.

[Iupokoro BUKOPUCTAHHS ISl OJICP’KaHHS KOMIUIEKCHUX CITONYK
3HAXOJATH MPOLIECH eIeKTPocHHTe3y. AHOAHE POSUYMHEHHS METalIy B
MPUCYTHOCTI JIITAHAY € OJM3bKHM JI0 PO3MNITHYTOTO BHIIE MPSIMOTO
CHHTE3Y, OJIHAK MPU [ILOMY TPOIIEC OKHCHEHHSI KOHTPOJIOETHCS 3Ha-
YEHHSIMH MIPHUKJIAICHOTO TOTSHIiAly OKUCHEHHSI TA TYCTHHH CTPYMY,
TOOTO € OLTBIIT KepOBaHWUM. SIKIIIO pO3YMHEHHS BiIOYBA€ETHCS B HEBOI-
HOMY cepefoBulli (3BudaiiHo BukopuctoBytoTh CH,CN), mo pos-

upnHuKa goats (CH,),N'ClO, a6o iHmi coni TeTpaaikilaMoOHit0
JUTs1 30UTBIIEHHST HOT'O eNEKTPOTIPOBIHOCTI.

3a IOMOMOrOI0 €IEeKTPOCHHTE3y 3BHYAMHO OAEPKYIOTH aMiHHi
KOMIUIEKCH, COJbBATOKOMIUIEKCH, QJIKOKCH/HM, AaleTHIAllEeTOHATH,
0e3BOIHI TaJOreHIIM, KOMIUIEKCH 3 aHIOHAMH CIIA0KHX KHCIOT 1 Me-
TAJIOOPraHiyHi CHOTYKU:

- +
Cu+2NH, —e” =[Cu(NH,),]
Ta+5C,H,OH - 5¢” =Ta(OC,H,), +5H"
Cu + 2Hacac — 2e” = Cu(acac), + 2H"
Pb +4C,H,MgCl—4e™ =Pb(C,H,), +4Mg** +4Cl-

"E. A. Vinogradova, O. Yu. Vassilyeva, V.N. Kokozay, P.J. Squattrito,
J. Reedijk, G.A. Van Albada, W. Linert, S.K. Tiwary and P.R. Raithby
// New J. Chem. — 2001. — V. 25. — P. 949-953.
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Pozpgin 4. Peakujii koMnnekcoyTBOpeHHs

Peaxirii eeKTpOXIMIYHOTO BiJIHOBJICHHS BiJIOYBalOTHCS HA KATOJI.
Hanpuxnan, karogue BiguosiaeHHs RhCI(PPh,), y auneroniTpuibHO-
TOJIyOJILHOMY PO34MHI y NpHCyTHOCTI Hamnumky PPh, mpusso-
authk 10 yrBopeHHsa Rh(PPh,), . [Ipu BiqHOBIEHH] Ha METaIIYHOMY
KaToJi JliraHaa-OKUCHUKA MOXYTh MPOXOJUTH pPeakilii pO3YMHCHHS
KaTo/1y, HAITPHUKIIA;

Hg + 2(CH,),C=0+ 6H" + 6¢~ = Hg(CH(CH,),), + 2H,0

Sn +4H,C=CH-CN +4H" + 4¢~ =Sn(CH,CH,CN),

TUMOBUM I KOOPJMHALIMHOT XiMii € TeMIUIATHHI CHHTE3 — TIPO-
1IeC, IO BKIIIOYAE B cede TepeTBOPEHHS JIiraHaiB, 3yMOBJICHI iX TeB-
HOIO, BHW3HAYCHOIO 10HOM METalTy TEeOMETPHYHOIO OpIEHTAIIE0.
[InsgxoM TEMIIaTHOTO CHHTE3y OJIepKaHO Pi3HOMAaHITHI MaKpOIIHK-
JYHI CIONYKH, IMOBIPHICTH OAEp)KaHHS SIKMX 3a BiICYTHOCTI 10HIB
METaly JyKe Maja:

H.C CH
M N T T S\
HS NH S NH S N
2+ ’ S 2 0 0 S F
Ni S/NI\NH . /Nl\N
/2 _/

2+
S/ N
Br
Saelirges.
S/ N—
_/

[ligxin TEMIUIATHOTO CUHTE3Y BUKOPUCTOBYIOThH 1 JJIS OJCpKaHHS
CYNPaMOJICKYJISIPHUX 1 KJIATPOXENATHUX CHOJYK, HAPUKIAA, CapKo-
(harinaTy KOOaIbTy:

NN N 7N
((: ~“\3+J CH;NO, {N e N NO
Co O,N wCoiN
N NN N

N
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Ximis koMnnekcHWX cnonyk

OneprxanHs rajoiiaHiHy KyIIpyMy UTIOCTPYE KOMOIHAIIIO TiAX0IiB
MPSIMOTO Ta TEMIJIATHOTO CHHTE3Y:

Ils cmomyka Mae CKpaBO-CHUHIHM KOJIp 1 BAKOPUCTOBYETHCSA K
OapBHuK. Bona BuTpumye HarpiBanHs no 500 °C Ha moBitpi, He
pO3YMHHA Yy BOJi W OUNBIIOCTI OpPTaHiYHUX PO3YMHHUKIB, CTiHKa
1o Iii TyTiB, KOHIEHTPOBAHUX KUCIOT (KpiM HITPAaTHOi) Ta co-
HAYHOTI'O CBiTJA.

4.3. B3aeMHU1 BNAMB KOOPAUHOBAHUX rpyn

Haii0inpm BUBYEHOIO (OpMOIO B3aEMHOTO BIUIMBY JIITAHIIB €
edhekT mpanc-BIUHBY. BiH monsrae B TOMy, IO JIETKICTh 3aMilllCHHS
JITaHy Y BHYTPIIIHIM KOOpAWHAIIIHIN cdepi iIHepTHIX KOMILIEKCIB
(mnocko-kBaapatHi kxommiuekcu Ni**, Pd* | Pt*", oxraeapuuni
xommiekcu Co’", Rh*, Ir’", Pt*") nos's3ana i3 mpupooro miras-
Iy Y mpaHc-TIONOXKEeHHI N0 JIiraHay, M0 3aMilllyeThCsl. 3a CHIION0
TpaHC-BIUIMBY (TOOTO Jabumidyrouoi [ii Ha JiravHn y mpawuc-
ITOJIO’KEHH]) JITaHIu MOXKYTh OyTH PO3TaIIOBaHi B TAKHUH PS:
C,H,~CN ~CO>tu~ NO, >I" = SCN" > Br >ClI' > F >
> OH™ >en/2> R-NH, > NH, >py> H,O.
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Pozpgin 4. Peakujii koMnnekcoyTBOpeHHs

PosrnsiHemo siBUILE TpaHC-BIUIMBY Ha NPHKIALI B3a€MOIii
K,PtCl, 3 amoniakom. Ha mepmiii craznii peakuii amoHiak 3ami-
Iy€ OJMH XJIOPHUIHUM JIiraH/, i IPU HEOMY YTBOPIOETHCS CIIOTyKa
K[PtCL,(NH;)]. Tpanc-BnnuB Xaopuay 3HA4HO OinbLIMH HOpiB-
HSHO 3 aMOHIaKOM, TOMY Ha JpyTii cTajaii BimOyBaeTbca 3ami-
MIEHHS XJOPUIHOTO JIraHmy, IO 3HAXOAWUTHCSA Yy MPAHC-TIOIIO-
JKEHHI JI0 1HIIOTO XJIOPUAY.

Cl Cl Cl NH Cl NH

I\Pt/ A, ‘\Pt/ | 3 NH, \Pt/ 3
-Cl -CI N

Cl/ \Cl c1/ \Cl Cl/

Vr1Bopena cnonyka cis-[PtCl,(NH,),] B3aemonie 3 amoHiakoM Ju-
e B JOCTaTHBO YKOPCTKHX yMOBaxX (BHCOKA KOHIIGHTpAIlid aMOHIaKy,
HarpiBaHHs), TOMY JIETKO MOKe OyTH BHIIJIEHA 3 PEAKIIITHOI CyMIllIi.

Tpanc-izomep  [PtCl,(NH;),] cuHTe3yroTh 3a  peakui€ro
[Pt(NH,),]Cl, i3 xnopoBoxneMm. Ha mepmriii crazmii yTBOproeThbcs
cnonyka [PtCI(NH,),]Cl. Ockinbku mpanc-BIUIUB XJIOPUAY CHIIb-

HIMAH 3a mpanc-BITTUB aMOHIaKy, NIPYTUH XJIOPUIHUHN JIiTaHT KOOp-
JUHYETHCS B MPAHC-TIONIOKEHHS 10 MEPIIOTO.

H,N NH HN Cl H Cl
3 3
\Pt/ HCl \Pt/ _HCL \Pt/
/N -NH,(CI VAR -NH,ClI RN
H,N——NH, H,N——NH, Cl NH,

SIBulle mpanc-BILIUBY MOXHA TIOSCHUTH JIBOMa OCHOBHUMHU YMH-
Hukamu. [lo-miepiie, 11e 3MIMICHHS €ICKTPOHHOI T'YCTUHHU B JIAHI[FOXK-
ky L, >M —L,, ananoriude 10 BiZOMOro B OpraHiuHii ximii iH-
IYKTHBHOTO edekTy. ToOTO, YUM CHIIBHIIIE KOOPIUHYETHCS 10 Me-
Tady dirana L,, TEM Oinble MocaabaioeThes 3B'S130K MiXK METaloM

i miraggoMm L, . 3a LI Yepnsesum, mo y 1926 p. chopmymroBas mnpa-
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Ximis koMnnekcHWX cnonyk

BWJIA MPAHC-BIUIMBY, 1€ TBEP/UKEHHS 3BYYHTh TakK: "HalOiIbIIMNIA
mpaHCc-BIUIMB Ma€ JIraHj, MO0 YTBOPIOE 3 LEHTPAIBHUM aTOMOM
HaiiMinHiMi 3B'130K". EXBiBaneHTHE MOSCHEHHS MpaHC-BILUBY 13
3aJy4eHHSIM HOIApU3aliiHuX ysBiIeHb (po3ain 5.2) Oyno 3amporo-
Hoeano b.B. HekpacoBum. [TocnabneHHs 3B'13Ky MiX MeETajoM 1 Jii-
rangoM L, mpu3BoguTh 10 cMMOAaTHOrO 301IbIICHHS MIBUAKOCTI 3a-
MIIEHHS [[HOTO JITaHTy.

Hpyra npuunna mparnc-einuBy, gocnimkerna JHx. Yarrowm i JI. Opre-
JIOM, Ma€ CyTO KiHeTH4HY npupoxy. Sxmio nirang L, e m-akuentopom
(muB. po3ain 5.5), BiH BIATATYE HAa CBOIO M-OpOiTANTb €JIEKTPOHHY TyC-
TUHY 3 opOitanm d,. ueHtpaibHOro aroma. Lle monermye B3aemoxniio

MiX 3B'13koM M-L, imirannom L, mo 3amingye L, (puc. 5).

Puc. S. IlosicHeHHS SIBUILA TPAHC-BILIUBY
3a JI:k. YatTom i JI. Oprenom

Be3yMoBHO, Ha HIBUAKICTH peakiliii 3aMmillleHHS BIUIUBAIOTh HE
TIIBKU mpauc-, aje 1 yuc-po3TaiioBaHi jiranau. Tak, HIBHAKICTH
3aMIIICHHAS] XJIOPUI-i0HA, IO 3HAXOAWTHCS B yuC-TIOJNOKEHHI [0
amoniaky y cnonyui [PtCI(NH,),]Cl npubausHo BTpuui BHIA, HIX

y K,PtCl, , ne BiH 3HaXOAUTHCS B yuC-NIONOXKEHHI 10 Xxaopury. OTxe,
NH,, mo nepebyBae y yuc-nonoxenni no Cl°, 36i1biye pyxiu-

Bicth octanHbOr0. O.A. I'pirbepr i FO.M. Kykymkin HazBamm 1e
SBUILE Yyuc-e(PEKTOM i BCTAHOBWIIH, IO PSIT YUC-BIUIMBY B 3arallbHUX
pucax € 0OEpHEHUM JI0 PAAY MPaHC-BIUIUBY.
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Pozpgin 4. Peakujii koMnnekcoyTBOpeHHs

KonmponbHi 3anumanHs ma 3ae0aHHs

1. SIki 30BHINIHI O3HAKK PEaKIliii KOMIIEKCOYTBOPEHHS
Bu 3naere?

2.Y YoMy monsrae pizHULS MK PIBHOBKHUMH Ta HEpi-
BHOBaXHMMHU MeTofamu ciHTe3y KC? HaBeniTe mpukmany.

3. VY sxux Bumankax s onepskanas KC 3acTocOBYIOThH
MEeTOoJ 3CyBY piBHOBaru? HaBeniTh mpukiagy.

4. SIxi BigMiHHI Ta CIiJBHI PUCH € B METO/AAX MPSIMOTO
cuHTe3y Ta enekrpocuaTe3y KC? HaBeniTe mpukiamm.

5. SIki cnoJyky MOKHA OZEPKyBaTH METOJOM TEMILIAT-
Horo cunTe3y? HaBenite npukiagy.

6. Buxonsuu 3 cnonyku K, PtCl, , 3anpomonyiite mero-

IM CUHTe3y Beix i3oMepiB crionyku [PtBrCI(NH, )(py)].

7. 3anpoONOHYITE  METOAMKY  CHHTE3y  CIOIYKH
Li[Nb(OCH,),] . IlopiBHsiite ii 3 miTepaTypHUMH JaHHUMHU
i 0OTpyHTYIiTE YMOBH NPOBECHHS KOKHOI CTaii.
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Po3pin 5
XIMIYHWA 3B'A30K Y KOOPOUHALIMHWUX CMONYKAX

Hns onucy OyJOBM KOOPIWHALIMHMX CIIONYK YYEHHMH B Pi3Hi
gacu OyJlo 3arpoIloHOBaHO psia Moneneid. KokHa 3 HUX € MEBHOIO
MipOI0 HaONMKEHO0, TOMY JJIi OTPUMAaHHS aJleKBaTHOI iH(opmarrii
npo OyJOBY CIONYKH Tpeba po3yMiTH I'paHHMIl 3aCTOCOBHOCTI i 00-
MEKCHHS MOZIEJICH, a TAKOXK Te, SIKOK MOJICIUII0 HalOLIbII aJleKBaT-
HO ONHCYETHCS IIyKaHWH MMapamMeTp CIIOTyKH.

5.1. lonHa mopenb B. Koccens ta A. Marnyca

Hespaxatoun Ha Te, 0 I MOJENb Oyja 3alpolioHOBaHA Y
1916 p. 1 € ommiero 3 Hakmepmux moxmeinei oynoBu KC, y meskux
BUIIAJKaX BOHA MOJKE IMOSICHUTU Pi3HOMAHITHICTh KOOPAMHAI[IHHMX
yuceln i OyZI0By KOOPJIUHAIIIMHUX CIIONYK. Y Iiii MOJAEI KOOpWHA-
LifiHa CITIONTyKa PO3TISIAETHCS SIK CUCTEMa B3a€MOIOUNX 10HIB. [oHH
BBRXKAIOTHCSA TBEPAMMHM, HE3AAaTHUMHU 10 Jedopmarliii KyJabKaMmu.
Enexrponna OynoBa nentpaibHoro aroma (LIA) i nirannis He po3-
rsinaeThes. EHepris yTBOpeHHs! KOMIUIEKCY 3 OKPEMHX 10HIB 009H-
CIIOETHCS 33 3akoHom Kynomna, 1 cklafaeThesl 3 eHeprii MpUTITaHHs
(E_,. ) Mix JA Ta nirangamu # eHeprii MDKJIITaHJHOTO BiJIIITOB-

TIPUT.

xyBanus (E,; ).

YMoBamH iCHYBaHHsSI Ta CTIMKOCTI KOMILJIEKCY € MiHIMaJIbHE 3Ha-
YeHHs eHeprii komruiekcy (E=E, —F KOMIUIEKC iICHYE JIUIIIe

BiwT. npHT. °
toni, komu E < 0) i reoMeTprudHa BiAMOBiAHICTE JiranmiB i LA (kom-
IJIEKC ICHY€, JTUIIIE SKIIIO JIITaHIU JOTUKAIOTHCS 10 1[A).
Tax, 3poOUBIIM JOCUTH TPOCTI PO3PAXyHKH, MOXHA 3'CyBaTH,
110 OJHO3APSAHUN 10H METaly MOXe IIPUEAHATH JI0 cebe He OinbIie



Po3gin 5. XiMi4HWI 3B'A30K Y KOOPAMHALINHMX CNONYKax

4 jira"nis i3 3apsaom "—1", M0 IIJKOM BIAIMOBIAa€E €KCIIEPUMEHTA-
JIEHUM JQHUM.

Hageneni y tabmn. 1 (po3a. 1) HalcTiiikinn KOOpAUHAIIMHI TOJTie-
IIpH IS pi3HUX 3HaYeHb KY BiMOBIIAIOTE PO3TAITYBAHHSM JIITAHIIB
HaBkoio L[A, /s sKUX XapakTepHe HaWMEHIIEe MDKIIITaHIHE Bif-
IITOBXYBaHHSI.

I'eomeTpudHi MeXi CTIHKOCTI KOMITIEKCIB TIEBHOTO CKJIaIy BH-
3HAYalOThCH BigHOImIEHHSAM paxgiyca LA mo paniycy oiranmy
(p=R\/R,). Sxmo po3Mmipu jirangy Ounbli 3a KpUTHuHi (Tabdm1. 3),

BIJIMOBiTHA KIMBKICTh JITaHIIB MPOCTO "HE MOMIMAETHCA" HABKOJIO
A (puc. 6).

Tabnuya 3
Kputnuni BinHomenHns ioHHux pagiycis
Koopaunauiiinuii nosienp K4 p=R,/R,
TpPHKYTHUK 3 0,155
Terpaenp 4 0,225
TpuronaibHa Ginipamina 5 0,414
TerparoHajabHa mipamina 5 0,414
Oxkraenp 6 0,414
Ksaapar 4 0,414
Ksagparna antunpusma 8 0,645
Ky6 8 0,732
Ixocaenp 12 0,9
Ky6ooxraeap 12 1,0
O ©>
P> Py P <Py
KOMILJIEKC MOKJIUBHI KOMILJIEKC HEMOKJIMBHUI

Puc. 6. [IpocTopoBe po3TamyBaHHs JiranaiB Ajs pisHUX p
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Ximis koMnnekcHWX cnonyk

Hanpuknman, Al (R=0,57A) yrBoproe 3 amiomamm F~
(R=1,33A; R,/R =0,43) xommnekc [AIF,]", a 3 anionamu CI°
(R=1,.81A; R,/R_=0,31) — xommuekc [AICL,] .

Y Mexax 10HHOI MOJEN MO)XKHA IOSCHUTH 1 TOPIBHAHO MEHIITY
PO3MOBCIOKEHICTh KoMIUTekciB i3 KU = 5 mopiBHSHO 3 TeTpaeapuy-
HUMU ¥ OKTaeAPUYHUMHU KOMILJIEKCAMH: KPUTUYHI BiTHOIICHHS 10H-
HuX paaiyciB s KU =5 i 6 ogHakosi (Tadi. 3), a eHepris KOMIUICK-
ciB i3 KU = 6 Menmia, i i3 KU = 5.

Po3BHUTKOM 10HHOT MOJIEITI CTAJIO BBEACHHS B PO3PAXYHKH CJICKTPO-
CTAaTUYHOI B3a€EMOJIIT AUMOIBHUX 1 KBAJAPYIOJLHUX MOMEHTIB JIira-
HiB. Tak MOXXHA MTPOBOIUTH OOYUCICHHS Il KOMILIEKCIB i3 HEHUT-
paJbHUMHU JIiraHAaMHu. 3aMiCTh MOJECII KOPCTKUX cdep 10HU po3r-
JAIAI0THCA, K cepu, o aehOpMYIOThCS. Y [IbOMY BHUITAJIKy CHIH
€IeKTPOCTATUYHOI B3a€MOJil M)XK 10HAMU BU3HAYAIOTHCA 3aKOHOM

2 . .
Kynona, F, ... ~1/r"; HeenekTpoCcTaTHYHI CHIIM BiIIITOBXYBaHHA
F

BIJIIIIT.
JAl0Th 3MOTYy OiNbII TOYHO PO3PAaXOBYBATH EHEPTii yTBOPEHHS
KOMITJIEKCHHX CIIONyK, OJTHAK He MO030aBJISIOTh MOJETh MPUTAMAaH-
HUX i HemoiKiB. BoHa HE BpaxoBye €NEKTPOHHY OyIOBY CIIONYK,
TOMY MPUHLMIIOBO HE MOJKE MOSICHUTH MOB'SI3aHi 3 HEIO BIaCTUBOC-
Ti (3a0apBIeHHsI, MarHiTHI BIIACTHBOCTI) Ta HE MPAIIOE IS CIIOIYK
i3 BEJTMKUM CTYIICHEM KOBAJCHTHOCTI 3B'S3KYy Ta CIIOJIYK, IO MiC-
TATH TT- 1 0-3B'A3KHU.

~1/r", 3Buuaiino n ~ 6—12. I{i monpaBku 10 iOHHOT MOJei

5.2. Mogenb nonapu3auii

[TpuHIMIIOBMM HEIOJIKOM 10HHOI MOJIelIi € Te, 10 BOHA HE Bpa-
XOBY€E 3MIiHY €JIEKTPOHHOI OYZO0BU LIEHTPAIbHOIO aToMa ¥ JIiraHiB
IpU YTBOPEHHI KoMIUIekciB. Halimpocrime Taky 3MiHy MOXHa YSIBH-
TH co01 K AedopMallifo eIeKTPOHHNX 00OJIOHOK 3a PaXyHOK €JICKT-
pocTatnuHoi B3aeMofii — moasipmsamiro. [lonsipu3amiiiHi ysBICHHS
po3BuBammcs y 1920-1930 pp. OGaratbmMa BYEHHMH, 30KpeMa
K. ®asnacom, A. Ban-Apxkenem 1 b.B. HekpacoBuMm. 3naTHICTh i0HIB
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Po3gin 5. XiMi4HWI 3B'A30K Y KOOPAMHALINHMX CNONYKax

MOJISIPU3YBATUCS Ta TXHIO TOJIIPU3YIOUY JIF0 MOKHA OITUCATH 3a JIO-
MIOMOTOI0 PSITy PABHIL

[IpaBuna, Mo OMUCYIOTH 3MATHICT 10HIB MOJIIPHU3YBATHCS:

1. AHioHH eOPMYIOTBCSI CHITBHIIIE, HI’K KaTIOHH, OCKIIBKH Ue-
pe3 MiKENeKTPOHHE BiAITOBXYBAaHHS PO3MIPH aHIOHIB OUTBIN 3a
pO3MipH KaTiOHiB.

2. Cepen katioHiB Jierme aeopMyroTbesi i0HU 3 18-eneKTpoH-
HOIO0 000JIOHKOIO.

3. 3a 0JIHAKOBOI CTPYKTYPH €JICKTPOHHHUX OOOJIOHOK iXHsI Jedop-
MOBAHICTh CTa€ OLIBIIO0 P 3MEHIICHHI JIOJATHOTO Ta 3POCTaHHI
(3a Moxysnem) Big'emHoro 3apsmy ioHa. OCOOJHMBO JIETKO MMM €0
30BHIIIHBOTO MOJS AePOPMYIOTHCS €IeKTPOHHI OOOJIOHKH BEIHUKUX
AHIOHIB 3 BEJIMKUM BiJ'€MHUM 3apsJIOM, HAIPUKIIA]T S+,

4. JlebopMoBaHICTh 10HIB-aHAJIOT1B 30UIBIIYETHCS MPH 3POCTAHHI
10HHOTO pafiycy.

[IpaBuiia, 1110 ONUCYIOTH 3[aTHICTh 10HIB MOJSPU3YBATH (CTBOPIO-
BaTH €JIEKTPUYHE II0JIe, 0 MPU3BOIMTH J0 JAedopMarlii eleKTpoH-
HUX 000JIOHOK) 1HIII YaCTUHKH:

1. Jedopmytrouy aito Kparie IpOosIBISIOTH KaTiOHH.

2. ledbopmytoda mist 3pocTtae 3i 30UTBIICHHSM 3apsay ioHa Tpu
HOTO0 cTanoMy po3Mipi.

3. Hedopmyroua aig 3pocTae Npu 3MEHIIEHHI PafiyCy YaCTHHKH
Ipy OJHAKOBOMY 3apsani. Haiikpame momspusydy Iito HpOSBISIOTH
KaTiOHH 3 MJIUM PaJiiyCoOM 1 BEJIMKUM 3aps0oM, HAPUKIal N

4. Nedopmyroua [isi KaTioHa 3pOCTae TMPHU MEPEXOoJli Bix
8-eJIeKTPOHHO] /10 He3aBepIIeHOT 0O0IOHKH.

KinpkicHo momnsipuzanisi BH3HA4Ya€TbCc HABEACHUM TUIIOJEHUM
MOMEHTOM LL: [l = o-FE, o0 — KoedillieHT moaspu3altii, £ — eIeKTpuIHe
nosie. KoedirfieHT mosysipu3ariii MokHa 00YHCIUTH 3 aTOMHOI pedpa-
kuii (R, ) neBHoro aroma o =3R,/(4nN, ), IKy B CBOIO 4epry MOXKHA
oJiepKaTu 3 MOJIEKYJsIpHOi pedpakuii MR, = ZRZ. , obumcneHoi 3a
dhopmynoro Jlopertu—Jlopera:

B -1 M
P42 d
e n — TOKa3HWK 3aJlOMJIEHHS CBiTia, d — TyCTHHA PEYOBHHH,
M — BiTHOCHA MOJIEKYJISIpHA Maca.
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Ximis koMnnekcHWX cnonyk

He3Baxkaroun Ha cXeMaTHUYHICTh YSABJIECHb, MOJSpU3aliiHA TEOPis
3/laTHa Ha SIKICHOMY PIiBHI MOSICHUTH 0araTo acIeKTiB XiMIYHOI I10-
BEIIHKH K HEOPTraHIYHMUX, TaK 1 OPraHiYHUX CHOJYK, 30KpeMa iXHs
CTIHKICTh, PO3YHHHICTH, ONTHYHI BIIACTUBOCTI.

Hanpuknan, y xiopuni maom6ymy PbCl, nedopmyroua mis

Pb*" posnojinseTbcs Ha YOTUPH aTOMH XJIOPY, i Ili ATOMH CHIILHO
mosipu30BafHi. ToMy JIeTKO MOXKe BiOyBaTHCS Iepexia eaeKTpo-
HiB 13 x0pU-ioHiB 10 Pb*", i Bke npu 0 °C PbCl, posknanaers-
ca Ha PbCl, ta Cl,. VY xomnuekcHiii cnomyni (NH,),[PbCl(] ne-

dopmyroua nis Pb** posmoninena Be He Ha YOTHpH, a Ha IIiCTH
aToMiB xyopy. ToMy cronyka crilika 3a HOPMaJbHUX YMOB 1 TO-
yuHae posknaaarucs nuumie npu 150 °C. IleBHoro BHIIMBY Ha Io-
JISIpU3aIliio aHioHIB 3aBHalOTh He TUTbkHM LlA, ame i MPOTHIOHH.
Tak, TepMiuHa CTIHKICTh CIOJIYK 3MCHIIYEThCS B PALY:
(Bu,N),[PbCL], Cs,[PbCl], (NH,),[PbCl;], Na,[PbCl;] cum-

0aTHO 31 3MEHIIEHHSIM paAiyCcy MPOTHIOHIB, a OTXe 31 301JIbIIeH-
HSIM IXHBOT HOJIIPU3YHOYOT Jii.

VY 1inioMy B3aeMHa mossipu3allisi i0HIB MPU3BOJUTH JI0 3MCHIIICH-
HS CTIKOCTI, pO3YMHHOCTI Ta TEMIIEPaTyp TOILIEHHS 10HHUX CIOIYK,
a TaKoX /10 3MEHIICHHS €Hepriil eleKTPOHHUX MepexoiB, 1 K Ha-
cimiIok — "mornubiaeHHs" 3a0apBieHHs peuoBrH (uB. Po3ain 5.6).

5.3. Teopisi XXOPCTKMX i M'AAIKUX KNCIOT Ta OCHOB
i rinote3a aHanorin B. |. Ky3HeuoBa

Teopis xopcTkuX 1 M'skux kucioT i ocHoB (JKMKO) Oyna 3a-
nporonoBaHa P. [Tipconom y 1963 p. Ha OCHOBI MoJsIpU3AIITHUX
ysIBIEHB 1 Teopii kucioT Tta ocHoB Jlptoica. 3rizHo 3 Teopiero, Kue-
Joromw Jlbloica Ha3WBa€ThCA Oynb-sKa MOJEKyia ado i0H, IO € aK-
LENTOPOM €JIEKTPOHHOI MapH, a ocHosolo Jlploica — Taka, 10 € JI0-
HOpPOM eJNIeKTpOHHOI mapu. ba3yrounces Ha ysBieHHsix Jlptoica, Oa-
raTo 3 BiIOMUX XiMi4YHHX MEPETBOPEHb MOKHA PO3TIIAIATH, SIK B3a-
€MOJII0 KHCIIOT 3 OCHOBaMH. 30KpeMa, 1€ CTOCYETbCS YTBOPEHHS
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Po3gin 5. XiMi4HWI 3B'A30K Y KOOPAMHALINHMX CNONYKax

KOOpAMHALIHHUX CHOJYK: IEHTPAJbHUA aTOM € KUCIOTOI, a Jiira-
HIH — ocHOoBamu JIproica.

[Tipcon 3ampononyBaB Kiacuikaiiro KucioT Ta ocHOB JIproica
Ha "xopcTki" # "M'ski". FKoperki kucaoru — 1e KaTioHH, SKi MalOTh
HEBEJIMKI PO3MIpH Ta BEIUKUN 3apsill, @ OTKE — CHIIbHY MOJISPU3Y-
04y JIiF0, HU3bKY MOJISPU30BHICTh 1 BUCOKY €JICKTPOHETATUBHICTD:

ion H', kaTioHH 3 el1eKTpOHHOI 000I0HKO0 s°p° (MyXHI i ITyX-

HozemenbHi MeTanu, AL, meramu III-VII no6iusux migrpyn y
BUIIIOMY CTYICHI OKHCHEHHS), JIAaHTAHOIAHW, aKTUHOIAHM, BHCOKO-
3apAnHi KatioHu 3d-meTamiB. M'ski kucaoTu — 1€ KaTiOHU 3 HU3b-
KHM 3apsioM 1 Maloio eJIeKTPOHEraTHBHICTIO, IO MAalOTh CIaOKy
MOJISIPU3YIOUY JIit0 1 JIETKO MOJISAPU3YIOTHCS. 30KpeMa, Iie KaTiOHH 3
eeKTPOHHOI0 060moHKoI0 s°p°d'’, ioHn "GraropomHux Mmeramis",

aTOMH METaJliB y HYJIbOBOMY i aHOMaJbHO-HU3bKUX CTYIECHAX OKH-
CHEeHH#, ioHM MeTaniB V—VI nepiomiB y CTyNeHSX OKHUCHEHHS +2,
+3 (kpiM JITy>KHO3EeMeNbHUX 1 JaHTaHOiAiB), BH, .

KopeTki ocHOBH — JIITaHU, JIOHOPHI aTOMH SIKHX MalOTh HU3bKY
MOJISIPU30BHICTh, BUCOKY €JIEKTPOHETATUBHICTh i Ba)KKO OKHCHIO-
foTbes. Lle miraHau, Mo KOOPAMHYIOTBCS 4Yepe3 aTOM OKCHTEHY
(H,O, OH", aHioHNM OKCUT€HBMICHUX KUCIOT) 1 F~ . M'siki ocHOBH

— JIraHgy, JOHOPHI aTOMHU SKMX MalOTh HU3bKY EJIeKTPOHEraTHB-
HICTb, JIETKO MOJISIPU3YIOTHCA W OKUCHIOIOTHCS. Lle miranmu, mo Ko-
opnunytothes gepes C, P, S ra ClI°, Br~, I". Jliraamu, mo Koop-
JTUHYIOTBCS 4epe3 aTOM HITPOTE€HY BiIHOCSATHCS 10 MPOMIKHHX OC-
HOB, a 10HH 3d-MeTamiB (+2, +3) — 10 npoMizKHUX KHCI0T. 32 3MCH-
MIEHHSM KOPCTKOCTI JTOHOPHI aTOMH MO>KHA HaOJIMKEHO PO3MICTH-
TH y TaKUi psiA:
F>O>N>Cl>Br>I=S>C~P

[lipcon copmymntoBaB Take MpaBUIIO: ">KOPCTKI KUCIOTH TIe-
pPeBaXHO 3B'SI3YIOTHCS 3 KOPCTKUMHU OCHOBaMHU, a M'SKi KUCIOTH
— i3 M'sKUMH OCHOBaMH'", iHaKIIe KaxXydu: "mOoAiOHE B3aeMOJIi€
3 noxioHuM". Cumig Bim3HauutH, 1o Teopis IlipcoHna ycmimHO
3aCTOCOBYETHLCS HE TUIBKHM B KOOpAWHAIIHHIHN, aje 1 B OpraHivyHIN
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Ximis koMnnekcHWX cnonyk

xiMmii Ta I mependadeHHs] PO3UYMHHOCTI PEYOBUH Y PO3YMHHHU-
Kax pi3HOI NpUpPOIH.

Hanpuknazn, ion Al'”* (TMHoBa skopcTka KMCJIOTa) yTBOPIOE CTili-
kuit kommeke [AIF, " 3 iomamm F~ (kopcTka OCHOBA), a KOM-

mwiekc [All,]” He € cTifikuM y BOAHOMY po3uMHi. M'ska KHCIOTa
Hg** yrBoproe criiikuii kommnexc [Hgl,]* i3 M'skoro ocHoBoo 1™,

a komruteke [HgF, [ ue criitkuii. Jliranng NCS™ Moske KoOpauHyBa-
THCA sK depe3 atoM N (IIpoMidkKHA OCHOBA), Tak 1 aToM S (M'ska oc-
HOBa). I3 sxopcTkoro kucimortoro Cr’' BiH yTBOPIOE KOMILIEKC
[Cr(NCS),T", a3 Msxoro Ag" — kommieke [Ag(SCN),] .

Ha ocnoBi Teopii Ilipcona moxe OyTH mOsICHEHO OaraTo
MPaKTUYHUX aCIeKTiB aHajiTudHOi ximii. Lle, 30kpema, cynbdin-
Ha kinacudikamis KaTioHIB y fKiCHOMY aHami3i: kaTioHm I
i II rpyn € xxopctkumu, 111 — npomixkaumu, a IV 1 V anamitud-
HUX Tpyn — M'akuMu kuciotamu Jlproica. [Ipu mpoBeneHHi ana-
Ji3y JKOPCTKI KaTiOHM MOXHa 3aMacKyBaTH 3a JOTIOMOroio (iy-
opuny abo pochary (KOPCTKI OCHOBH), a M'SIKi — 32 TOITOMOTOIO
miaHigy abo TiocedoBUHM (M'IKi OCHOBH).

I'imore3a anagoriii B. I. Ky3HenmoBa 3acTOCOBYETBHCA s IiE-
pendaveHHs BJIACTUBOCTEH OpPraHiYHHX MOJIEKYJ-KOMILIEKCO-
yTBOpioBauiB. Bona ¢opmymoerses Tak: "SKkmo opraHiyHui pe-
areHT MICTHUTHh (YHKI[IOHAIBHY TPYITy, 32 CBOEK OYIOBOIO TOJi-
OHY 10 BiAMOBIMHOTO HEOPTaHIYHOTO JITaHTy, TO i KOMIIJIEKCO-
YTBOPIOKOYi BJIACTHBOCTI LOT'O peareHTy OyIyTh MOJIOHUMU 10
BIIaCTUBOCTEH HeopraHiyHoro Jiranay". Tak, TiocedyoBuHa
(H,N),C=S, mo MicTUTb JOHOpHiI aToMu Cyib(dypy, YTBOPIOE
MIIHI KOMIUTeKcH 3 MeTanamu [V—V aHamiTHdHEX TpyT (32 CyJIb-
(dhigHOIO CXEMOI0), TOOTO TAaKWUMH, JUISI SIKUX XapakTepHI TyKe
cTiviki cynbdinu. dns pearenty "XnopdochoHazo" xapakTepHe
KOMILIEKCOYTBOPEHHS 3 BHCOKO3apaanumu ionamu (A", Fe’*,
JIAHTaHOIW, aKTUHOIIN), M0 YTBOPIOIOTH PochaTHi KOMILIEKCH
ab0 BaxxKopo34YuHHI pochaTu.
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P03H2 OH OH

AN ®
SO,H SO,H

5.4. Teopia BaneHTHMX 3B'A3KIB i TeOpisi KpUCTanivyHoro nons

B ycix mMomensx XiMigHOTO 3B'SI3KY, IO OYJIM PO3TISAHYTI BHU-
e, MPakKTUYHO He MPHUAUIAIOCA yBaru enekTpoHHii 6ymoBi KC.
HaiinpocTimioto 3 Mojeliei, o po3risiaae eIeKTPOHHY OYI0BY, €
MoJieNb BaJleHTHUX 3B's3kiB (B3), abo monens P. Inecni. Lro mo-
JeNb JeTallbHO pO3IUIANAITh y Kypci "3araiabHa Ta HeopraHiuHa
ximig", ToMy Haramaemo jumre ii 0a3oBi momoxkenHs. Ilim gac
YTBOPEHHSI MOJIEKYJIM BaJ€HTHI OpOiTali aToMa MepeTBOPIOIOTHCS
B Habip ogHakoBUX "TiOpumHuX" opOiTayiel, siKi 3a CBOEIO €HEp-
rieto i reomerpieto € "cepeaHiM apupMeTHIHUM" THX OpOiTanei,
i3 SKUX BOHU YTBOPHUIHUCA. ['eoMeTpis MOJIeKyJH 3yMOBIeHa ri0-
pHII3aIi€l0 Ta B3aEMHUM BiTIMTOBXYBaHHAM "TiOpuaHux" opOirta-
nel, mpudoMy Tpeba BpaxyBaTd, IIO0 HAaWCHIBHIIIE BiAIITOBXY-
10Tbes "HemoiieHi enekTponHi nmapu". Ha sikicHoMy piBHI Teopis
B3 Hemorano mosicHioe ckiaja i OyJOBY MOJEKYJ, sIKi HE MICTATh
HECIIApEeHHUX eJIEKTPOHIB i 0araTOIEHTPOBUX XIMIYHHUX 3B'SA3KIB, Y

TOMyY YHCITi KOOpAMHAILIHHUX crionyk, Takux sk [AIF, ", [AuCl,]

tomo. OmHak, Teopis B3 "cama mo cob6i" BUSABMIACT aOCOIOMHO
HE3/IaTHOIO TIOSCHUTH CHEKTPaNbHI BIACTUBOCTI CHOJYK i OyJOBY
MOJIEKYJI, IO MICTSTh HECIapeHi eIeKTPOHH, 30KpeMa KOMIUICKCIB
MepexiTHUX METaliB.

[lepmioro # mocuTh BHamo CHpoOOI0 MOSICHUTH EJIEKTPOHHI
CIIEKTpHU Ta OyIOBY KOMIUICKCIB TMEPEXiTHUX METaJliB € Teopist
xpucragiynoro mossi (TKII), Bmepmie 3ampomonoBana y 1929 p.
¢izukamu I'. bere Ta Ix. X. Ban-®aexom. ¥ mexax miei Teopii
JITaHad PO3TIAAAIOTHCS K TOYKOBI O€3CTPYKTYpHi Bim'eMHI 3aps-
o, a s LA netanbHO po3risaeThes eIeKTpOHHA OymoBa. Mixk
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opOitansmu LA i mirangamu BiOYBaeThCS €NEKTPOCTATHYHE Bifl-
IITOBXYBaHHS, IO MPU3BOJUTH J0 30iJbIICHHS a00 3MEHIICHHS
eHeprii neBHUX opOiTaneil, a OTKe A0 PO3LICIUICHHS CHEePreTHY-
HuX piBHIB. Jlocmigaukwu, mo 3anpononysanu TKII, Ha3zBamm eie-
KTPHUYHE IOJIe JIraHaiB, mo i€ Ha eHepreTuuHi piBHi LA, kpuc-
TaniyHuM mosieM, OCKUIbKU 3acTocoByBanmu TKII mist mosicHeHHs
BIIACTHBOCTEH KPUCTAIIiB.

Sk mpuknam, po3rISHEMO 10H d-MeTaldy B OKTacAPUIHOMY OTO-
yeHHi. EHepris ycix n'situ d-opbitaneii A BUIBHOTO 10HA OJJHAKOBA.
SIK110 i0H MOTpaIUIsAe y KpUCTATidHE ToIe ChepUIHOl CUMETPIi, eHep-
rist opbitaneit 30UTBIIYETHCS 32 PAXYHOK EJIEKTPOCTATHYHOTO Bif-
mToBXyBaHHS (puc. 7, 8). OmHaK, SKIIO CUMETPIsl MOJIsi OKTaeapHy-
Ha, JiraHIy IiI0Th Ha pi3Hi opOiTaii mo-pizHOMY.

BBomumo cucteMy KOOpAMHAT TaKHUM YHHOM, IO JIIFAaHIW pO3Ta-
IIIOBaHI Ha OCAX KOOPJHUHAT X, y, z. OpOiTaii a’z2 Ta d]g,yz Harpas-

JIeH1 0e3MocepeTHRO JI0 JITaH B, TOMY 3a3HAI0Th CHJIBHIIIIOTO EIIEKTPO-
CTaTUMHOTO BiJIITOBXYBaHHs, HUK opOitami d,,, d . i d,_, "nonari"

yz

SIKUX TIPOJISATAIOTh MIX Jliranaamu (puc. 7).

Puc. 7. IlpocTopoBe po3TamyBaHHs Jirauais i d-opoitaneit
B OKTaeJpMYHOMY KOMILIeKci ((pparmMeHT)

3acTOCOBYIOUH TEOPil0 CHMETPii, MOXKHA BCTAHOBHTH, IO i Ii-
€10 omepauiii cumerpii ToukoBoi rpynu O, opbiram d, 1 dxz—y2

IIEPETBOPIOKOTHCS 33 HE3BIIHUM 300paKeHHsM e, , a opbitani d

Xy ?
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Po3gin 5. XiMi4HWI 3B'A30K Y KOOPAMHALINHMX CNONYKax

d,. 1d_. —3aHe3BiHUM 300paKeHHM 1,, . OTKe, d-piBeHb y noui

vz
OKTaCIPUYHOI CUMETPIi PO3IIEIUIIOETHCA Ha JIBa MiJPIBHI: BHCOKO-
CHEPreTUYHUI e, | HU3bKOCHEPreTuYHuit 7,, (puc. 8). Pi3HuILls eHe-

priii Mk e, i f,, DIBHSAMH HA3UBAETbCS NMApPaMeTP PO3UIENICHHS

1 mo3HavaeTbes sk A abo 10Dg (3acrapine).

e, (d.nd,_.)

-y

— — — — — Ll

ITone cdhepranoi

cumetpii S— — 4, d,.d

- — — — ITone oxraenpuaHOl
cumerpii

d.)

yz?

IoH y razosiit ¢asi

Puc. 8. Cxema po3mienyieHHs 0JHOEJIEKTPOHHHUX ATOMHUX d-piBHIB
B €JICKTPOCTATHYHOMY I10JIi OKTaeJPUYHOI CUMeTpii

Po3mieruieHHs y mojisxX TeTpaenpuyHOi Ta IUIOCKO-KBAApaTHOT
cuMeTpii moka3aHi Ha puc. 9. Tam ke HaBeeHO 1 MPUOIM3HI 3HAYCH-
HSl PO3LICIUICHHS y TOPIBHSHHI 3 OKTaCPUYHUM KOMIUIEKCOM, 32
YMOBH IJICHTUYHOCTI 3aps/iB LA Ta 10BKUH 3B'A3KIB.

by @)
— © ’ = AOKT
b (dysd,d,)
— 4— S . b,, (d,)
~ x A
ATm_ ~ aAom e _’\\ OKT y
—_ C(beleH.{a . _ a, (d.)
e(d,,d,_,) CHMETpist — — SR
7 Tt— — e, (dyz, d.)
Terpaenp Okxraenp .
ITnockuit kBagpaT

Puc. 9. Cxema po3uiensieHHs1 01HOeJIEKTPOHHUX ATOMHUX d-piBHIB
B €JIEKTPOCTATHYHHUX MOJISIX TeTPAeIPHYHOI Ta MJIOCKO-KBAIPAaTHOI CMMeTPil
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3HaueHHs MapaMeTpa PO3ILCIUICHHS 3aJICXKHUTh Bl PAIY BIIACTH-
Bocreii LIA Ta mirasmis:

o Yum Oinbrimii 3apsia LA, Tum Ointbiimii A.

e Yuwm Ginburi po3mipu LA, TuMm Oinbmmii A.

e 3a 30IIBIICHHSAM 3HAYCHHS MapaMeTpa pO3MIeIUICHHS JIiraH-
JI1 MOXHA PO3TAIyBaTH Y TAKUHU PAJl, SKUU HA3UBAETHCS CHEKTPO-
XiMiyHUM:

I' < Br < SCN < CI' < NO; < F < dtcc < OH"
~ ONO™ ~ R-CO; < C,0; < H,0 < NCS ™ < edta*” < py
~ NH, <en <dipy <phen < NO, << CN™ <CO= PR, = C,H,.
CrpykTypHi opMyIIn Ta Ha3BH JiranzaiB HaBegeHo y Jonartky.
11 TOHOPHUX aTOMIB CIIEKTPOXIMIUHUH psif Oy/ie MaTH BUTIISL;
[<Br<S<CI<F<O<N<<C=P

Jliranau, 10 3HAXOJATHCS HA MOYATKY CIIEKTPOXIMIYHOTO PSTY

(1o H,O BKIIIOYHO) HAa3MBAIOTHCS JIiraHAAMU C1a0KOro, a JiraHay B

Q

Q

kil psaay (micns H,O ) — cunbHOrO mosst.

3actocyBanHs TKII no3Bonsie Ha SIKICHOMY piBHI IMOSCHIOBATH
enektporHi cnektpu KC (amB. po3min 5.6), 00YMCIIOBaTH 3HAYCHHS
iX Mar"HiTHIX MOMEHTIB 1 3pO3yMiTH Jeski XiMigHi BiaacTuBocTi KC,
SIKI HEMOXKJIUBO OYJIO MOSICHUTH TIPH 3aCTOCyBaHHI Mozeni B3.

3HaveHHs MarHiTHOro MoMeHTy (y MarHetoHax bopa) y nmepmomy
HaOmkeHHi (0e3 ypaxyBaHHs CITiIH-OpOiTaIbHOI B3aEMOJIi1) BUpaxa-
€Thbcst HOpMyIIOIO:

=g S (S+1) = \n-(n+2)

ne g — mHoxHUK Jlanzae (g-dakrop), S — 3HaYEHHS CIIIHOBOrO MOMEH-
Ty aToMma, # — KUIBKICTh HeCIapeHux enekTpoHiB. Habmmwkena ¢op-
MyJia Ofiep>KaHa 3 BUKOPUCTAHHSM 3HA4YCHHS g = 2 s BUIBHOTO
enekTpony. PosrisiHeMo, sk Oyne 3MiHIOBATHCS 7 MPHU 30UThIICHHI
KUTBKOCT1 d-eTIEKTPOHIB y 10HA MeTaly, 1o mepedyBae B OKTaeApUd-
HOMY OTO4YEHHI JiranaiB. [lepii Tpu eIeKTpOHH (HApHUKIAL — B 10HI

Cr’*, 3d”) noTparisioTh Ha HU3bKOEHEPreTHUHHIL 7, . DIBEHb, i 3ri-

HO 3 npaBujioM ['yHJa € HecnapeHuMu. YeTBepTuil d-enekTpoH (10HH
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Cr**, Mn*", 3d*) mae MOXIHMBIiCTE TOTpanuTH a00 HA f,, PiBEHb

(ms mocATHEHHS MIHIMyMY €Heprii), a0 Ha BHCOKOCHEPTETHIHHM
e, piBeHb (KO npaBuio ['yHaa BUSBIAETHCS "CUIbHIIIMM" 3a eHep-

TETUYHY Pi3HUIIO MiXK f,, Ta e, piBHsAMHU) 1uB. puc. 10.

-
TR
o4 4
HusekocmiHOBHIM Bucoxocninosuii
KOMILIEKC KOMILIEKC

Puc. 10. Po3moJia eieKTpoHiB Misk ¢,, Ta e, piBHAMHA

JJIS1 OKTAEIPHIHAX KOMILIEKCiB Mn**

Te, Ha SKUI pIBEHB MMOTPAILISE EIEKTPOH, 3TICKUTh Bl 3HAYCHHS A.
Kommieken, y sSknx A BENHKHiA, @ SJIEKTPOHH MOTPAIUIIOTE HA /,,

PiBEHb, HA3UBAIOTHCS HU3LKOCHIHOBHMM, & KOMIUICKCH 3 MAJICHBKHM A,
Y AKUX EIIEKTPOHH MOTPAIUISIOTh HA €, PIBEHb — BHCOKOCHIHOBHMH.

VTBOPEHHS HU3bKO- T4 BUCOKOCIIHOBUX KOMILIEKCIB CIIOCTEPIraeTh-
sl I eNeKTPOHHMX KoHQirypauiii B inteppani d* —d’ . Te, saxwuit
came KOMIUIEKC yYTBOPHBCS, JIETKO BCTAHOBHTH 3@ 3HAYCHHSM HOTO
MarHiTHOrO MOMEHTY.

Toit ¢dakr, mo npu yrBoperHi KC eneKTpoHU MOTPAIlISIIOTh Ha
eHEepPreTHYHO-BUTi/IHNI piBeHb (1,, y BUIAIKy OKTAaeAPMYHHX KOM-

JICKCIB) MPU3BOAUTH JIO 30UTBIICHHS CTIHKOCTI BIAMIOBIIHUX CIOJYK.
Burpam eneprii 3a paxyHOK eJIeKTpOHHOI KOH(]Iiryparii Mae Ha3By
"eneprist craGipizauii kpucramiunum nmoaem" (ECKII) i mns oxraen-
PUYHUX KOMIUICKCIB MOXe OyTH 004HCIeHH 32 GOpMYJIOHO:
ECKII=0,4A-N(t,,)—0,6A-N(e,)

ne N(t, g) 1N (eg)— KUTBKOCTI €JICKTPOHIB Ha BiJIMOBITHUX PiBHSX.
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Ha miarpami (puc. 11) cxemMarnyHO TOKAa3aHO, SK 3MIiHIOETHCS
CTIMKICTh BUCOKO- Ta HU3HKOCIIIHOBUX KOMILIEKCIB METANIB 3aJIE€KHO
BiJI KiJIBKOCTI €JIEKTPOHIB.

1 1gB —0— HusbKoCHiHOBI

g —e— BucokocmiHoBI

dn

0 1 2 3 4 5 6 7 8 9 10

Puc. 11. 3anexkHicTb CTIHKOCTI KOMILTEKCIB MepexXiTHUX MeTaJTiB
Bi/l KVILKOCTI HecapeHHX eJ1eKTPOHIB

[TynkTupHa niHis OKa3ye, Ik Maja O 3MiHIOBaTHCS CTIMKICTh Oe3
ypaxyBaHHs cTa0iii3allii KpucrtamiuHuM nojiem. I3 giarpamu 6aunmo,
10 HAWCTINKINI HU3bKOCIIHOBI KOMIUIEKCH XapaKTepHi JJIS eJIeKT-

ponHoOi KoH}irypaii d°, a Bucokocninopi — s d° i d°.

Hamnpukiaz, criomyku KoOaJbTy 3 OKCUT€HBMICHUMH JIraHIaMH —
BUCOKOCIIIHOBI, 1 HuX KoHoirypauis d’ (Co*") e 6impm Buria-
Hoto, Hik d° (Co’"). Tomy okcurenBmicHi cronyku Co’" — cumbHi
OKHMCHHUKH, a akBakaTion [Co(H,0), ]’ He icHye B3arai:

2Co(OH), + 6HCl = 2CoCl, +Cl, T +3H,0

Y mpUCYTHOCTI K JIraHAiB CHIBHOTO TOJIS (30KpeMa, HITPOTeHY-
MiCHHX) JIETKO yTBOPIOIOTHCSA HU3BKOCTIIHOBI Kommiekcu Co’", 110
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MPAaKTUYHO HE MPOSBISIOTH OKHCHIOBAILHUX BIIACTUBOCTEH, OCKLIb-
KM KOH(}irypanis d°® € 11 HUX eHepreTHUHO BUTiHOIO:
4CoCl, + 20NH, + 4NH,Cl+ O, =4[Co(NH,),]Cl, + 2H,0;
Co(NO,), + 7NaNO, +2CH,CO,H =
= Na,[Co(NO,),]+NO T +2NaNO, + 2CH,CO,Na + H,0

3HayeHHs A A TeTpaeIpUYHHX KOMIUIEKCiB Habarato MEHIIE,
HIK JUISl OKTaCPUYHHX, TOMY 3d-METaJIH YTBOPIOIOTH TiILKU BHCOKO-
CIIHOBI TETpaeAPHYHI KOMIUIEKCH. XapaKTePHOI OCOOIMBICTIO IJIOC-
KO-KBa/IpaTHUX KOMIUICKCIB € BeJMKa PI3HHLL CHEpriil piBHIB d, 1

dxt)l' Tomy HalOIIBII XapaKTEPHUMH IUIOCKO-KBaIPAaTHUMH KOM-

IUIEKCAMH € TaKi, 10 YTBOPEHI JiraHAaMH CHIILHOTO TMOJISl Ta MAOTh
enextponHy koudirypamio LA d° (iomm Ni**, Cu’* — 34%; Pd*" —
4d*; Pt*", Au*" — 5d°). Posmipu ioHiB mepeximHUX MeTasiB, IO
BITHOCATHCS 110 5-TO Ta 6-ro mepioniB Ilepiomudnoi cucTtemu, Habara-
TO OUTBII, HIK PO3MIpH i0HIB 3d-MeTalliB, a OT)Ke 3HAYCHHA A I
KOMILIEKCIB 4d- 1 Sd-meraniB € HabaraTo OLIBIINM, HIXK IS KOMILICK-
ciB 3d-meTaniB 3 aHANOTIYHUMH JIiraHAamMH. ToMy KOMIUIEKCH Mepexi-
JTHUX METaJiB 5 1 6 mepiory MpakTUIHO 32BN € HU3bKOCITIHOBUMH.
3a nonomororo TKII MokHa MOSCHUTH OJUH 13 BUNAAKIB KBaHTO-
BO-XIMIYHOTO SIBUIIA, II0 HA3HBAEThCH edexrom Sna—Temnepa. Lleit
e(eKT MoJsra€ B TOMY, III0 OCHOBHUH €NEKTPOHHUI CTaH MOJIEKYJIH
HE MOXe OyTH BHPOKEHHM (TOOTO MPENCTaBICHUM HaO0OpOM pi3-
HUX OJHOENIEKTPOHHUX CTaHIB 3 OJHAKOBOIO eHeprielo). Tak, KaTioH
Cu** mae enextponny koHdiryparito 3d’. Tomy B pasi, AKIIO KO-
OpAMHALIMHUHA ToMieap LBOro i0Ha SBNIAE OO0 MPaBUILHUNA OKTa-
eJp, WOro OCHOBHUM E€JEKTPOHHUM CTaH JBOKPATHO BUPOKEHUI:
HECIIapeHUH eTICKTPOH MOYKE 3HAXOIUTUCH HA OyIb-sIKii 3 CHepreTHY-
HO-OJIHAaKOBUX e, OpOiTasnel, o YTBOPIOIOTHCS 38 PAaXyHOK po3Lue-

wieHHs 3d-piBHS B KpuctamiyHoMmy moii (puc. 8). OmHak Hacmpasni
CTIMKMM KoopauHaiiiiauM nomienapom mis kynpymy(Il) e terparo-
HaybHa Oimipamiza, TOOTO OKTaenp, BUTATHYTHH mo ociz. J{ns Hel
BUPOJDKEHHS e, PIBHS 3HIMAETBCS, BiH PO3LICIUIIOEThCS HA a,, 1 by,

komrioHeHTH (puc. 12). Ile mpu3BOAUTH A0 MOAATKOBOI cTabimizamil
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KOMIUIEKCY MOPIBHSHO 3 OKTaeIPHUYHUM, OCKUTBKHA Ha OLTBII eHepre-

TUYHO-BUI'IIHOMY @, PIBHI 3HAXOIUTBCS 2 CINEKTPOHH, a HA by, —
ouH (9, ; — IOAATKOBHUII MapamMeTp pO3ILUEIICHHS 32 PaXyHOK ede-

kty Slna-Temnepa, nonatkosa ECKII cranoButs 0,5-0, ;).

. blg (dXZ_yz)
eg (dzza dxz—yz) -H- 4—::::::::::\ SﬂA-T.
h a, (d.)
e @)
t, d,,d,,d)) szl
i O ) A A 0 e
OxTraenp TerparonansHa

Gimipamina
Puc. 12. Cxema po3iuenuieHHs1 OIHOCJICKTPOHHUX ATOMHUX d-piBHIB

B €JeKTPOCTATHYHHX NOJISX OKTaeIPUIHOT
Ta TeTPAroHAJbHOI cUMeTpii

Ha mpaktumi ams OUTBIIOCTI iHIIMX CTIONYK, Y SKUX edekT SAna—
Tennepa mae miciie, po3LICTUICHHST BUPOIXKCHUX PiBHIB BiIOYBaeThCs
3a paxyHOK AWHAMIYHOI'O BHKPHBJIEHHS KOOPAMHALIIHOIO MoOJienpy
BHACJIJIOK B3a€MO/IiT SNIEKTPOHHUX 1 KOJIMBAJIbHUX €HEPreTUYHUX PiB-
HiB (BiOpoHHA B3aeMofist), 1 CIIOCTEPIraeThCS JIMIIE K JOJATKOBE PO3-
LIETUICHHS] CMYT MOTJIMHAHHS B €IEKTPOHHUX CIEKTpPax.

He3Baxkarouu Ha 1OCUTH BAAJIE MOSICHEHHS psiAy BiactuBocteit KC,
knacnyra TKII posrisigae B3aemosiro LA 3 jiranmamu sik KyJTOHIBCh-
K€ MPUTATaHHS, YTBOPEHHS XIMIYHUX 3B's13kiB M—L mipu npomy He Oe-
peThest Ao yBarn. ToMy BOHa Majio MpHAaTHA AJIsL OMUCY KOMILIEKCIB
i3 BEIMKAM CTYIIEHEM KOBAJICHTHOCTI 3B's3Ky M—L 1 1yt cronyk, mo
MICTATEh TT- 1 0-3B'SI3KHA. AHANI3YIOUN CIIEKTPOXIMIUYHUHN PsI JITaHIIB,
JIETKO 1OOAYMTH, 10 3HAUCHHS IIapaMeTpy PO3LUEIUICHHS A 3aJI€XKUTh
HE Bij 3apsiay Jirangy (1o maino O BHTIKaTH 3 OCHOBHHX IEPEIyMOB
TKII), a Bix HasBHOCTI €JIEKTPOHIB HA HOro m-opOiTalsax: y JiraHjaiB
CJIabKoro Mo 11i opOiTalti 3BUYaifHO 3alIOBHEHI, a Y JIIFaHIB CHJIBHO-
r0 1ot — BUThHI. [IpuanHN mboro HE MOXYTh OyTH MOSCHEHI Hi B Me-
xax TKIL Hi B Mexax Teopil BAICHTHHX 3B'A3KiB.
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5.5. 3actocyBaHHs Teopii MonekynapHux opbitanen
ANA 0nMcy KOOPAMHALIMHWUX CNONyK

Ha crorogni HalOiNbII 3aranpHOI0 TEOPi€l0, MO OMUCYE XiMid-
HUH 3B'130K, 00'emHye B co01 moxkiuBocTi TKII i meromy B3 1 3maTHa
MOSICHUTH BC1 HaBEJICHI BUILE OCOOIUBOCTI, € TEOPis MOJEKYJISIPHUX
opbitaneii (MO). BoHa € OCHOBHMM Cy4acHHUM MiZIXOAOM JUIA ITPOBE-
JIEHHS KBAHTOBO-XIMIYHUX pPO3paxyHKIB OyIb-IKHX CKJIaIHUX CHC-
TEM: MOJIEKYJI, KOOPJUHAIIHUX CIIONyK, MOJIEKYJISIPHUX acoliaTiB,
KPUCTANIYHUX IPaTOK TOWIO. Y JaHOMY PO3AUT OyAyTb PO3TISHYTI
nume ii OCHOBHI NMOJIOXKEHHS W 3aCTOCYBaHHS Ul ONHCY OCSIKHX
BIIACTUBOCTEHN KOOPAMHAIIITHUX CITONTYK.

[Ipu yTBOpEeHHI MOJIEKYTH aTOMHI OpOiTani OKpeMHX aTOMiB (110
OIHCYIOTBCSI XBUJIBOBUMH (YHKIISIMU ;) NepekpuBaroThcs. Ilpu

LIbOMY YTBOPIOETbCsl HOBHI HaOIp opOitaneil  ,, MO Ha3UBAKOTHCS

MOJICKYJIIPHUMHU OpOiTasiMu. Byb-ska MOJIEKyIJIsIpHA OpOiTaIb MO-
e OyTH TpejcTaBlicHa sK JiHIiHA KOMOiIHaIis aTOMHHUX OpOiTanei

(MO JIKAO):
v, = Zci “Ki s

IIPU IIbOMY MarOTh BUKOHYBATHUCS] YMOBU OPTOHOPMYBAHHSL:
> :1:>I\|1j =1, I Y,y -dV =0;
4 J#k

TOOTO Ha KOXHIH 13 MO MOXYTh PO3MICTUTHCS JIUIIE J1Ba €ICKTPO-
HU 3 IPOTHJIEKHUMH 3HAKaMHM CIiHiB, a camMi MO € opTOroHagbHU-
Mu (TOOTO TaKMMHU, IO HE MIEPEKPUBAIOTHCS ) MK c00010. OCKITBKH
aToMHi opOitani (AO), mo yTBopoOTh cucteMy MO, xapaktepu-
3YIOTBCSl THMH K BIaCTUBOCTAMHU (OPTOHOPMYBAHHS y MEKaX OKpe-
MOT0 aToma), kizvkicms MO cmpoeo oopisnioe kinokocmi AO, wo
ix ymeopwowoms.

Po3paxynok koeilieHTiB XBMILOBOI (YHKIII, 110 BiAMOBIAAIOTH
MIHIMyMY €Heprii MOJIEKYJIH, € OCHOBHUM 3aBIaHHSIM KBaHTOBOI XiMii.
Metomu po3paxyHKy WX KOE(DIIi€HTIB i BJAaCHUX 3HAYCHb CHEPTiil
MO € nocuTh CKJIaTHUMH Ta TIEBHOIO MipOI0 HAOIMKEHUMH.
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Posrasaemo 3 mo3umiit MO JIKAO yTBOpeHHS OJMHAPHOTO 3B's13-
Ky Mix iBoMa atomami. Lleli 3B'sI130K YTBOPIOETHCS 32 PaXyHOK TOTO,
o AO OKpeMHX aTOMiB EPEKPUBAIOTHCS, 1 IPU IBOMY YTBOPIOETh-
¢t MO, mo BignmoBigae MiHIMyMy eHeprii (3B'ssywuya MO). OmgHak
IIPH [IbOMY YTBOPIOETHCS 1 Apyra, eHepreTuuHo Hepurigna MO, 1o
Ha3UBAETHCS PO3PUXIAIOUOIO.

AO(H) MO(H,) AO(H) OckinpKu CIEKTPOHN
(mo omHOMY BiJ KOXKHOTO

aToma), MOTPaIUIsIOTh Ha

@ @ 3B's13ytouy MO, yTBOpEH-

PN HA 3B'SI3KY € €HEePreTUYHO

@ 4‘ " @ BI/II:iILHI/IM (p%c. 13). Ta-
Ny s Kuil  IpOCTMH  MpPHKIA
e, HETIOraHO OIMCY€EThCS 1

TEOPI€I BAJICHTHUX 3B's3-

@ KiB, ajie¢ B [bOMY BUIAJIKy

YTBOPEHHS PO3PHUXJIIOYO]

MO =He BpaxoBye€ThCSI.

HeoOxigHoto ymoBoro mepekpuBanHs AQO € iXHS BiIMOBIIHICT 32
cumerpieto. ko AO pi3HHUX aTOMIB MalOTh Pi3Hy CUMETPil0, BOHH HE
TIePEKPUBAIOTHCS MiXK CO00I0, a OTXKE € HE3B'S-
3yrounmMu. J{as ckiagHOi GararoaTOMHOI MO-
Jekynu BinnoBigHicTe AO 3a cuMeTpiero Mo-
KHa BCTAHOBUTH, 3aCTOCOBYIOUM TEOPIIO CHU-
metpii. Jns toro, mo6 AO mepexpuBaiucs,
HE0OXiIHO, 00 BOHU MEPETBOPIOBAIKCS i

J€ro omeparliii cuMeTpii yTBOPEHOT MOJEKYIH
32 OJTHUM 1 THIM K€ HE3BITHUM 300pa’KeHHSIM.

Puc. 13. Cxema MO a5 moJjiekyau H,

PosrnstHeMO yTBOpEHHSI CHCTEMH G-3B'A3KIB B OKTaeAPUIHOMY
KomIuiekci 3d-metanmy. KopucTyrounch Teopiero CHUMeETpii, MO>KHa
BCTaHOBUTH, 110 3d-0p0iTalli HepeTBOPIOIOTHLCS 3a HE3BiAHUMU 300pa-
KeHHaMu e, (d.id, )it (d,,d. id.)4s—a,4p—1,.

yz
Habip opbitaneii nmiranaiB, HampaBieHUX OO0 aToMa MeTany (ToOTo
TaKUX, 10 OyOyTh YTBOPIOBAaTH G-3B'SI3KU), MEPETBOPIOETHCS 3a
KoMOiHali€lo 300paxkens: a,, +1, +e,. Omke, yrBopenus MO, wo
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BiATIOBIAIOTh CHCTEMI G-3B'SI3KIB B OKTaeAPHWIHIN MOJIEKYIi, MOX-
Ha TIPOLTIOCTPYBATH TaKoI cxemoro (puc. 14). YpaxoByrodu Te, 10
JITaHJAM 3BUYANHO KOOPJUHYIOTHCSA 32 JOIMOMOTOI HEMOMUICHUX
€NIEKTPOHHUX TIap, Maemo, o 38's3yro4i MO a,, +1,, +e, € 3aiins-

lu

TUMH. ENEKTPOHH 10HA METally 3aMINAIOThCs Ha HE3B'A3YIOUiH 7,

1 pO3pUXJIAOYIN eg 0p6lTaﬂHX, 10 ITIOBHICTIO B1AIIOB1AA€ CXEMI,

sKy posrianae TKII.

AO (M) MO (ML) AO (6L)

J— — —

3d (1, + e,)

Puc. 14. MO B okTaeapuuHoMy KoMIuiekci 3d-merady,
[0 BiAMOBiZa0THL cHCcTEMi O-3B'A3KIB

Crin BiA3HAYMTH, IO MPU YTBOPEHHI G-3B'A3yH0UHMX opOiTaneit
aToMoM Meraity Oyiu 3aiisHi opbirami d ,Ta dey2 (e,), 4s (a,,)

1 4p (¢, ). Lelt HaGip noBHICTIO 30iracTbes 3 TUM, KU OepeTbes
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Ximis koMnnekcHWX cnonyk

ans yTBOpeHHs "ribpunHnx" d’sp’ opbitameit ais OKTaeapHYHMX
KOMIUIEKCIB IIPH KOpUCTyBaHHI MeTogoM B3. Takwuii 30ir € 3araib-
HOIO 3aKOHOMIPHICTIO, OCKiJIbKM "TiOpuaHi" opOiTani BUBOASTHCA
3 BUKOPUCTAHHSIM TOTO X MPHUHIIUITY BiAMOBIAHOCTI aTOMHHX OpOi-
Tajel 3a CUMETPIErO.

VY pasi, gKmo niragn mMae m-opOiTalli, OCTaHHI TEX IEepeKpHBa-
OThCs 3 d-opOitamsamu L[A. SIkmo m-opOiTami JiraHmiB BUTbHI, a
d-op6itaimi 1{A — 3amoBHEHI, TOAATKOBHH 3B'SI30K, IO YTBOPIOETHCS
py IbOMY, MAa€ HA3By MAAaTHBHMiA, a BIANOBIMHI JITaHIU —
n-akuentopamu (puc. 15). Hepigko yTBOpeHHS HaTHBHHX 3B'SI3KiB
MIPU3BOIUTE IO 3HAYHOI crabimizarlii KomIuiekciB. Tak, KoHCTaHTa
YTBOpPEHHsI cTabi1i30BaHOTO JaTUBHHMH 3B'si3KaMu TpUQeHiIocdi-
HoBoro komiuiekcy aprentymy (lgP[AgPPh,]=6,58) Ha 6 nopsaaxis
OlTbIIa 3a KOHCTAHTY YTBOPEHHS TPHUQPEHITAMIHHOTO KOMIUIEKCY
(lgP[AgNPh,]=0,19), y sikoMy 1aTuBHUX 3B'A3KiB HEMAE.

Sxmo x m-opOitani JiraHgy 3amoBHEHi, a d-op6Oitani LIA — Binb-
Hi, yTBOPIOETHCS TOJATKOBUI JOHOPHO-aKLUENTOPHHUH 3B'30K, a Bif-
TIOBi/IHI JIiraHAW HA3UBAIOTHCA Tt-1oHOpamu (puc. 15).

T-AATUBHUH T-A0HOPHO-AKIeNTOPHMIt

Puc. 15 Cxema yrBopeHHs ©-3B's3kiB M—L

SKmo mpoaHai3yBaTH CHMETPII0 T-OpOiTaneil JiraHaiB B OKTael-
PUYHOMY KOMIUIEKCI, MOXHA Oa4uTH, 1110 11i OpOiTai EePETBOPIOIOTHCS
33 KOMOIHAILIIEIO HE3BIIHUX 300paKens: f,, +1,, +1, +1,, (puc. 16).

Yei wi 300paKeHHs, KpiM f,, , BIANOBIIAIOTH HE3B'A3YH0UMM 0pOi-
TansaM. OpOitalti 3 CUMETpI€EIO £,, NEPEKPUBAETHCA 3 £,, OpOiTaIAMU

HA. VY Bunazaky, Koiau mT-opOiTaii JiraHaiB BijbHI, IX €HEpris BHIA
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Po3gin 5. XiMi4HWI 3B'A30K Y KOOPAMHALINHMX CNONYKax

3a eHeprito 3d-opOitaneit LA (inakine BinOyBaBcs O mepexiy eaeKT-
poHiB 3 3d- Ha m-opOiTaini, TOOTO OKHCHEHHS MeTany). [Ipu mpomy
nepekpuBanns opOiranedt A (d,,, d. Ta d ) i nirannis npusgo-

xy? Xz

JWUTh 10 3MEHIIEHHS eHepril ¢, < opOiTaJi, 1110 BiJIMOBIa€ HEMOBHIC-

TIO 3alIOBHEHOMY 3d-piBHIO, a OTXe — 70 30UIbIeHHS A (pHc. 16).

AO (M) MO (ML) AO (6L)
T e ~
tlgT zlu_+ ; ,"1275L (gt gt 1, + 1)
= - ’
L - . eg \/,
'H- 4— '1— 4— 4“@~~ A /,
METD Tt A
by 601 (@, + 1, + €p)

-H-e -H-

Puc. 16. MO B okTaeapuuHoMy KomIuiekci 3d-merany
3 JIraH/I0M T-aKLIenTopoOM.
st cnpouienHs rmokasani e MO, 1o yTBOPIOIOThCS
3 3d-opOirtaneii merany

Sxmo m-opOitani JiraHaiB 3alHATI, IX €Hepris HIKYA 3a EHEePriio
3d-opbiraneir LIA (iHakmre BimOyBaBcs O Tepexia eNeKTPOHIB i3
7- Ha 3d-opOitaini, TOOTO BiAHOBIEHHs MeTany). [Ipu npoMy HemoB-
HICTIO 3alOBHEHOMY 3d-pIBHIO BiIIOBIIa€ po3puxisioya f,, Opoi-

Tallb, CHEPTisl K0T 32 PaXyHOK MEePEKPUBAHHS 3pOCTAE, MO MPU3BO-
IUTH 110 3MeHIeHHs A (puc. 17).

OTtxe, T-moHOPH (JTiraHAH, IO KOOPIUHYIOTHCS depe3 aToM S abo
O, a TaKOX TaJOreHII-I0HN) 3BHYAalHO € JiraHIaMH CJIa0KOro ITOJId,
a T-aKUenTopu (JiraHmy, mo KOOpAUHYIOThes depe3 atrom C, P abo
yepes M-KOMIIOHEHTY KPaTHOTO 3B'3KY) — CHIILHOTO.
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AO (M) MO (ML) AO (6L)
gL+
$4
3d (b + ) B \‘7\* R A PR

»% H 4

HEET
“% 4 C

Puc. 17. MO B okTaeapu4HOMYy KOMILIEKci 3d-meTany
3 JiraHgoM f-I0HOPOM.
s ciporienHs nokasadi e MO, 1o yTBOPIOIOThCS
3 3d-opbiraineii Metairy; He3B's13yl04i opOiTalli He MoKa3aHi

Js xmacudikamii # po3yMiHHS BIIACTUBOCTEH KOMIUICKCIB 13 JTi-
raHgaMH, 0 MaroTh T-JOHOPHI a00 M-aKIeNTOPHI BIACTUBOCTI, JI0-
CUTh KOPUCHUM HAOTMHKCHHIM € MPUHIMII i30€JeKTPOHHOI i i30,1006a-
JIbHOT aHastorii. [30eIeKTpOHHA aHAaJIOTi — TOIOHICTh BIACTHBOCTEH
iOHIB 3 aHAJOTIYHOIO EJNEKTPOHHOIO OyIoBOK. Tak, BIACTHBOCTI
Fe’" i Co’ (3d®), Ni*" i Pd** (3d® i 4d®) sk aTomiB-kKoMIIEKCO-
YTBOPIOBAYiB € MOMIOHUMHU: BOHH YTBOPIOIOTH KOMIUIEKCH 3 TOi0-
HHAMH JIITAaHIaMH Ta 3 TTOTI0HOI0 TEOMETPIETO.

[30mo0ansrHa aHanoris — MOMIOHICTH BIACTUBOCTEN JIraHiiB,
SIKI MarOTh OJIM3BKI reoMeTpii i eHeprii CBOiX MOJICKYJISIPHUX Op-
Oitanmeii. Tak, 1307100aIbLHUMH MK CO0O0I0 € BCl MOHOJEHTATHI
BEPHEPIBCHKI Jiranau, Hanpuknag NH, i1 mipuaus (ogHa Hemomi-
JIeHa mapa eJIeKTpoHiB). [30700anbHUMH Takok € BepHepiBcbKi
miragau m-aknentopu (Hampukian, CO) i miraHmm, MO KOOPIH-
HYIOTBCSl €NIEKTPOHAMHU T-KOMITOHEHTH KPaTHOTO 3B'SI3KY (HAIpH-
kiman, eruneH). Tak, CO mae HemoAineHy mapy eJIeKTPOHIB Ha
aToMi KapOOHY, 3aBISIKH SKiH KOOPIMHYETHCA IO METAIy Ta He-
3aitHaTy MO, 32 10TIOMOT0I0 SIKOi YTBOPIOIOTHCS TATHBHI 3B'S3KH.

66



Po3gin 5. XiMi4HWI 3B'A30K Y KOOPAMHALINHMX CNONYKax

I30on06anbuuit 1o Hporo C,H, KoopAMHY€ETBCA 10 METaliB CBOEIO
n-3B's13y109010 MO, a JaTHBHI 3B'SI3KM YTBOPIOE Yepe3 T-PO3PHX-
nsroay MO. Tomy 1 Bnactusocti CO Ta C,H, (3patHicTs cTabii-
3yBaTH HH3bKiI a00 HaBiTh HETaTHBHI CTYNEHI OKHCHEHHS, IyKe
Benukuii nmapamerp posmeruieHHa 3a TKII) € momionumu. Taxi
airanau, sk C.Hy 1 C;Hy (tpu m-3B'a3yrodi MO, mo MOXyTh KO-
OpIOMHYBATHCS 0 aTroMa MeTaiy Ta Tpu He3alHATi MO) i30m00a-
JIBHI MK c000F0 Ta 130100abHI 10 TphoX Jiranmais CO.

5.6. EnekTpOHHi cnekTpu KoopAUHALIMHNX CNONYyK

3a0apBiicHHS PECYOBHHH IOB'S3aHO 3 MOTJIMHAHHAM I[I€I0 pedo-
BHHOIO €JIEKTPOMArHiTHOIO BUIIPOMIHIOBAaHHS (CBITJA) Y BUAMMIN
oOnacTi (iHTepBal AOBKUH XBWIb A = 400—750 HM). 3BUYAMHO TI0-
TJIMHAHHS PEYOBUHOIO BHIUMOTO CBITJIA, @ TAKOX BHUIIPOMiHIOBAHHS
y ommwkHiX [Y (A =750-1250 um) Ta YO (A =200-400 aM) niana-
30HaxX IMOB'S3aHE 3 MEPEX0OM CICKTPOHIB 13 3alHATHX MOJEKYJIISIP-
HUX (200 aTOMHHUX y BUMAJKY 130J1bOBAHOI0 aToMa abo ioHa) opOi-
Tajei Ha BUJIbHI.

[MornuHaHHS MOHOXPOMATHYHOIO CBITJA (3 OJHIEI0 BH3HAYCHOO
Ta CTAJIOKD A) JIHIIHO 3aJIeXUTh BiJl KOHIIEHTpaIlii 3a0apBieHOi pe-
YOBMHHM B PO34MHI BiAMOBiIHO a0 3akoHy byrepa—JlamGepra—bepa:

1
A=1gL=¢lC,
g[

ne A (Bim nmat. absorbance) — CBITIONOTIIMHAHHS, MO KUTBKICHO BH-
pakaeTbcs SIK JorapuM™M BiIHOIICHHS IHTEHCHBHOCTEW MaJar0uoro
(1,) 1 npomymeHoro (/) cBitia, / — MOBXHHA KIOBETH (y CaHTUMET-
pax), C — KOHIICHTpaIlisl PSYOBHHU (MOJIb/J), € — KOSQIIIEHT TIOTJIU-
HAHHSA CBiT/NA (y 7T-MOIb ' -cM ).

3anexHicTh Koe(ilieHTa MOTIMHAHHS CBITIIA Bl JOBXWHH XBHIII
(abo Big 0OepHEHOI il BENIMYMHN, XBUJIHOBOTO YHCIIA V ) HA3UBAETh-
CSl ONTHYHHUI CHeKTP morjauHaHHs a00 eaekrpomHmii cmexrp. Cix
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HaraJaTH, 1o eHepris KBaHTa €JICKTPOMAarHiTHOTO BHIIPOMIHIOBAHHS
E (y JIx) noB'si3aHa 3 JOBXKUHOK XBHJII CIIBBITHOIIICHHSIM

E=hv=£,
A

Jle V — 4acToTa eIeKTPOMATHITHUX KojiuBaHb (¢ '), ¢= 3-10%m/c —
IIBUKICTB cBiTIa, /1 =6,62-107 Ik - ¢ — crana [Inanka.

AtomHi criekTpu (ONTHYHI CIIEKTPU PEYOBUH, LI0 iCHYIOTh Y ra3o-
Bilf (a3l y BUITIINI OKPEMHX aTOMiB) SIBISIOTH COOOIO CYKYIHICTb
ny:xe By3bKuX (AL, = 0,1 HM ) JIiHii, IO BIANOBIAAIOTH IEpEXoaamM
CJIEKTPOHIB MiXX Tepmamu (CYKYIHOCTI OJHOEJIEKTPOHHUX CTaHIB 3
OJTHAKOBOIO CHEPTi€l0) 3 Pi3HUMH 3HAUCHHSIMH €HEpriid. ATOMHI CIIEKT-
pH TIOTJIMHAHHS Ta BUIIPOMIHIOBaHHS € OCHOBOIO TaKUX BHUCOKOYYT-
JINBUX XIMIKO-aHAIITUYHUX METOJIB, SIK aTOMHO-a0COpOIliiiHa CIeK-
TPOMETpis, aTOMHO-EMICiiiHa CHEKTPOCKOMis Ta (OTOMETpis TOIy-
M'st. Teopist aTOMHUX CHEKTPIB 1 MPaBUJIa BUBEICHHS CHCTEMH aTOM-
HHX TEPMIB OIMCaHI y CTemialbHii JiTeparypi [18-21].

MouekyasipHi cnekTpu (ONITHYHI CTIEKTPU PEYOBHUH, IO iICHYIOTh Y
BUTJISIII MOJIEKYJI) SIBJSIFOTH COOOIO CYTNEPIIO3HLII0 JOCUTh LIMPOKUX
cMyr norinuHaHHA (AL, = 50 HM ). IIpHYMHOI0O BOTO € iCHYyBaHHS

SIK Y OCHOBHOTO, TaK 1y 30y/DKEHOTO CTaHy MOJICKYJH KOJTUBAIBHUX
Ta 00epTaNbHUX CHEPreTHYHUX MiApiBHIB (puc. 19).

Otxe, eNEKTPOHHUH TIepeXii Y MOJICKYJIIPHOMY CIIEKTpi Mpe/ICcTaB-
JICHUH HE OJIHIEI0 BY3bKOIO JIHIEIO (K Y BHIIAJKY aTOMIB), a CKJIaTHOIO
CHCTEMOIO JIiHIH, 1O BiJIOBIIAIOTH PI3HUM €IEKTPOHHO-KOJIUBAIBLHO-
obepranbHiM TiepexofaM. Kpim Toro, yac icHyBaHHS 30YIKEHOTO
EIIEKTPOHHOTO CTaHy MOJIEKYJH (Af) HEBENWKHH, 110, 3TiIHO 31 CITiBBIi/I-

. h )
HoteHHsM [ eiizeHOepra 4— < AE - At , npU3BOAUTH 10 HEBU3HAYEHOCTI
s

y #ioro eHeprii (AE), a 0Tke — 10 pO3UIMPEHHS CHEKTPAIBHOI JTiHii.

OTxe, SKIIO MOJEKYJSIpHA CIIONyKa Ma€ eNeKTPOHHUI mepexif,
110 32 CHEPTI€I0 BiJAIMOBIIa€ BUIUMIM 00JIACTI CIIEKTpa, TO BOHA Oye
MOTJIMHATH €JIEKTPOMATHITHE BUIIPOMIHIOBAHHS y TIEBHOMY Jliana3o-
Hi JOBXHWH XBWJIb, a 3a0apBiieHHs IIi€i cromyku Oyne BiAmoBimaTw
KOJIbOPY, IO € JIOJATKOBUM JI0 KOJILOPY CBITIA, SKE MOTJIHHAETHCS.
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Puc. 19. EnexTpoHHi, kouBajbHi (v, ) Ta o0epTanbHi ( j,)

eHepreTHYHi PiBHI MoOJIEKYJIH i eJIeKTPOHHI Nepexoan

3a0apBiieHHs, 1O BiJINIOBIIA€ Pi3HUM JIOBXKHHAM XBWIIb, 1 JJOJAT-
KOBI KOJIbOPH HaBeZIeHi y TaluI. 4.

Taonuuysa 4
JloBKHHM XBWJIb CBiT/1a Ta BiANOBigHI iIM KoIbOpH
OBJKHHA . . OJAaTKOBHH KOJI1
XBil[J]b cBiTIIa, Koaip csiraa, I[(1i10.11ip cnonylm,p
10 NOIVIMHAETHCHA, HM 11O MOTIHHACTLCH L0 CIOCTePiraeTnes)

400450 dioneroBuid KoBro-3enennit
450-480 CuHilt Kostuit
480490 bnakutHuit ITomapaHyeBuii
490-500 3eseHo-CHHIH YepBoHuii
500-560 3eneHuit [Typnypauii
560-575 “KosTto-3eneHuii DioneroBuii
575-590 YKostuit CuHnilt
590-625 [TomapanueBuit brnakutHuit
625-750 YepBoHuii 3eneHo-cuHil
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3cyB CMYI'HM IOTJIMHAHHS Y JIOBTOXBHJIBOBY OOJIACTh HA3MBAETHCS
0aTOXpPOMHHUM, Y KOPOTKOXBWJIHOBY — IilCOXPOMHHM.

[HTEeHCHBHICTD CMYTH MOTJIMHAHHS B €IEKTPOHHOMY CIIEKTPi MOB'sI-
3aHa 3 IMOBIPHICTIO €IEKTPOHHOTO Tepexoay Mix TepMmamu. IMoBip-
HICTh TIEPEXOAY BiAPI3HAETHCS Bix HYJS (OTXKe, MEPEXOau € A03Bo.Ie-
HHMMH ), SIKIIIO BUKOHYIOTHCS KBaHTOBO-XIMiYHI mpaBuJia Bigdopy:

1. OpOiTansHe KBaHTOBE YUCIIO L 3MIHIOETBCS Ha OMHUITO, AL = 1,

2. MyJbTHIIIETHICTS TEPMY 3aTTUIIAETHCS cTanoro, AS = 0.

3. Tlepexin € OAHOCIEKTPOHHUM.

[lepme npaBuio BigOOpy MOB'SI3aHO 31 3MIHOIO AMIIOIBHOTO MO-
MEHTY MOJIEKYJIM TIPH €JIEKTPOHHOMY TePEeXO0/li: YMM CHIIBbHIIIE 3Mi-
HIOETBCS I BENMYMHA, TUM OLIBIIOID € WMOBIPHICTH IE€PEXO.y,
a OTKe 1 IHTEHCUBHICTD 3a0apBieHHs. Y pasi, skmo AL # 1, qumo-
JIHUHA MOMEHT IIPH NEPEXO/l 3aJIUIIAETHCS B HYJIbOBOMY HAOJMKEH-
Hi cranuM. [[pyre nmpaBuio BKazye Ha HEMOXKJIMBICTD 3MiHH Opi€HTaLil
CIIiHA EJICKTPOHA IPH MEePEXO/Ii.

Hacnpasai npaBuia Binoopy He € abconroTHUMU. [lepexoau, siki
BiIOYBArOTHCS 3 IXHIMHU TTOPYIIECHHSIM, HA3UBAIOTHCS 3260POHEHHMH, 13
MOPYILIEHHAM MEPIIOro MpaBujia — 3a00pOHEHi 3a cHMETpi€r0, APYroro
— 3a0opoHeHi 3a cninom, a00 iHTepromMOiHauiini. [MOBIpHICTE UX T1E-
PEXO/IiB € 3HAYHO MEHIIIOI0, HiXK IMOBIPHICTh JTO3BOJICHUX TIEPEXO/IiB,
a 3a0apBIICHHS CIOJNYK, MOB'SI3aHe 3 UMY epeX0oJaMH — MaJIOiHTeH-
cuBHUM. Tak, THITOBI 3HaYeHHs Koe(illieHTa MOTJIMHAHHS CBITIa JUIS

JI03BONIEHUX TepexofiB craHoBaaTh 10°—10° m1-moms ' -cm™', 3a60-

POHEHHMX 3a cuMeTpieto — nopsaaky 100 j1-Momb ™' -cM ', iHTepkoMOi-
Hamiitnux — nopsaky 0,1 71-Momb™ -cM ' . MOXIMBICTh 3HATTS 3a60-
POHH 3a CHMETpI€I0 TOB'A3aHa 3 ICHYBaHHSAM KOJHMBAJIBHUX IiJPiBHIB
MoJekyiu. He3Bakarouu Ha Te, 1110 JUIOJIEHUM MOMEHT B OCHOBHOTO
W eIeKTPOHHO-30yIKEHOT0 CTaHIB MOJEKYJIH 32 BiJICYyTHOCTI KOJH-
BaHb OyJle OJJHAKOBHUM, AUTIOJIBEHI MOMEHTH I KOJMWBAJIBHUX MiApiB-
HiB OYAyTbh BiAPI3HATHCS.

PosrnsaeMO OimbIT IETATHPHO MOXKIIMBI €JIEKTPOHHI MEPEXOIH Y
cnekTpax mnepexigHux 3d metainiB. Jl03BOJEHUMH y CIIEKTPi 1307160-
BaHOIO i0HAa 3d MeTaly € Mepexoqu MiX TepMaMH, 10 YTBOPHIUCS
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3 3d i 4p enepretuuHux piBHIB (puc. 14). OnHak, BiAMOBIIHI cMyTH
TIOTJIMHAHHS JIeKaTh B BHCOKOCHEpreTHUHiH Y®D-o0macti crekrpa.
st 00acTh € ManoiHpopMaTUBHOIO BHACIIAOK HASBHOCTI B Hill CMyT
MOTJIMHAHHS TPAaKTHYHO BiJl BCIX PEUYOBHMH — KOMIIOHEHTIB JOC-
JDKYBaHOi cucTeMu. 3Ha4yHO OLIbII iHPOPMAaTHBHUMH € TaK 3BaHi
d-d nepexoam, SKi BiTOyBarOTHCS MK TEPMaMH, YTBOPCHUMH OJTHOE-
JIEKTPOHHUMH CTaHaMHU HEMOBHICTIO 3amoBHeHOro 3d-minmpiBHsa. Ca-
Me Ii Mepexou 3yMOBIIOIOTH 3a0apBICHHSI aKBaKaTiOHIB Mepexif-
Hux Metanis (kpim Fe’"), iX KOMIUIEKCiB 3 aMOHiakoM i pAmOM iH-
mux Jiranais. Ockuibku d-d niepexoan 3a00pOHEHI 3a CIIHOM, 1HTe-
HCHUBHICTh 3a0apBIICHHS BUINE3TaJaHUX CIOJIYK HEBEIHWKA. 3MEH-
[IEHHS CHUMETpil CIONyKH (HANpUKIAA, MPU 3aMiHi OJHUX JITaHIliB
Ha 1HIII) YacTO MPU3BOIUTH J10 301IbIICHHS IHTEHCUBHOCTI d-d Tie-
PEXOJIIB YHACIIIOK KOJMBAJIHHOTO 3HATTS 3a00pOHHU.

KinpKicTh 1 TTOJIOKEHHS 3yMOBIICHHUX d-d TIepeXolaMi CMYT TIOT-
JIMHAHHS MOXHa Nepea0adynTH, KOPUCTYIOUHCh TEOPI€I0 KpUCTaIiy-
HOTO IIOJISl Ta TEOPIEI0 aTOMHUX CIIeKTpiB. CHCTEMy TEepMiB ISl i0Ha
y KPUCTAIIYHOMY T0JIi MO’KHA BUBOJIUTH, SK PO3TIISAAI0YH PO3ILEI-
JIEHHS TEPMIB 130Ib0BAHOTO 10HA y KPUCTATITHOMY TIOJIi (HAGIMsKeH-
HAl c1a0Koro moJsi), Tak 1 BUBOJSYHM TEPMHU IS PI3HUX PO3IOALITIB
CJIEKTPOHIB MIX MigPIBHAMH, Ha SIKi PO3ILEIUTIOETHCSA d-PiBEHb Y

KPUCTAYHOMY MOJI (HAMPUKIAK, f,, 1 e, I OKTACAPUIHOIO KOM-

IJIEKCY) — HAOJIMKEHHSI CHILHOTo nousi. Pe3ynpraT (crcreMa TepMiB)
B 000X BHIaAKax OyJe OAHAKOBHUM, ajie IXHIi PO3MOIiN 32 EHEePrisiMH
— pi3HuM (10 1 BIATIOBIa€ TIEPEXO/y BiJl BUCOKOCITIHOBUX JI0 HU3b-
KOCIIHOBHX KOMIUIEKCIB). Y BHIAAKY, SIKIIO TEOMETPisl Ta CIIIHOBHM
CTaH KOMIUIEKCIB OHAKOBI, 301IBIICHHS 3HAUCHHS ITapaMeTpa Po3-
LICTUICHHS] PU3BOIUTD JI0 TiICOXPOMHOTO 3CYBY CMYT IOTJIMHAHHS
y WOTo CIIEKTpi Ta BIAMOBIAHOI 3MiHM 3a0apBicHHs (Tabn. 4). Tak

posumnM, mo MicTaTe aksakation [Ni(H,0),]’", Marorh 3enenmii

. . 2 “o . . .
kouip, a kommiexe [Ni(NH,),]"" — cuHiii, OCKiNbKHM aMOHIaK € Jiras-

JIOM OUIBII CHIIBHOTO II0JIA, HIK BOJA.
Jnst Toro, mo6 6inbII TOYHO PO3paxyBaTH MOJOXKEHHS CMYT
MOTJIMHAHHS B €NEKTPOHHOMY CIIEKTpi, MOTPiIOHO BpaxyBaTH, IIO
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XiMiuHHH 3B'130K M—L € He 10HHUM (K BBaXXa€ThCA B HAOJIMKEH-
Hi TKII), a monsipaum koBaneHTHUM (HaOmmwkeHHs MO JIKAO).
Jenoxanizauisi eJeKTPOHIB LIEHTPAJILHOTO i0HA B KOMILIEKCI MOPiB-
HSIHO 3 130JIbOBAaHUM 10HOM MPHU3BOJUTH J0 3MEHIICHHS MiXKeJeK-
TPOHHOTO BIAMTOBXYBaHHS, TOOTO EHEPreTHYHOI BiJICTAHI MiX
ATOMHUMH TE€pPMaMH, SKa KUTbKICHO XapaKTEepPHU3YETHCS mapamer-
pom Paka (B). 3a 3MCHIICHHSIM 3HA4YCHHS BiJHOIICHHS

/B JiraHId MOXHA PO3TAIlyBaTH B Psij, IO Ha3HBa-

KOMILL '~ BiIbH. i0HY
€THCS HedeJ0ayKCeTHYHMM
F~ ~ H,0 > dtc” > NH, > C,0;” ~en> NCS™ > CI ~
~CN >Br >1 »~ 8"
g noHOpHUX aTOMIB He(eT0ayKCeTUIHUN PsIi MAaTHME BUTIIS!
F>O0>N>Cl>Br>1~S>Se

Ypm OUIBIN KOBAJIEHTHUM € 3B's130K M—L, TUM OiiIbII J€IOKaIi-
30BaHUMHU € €IEKTPOHU METally, OTXKE TUM MEHIIIE BiAIITOBXyBaHHS
Mk HUMU. ToOTO, UMM TpaBille B PALy 3HAXOOUTHCS JiraHz, THM
OUIBII KOBaJICHTHI 3B'A3KM BiH yTBOproe. CIliJ Bi3HAYMTH, IO HeE-
(hemoayKceTHIHHIA PsI Al JOHOPHUX aTOMIB BIATIOBIZae psiay 3Me-
HIIIEHHS iXHBOI dKOPCTKOCTI, OJHAK He(el0ayKCeTUIHUHN P JIiraH-
IiB He 30iraeTscsi 3 PsIOM >KOPCTKOCTI/M'SIKOCTI: HaNpHUKIAJ, OKca-
JIAT € OUTBIII )KOPCTKUM JIITaHJIOM, HiXK BOJIA.

[TobynoBaHi 3 ypaxyBaHHAM 3HaU€HHS napameTpy B rpadiuHi 3a-
JIEKHOCTI PO3PaxyHKOBUX €HEPTiii TepMiB Bif mapamerpa po3Iler-
JICHHS Yy KPHUCTaIiYHOMY TOJi (A) HOCATH Ha3By miarpam Tamale—
Cyrano. Taki giarpamu J03BOJSIOTH Mepen0adnTH KUTBKICTD 1 MMOJIO-
JKEHHSI 3yMOBJICHUX d-d TepexoiaMu CMYT MOTJIMHAHHS B €JICKTPOH-
HOMY CIEKTPi KOMIUIEKCY.

IToni6aMMHU 3a CBOEIO TIPUPOAOIO 10 d-d TIepexomdiB € f-f mepe-
XOJIH, MO CTOCTEPIrafoThCsA y CIEKTPax i0HIB 3 HEMOBHICTIO 3aI0-
BHEHOIO f-TiT000JOHKOI0 (JIAHTAHOIIB Ta aKTHHOINiB). OCKUIBKH
YaCTKOBO 3alOBHEHI f-Op0OiTaji 3HaXOASAThCs OJMKYE O slpa Ta
MeHIe 0epyTh y4acTh B yTBOpeHHI MO MOpiBHSHO 3 YacTKOBO-
3alOBHEHUMH d-0pOiTalsaMu, CHEKTPH KOMIUIEKCIB f-elIeMEHTIB
MarTh P 0COOIMBOCTEH MOPIBHSHO 31 CIIEKTPaMU KOMILICKCIiB
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d-metaniB. [{ns P3E xapakTepHi niie BUCOKOCIIHOBI KOMILICKCH,
CMYTH B iXHIX CIIEKTpax € 3Ha4HO BYKUUMH (AL, = 10 HM ), HiX

y CHEKTpax d-MeTalliB i € CXO)KUMHU Ha CMYI'H B aTOMHHX CIIEKT-
pax. OckinbkH TepMmMaM, yTBOPEHUM f-opOiTaisiMH, BiINoOBiAae
Ioy’)ke 0Oarato OJHOCNEKTPOHHUX CTaHIiB, a €Hepris CIiH-
opbiTanbHOI B3aeMoOAii Il HUX 3HAYHO OLIbBINA MOPIBHAHO 3 i0-
Hamu 3d-meTaniB, y crnekTpax komiuiekciB P3E cmocrepiraerbes
TOHKa CTpyKTypa niHiil. llle oaHi€r0 crieKTpaIbHOIO OCOOIUBICTIO
f-eneMeHTIB, TOB'A3aHOI0 3 TIMOOKHM pO3TallyBaHHIM f-0pOi-
Tallel, € XapakTepHa I IXHIX CIONIYK ¢uyopectenmis. Ciix Bija-
3HAYUTH, IO AJS KOMIUIEKCIB METajiB i3 4aCTKOBO 3alIOBHEHUMH
d-opOitansMu 1e sSBUIIE MPAKTUYHO HIKOJW HE CHOCTEpiraerbcs,
HAaBIaKH, KOMILIEKCOYTBOPEHHSI TAKOT'0 MeTaly 3 (yopecueror-
YUM JIITAaHJ0M TPU3BOIUTH A0 TaciHHS (QIyOpECICHITii.

Kpim d-d nepexomiB y criekTpax KOMIUIEKCIB IEPEXiTHIX METAIliB
YacTO CHOCTEPITalOThCS CMYTH MEPEHOCY 3apsily Ta BHYTPIlIHBOJIraH-
aui emyru norjauHanss. [[i cMyru BiIIOBIAAaOTh JO3BOJICHUM €JICKT-
POHHUMH TIepexoJaM, TOMY IXHSI HasBHICTb 3yMOBIIIOE€ IHTEHCHUBHE
3abapBieHHs croiayK. CMyru IepeHocy 3apsay MOXYTb OyTH 3yMo-
BIIEHI MIEPEX0JIOM EJIEKTPOHIB 3 MEPEBAXKHO JIIraHIHUX OpOiTaneil Ha
opbitani ioHa MeTamy, a0o HaBmakd. Taki mpouecH Ha3UBAIOTHCA
nepenoc 3apsay Jgirang—meran (I13JIM) i mepenoc 3apsiny meran—
airang (II3MJI) BiamoBimHO.

Cwmyrn I13JIM crnoctepiraioTbes y CHONyKaX, y SIKUX LEHTPallb-
HUI aTOM MO>KE€ MPOSIBIIATH BIACTHBOCTI OKUCHUKA, a JIIFAHIH — Bif-
HoBHUKIB. Hassrictio cmyr I[I3JIM 3ymoBiene, 30kpema, 3abapB-
JIEHHS CyNbQiAiB METaliB i OLTBIIOCTI KOMIUICKCIB 13 CyIb(pypBMic-
HUMU JiraHaaMu, HOAUIIB apreHTyMy, MepKypiro, TUIFoMOyMy # Oic-
MYTY, POy 1HIIUX TaJOT€HIAHUX 1 TICEBJOTraJOreHiIHUX KOMILJIEKCIB,
a TaKOX CIIONYK, Y SIKUX OKCHUTCHBMICHI JIITaHIIA KOOPIUHYIOTBCS JI0

10HIB, IO TPOSBISIOTH BIACTHBOCTI CHIIbHUX OKHCHHKIB (CrOi’,
MnO;, [Ti(0,)S0,),]*” Ta iHIm MepoKCOKOMIIEKCH MepeXiaHuX

MmeraniB, Fe'* y BHUTJISAI POJIaHITHOTO KOMITIEKCY a00 MOJITiApOK-
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cokarionis' [Fe (OH),]**"* tomo). Ynm cribHilmi OKNCHIOBaNbHI

BJIACTHBOCTI 10HA METally Ta BiJHOBJIOBAJbHI — JIraH/diB, TUM MCH-
1a eHepreTHYHa PI3HHUMS MK HIDKHIMU BUTBHHMH MOJIEKYJIAPHIMH
op6itansmu (HBMO) metany ta Bummmu 3aitHaTumMu MO (B3MO)
JTaHIy, 1 THM y OLTBII TOBrOXBUIIBOBIM O0JIACTI CIIEKTPY CIIOCTEPi-

ratotbes cmyru I13JIM. Hanpuknan, okcokommnekcu Ti'* Ta ion
VO, 6e36apBHi, noruHaoTh Tinbkn B Y®-miamasoni, CrO; —

x0BTHH, a MnO, — dionerouii. 3p'130k Bukkanoro I13JIM 3abaps-

JIEHHS 31 CKJIaJ0OM KOMIUIEKCIB JIETKO MOSCHUTHU 32 AOTIOMOTOIO MPO-
CTHX TOJSIPU3AI[HHUX YSBICHHb. YUM CHIIbHIIIE MOJISPU30BaHI Ji-
raaau, TAM Oinbire 3cyBaeThes cMmyra [13JIM y m1OBroXBHIEOBY 00-
nacte. Hanpuknan, omun aprentymy Agl, y xpucramiuniii rpatii
SIKOTO Ha KO)KHUH aTOM apreHTyMmy NPUXOIUTHCS ONUH aHioH [,
Mae KoBTe 3a0apBieHHsA. Y komiuiekci [Agl,]” monspusyroua nis
LEHTPAJILHOTO aTOMa PO3NOAUIAETHCS Ha 2 aHiOHU |, BOHM HOJISIpH-
3oBaHi MeHue, Hix B Agl. Tomy cnonyka K[Agl,] He 3abapBieHa,
a TOTJIMHAE CBITIO TUILKH B YJbTpadioyieToBiii 00JacTi criekrTpa.
Amnanoriuno: Bil, — gopnuii, kommiexc [Bil,]” — opamxesuil. [noni,
OJIHAK, HaBeJleHAa 3aKOHOMIpHICTh nmopymryerses: Tak TiCl, mae ma-

KcuMyM morstuHanus ipu 280 um, a [TiCl I~ — npu 400 nwm. Le mio-
B'SI32HO 13 3HAYHUM 30UTBIIEHHSM CTYIEHIO 10HHOCTI 3B'SI3KY B KOM-
mnexci [TiCl, >~ nopisnsno 3 TiCl, .

Cwmyru [13MJI MoxyTh criocTepiratics y CeKTpax y BUIaKy, KO-

T LECHTPAJbHUN aTOM MOJKE JIETKO OKHCHIOBAaTHUCS, a JIITAHH MAarOTh
BakaHTHi opOitani. 3okpema, cmyru [13MJI crioctepiraloTbest y CreKT-

ax kommrekcie Mo’, Cu®', Re', Fe™, Ru™, Ti"” i3 nHenacuue-
b 2 b

! HasiBHiCTB caMe LHX iOHIB MPH3BONTH 10 XKOBTOrO 3a0apBICHHS PO3-
uuHiB comell Fe’'. Posumunm, mo wictste Fe’' i mammumox HNO, a6o

HCIO,, MaroTh MaJOIHTEHCUBHHN (PiONIETOBHI KOJIp, 3yMOBICHUIT iHTEp-
koMmbiHaniiinumu d-d nepexojamu s iona [Fe(H,0),'" (3d4°). Cmyru
[I3JIM mis mporo i0HA criocTepiraeTbes B Y O-mianas3oHi.
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HAMH JIITaHJAMH, 10 MaloTh HU3bKOESHEPTeTHYHI BaKaHTHI T-0pOi-
Tai: MPUAWHOM, MPUAUH-OKCHIOM, 2,2'-mumipuawioM, 1,10-penan-
TpostinoM Toro. CItijl BiI3HAYXTH, 10 TaKi MEPEXOAH MOXKHA HAIIHO
MIPOiAeHTH(IKYBATH JIMINE Y BUTAAKY, KOJIH BOHH BiIOYBArOTHCS TPH
SHEprisiXx, MEHIIMX 3a CHEPril0 BHYTPIMIHBOJITAaHIHUX TEPEXO/IiB,
iHakme cmyru [1I3MJI OynyTs MackyBaTHCS OCTaHHIMHU. XapaKTEPHOIO
ocobmmBicTio cmyr II3MJI € ixHiii 6aToXpoMHHUI 3CyB y pasi 30i1b-
IICHHS 3[]ATHOCTI IICHTPAIBHOTO aToMa JI0 OKMCHEHHS, a JIIraHIy — JI0

BisHosnenns. Tak, kommnekc [Fe(phen),]”" mae uepsommii kosip,

a [Fe(phen), " — 6nakuTHuiA. 36iMBIIEHHS KiTHKOCTi KOOPIMHOBAHHX
JIraHiB 3BHYAWHO TEX IPU3BOIUTH IO 0ATOXPOMHOTO 3CYBY CMYT
[I3MJ1, mo mosicHIoeThest 30iIpmeHHsM pu 3poctarHi KU LA eneprii
cepUIHO-CUMETPUYHOT KOMIIOHEHTH KpHCTaIiYHOTO Tois (pHc. §),
a OTKe, 1 30UIBIIEHHAM HOTrO BIIHOBIIOBAJILHUX BIACTUBOCTEH.

Ha BinMiny Bin d-d mepexoiB CMyTH TIEPEHOCY 3apsly B €IIeKT-
POHHHUX CIEKTpax KOMIUICKCIB 3BUYAMHO € Jy)KE YYTJIMBHMHU JI0
MIPUPOJIN PO3YMHHMKA, OCOOIUBO Bix Horo moisipHocTi. Lle sBure
Ma€ Ha3BY COJIbBATOXPOMHUM e(eKT.

Ille oauH THN ENEKTPOHHUX MIEPEXOIB, KU MOXe OyTH BiJHECEHO
JI0 CMYT TIEPEHOCY 3apsiLy, — IIEPEHOC €JICKTPOHA MK aTOMaMH METaTy
PI3HOT BaJICHTHOCTI, MMOEHAHUX MICTKOBUMH JliraHiaamu. Exeprist Tako-
r'o TIEpeXo/1y 3BHYAIHO HE JIyXKe BEJINKa, a IHTEHCUBHICTh — BUCOKa. Lle
3YMOBIIIOE SICKpaBe 3a0apBJICHHS BIAMOBIIHUX CIIOJYK, YacTO Yy CHHIN
a0o 3eneHuit konpopu. Tak, npu nopaBanHi K,[Fe(CN),] no po3uuny

coneit Fe'* a6o K,[Fe(CN),] no Fe’* yTBoproetbcs sickpaBo-cuHiii
ocan cknany KFe[Fe(CN),]— xoopaunHaniiinuii nommep, y sIKoMy i0H
Fe’* oroueHmii OKTaepoM i3 mecTu aTomis kKapooHny, a Fe’" — okraesn-
POM 13 IIeCTH aToMiB HiTporeHy (auB. Po3min 6.2.4). 3abapBieHHs i€l
CIIOIYKH 3yMOBJIEHE MEPEX0I0M eJIeKTpoHa Mixk ioHamu Fe™ i Fe’*.
ITpu BinHOBHEHHI xo0BTOI cnonyku (NH,);[PMo,,0,,] yTrBOproerscs
xommieke (NH,);H [PMo,0,,], enexrpoHHuii nepexia Mik aToMmamu

MomiOeHy +5 1 +6, y IKOMy 3yMOBITIOE HOTO SICKpaBO-CHHE 3a0apBIIeH-
H. AHajoriudHe 3a0apBJieHHS MAlOTh i MPOAYKTH HENOBHOTO BifHOB-
nenHs MoO, ta WO, (monibieHoBa Ta BOIb(ppamMoBa CHHb, BiOBIJI-
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HO). Cixxootpumanuii Fe(OH), mae xomip, 6au3bkuil 1o 6inoro, ane

MPH IOCTYIIi TOBITPS IIBUAKO 3€JIEHI€, OCKIIBKH YacTUHA aToMiB (epy-
MY B TiIPOOKCHII OKHCIOeThes 10 +3. IIpu mpomy komip Fe(OH), —
Oypuid, oB's3anuit i3 cmyramu [13JIM.

JocuTth 4acTo MpUYMHOIO 3a0apBJIEHHS KOMIUIEKCIB € BHYTpILL-
HBOJITaHHI CMYTH TOTJIMHAHHSA, TOOTO Taki, IO MOB'sI3aHi 3 Iepe-
HOCOM €JIEKTPOHIB MiXK OpOiTaJIsIMH, SIKi MEPEBaKHO HaJeKaTb MO-
nexyni jiranny. Ilpupoma Takux cMyr NMOTIMHAHHS AETAJIBHO PO3-
TIISAAETHCS B KYpCi €JIEKTPOHHOT CIIEKTPOCKOIIiT OpraHiuHUX CIIONIYK.
EnexTpoHHI nepexoau B OpraHiYHIN MOJIEKYII MOXYTh OyTH KIIacH-
(hikoBaHi, K MMEPEXOIU 3 G-3B'A3YI0UNX HA G-PO3PUXIISIOYI OpOiTai
(o-0* mepexoam), i3 He3B'SI3y0OUMX OpOiTaNei (HEMOIUIEHNX eNeKT-
POHHHUX Tap JOHOPHUX AaTOMiB) Ha T-PO3PUXIIAIOYI opOiTami
(n-m* mepexomm) Ta 3 T-3B'A3yIOUYUX Ha T-PO3PHUXJIAIOYI OopOiTaii
(n-m* mepexomm). BapTo Big3HAuuTH, 110 G-G* MEpPEexXoau 3BHYANHHO
criocTepiraroThbes B Aanekiid Y ®-o00macTi ciekTpy, TOMy NPaKTUYHO-
r0 3Ha4YCHHS! HE MAlOTh, a IHTEHCHUBHICTH #-T* MEPEXOAiB MOPiBHIHO
HEBENIMKa, OCKITBKA BOHHM 3a00poHEHI 3a cuMmeTpiero. IlomoxxeHHS
CIIEKTPATBHUX CMYT, BUKIMKAHUX 1-T* 1 T-1* mepexoiaMu, Herora-
HO MOSICHIOE XpoModopHAa Teopisi, Y CBOEMY MOYaTKOBOMY BHIJISIAI
3amporioHoBaHa e y 1878 p. (ToOTO 40 TOABH KBaHTOBO-
MEXaHIYHUX ysBIE€Hb) HiMeUbKUM ydeHuM OTTOo BitTOoM. PoO3rmsne-
MO OCHOBHI MOJIOKEHHSI Li€1 Teopii Ta IXHE CyyacHe MOsICHEHHS.

3rimHo 3 XpoMO(OPHOIO TEOpiero, 3a0apBICHHS OPTaHIYHUX CIIO-
JYK 3yMOBJICHE HAsSBHICTIO B TXHIX MOJICKYJIaX XpOMO(OPHHUX rpym —
(hparMeHTiB, MO MICTATh KpaTHi 3B'I3KH. SIKIIO MOIJIeKyJa Ma€ O-
HYy 130Jb0BaHy XpOMO(OpPHY TpyIly, BOHA IOTJIMHAE B OIU3bKIH
Y®-o6nacTi cnekrpa, cMyra MOTJIMHAHHS 3CYBA€THCSI 0AaTOXPOMHO B
HaBeICHOMY HIDKYE psATy XpoMODOpHHUX (hparMeHTiB.

o,/

\

>C=C<, >C=0, >C=S, >C=N-, -N=N-, N&N
/
N0, No, N ==
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YTBOpeHHS XpoMO(GOPHUMH TPYyMaMHu CIpPsDKEHOI cUcTeMH (Ta-
KO, y AKill KpaTHi 3B'SI3KH YePryIOTHCS 3 OAMHAPHUMU ) TIPU3BOAMUTD
10 06aTOXPOMHOI'O 3CYBY CMYTH NOIJIMHAHHS, THM OLJIBIIOTO, YUM
JOBIIUM € CIPSDHKEHUH JTaHIIOKOK (AL~ 20-25 HM y po3paxyHKy

Ha oguH —C=C— ¢parment). Tak, HanpuKIaa, OpaH>KEBUH MIrMEHT
MOPKBH [-KapoTuH (mpoBiTaMiH A) MicTuTh cuctemy 3 10 crmps-
xeHnx —C=C— 3B'sI3KiB, a YEPBOHWUH MIrMEHT TOMATIB JIKOMIH —
3 11 -C=C- 3B'A3KiB.

Jlo 6aTOXpOMHOTO 3CYBY CMYT TOTJIMHAHHS Ta 3HAYHOTO 301JTb-
LICHHS IXHBOI IHTEHCUBHOCTI BeJle HasBHICTh Ha KiHI[IX CHPSIKEHOTO
JAHLIOKKA ayKCOXPOMHHX Ta AHTHAYKCOXPOMHHX TIDYI, NPHUYOMY
HaWOUTBII 3HAYHUHA e(eKT HOCITAETHCS, KOJIM ayKCOXpPOM Ta aHTH-
AyKCOXPOM 3HAaXOJAThCsS Ha MPOTHJICKHHUX KIHIMX JaHIIoxKKa. [o
ayKCOXPOMIB BiIHOCSATBCS €JIEKTPOHOJOHOPHI IPyNH, TOOTO TaKi, 110
€ 3aMiCHUKAaMH TIEPIIIOTO POAY B pasi iXHBOT HAIBHOCTI B apOMaTH-
HOMY siApi (MO3UTUBHHI ME30MEpPHHH €(QEeKT, Opi€HTallis peaxIii
CJIEKTPOQINFHOTO 3aMillleHHS B Opmo- Ta napa-nonoXeHHs). Y 1mo-
PAAKY 301IbIICHHS €EKTPOHOIOHOPHUX BJIACTHBOCTEH ayKCOXPOMH
MOHA PO3MICTHUTH B PSIA;

-F < -CH,; <-Cl <-Br <-OH < -OCH, < —-NH, < —-NHCH, <
<-N(CH;), < -NHC(H, < -O~

Jlo aHTHAYKCOXPOMIB BiTHOCSATHCS €IEKTPOHOAKIICIITOPHI TPYIIH, IO €
3aMiCHHKaMH APYToro pojy 3a HASBHOCTI B apOMAaTHYHOMY sipi (Hera-
TUBHUI ME30MEPHHUH eeKT, OpieHTallis peakuiil eaekTpoibHOrO 3a-
MILLIEHHSI B Mema-TIoJIoxeHHs1). Hinkue HaBeneHo psAd aHTHAyKCOXPO-
MIB Y TTOPSIIKY 30UIBIICHHS IEKTPOHOAKIIETITOPHIX BJIACTHBOCTEH:
-NH; < -SO,NH, < —CO, <-CN < —CO,H < —-COOCH, <
< -COCH, <-CHO < -NO,;

[ligBumieHHsT e€NeKTPOHHOI TYCTHHH Ha ayKCOXpomi Ta ii 3MeH-
IICHHS HA AaHTUAYKCOXPOMIi (IHIIMMH CJIOBaMH, 30UIbIICHHS €()EKTUB-
HOCTI BIAMOBIIHUX TPYI) MPHU3BOAUTH A0 OATOXPOMHOTO 3CYBY Ta
301IbIIEHHS IHTEHCUBHOCTI CMYTH TIOTJIMHAHHS Y CIIEKTPi. Y MPOTH-
JIS)KHOMY BHTIQJIKYy Ma€ MiCIle TIIICOXPOMHHI 3CYB CMYT MOTJIMHAHHS.

Hampuxian, Oenzon (Mae juine XpoMOQpOpHY CHUCTEMY) Mae€ B
CJIEKTPOHHOMY CHEKTpl JeKiIbKa MaKCUMyMiB IOIJIMHAHHSA, Hali-
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OLTBIII TOBrOXBUIILOBUH 13 AKUX Tpu 255 HM. [lapa-HiTpodeHOo, M0
mictuth aykcoxpom (—OH) ta antunaykcoxpom (—NO,) mae makcu-

MyM mornmHaHHS npu 310 HM, Ha BUMILA 1e Oe30apBHA CIIONyKa.
VY myxxHOMY po3unHi ¢eHompHa —OH rpyma menpoToHyeThes, mepeT-
BOPIOIOYHCH Ha OLIBIN elIeKTpoHOaKenTopHy —O~ rpyiry, BiImoBi-
JHHUN PO3YUH Ma€ KOBTUH KOMIP (Amax = 400 HM).

2= —Q

I3 KBaHTOBO-MEXaHIYHOTO TOTJISITy HASBHICTh CHCTEMH CIIPSDKe-
HUX 3B'SI3KIB MPHU3BOJIUTH IO YTBOPEHHS CHCTEMH T-3B'SI3YyIOUHX 1
n-po3puxisirounx MO, eneprerudsa Bifactans Mixk B3MO ta HBMO
IpU UOMY THM MEHINA, YMM Oilbllle aTOMHHX opOitaneil O0epyTbh
y4acTb y cucteMi. HasBHICTh ayKCOXpPOMIB Ta aHTHayKCOXPOMIB Ha
KIHISIX JIAHLFOKKY CHPSDKEHHS NIPU3BOAMTE N0 JOJATKOBOTO 3MEH-
meHHs Bigctani Mixk B3MO ta HBMO (pe3ynbraT — 6aTOXpOMHUIA
3CyB) 1 A0 301NBLICHHS JUIOJFHOTO MOMEHTY €JIEKTPOHHOTO mepe-
X0J1y (3pOCTaHHs iIHTEHCUBHOCTI 3a0apBJICHHS).

KoopawuHariisi opraHidHuX JITaHAIB O 10HIB METaIIB MOXE
3aBJaTH BIUIMBY Ha XpOMOQOpHY CHCTEMY, ayKCOXPOMHI abo aH-
THAYKCOXPOMHI TPYNH JIraH[iB, 3yMOBIIOIOYH NPU LBOMY 3MiHY
3a0apBieHHs. SIKIO XK TaKWH BIUTMB HE3HAYHWH, TO U 3a0apBiicH-
Hs JraHay, SKHA KOOPJAWHYBAaBCS, NMPAKTHYHO HE 3MIHIOETHCS.
3aKOHOMIPHOCTI y 3MiHi 3a0apBJICHHS TOB'A3aHi y MepIIy 4epry 3
CJIEKTPOHHOIO T'YCTHHOIO Ha ayKCOXpPOMax Ta aHTHayKCOXPOMaXx.
Tak, 8-0KCUXiHOJIIH Ma€ CMyTy NOTIMHAHHS NpH 317 HM 1 B HEUT-
panbHii GopMi He 3a0apBicHUI. YTBOPCHHS SK aHIOHA, TaK 1 Ka-
TiOHa §8-OKCHXIHONIHY HPU3BOAUTH A0 3CYyBY MaKCHUMyMY HOTJIH-
Ha"HA 10 380 HM Ta, BiIMOBIAHO, YKOBTOTO 3a0apBIICHHS PO3YHNHY.
Ile moB's3aHO 31 30UIBLICHHSIM E€JICKTPOHHOI I'yCTHHU Ha ayKCo-

xpomi (meperBopennss —OH rpynu Ha —O™ ) y nepmiomy, Ta ii 3MeH-
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Po3gin 5. XiMi4HWI 3B'A30K Y KOOPAMHALINHMX CNONYKax

meHHi Ha aHtmaykcoxpomi (meperBopenHss —C-N=C- Ha
—C-NH"=C-) y gapyromy Bumaaky. KoMmIuiekcoyTBOpeHHs
8-OKCHXIHOJIHY 3 MeTaJlaMH IPU3BOIAHUTH JI0 YaCTKOBOTO 3POCTAH-
HS BiJl'€MHOI'0 3apsy Ha aTOMi OKCUT'€HY M JOJAaTHOr'0 Ha aToMmi
HITPOTEHY, 32 PaxyHOK 4OTr0 KOMIUIEKCH MAalOTh MaKCHMyM IIOT-
TWHAaHHS B iHTepBai 365-375 HM.

H* N
\ / N Mn+
OH
/
OH-

BonHuli po3uMH peareHTy apceHa3o-1, 1o BUKOPUCTOBYETBCS AJIs
CHEKTPO(POTOMETPUYHOTO BU3HAYCHHS AIIOMIHIIO, JIAHTAHOIJIB Ta
AKTUHOI[IIB, Ma€ YepBOHO-OpamkeBUi Komip. KomruiekcoyTBopeHHs
MIPU3BOIUTH 0 0araTOXpOMHOTO 3CYBY CMYTH MOTJIMHAHHS — PO3YH-
HU KOMIUIEKCIB 13 I[MM pearcHTOM 3abapBiieHI B 4epBOHO-(ioJe-
ToBHH Komip. Lle BinOyBaeThcs 3a paxyHOK 301IbLICHHS €IEKTPOHHOT
TYCTHHH Ha ayKCOXPOMi — aTOMi OKCHTeHY (he€HOJBLHOI TPYIIH, ii 3Me-
HINIEHHI Ha aHTHAYKCOXPOMI — apCOHOBI#l TPy, 1 KOOpAWHAIIL 110
MeTajly aToMa HITpOr'eHy, BKIIOUEHOT0 Y XpOMO(OpHY CHCTEMY.

0o O oH
OIS
|
OH OH N oH 0\131
N N
NaO3S SO3Na NaO3S SO3Na
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Ximis koMnnekcHWX cnonyk

3abapmiieHa B KOBTHI KOJIp CIONyKa KypKyMiH HaOyBae depBo-
HOTO 3a0apBJICHHS MPH B3aeMOJii 3 Oopar-aHiOHAMH, OCKLIBKH MPH
IBOMY BinOyBaeThCsl mepedyaoBa ii cpsKeHol cucTeMu — ¢ikcamis
CHOJILHOT'O TayTOMEpY.

OTtxe, mpu cnpodi MOSCHUTH a00 CIPOTHO3YBAaTH 3a0apBIICHHS
KOMIUIEKCY, CIOYaTKy MOTPiOHO 3'ACyBaTH, SKUH THI CMYT IOTJIH-
HaHHS MOXE CIOCTepiraTucs B IIbOMY BHUIAJKY. Tak, HasBHICTh He-
CIapeHuX d-eNeKTPOHIB Y IEHTPAIbHOTO aToMa Ta MOPIBHSHO Mao-
iHTEHCHBHE 3a0apBJICHHS CIIOJIYKH — O3HaKa d-d mepexoliB i HeoO-
xigHicTh 3acTocyBaHHs TKII. BUHUKHEHHS SICKpaBOTO 3a0apBICHHS
MpU yTBOPEHHI KOMIUIEKCY 3 "He3abapBiieHHX" MmeTany il Jiranmy,
HasBHICTh Y HUX OKMCHO-BITHOBHUX BJIACTHBOCTEH BKa3ye Ha MOSBY
CMYT TIEPEHOCY 3apsAny. 3a0apBICHHS X KOMIUIEKCIB 13 JiraHIaMH-
OapBHUKAaMHU HETIOT'aHO MOSICHIOE XpOMO(OpHA Teopisl.

5.7. Crabinisauis "He3BnYaiHUX" CTYNEHIB OKUCHEHHS

Ilepm, HiX OoOroBoproBaTH "HE3BWYAMHI" CTYNECHI OKHCHEHHS,
HEOOXIIHO BU3HAYUTHCS, 110 TaKe "3BUYAWHI" CTYIEHI OKMCHEHHS.
Ockinpky mepeBaXkHa OUIBIIICTh NEPETBOPEHb, 13 IKUMH MPAKTHYHO
JIOBOAWTHCS MAaTH CIIPaBy, BiIOYBAIOTHCS Y BOJHUX PO3YMHAX, i
"3BUYafHUMH" CTYTNEHSIMH OKHCHEHHS MaloTbCi Ha yBasi Taki, IO
XapakTepHi s akBakaTioHiB. OCHOBHI YMHHMKH, IO CHPHUSIOTH

80
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cralinizamii "He3BHUaHHUX" CTYINCHIB OKHCHEHHS, 1€ 7TT-JOHOPHO-
aKIEeNTOPHI BIACTUBOCTI JIiraHAiB Ta e(heKTH KPUCTATIYHOTO OIS,

Jliranau m-aknenTopu yTBOPIOIOTH JaTUBHI 3B's3KH 3 LIA, mpwuii-
Maro4un "HaJUTUIIKOBI" €JICKTPOHHU i0HAa MeTaly Ha CBOI BLILHI OpOi-
Taii, 1 TAKKM YWHOM 3MEHIIYIOTh €JIeKTPOHHY rycTuHy Ha LIA. Ilpu
UBOMY cTa0Ti3yI0ThCSI HU3bKI CTYIICHI OKUCHEHHs. Tak, mpu B3aeMo-
Iii MeTaniB i3 MOHOOKCHIOM KapOoHy abo TpudTopdocdinom yTBo-
PIOIOTHCS KOMITJIEKCH 3 HYJIbOBUM CTYIIEHEM OKHCHEHHS L[A:

Cr+6CO = Cr(CO),
Ni+4PF, =Ni(PE),

SK1o Nirany € T-TOHOPOM, HOTO eIEKTPOHHU MOKYTh YaCTKOBOTO
3allOBHIOBATH BUNbHI opOiTasell ioHa MeTany, 30UIbIIYIOUH eNeKT-
POHHY TYCTHHY Ha HbOMY, i TAaKUM YWHOM CTaOii3yBaTH MeETall y
BHCOKOMY CTymeHI okucHeHHs (puc. 15). HaiibGinmpmr xapakrepHa
cTaliTi3aIlisi BUCOKUX CTYICHIB OKUCHEHHS JJISl TAKUX JITaHJIB, SIK
F~, OH  Ta iHImMX OKCUTEHBMIiCHUX CTIONyK. Hanpuknan, 3Bu4aitHo
Co’" icHye TiIbKM y HU3bKOCIIHOBHX KOMILIEKCaX, CTabili30BaHUX
3a paxyHOK KpUCTalliyHOro noJjisi (nuB. Po3ain 5.4), ane y BHCOKOC-
ninoBux cnoiykax Co(OH), i K,[CoF,] crabinizyeTbcs 3a paXyHOK
T-JOHOPHMX BJlacTUBOCTeH miranmiB. [lnatuHa 3BHYaliHO HpOSBISE
CTyIIeH1 OKUCHEHHS +2 1 +4, oJTHaK JOCUTH JIETKO YTBOPIOE (PIIyOpH I
PtF, i cnonyku O;[Pt**F,] i Xe[PtF,] ', orpumani npn B3aemonii
PtE, 3 O, 1 Xe Binnosigno. Taki niranau n-gonopu sik C1°, Br™, I
1 JTiraHa¥, MO0 KOOPJMHYIOTBCS Yepe3 aToM CyIb(ypy, MPOSBISIOTH
BJIACTUBOCTI BITHOBHUKIB, TOMY BHCOKIi CTyII€HI OKUCHEHHSI
METaIiB HE CTa0UII3yI0Th, OCKIIBKH OKHCHIOIOTb- CH SNa
s cami. SIK BUHATOK MOYKHA 3rajlaT XJIOpHIL, [0 2 S\N
crabinisye Pb*" y cnomyui (NH,),[PbCl,] (muB. C.H / S
Pozmin 5.2), 1 gieTmimuTtiokapbamar, 1Mo Moxe 2

crabinizyBatu Fe': Na(dtc)

' Tlomansimi KOCTiKeH S MOKA3aH, 1O 1 CIONyKa HACHPABII € CyMi-
mmro [XeF J[PtF], [XeF ][Pt,F,]”, PtF, Ta iHIIMX CHOMNYK.
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Ximis koMnnekcHWX cnonyk

4FeCl, + 4HBF, + 0, +12Na(dtc) = 4Fe(dtc), ][BF, ]+ 2H,0 + 12NaCl

EdexrusHicTh B3aemomii Mixk LIA Ta mirangamu m-akientopamu abo
T-IOHOPaMH, IO CTa0LTI3yIOTh ITEBHUH CTYIIHb OKHCHEHHS, MOXHA
OI[IHUTH 3a JOIOMOTOI0 HAWIPOCTIMHX IOJBSIPU3AMIHHIX YSBICHD,
HE BJAIOYKCh Y MOJPOOHIIl €ICKTPOHHOI OyaoBH Jiranmis i LA, sk
e OyJio pO3IJIsIHYTO BUIIE IpU MOpiBHAHHI cTabimbHOCTi PbCl, Ta

(NH,),[PbCl,] (muB. Po3nain 5.2).

Crabimizallis MEBHUX CTYNEHIB OKHUCHEHHS 33 paxyHOK edek-
TiB KPHCTAJIIYHOTO IOJIS MOB'A3aHa 3 MEPEeBAXKHUM 3aIIOBHEHHIM
€JIEeKTPOHAMH OiJbII €HEPreTHYHO BHTiJIHMX KOMIIOHEHTIB PO3-
WIEMUIEHOTO d-piBHA (HANPHKNIAL, f,, JUIA OKTACAPHYHHX KOMII-

% posrnsnyToro B Posxini 5.4,

nekciB). Kpim npuknany 3 Co
BApPTO 3BEPHYTH yBary Ha crabimizamito Cu’ y miocko-
KBaJpaTHUX KOMIUJIEKCAaX 3 aMiJHUMU JiraHAaMu, HalpUKIal, y
HaBeJCHUX HIKYE KOMIUIEKCAX i3 TPUMENTHAOM i MaKpOLMKIiU-

HUM OKCaJIUITiApa3uIoM.

o o
0
VA NG
o \ N-N_ _N-N
M (o)
Lu N-N N-N
NH, 0”0 H H
O O

3a paxyHOK reoMeTpii Jiranzis Biacranb Cu—N y TaKuX KOMILICK-
caX MEHIA, HIXK, HANPUKIAJ, Y aMOHIaYHOMY KOMILIEKCI

[Cu(NH,), T, ToMy po3iierieHHs d-piBHS B KPUCTAIIYHOMY MOJi €
OimpryM. J[J1st TI0CKO-KBagpaTHOI TeoMeTpii HaOIIbII BUTITHOKO €
eJIeKTPOHHA KOHpirypamis d ¥ mo i Bimnmosimae Cu**. Omnak, ciix
Bim3HaunTH, mo crabimizamis Cu’* Yy BUILEHABEAEHUX KOMILJIEKCAaX
BiIOYBa€ThCS HE JIMIIE 332 PaXyHOK e(eKTiB KPHCTATIYHOTO TIOJS,

ajie 1 BHACIIOK CHUIBHHUX €JICKTPOHO-TOHOPHUX BIACTHBOCTEH amii-
HUX aTOMIB HITPOTECHY.
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KonmponbHi 3anumanHs ma 3ae0aHHs

1. SIxi ocobmuBocti yrBOopeHHs KC MOXKe TOSACHUTH
ioHHa Mojenb? HaBeniTh mpukimay.

2. Slky xiMmiyHy iH(OpMamlil0 MOXHa OTPUMATH, 3aCTO-
COBYIOUH TONApHU3aIiitHy Mojens 1 Teopiro JKMKO no pe-
aKIil KOMIUIEKCOYTBOPEHHS?

3. Ans noscHenHs sikux BiaactuBoctel KC Bukopucro-
BytoTh TKII?

4. SIxi paxTOpH BIUIMBAIOTH HA BEMYMHY PO3IIETUICHHS
Yy KPUCTANIYHOMY TIOJTi?

5. SIki 0coOIMBOCTI KOOPAMHAIIHHOI MOBEIHKH JIiraH-
JIB MOXXHa IOSICHUTH 3 YpaxyBaHHSM IXHIiX T-IIOHOPHO-
aKLENTOPHUX BIACTUBOCTEH?

6. Y 4yoMy TOJSTae MPUHIUI 130€JIEKTOHHOI Ta i30J10-
OanpHOI aHaANOTI{?

7. SIKi THIM €NEKTPOHHHUX TIEPEXOJiB 3YMOBIIOIOTH 3a-
oapsnenns KC? HapeniTe npuknany.

8. Copbent mictuts rpynu —(CH,),SH . Poszramryiite
ionm Ni**, Au’*, Fe'*, Ba’" y nopsaaxy 36inbinenss ix-
HBOI CITOPIHEHOCTI 10 COPOEHTY, MOSICHITH TXHIO TIOBE/IiH-
Ky. IligTBepaiTh BiAMIOBIIb PIBHAHHAMH XiMIYHUX PEAKITIH.

9. By1o 3HaiineHo, mo ionn Ni** yTBOpIOIOTS i3 JiraHmia-
mu N((CH,),NH,), i 1ukiaeiHOM KOMILJIEKCHI CHOITYKH
cknany 1:1. OgHa 3 coimyk Mae JKOBTe
3a0apBleHHS] W HYJIBbOBHH MAarHiTHHI NH N
MOMEHT, JApyra — OJIakuTHE 3adapB- [ Hj
JIeHHs 1 € mapamarHeTnkoM. Ha ocHOBI IIjI HN
TKII mosicHiTh, "sika 3 cnoiyk ska'.

Pospaxyiite MarniTHuiI MOMeHT OnakuTHOi crmomyku. Ilo-
SCHITh, YOMY CIIOJYKH MarOTh Came Take 3a0apBIICHHS.
10. Cronmyka K[AuCl,] € niamarseruxom (u =0). Busna-

4iTh reomeTpito ioHa [AuCl, ] imnoscHiTs ii 3 mormsay TKIL.
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11. SIx 1 oMy 3MIHIOETHCS 3a0apBJICHHS B PSIY CITOJIYK
VO; , CrO; , MnO; .

12. SIxa 3i cnonyk, [Co(NH,)]F, un K;[CoF], € Oinbm
CHIIBbHUM OKHCHUKOM? IlOSICHITH MpWYWHU W HaBEIiTh
MPUKIIAIU PIBHSIHB Peakiiiil.

13. Yomy kommuekc K,PtCl, Jyerxko oKuCHIOETbCS
KMnO,, a cime Leiize K[PtCl,(C,H,)] npu kimHaTHII
TeMIepaTypi 3 nepMmaHraHatoM He pearye? I[linTBepniTh
BiJINIOB1JIb PIBHSHHSIMHU XIMIUHUX PEAKIIii.
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Po3gin 6
OCHOBHI KNACU KOOPAWHALIMHUX CMONYK

6.1. Knacudikauis koopauHauiiHUx cnonyk

OCKIJIbKM Ha ChOTOJIHI CHHTE30BAaHO BEJIMKY KIJIBKICTh pi3HOMA-
uitHux KC, 3aBnanHs ixHbo1 Kinacudikaiii € JOCUTh cKIagHuM. Pi3Hi
mxepena (manpukian [1], [3], [8], [10] i [11]) HaBoaATh pi3HI cXeMH
kiacudikailii, 0 BU3HAYAIOTHCSA OUIBINE HE 3arajlbHUM HaOOpOM
icayrounx KC, a 51orikoto moOyJJ0BH BiMOBIAHOT KHUTH Ta HAOOPOM
CHONIYK, SIKUM Yy Hill HpUOiIEHO MakcUMaibHy yBary. CrpoOyemo
y3araJbHUTH BapiaHTy Kiacu]ikarlii, HaBeJeHi B pI3HUX JPKepenax.

3a KIIBKICTIO aTOMIB MeTaly, o Bxoaats y KC, i Tunom 3B's13Ky
mixk HUME KC MokHa po3minutu Ha omgHosaepHi KC, GaratosmepHi
KC 1 xmactepni crionyku. Omnosiepui KC MicTATbh y CBOEMY CKJIai
JUIIe OAWH IeHTpanbHuil aroM. CHONyKH, IO MICTATH JAEKiJIbKa
aTOMIB MeTaly, SIKi He MaroTh 0e3MocepeaHiX XiMIYHUX 3B'S3KIB MiX
c00010, MOXXYTh BITHOCHUTHCS JI0 NEKiTbKOX KiaciB. Cepen HUX MoO-
’KHA BUIIINTH Gararosiepui KC, 10 MiCTATH HOPIBHAHO HEBEIHKY'
KUJIBKICTh aTOMIB MeTally, MOB'SI3aHUX M CO00I0 MiICTKOBHMH JIiraH-
JAMH; KOOpAUHANiiiHi moxiMepu, y SIKUX JIOHOPHI aTOMH ¥ MiCTKOBi
JITaHIU YTBOPIOIOTH HECKiHYEHH! JIAHIIOTH, CITKH a00 TpHUBHUMIpHI
IPATKH; KOMILIEKCH 3 MOJiIMEPHHMH Jiranaamu, y sIKUX BeJTUKa KiJb-
KiCTh aTOMiB MeTally 3B's3aHa 3 OJHI€I0 BETUKOI0 MaKpOMOJIEKYJIOIO
— JITaHIIOM 1 KOMIUIEKCH HA MOBEPXHi TBEPAOro Tijia, y SKUX JITaH[
siBIIsiE cOOOI0 TBEPIY PEYOBMHY 3 PO3BUHEHOIO IOBEPXHEIO M KOOp-
JUHAIIHHO-aKTHBHUMU Tpynamu Ha Hiil. Ci BiA3HAYUTH, 110 MICT-
KOBiI KOMIUIEKCH, SIKi MICTSTh Y CBOill OyIIOBI TOTOJIOTiYHI 3B'SI3KH
(muB. Po3min 1), a TakoX KOOpAWHAIINHI MOTIMEPH OpraHi30BaHOi
OyZOBH € IPEIMETOM PO3MIISIAY CYIpaMoIeKyIsIpHoi ximii [1, 6].

' Ha cporoani Bumineno IHAMBiqyaTbHY 0araTosiepHy CHOIYKY, IO Mi-
cTuth 155 aTomiB MaHTaHy.



Ximis koMnnekcHWX cnonyk

KnacrepHi cnionyku (abo kmacrepu, Bij Ip. cluster — piil) MiCTATb
JIBA YU JICKiJbKa aTOMIB MeTally, O€3MOCepeIHhO MOETHAHUX MIXK
co0010 XimMiyHMMU 3B's13KaMHU. Li croiyku HEpiAKO YyTBOPIOIOTHCS SIK
MIPOMIKHI TIPOAYKTH B XIMIKO-TEXHOJIOTIYHUX TIporiecax (30Kpema,
HaHECEHHS MOKPUTTIB, po3Aia 7.2.2), peakiisix MeTaJOKOMILIEKCHO-
ro karamzy (po3ain 7.4) i neskux OlOXiMIYHUX MEPETBOPEHHAX, TO-
My XiMisl KJIacTepiB aKTHBHO JAOCIHIKYETHCS.

Iammid miaxin g0 kinacudikaiii KC — X po3ziuUieHHs 3a THIIOM Xi-
MiyHUX 3B'S13KiB Mik I[A Ta miranmamu # 3a Tunom siradmi. [lpu
mpomy yci KC ™MoxkHa po3mimdTd Ha JBi  OCHOBHI TPYITH:
o-komiuieken (200 BepHepiBCbKI KOMIUIEKCH), SKi YTBOPIOIOTBHCSA 3a
paxyHOK KOOpPJHWHAIi JIraHaiB yepe3 HEMOAUICHI EJCKTPOHHI Mapu
JOHOPHHUX aTOMIB i M-KOMIIEKCH, 110 YTBOPIOIOTHCSI BHACIIIOK KOOD-
JMHALT JiraHIiB yepe3 T-KOMIIOHEHTY KpaTHOTo 3B'si3Ky (muB. Pozmin 1).
IHOAI B OKpeMy TPYITy BHIUIAIOTH CHOJIYKH, HI0 MiCTATH KOOPIMHOBAHI
O,, N, un H,, OCKUIbKHY 1Ii CITONYKH MAlOTh BEJIMKE 3HAUYEHHS B Oa-

rarbox OiIOXIMIYHMX 1 KaTalITHYHUX mporecax [1, crop. 62].

[opaneumry kmacudikalilo G-KOMIUIEKCIB MPOBOAATH 32 3apsaoM
JiraHziB, BUAULSIFOYM CIIONYKH 3 HEWTpaJIbHUMHU Jiranaamu (abo cro-
JYKW aMiHHOTO THITy, 32 aHAJIOTI€I0 3 aMOHIaYHHMH KOMILIEKCAMH),
CIIONTYKU 3 aHIOHHHUMH JirangaMu (a0o amuaoKOMIUICKCH) Ta 3Milia-
HoJiraniHi KoMIutekcd. O/IHaK, OCKUTBKY 3apsiji JIITaHAy HEPiJIKO I0-
B'SI3aHMI 13 KUCIOTHICTIO pO34YHHY (BiI0YBa€ThCS MPOTOHYBAHHS 200
JNETPOTOHYBAHHS JIiTaHIy), Y JAaHOMY TMOCIOHWKY G-KOMIUTeKcH Oy-
IyTh PO3TISAATHCS BiMITOBITHO IO MPUPOIN ITOHOPHUX aTOMIB, Ue-
pe3 fAKi Bim0yBaeThbCsS KOOPIUHAITIS.

SIKImo 10 EeHTPaIbHOro aToMa KOOPAWHYIOTHCS IBa a00 Oinblie
JOHOPHHX aTOMH MOJIIAEHTATHOTO JIraHay, 1€ MPU3BOAUTE 10 YTBO-
pPEHHS ITUKJIIB, a BIAMOBIAHI CIIOYKH HA3WBAIOTHCS MUKJIiYHEMH 200
xeaatuumu. Cepell XeNaTHUX CIIOJNYK B OKpeMi TPYHH BUALUISIOTH
MAaKPOUMKJIIYHI CHOJYKH, Y SIKHX aTOM MeTally 3HaXOAMThCS BCepe-
TIHI TTOJTIIEHTATHOTO ITUKIIIYHOTO JITaHAy Ta CIIOIYKH, Y SIKUX Me-
TaJl 3HAXOJUTHCS Y TPUBUMIPHIH OPOKHUHI JraHy.

Crin Big3Ha4YMTH, II0 HaBeJCHA Kinacudikamid, 5K 1 Oyap-aka iH-
113, € MPUOJIN3HOIO i HE MOKE OXOIMTH BCHOTO PI3HOMAHITTSI CUHTE-
3oBannx Ha januii wac KC. Kpim Toro, icHye 9uMaio CHONYyK, IO
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Po3pin 6. OCHOBHI Knacu KOOpAUHALIIMHUX CRONYK

BITHOCSATBCS JI0 ACKUIBKOX Ipyn oxHodyacHo. [Ipu momanbiuiomy pos-
DAl MA OyJIeMO BUKOPHCTOBYBATH SIK CHCTEMATH3AIl0 32 THUIIOM
JITaHy, TaK i 3a KUTBKICTIO aTOMIB METaTy Y CHOJYIII.

Jami OymyTh oXapakTepu30BaHI KOMIUIEKCOYTBOPIOIOYi BIACTHBO-
CTi psily JiraHziB, MPH LOMY OYAEMO pO3TIISAATH TaKi TapaMETpPH:

e KHCI0THO-OCHOBHI BIIAaCTHUBOCTI JIiIraHmy.

e Po3mipu Ta XapakTepHi KOOpIWHAIIIHHI YUCiTa (BUCOKI/HU3bKI).

¢ XopcTkicTs/M'KicTh 32 JIbroicoMm.

¢ T-IOHOPHO-AKIENTOPHI BJIACTHBOCTI Ta MOJOKEHHS B CIIEKTPO-
XIMIYHOMY PATY.

o JleHTaTHICTb, XeNaTYIOUi BIIACTUBOCTI, CIIOCOOM KOOPIUHAIII].

e [3 gKUMHM MeTamaM¥ MEePEeBaKHO YTBOPIOE KOMITJIEKCH, SIKi CTY-
MEHI OKMCHEHHS MOX€e CTa011i3yBaTH.

6.2. OcobnuBoCTi KOOpPAMHALIWHOI NOBEAIHKK NiraHAiB

6.2.1. Cnonyku O-goOHOPHUMMU NiraHAaMU

OkcureH — OAWH i3 HAHOUTBII €JIEKTPOHETATUBHUX EJICMCHTIB
[lepioguuHoi CHUCTEMHU, TOMY Y CIIOJIyKaX 3 OKCHICHOM CJIEMCHTH
MPOSIBIISIIOTH BUCOKI CTYIIEHI OKUCHEHHS. YCi JraHau, 1o KOOpIu-
HYIOTBCSI 4€pe3 OKCUTEH, € JKOPCTKUMHU ocHoBamu JIpioica, 3Haxo-
IATHCS Y TIOYATKy CHEKTPOXIMIYHOTO psiay (cimabke mose). Po3mipu
aTOMa OKCHUI'CHY HEBEIUKi, TOMY JJI1 KOMILUICKCIB OKCHTEHBMICHHUX
JITaH[iB HEPIJKO criocTepiratoTbes Bucoki KY.

IlepeBakHa OUTBIIICTH peakIiii, i3 SKUMH JTOBOAWTHCSI MATH
CrpaBy XiMiKaM, BiIOyBalOThCS Y BOJHUX PO3YHHAX, TOMY BOJY 3BU-
YaifHO He PO3TJLAAI0Th SK JITaH[, a TipaToBaHi COJi METajiB — 5K
KOMITIEKCHI crioiryku. OHaK, SIBUIIE KOOPIWHAIlT BOIU 10 KaTiOHIB
0e33amepeyHo Mae Miclle, TOMY JaMO KOPOTKY XapaKTePHUCTHKY
H,O, sik niranpa.

Monekyna H,O 3BuuYalilHO € MOHOJEHTATHUM JITaHAOM, OIHAK
Ma€ /1Bl HEMOICHI eJIeKTPOHHI apy, TOMY 1HOJI MOXe OyTH MiCTKO-
BuM jirannom. H,O mpossise myxe cinadki BIACTUBOCTI T-IOHOPA,
OCKIIbKU Ma€ ApYTy HEeMoAUIeHy napy enekTpoHis. Hepigko Monekya
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BOJTM 3HAXOJUTKCS B 30BHIIIHIN cepi KC, ocKibKH yTBOPIOE BOTHEBI
3B'SI3KU 3 JIraHIaMH, 1110 KOOPAUHYBAIHUCS, 00 3 MPOTHIOHAMHU.

Bona He € HI OCHOBOIN, Hi KUCIIOTOHO (OCKLUIBKH H
oOpaHa 3a eTalloH HEHTpaiabHOI croiykw). OnmHak, M= 0
KOOpILI/IHaHiSI BOJY 10 aToOMa METajlly HpU3BOJIMUTHL J0 QH 4

TOJISIpU3aIlii i1 MOJIEKYJH, & OTXKe — JIO MiJBUILEHHS 11
kucIoTHOCTI. KucnoTHa aucoriarist MoJeKys BOJIH,
KOOPJMHOBAaHUX JI0 aTOMa METajly, PU3BOAUTh O YTBOPEHHS KOOP-
nuHoBaHoro iona OH™ . Ile sBuie BijoMe, SIK 3BHYANHUM TiApOIIi3
coJiei 3a KaTiIOHOM.

IopiBasiHO 3 H,O iom OH™ € 3Ha4yHO »OPCTKILIOIO OCHOBOIO
JIptoica i s;BHO BupaxkeHHM Tt-HoHOpoM. IlopiBasHO 3 H,O BiH cTabi-

Ji3y€ BUCOKI CTyINEHI OKMCHEHHS 110, HAPHUKIIAJ, MOSCHIOE MOXKIIH-
BicTh icHyBaHHs, Co(OH),, Ni(OH),, Na[Cu(OH),]. Ion OH™ mae
TPY HETIOAIICH]I eTIEKTPOHHI TTapy ¥ Ay»Ke 9acTO BUCTYIIA€ MICTKOBUM
miraggom. Came TOMy OUIBIIICTH TiIAPOKCHIIB METATIB HE PO3UMHS-
I0ThCA Y BoAi (00 HAacTIpaBi € CHOTyKaMH MOJIMEpHOi OyJ0BH).
l'igpoxcumu 6araTbOX METaNiB PO3YMHIIOTHCS B HAIUJIHIIKY JIYTiB,
YTBOPIOIOYH TiIPOKCOKOMILIEKCH. Take siBHIe HazuBaeThes "amdo-
TepHicTh". 3BepTae Ha ceOe yBary IMBHHIA, Ha TMEPIIMHA MOTJIS,
¢axT: 3BHYaliHO aM(OTEPHUMH € TIOPOKCHIH, Y SKHX METal Mae
CTyHiHb OKHCHEHHs 12 abo +3 (mampukian Be(OH),, Zn(OH),,
Sn(OH),, Pb(OH),, Al(OH),, Cr(OH),). Ilpu usomy rigpoxcuau
MeTamiB +4 1 +5 y Jyrax po3udHSIOTHCS MMOTaHO, X0ua, 37[aBajocs 0,
6inpm xopeTki kucaotu Jlswoica (Ti*, Zr*", Sn**, Mn*", Pb*,
Nb>*, Ta’"), manu 6 yTBOPIOBATH GilbII CTiliKi I'iAPOKCOKOMILIEK-
cH, Hix ioaM MetaniB +2 1 +3. CpaBa B TOMy, IIT0 KOOPAWHAIIIS 10HA
OH™ o xopctkoi kucnotu JIproica MpU3BOAUTH A0 HOTO MOJISpH3a-
uii, 1 mpoton OH™ rpynu HaOyBae 34aTHOCTI BigIIEIUIIOBATHCS Mix
Jiero Jayry (B HaUIMIIKY SIKOTO W HamMararoTbCs PO3YMHUTH TiIIpo-
keun). [Ipu npoMy yTBOpIOETBCS parMeHT —O- , JUI SKOTO Xapak-
TepHa MICTKOBa KOOPAWHAINSA Ta MOETHAHHS BiJ ABOX 0 YOTHPHOX
aToMmiB Mertany. Lle Tpu3BOIUTH 0 YTBOPEHHS TiAPATOBAHUX OKCH-
IiB MeTaliB MOJIIMEpHOi OYJOBH, SIKi IOTAaHO PO3YMHHI SIK Yy Jyrax,
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Tak 1 B KucioTax. [lomanbiine 30UTBIICHHS CTYINCHIO OKHUCHCHHS
(a oTKe U KOPCTKOCTI KaTiOHA METaly) MPU3BOAMTH JIO TOTO, IO
OINBII BUTIHOIO CTa€ HE KOOPIWHAIIS MICTKOBOTO OKCHTEHY, a
YTBOPEHHS "MOBHOLIHHUX" 7T-3B'SI3KiB M)XK OKCHT€HOM 1 METalioM,
TOOTO KoopauwHarlii MoHoAeHTaTHOTO (parmenty =O0. I[lpu mpomy

YTBOPIOKOTHCS MOHOMEPHI okcoarionn CrO; , MnO, Tomo. Takum
YHHOM, MOYKHA CKJIACTU Psifl 301MbLICHHS KOPCTKOCTI KOOPIUHALIiH-
HO-aKTHBHUX (DparMeHTiB, 10 YTBOPIOIOTHCS MpPH AEMPOTOHYBAaHHI
mostekyu Bogu: H,O < OH™ <-O- <=0. ¥V upomy x psagy 3poc-
TaIOTh 1 T-JJOHOPHI BJIACTUBOCTI JITaH/IiB.

ITeBHOIO MipOTO TIOAIOHOFO 332 KOOPAWHAIIIIHOO TTOBEIIHKOIO /IO BOH
e H,0,. V BumenaseneHoMy psy sxopcrkocti H,O, 3aiimae micie

Mix —O— 1 =0 ¢parmenTamy, ogHak n-HoHOpHI BractuBocti H,O, He-
3HayHi. H,0, € cnabkoro kucnororo, Moxke yroproBatu anionn HO;
ta O, sKi Tex € KoopauHalliifHo-akTMBHAME. TOMY CHOCOOH KOOpIH-
Hauii H,O, pi3HOMaHITHI: 1eil yliraHx Moxe OyTH MOHOIEHTATHUM,
MiCTKOBHMM 1 HaBiTh GinenTaTHuM (y BUrIsti O3, 3 yTBOPEHHSM 3-tJleH-
Horo mukiy). Kommnekcu 3 H,O, HaiOuIbII XapakTepHi s nepexii-

HuX MeTaniB [V-VI rpym.

Hacrynna rpyna O-JOHOpPHHX JIiTaHAIB, 1I€ aHiOHH OKCHTeHBMic-
HHX KHCI0T. TaKuX aHIOHIB iCHYE Ay)Ke BEJHKa KiJbKICTb, I KOXK-
HOTO 3 HUX € CBOI 0COOJHMBOCTI KOOpAMHAIINHHOI moBemiHku. Crpo-
Oy€eMO BKa3aTH OCHOBHI CHiJIbHI PHCH TaKHX JITaHAIB 1 IXHI Xapak-
TEPHI BiIMIHHOCTI.

Anionu ClO;, NO;, SO, PO;", CO;", CH,CO, MOXyTh KO-
OpAWHYBATHCS JIHIe Yepe3 JoHOpHI aromu O, IUIs IIMX aHIOHIB Haii-
OUTBII XapaKTepHI MOHOJEHTaTHa, OileHTaTHa W MiCTKOBO-0i/ieH-
taTHa koopauHais (puc. 20).

AHIOHH, 1110 MAIOTh JOHOPHI aTOMH, BiIMiHHI BiJI KHCHIO (SO;’ ,

NO,; ), KOOpAUHYIOTBCS [0 10HIB — KOPCTKUX KUCIOT JIbtoica uepes

0, a mo m'skux kucioT JIproica — gepe3 N abo S, abo MOXKyTh yTBO-
proBatH i30MepH 3B'A3Ky (nuB. po3zain 2). Bix cocoOy koopauHaiii
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3aJIe’KaTh 1 BJIaCTUBOCTI TakuX Jirauais: Tak ONO™ — miranzn cirabko-
ro, a NO, — CHJIBHOrO MOJIA.

Lo &
Y A N
M

M M, M,

Puc. 20. OcHoBHi crioco6u KoopaAHHaLil KAPOOKCUJIATHOIO aHiOHA

Posrnsgatoun KOOpAMHAIIII0 OKCHTEHBMICHHX aHIOHIB Y BOJHHUX
pO3uMHAX, Tpeba 3aBXJIW MATH Ha yBa3i JiBA YMHHUKHU: MEPITHA —
B3a€EMO/IisI aHIOHA 3 KaTiOHOM METally HAaCHpaBil € PEeakIli€ro 3ami-
meHHsT KoopAauHoBaHoi Boau (a6o OH™ rpym y dy>KHOMY cepeno-
BUIL); JAPYTUil — y BOJHOMY PO34MHi mpHCyTHi ionn H', mo Tex
MOYTh MPUEAHYBATUCS 10 aHIOHIB, MIEPETBOPIOIOYHU 1X Y MOJEKYJIIH
KHCIIOTH (TiAPOITi3 32 aHIOHOM).

YMOBOIO MIITHOTO 3B'SI3YBaHHS aHIOHA 3 METAIOM € HaUIMIIKOBA
eNIEKTPOHHA TYCTHHA Ha JIOHOPHHX aroMax OKCHUreHy aHioHa. Tomy
YTBOPEHHSI MIIIHUX KOMIUIEKCIB CJIJ OYiKyBaTH BiJ aHIOHIB CIAOKHX
KHUCJIOT, & aHIOHU CHJIbHUX KHCIIOT € TIOTAaHUMH KOMITIEKCOYTBOPIOBA-
gamu. JlificHO, IS TIepeBaXHOI OLTBIIOCTI KaTiOHIB KOMIUICKCH 3
ClO,, NO; ta SO; € CTilKMMH TilbKM B HEBOJHUX PO3UMHAX. 3BHU-

YallHO BOJIa KOOPJIUHYEThCS CUIIBHIIIE 3a 1[I aHIOHW, TOMY BiIOBiIHI
COJIi € BOAOPO3YMHHUMH Ta BUKOPUCTOBYIOTHCS SIK BHUXIOHI CIIOIYKH
st cuaTtedy pisHomaHiTHUX KC. Cepen CTIHKMX y BOJHOMY PO34HMHI
HITPaTHUX KOMILJIEKCIB 3BEPTalOTh HA ceOe yBary CIIOIYKH JaHTaHOIIIB
Ta aKTHHOIMIB. HiTpaT y Takmx KOMILIeKcaX KOOPAWHYETHCS OieHTar-
HO, JuIs HUX XapaktepHi Bucoki KY, manpuxnan, (NH,),[Ce(NO,),],
KY =12. V KOHIICHTpOBaHUX BOJHHUX PO3YMHAX HITPAT KOOPAWHYETHCS
1 mo iHmmx ioHiB. Hanpuknan, npu enexrpodmisi po3uuHiB AgNO,, mo

micTaTh Haummok KNO,, Ha aHOIl CIOCTEPIracThCsl OCAIKEHHS

AgO, 110 BKa3ye Ha yTBOpEeHHsI aHiOHHOr0 KoMuiekey [Ag(NO,),] .
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Ockinbku SO, Mae Ginbmmii 3apsn, wix NO; Ta CIO;, To i
HAJJTMIIKOBA €JIEKTPOHHA T'YCTHHA Ha JOHOPHHX aToMaxX OKCHIEHY
B HBOrO Olibllla, a KOMIUIEKCH 3 HUM — MinHimi, Hix i3 NO; Ta
ClO, . Ha Bigminy Big NO; ta ClO,, nus cyabdary xapakrepHuil
PA HEPO3UMHHHX COJEH: i3 JIy’KHO3eMeNbHHUMU MeTanamu, Pb’*
i nesskumu P3E. UnHHHKY, 110 COPUAIOTH MOTaHiiH PO3YMHHOCTI Ta-
Kux coneif — koopauHaris SO, /10 KaTiOHiB i BUCOKa eHepris Kpu-
CTaJigHOI TPATKW dYepe3 CICKTPOCTATHIHY B3aEMOIiI0 (BUCOKHH
3apsij aHIOHA Ta BiANOBIAHICTH PO3MIpiB aHIOHA i KaTioHiB). Jeski
3 TaKMX HEpO3UMHHUX CyibdariB, Hanpukinag CaSO,, po3uuHs-

I0ThCS B HAAJIMILIKY OCaIKyBaya:
CaSO, +(NH,),S0, = (NH,),[Ca(S0,),]

3a paxyHOK KOMILIEKCOyTBOpeHHs po3unHy coneit Ti'" ta Zr* y
cynb(haTHIN KUCIIOTI TiAPOII3YIOTh Cia0Kille, HiX y HITpaTHIA aHa-
noriuHoi koHueHrpauii. Kommiexke K,[Ir(SO,),] He yTBOpIOE ocany
IpH J0JaBaHHI cojiell 0apiro, OJHAK II€ CBIAYUTH HE PO BUCOKY
CTIMKICTh, 8 TIPO BUCOKY IHEPTHICTh ILOTO KOMIUIEKCY. Y WiJIOMY,
BKJIIOUCHHS CyIb(aTy y BHYTPIIIHIO Chepy IHEPTHUX KOMIUICKCIB €
JOCUTH TUTIOBUM. BapTo 3a3HaunTH, 110 moaBiiHI cynbdaTH, Taki sK
ramryan M"'M*™(S0O,), -12H,0 Ta menitu M;'M*"(SO,), -6H,0,
MICTSITh Cynb(ar y 30BHINIHIN, a He y BHYTPIIIHINA KOOpIWHAIIHHINA
cthepi, TOMy HE MOXYTh PO3TIANATHCS SK CYIb(haTHI KOMIUICKCH.
[MonibHumu a0 cynbdary 3a KOMIUIEKCOYTBOPIOIOUMMH BJIaCTHBOC-
MU € rpynu —SO; y cyibhOKUCIOTaX. 3BUYAHHO y BOJHUX PO3-
YMHAX Il TPy HE BUTICHAIOTH BOMY 3 BHYTPIIIHBOT KOOPAWHAIIIH-
HOi cepr, TOMy IX HasIBHICTh y MOJIEKYJIaX OPTaHIYHUX pEarcHTiB
MPU3BOAUTE 0 MiJBUILEHHS PO3YMHHOCTI Y BOJi, @ HA KOMILIEKCO-
YTBOPIOIOY1 BIACTUBOCTI IPAKTUYHO HE BIUIUBAE.

OpTtodocdarHa KHCITIOTa € 3HAYHO CIa01I00 32 cipuany. ToMmy 3
PO3TISHYTUX BUIIe Npu4rH (ocdaTHi KOMIJIEKCH € Habarato Mill-
HilMMu, HiX KomIUlekeu 3 anionamu ClO;, NO; ta SO, . Anion

PO; Mae TeTpae/[pudHy reOMETpil0, BiH MiCTUTb YOTHPH JOHOPHI
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aTOMM OKCUT€HY, TOMY JUIsi HbOTO MOXIJIMBA MOHOJIEHTaTHa, OleH-
TaTHa ¥ MICTKOBa KoOpAWHAIlisS. Bucokuii 3apsn POj‘ 1 MOXKIIH-
BiCTh HOTO MICTKOBOI KOOpJWHAIlIi MPU3BOJIUTE IO TOTO, 10 (oc-
(batu OimpmIocTi MeTadiB (KpiM JIy)KHHX) HEPO34UHMHHI y Bomi. llpm
migkucieHHl GochaT PO3UNHSAIOTHCS 3 YTBOPEHHAM KHCIUX COJICH,
ane npu npomy 3anumku HPO; a6o H,PO, 3BuuaiiHo 3anumia-
I0TBCS. KOOPAUHOBAaHUMH 0 10HIB MeTaiiB. ToMy HasBHICTH oc-

(aTy HaBITH y KHCIIMX PO3YMHAX 3aBaka€ MPOBEJCHHIO 0araThox
AHAIIITUYHUX PEaKIiil.

Ockinbku PO, — skopcTka ocHoBa JIboica, HalGiIbII XapakTep-
HUM Ui HBOTO € YTBOPCHHS KOMIUICKCIB 3 10HAMH — YKOPCTKUMHU
kucaoramu Jlproica (Al**, Fe’*, Ln’*, Ti*" tompo). JonaBaHHAM
(dbocdary HEpiAKO KOPHUCTYIOThCS JUII MACKyBaHHs [UX 10HIB y aHa-
niTnaHil npaktui. Bimsekumu g0 PO 3a KOMILIEKCOYTBOPIOHO-
yuMHu BiracTuBocTAMH € rpynu —PO,H,; >PO,H 1 =P=0, sxi mic-
TATHCS B 0aratboX OpraHIYHUX pearcHTax IS BH3HAYeHHS abo eKc-
TPaKIIil BUIIEHABEICHUX 10HIB METAIB.

KapbOonaTHa kucnora € qyxke ciabKow KHUCIOTOK, TOMY B KHC-
JIOMY CEpeIOBUII KapOOHATHI KOMIUICKCH HE YTBOPIOIOTHCS. Y HEl-
TpaJlbHOMY H Jy’)KHOMY cepemoBunli npu ponasanHi Na,CO,; nmo
PO34YHHIB COJIEH METaJiB yTBOPIOIOTHCS HEPO3UMHHI KapOOHATH, OC-
HOBHI KapOoHaTH ab0 TiIPOOKCHIHU, OCKUIbKU CO? KOHKYpY€ 3
OH™ . Po3unHeHHs kapOOHATIB y HA/UTHIIKY OCAJKyBada XapakTep-
ne i Be®*, Sc**, UO" iuactkoBo Mg>*, unm KOpUCTYIOTBCS MU
BiytiienHi Ha3BaHux ioHiB Bim Al'", skumii He YTBOPIOE KOMILIEKCIB
13 KapOOHAT-10HOM.

Amnionu kap6onoBux kuciaor (R—CO;) maroTe HeBUCOKHIl 3a-
psan (—1). Tomy, Ha BinMmiHy Bix ¢ocdaTiB Ta kapOOHaTiB, KapOOKcHIIa-
TH OUTBIIIOCTI METAJiB po34rHHI y Boai. CIiyt BiI3HAUMTH, IO TieH (pa-
TMEHT € JEN0 M'AKIIOK OCHOBOIO JIpIoica, HIK POj’ 3a CO?’ . Criii-

KIiCTh KOMIUIEKCIB 13 MPOCTUMH KapOOKCHIIaTaAMU HEBHCOKA, OJTHAK MO-
K€ CYTTEBO MiABHUILYBATUCS 38 PAXyHOK XeJaTHOro edekrty (aus. Pos-
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nin 6.3). Tomy —CO; € onHOIO 3 HAMBXIMBIMX (YHKLIOHATIBHUX

TpyH y peareHTax Uil BU3HAYCHHS METANIB, L0 € )KOPCTKUMH abo mpo-
MDKHUMH KucioTamu JIptoica.

6.2.2. Cnonyku 3 N-0OHOPHMMM niraHaamm

Cepen HITPOTEHBMICHHMX JITaHIIB HaWKpalie IOCIiPKeHUM €
amoniak (NH, ). Ila Monekyna Mae nuiie oJHy HEHOMIIIEHY €IEKT-
POHHY Tapy, TOMy MOKe OYyTH JIHIIE MOHOJCHTATHHM JIIFaHIOM.
NH, — ocHoBa JIbroica cepeaHbOl 3KOPCTKOCTI, JIiraHA HOPIBHSIHO
CHJIBHOTO TIOJIS, X04Ya HE € aHi TM-JOHOPOM, aHi T-aKLenTopoM. 3a
PaxyHOK CHJIBHOTO KPHCTAJIIYHOT'O TIOJISI aMOHIaK 1HOAI MOXe cTali-
NisyBatn "He3BHUAlHI" cTymeHi okucHenHs (Hanpukiman, Co’", muB.
Po3nin 5.7), ogHak HalvacTilie CTynmeHi OKHCHEHHS B aMOHIaYHUX

KOMIIEKCAX BIAIOBINAIOTH TAKUM JUISI aKBAaKaTIOHIB.
Y BOIHUX PO3UYMHAX aMOHIAK MPOSBIISE BIACTHBOCTI OCHOBH:

NH, +H,O0 = NH; + OH"

Tomy mpu nomaBaHHI PO3YMHY aMOHIaKy METalId — JKOPCTKI
xucioru Jlptoica (Al*", Fe'", Cr’") 3uuaiiHo yTBOPIOIOTH Tiapo-
oKkcuau, a M'ski Ta npomixkni (Ag”,Cu’",Zn*", Ni’") — amoniau-
Hi KOMIUICKCH.

AICI,; +3NH, +3H,0 = A(OH), +3NH,Cl
CuSO, +4NH, =[Cu(NH,),]SO,

Ion NH,, mo yrBoproerscsi 3 NH, , He Mae HENOIIICHHUX €NEeKT-
POHHHX Map, TOMY A0 METaJliB KOOPAUHYBATHUCS HE MOXKE.

V BigcyTHOCTI Boan yTBOpeHHs KoMIiulekciB 13 NH, xapakrepne
JUISL COJIEH MPaKTUYHO BCiX METAJIiB, KPiM JTY>KHHX:

AICI,; + 6NH, =[AI(NH,),]Cl,

Cepen KOMIUIEKCIB 3 aMOHIaKOM CJIiJl 3BepHYTH yBary Ha CITO-
JYKH, IO YTBOPIOIOTHCS TPU PO3UMHEHHI JTY>KHUX 1 Ty>KHO3EMEIb-
HuX MeTaniB y pinkomy NH,. Ilpu HeBenukiil koHLIEHTpalii Tyx-
HOTO MeTajly ILIi CHOJyKH CKJIaJaloThbCs 3 KaTIOHHOI'O KOMIUIEKCY
METaJly Ta COJIbBATOBAHOTO BUIBHOTO €JIEKTPOHY, NpHU 301IbIIECHH]
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KOHIICHTpAIlil METaly BBa)Ka€ThCsl, 110 YTBOPIOKIOTHCS COJIbBATO-
BaHI aHIOHU METaly:

Na + (6+n)NH, =[Na(NH,), ] [e"(NH,), ]
2Na + (6+n)NH, =[Na(NH,),]"[Na(NH,), ]
Kucnorni BractuBocti NH, BupaxeHi Iyxe ciaOko, OJHAaK Ha-

rpiBaHHS a00 TpUBaJie 30epiraHHsd TaKUX PO3UYHHIB y PiAKOMY aMOHi-
alll MpU3BOAUTH 10 YTBOPEHHS COJEMOMIOHMX aMilliB JIy>KHUX MeTa-
JIiB, SIKI y BOAHOMY PO3YHHI MHTTEBO TiAPOTI3yIOTh:

2Na +2NH, = 2NaNH, + H,
NaNH, +H,O = NaOH + NH,

Koopaunauis NH; no merary npu3BoguTh 10 HOIpU3alii 3B'a3-
kiB N-H, a omxe — o 30unbmenHs kucnorHocti NH;. Tomy npu

JOJITaBaHHI JIYriB J0 aMiayHUX KOMIUIEKCIB HEPIJKO YTBOPIOKOTHCS
aMIIHI KOMIUIEKCH

2[Co(NH,),T"" + OH™ =[(NH,)(u-NH,)Co(NH,), " + H,0 + NH,

Awmin (NH;) nmposiBisie MOHOIEHTaTHY, a 4acTille — MiCTKOBO-
OileHTaTHY KOOPIWHAIIIIO.

Hyxe mogiOHMMU 10 aMOHIaKy 3a BIACTHBOCTSIMH € TaKi JITaHIH,
ak amipatuuni aminn (R H; N), sxi MOXyTh BiIpi3HATHUCS MIX
co00F0 32 po3MipaMH, OCHOBHICTIO Ta XEIaTyHUYOI0 3JaTHICTIO, IO
Mae€ BiJNOBiTHUI BIUIMB Ha iXHI KOMILIEKCOYTBOPIOIOUi BIACTHBOCTI.
[Moni6buumu no NH, € i MoneKynu, IO MICTATh TPETHHHHH aTOM
HITpOTeHy B apoOMaTHYHOMY LUK, 30kpema, mipuaua (CH,N).
IMopiBusno 3 NH,; mnipuaus mae Oinblii po3Mmipu, € cralIIow Ta
"M'SKIIIOF0" OCHOBOIO, MOE TPOSBIISTH BIACTHBOCTI CIIA0KOTO TT-710-
HOpa Ta T-aKIenTopa.

BaxnuBuMHU HITPOTEHBMICHUMHU JTaHIaMH € XelaTyrdi
(muB. Po3xainm 6.3) opraHidHi CIIONYKH, SK amidaTudHi (€THICHII-
aMiH, JieTHJICHTpUaMiH) Tak i apoMaTuyHi (2,2'-mumipuaud,
1,10-¢penanTpomnin).
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dipy phen

Kommuiekcn 3 HUMU CTIHKIOI 32 KOMITIEKCH 3 IXHIMA MOHOJICH-
TaTHUMM aHAJOraMH 3a PaxyHOK XenatHoro edekty. HasBHicTh Bi-
JILHUX T-0pOiTasiedt (po3puxJisioui opOiTaai apoMaTHYHOI CHCTEMH)
Hagae dipy Ta phen BIacTHBOCTEH T-aKIENTOPIB, 10, Y CBOIO YEPTY,
MIPU3BOJUTH JI0 MOMJIMBOCTI YTBOPEHHS MMM JIiraHIaMu KOMILICK-
CiB 3 I0HAMU METAJIIB y aHOMAaJbHO-HU3bKUX CTYICHIX OKUCHEHHS:

TiCl, +4Li + 3dipy = Li[Ti(dipy), ] + 3LiCl

Kommiexcn 3 dipy i phen 3a paxyHOK CMyT THEPEHOCY 3apsmy
(muB. Po3min 5.6) MOXyTh MaTH sICKpaBe 3a0apBIICHHS, TaK KOM-
mwiekc Fe(phen);” — uepBonuii, a Fe(phen);' — Gnakutuwuii, a cuc-

Tema Fe™ ™ /phen BHKOPHUCTOBY€ThCS SK iHAMKATOpP OKHMCHO-Bi-
HOBHHX pEaKIIiii.

6.2.3. Cnonyku 3 S-AOHOPHUMM NiraHAaMU

Cynbsghyp MoXKe TPOSIBIISITH CTYIIEHI OKUCHEHHSI BiJl —2 10 +6, TOMY
HWOTO CHOJYKH XapaKTePU3YIOTHCS BEIMKOIO PI3HOMAHITHICTIO. ATOMHU
S y HU3BKHX CTYNEHSX OKHCHEHHs (Bif —2 10 + 4) MaloTh HEMOALICHI
Iapy eneKTPOHiB, Ccyab(yp € OOHUM 3 HANM'AKIIINX TOHOPHUX aTo-
MiB. ToMy KOMIUIEKCH 3 Cyab()ypBMICHUMH JIITAHIAMHU XapaKTepHi
IUIsl 10HIB MeTaniB — M'SKuX KucyotT Jlploica, y mepury 4epry — Ajis
onmaropoaux MetaniB. Cylnb(yp € CUIBHUM T-JIOHOPOM, OJIHAK 3BH-
YaifHO HE MOXKE CTaOiIi3yBaTh BUCOKI CTYIEHI OKHCHEHHS €JIEMEHTIB,
00 JIErKo OKHCHIOETBCS CaM, SIKIIO OKHCHUK HE Ay)K€ CHJIbHUI — 3a
Takolo cxemoro: 2R—S™ = R—S—S—R + 2¢” . Bunsatkom € Takuii jgirang
SIK TIeTHIIUTIOKapOaMaT (IuB. po3aia 5.7).

HaitnpocTimmii cynbgypsmicHuit jirang — ion S* . MoskIHBicTh
YTBOPEHHSI pPO3UMHHUX CYJb(IAHUX KOMIUIEKCIB i pi3HAa PO3YMHHICTD
Cynbp}iniB MeTamiB y KHUCIOTaX € OCHOBOIO CyNb(iaHOI cXeMu sKic-
HOTO aHami3zy. BapTo 3BepHyTH yBary Ha BiAMIHHICTH MK i0HaAMH
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IV i V ananitmunux rpyn. [lo nux rpyn Hajgexarh 10HH, IO € M's-
KHMH KUCJIoTaMu JIbtoica i yTBOPIOOTH MIIIHI 3B'SI3KH 3 CYJIbQypoMm.
OpnHak, ioHH V TpynH 3BUYaifHO MAalOTh JOCHTH BEJIMKI PO3MipH, BU-
coki crymeni okucmenHs (Sn*", As’*, Sb**, W®') i pakaumrHi
d-opbitani. Tomy Ui UX 10HIB XapakTepHe YTBOPEHHS J10JATKOBUX
T-3B's13KiB 3 aroMamu cyibQypy. Ilpu aii cynpdinis Ha mi i0HH yTBO-
PIOIOTbCA aHIOHH TIOKHCIOT (aHAJOTIYHO BHUIAAKY YTBOPEHHS OKCO-
aHioHiB, po3ain 6.2.1). Ockineku H,S € myxe ciabko KUCIIOTOO,
y KHCJIOMY CEpEIOBUII aHIOHU TIOKHCIOT PYHHYIOTHCS 3 YTBOPCH-
M H,S i cynsdiny BinnoBinHOro Merainy.

Kpim cynbdiny, B aHATITHYHIA MPAKTHIN BEUKE 3HAYESHHS MalOTh
TaKi JIraHau, SK CYJIBQIT 1 TioCYIb(ar-aHiOHH, a TAKOXK OpraHivHi pea-
reHTH, o MicTate rpynu —SH (yHition, 8-MepkanToxinomin), =S (Tio-
cedyoBUHa Ta qUTU30H) 1 —CS, (TiokapOamaTu, KCAaHTOTEHATH).

6.2.4. FanoreHigHi Ta nceBAoranoreHigHi komnnexkcu

Cepen 10HIB TaJIOTEHIB BapTO BiJA3HAYWUTH CYTTEBY BiJMiHHICTBH
MDK (IyOpHAOM Ta iHIIMMHU TajoreHii-ioHamu. Dyopum — myxe
JOpCTKa ocHoBa JIbtoica, JiraHj HeBeTUKOro po3mipy. Iyis HBOTO
XapaKkTepHe YTBOPEHHs CHONYyK i3 BucokuMH KY i3 meramamm
(AP*,Zr*", Nb>*, P3E) Ta memeranamu (B, Si, P) — xopcTkumu
kuciaoramu Jlproica. DIyopus € CHILHUM TT-IOHOPOM, TOMY CTa0iIi-
3y€ BUCOKI CTYICHI OKHUCHEHHS. 3BUYAHO B PO3ZYMHHUX KOMILIECKCAX
(dbiayopua € MOHOACHTATHUM, aje Yy KPHUCTaJIiYHUX TIpaTKaX MOXKeE
3B'SI3yBaTH JI0 YOTUPHOX ATOMIB METally, OCKUIbKA Ma€ YOTUPHU He-
MOJIIJICHI MapH eneKTpoHiB. 1le, 30kpemMa, crocTepiraeTbCst B HEPO3-
YUHHHUX (QIIyOpHUIaX JYKHO3EMEIbHUX METAIB.

I ramorenig-ionu (Cl°, Br™, 17), Ha Bigminy Big F~, € m's-
kuMu ocHOBamHu JIbtoica, M'skicTh 3poctae Bim ClI™ mo I . Jlmst mux
10HIB Jy’e XapaKTEPHUM € YyTBOPEHHS HEPO3YMHHUX coniell AgX,
SIKI MOKYTbh PO3UMHSITHUCS B HAJUIUIIKY OCAJ)KyBaua 3 YTBOPEHHSIM

xommnekciB [AgX, ], [AgX,], [AgX,] . 3BicHO, 10CUTE CTiiiKUMH

€ TaJOTeHiMHI KOMIUIeKcH i iHmmx "M'skux" katiowiB (Au’, Au’',
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Hg”*, Bi’*, mnaruHoBHX MeTaniB Tompo). 'ajoreHin-ionu € miran-
JamMu cnabKoro ToJisi, OCKUIbKU € T-moHopaMu. ONHAK, BOHH 3BH-
YaifHO He cTabili3yloTh BHCOKI CTYNEHI OKMCHEHHS elleMEeHTIB, 00
caMi OKHCHIOIOThCS 3a cxemoro: 2X™ — X, +2e .

BUHATKOM € MOCUThH CTIHKHIA JO OKHMCHEHHS XJIOPHJ, 10 MOXE
cTabinisysaru mwmoM6ym(+4) y Burmsiai kommiekcy [PbCl, .

CXO0010 Ha TAJIOTEHIN 32 KOMIUIEKCOYTBOPIOIOYAMH W iHIIMMHA
BJIACTHBOCTSIMH € TPYIa i0HIB, [0 OTpUMalia Ha3By "TICEBIOTajOre-
Higun". Ile Hacamnepen iorn CN~, NCS™, NCO™, N; i psaa iHIIHX.
Bonu matoth 3apsin —1, € M'skumu ocHoBamu JIproica, YTBOPIOIOTH
HEpO3YuHHI colli AgX, M0 PO3YMHSIOTECS Y HAUIAIIKY OCaKyBadya
3 ytBopeHHsM KomiuiekciB. lonm CN™ i NCS ™ OKHCHIOIOTBCS 3a
cxemoro: 2X™ - X, +2e.

KoopnunariitHa XiMis TICEBIOTANIOTCHIIB aKTUBHO BHUBYAJIACS
Ha kadenpi HeopraHigHoi Ximii KuiBchkoro HamioHaIbHOTO YHi-
Bepcurery imeHi Tapaca IlleBueHka mTiJg  KepiBHUITBOM
akag. B.B. Ckonenka [22]. OcCkinbKH IICEBIOraJOTeHII-IOHH Ma-
IOTh JCKUTbKA IOHOPHUX aTOMIB, I HUX XapaKTepHi K MOHOJIE-
HTaTHA, TaK i MICTKOBO-OifleHTaTHa KOOpAWHAIisI. XapaKTepHUM
JUIS HUX € YTBOPEHHS i30MepiB 3B's3ky (nuB. Po3min 2). ["anoreni-
IIA Ta TICEBIOTAJIOTCHIA-10HA CyTTEBO BiMPI3HIIOTHCS 33 CBOIMH TI-
JIOHOPHO-aKIENITOPHUMH BIACTUBOCTSMH, & OTIKE — 1 TIOJIOKCHHSAM
y crnekrpoximigynomy psny. lonn ClI°, Br, I" i SCN™ (xoopau-
Haiis gepe3 S), € THHOBUMHU T-IOHOPAMH ¥ JiraHgaMu ciadKoro
nosisi, y Toit uac sik ionn NCS™ (koopaunamis yepe3 N), NCO™,
N, He NpoSABIAITH T-AOHOPHO-AKIENTOPHUX BIACTHBOCTEH 1 €
JMraigaMy CUIBHOTO TOJIS.

Ion CN™ moeaHye BIACTHBOCTI IICEBIOTAIOTEHIIB 1 JIITaHIIB —
CHJIBHHX Tl-akLenTopiB. BiH € mysxe m'sikoro ocHoBoo JIbtoica, yTBO-

e . . 2
proe criiiki koMmiuiekcn 3 Ag', a 3 ionamu Cu”’ pearye 3a cXeMoro:

2Cu* +6CN™ = 2[Cu(CN),] +(CN), T
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30J10TO y MPUCYTHOCTI KUCHIO TOBITPSI PO3YMHSAETHCS Y MiaHITHUX
PO3YMHAX, YUM KOPUCTYIOThCS AJIsI HOoro BUnoOyTKy 3 OITHUX pyA:

4Au+0, +8CN™ +2H,0 =4[Au(CN),] +40H"

Ockinbkn CN™ — CHJIBHUH T-aKLEnTop, TO Ui HBOTO XapakTep-
Ha cTa0umi3amis MeTaliB y HH3bKHX CTYIEHSX OKHCHEHHS. Bimomi
taki cnonyky, sk K [Cr(CN),], K,[Ni(CN),], K,[Mn(CN),].

Hiamix — mirasm Qy»ke CHIBHOTO OIS, ToMy ISl HBOTO XapaKTepHi
criiiki kommrexcn 3 Fe’' i Fe’*. Slkmo neii ion morpamnse B opra-
HIi3M, BiH KOOPJMHYETHCS JI0 aToMa GepyMy B reMoriio0iHi, OJIOKyFo-
gy nepeHoc kucHio ta CO,. AHanoridHo miasig 6J0Kye i poOoTy
(depyMBMicHUX (epMEHTIB OKHCHEHHs/BiqHOBIEHHs. Lle € oaniero 3
MPUYMH BUCOKOI TOKCHYHOCTI IiaHiy, a TaKOX MOTIOHUX A0 HBHOTO
nirangiB n-akuentopis (CO ta docdinm).

s mianiny xapakrepHa koopauHaiis uepe3 aromu C abo N (mpu-
4oMy TIpH KoopauHAaIii 4epe3 N M'SKICTb i T-aKIEeNTOPHI BIaCTHBOCTI
CN~ BupaxeHi cia0KiIie) Ta MiCTKOBO-OimeHTaTHa. Tak, mpu B3ae-
Mofii soBTOi KpoB'sHoi coni K,[Fe(CN),] 3 consamu Fe'", a6o uep-
Bonoi kpos'snoi coni K,[Fe(CN),] i3 Fe’* yrBopioethest sickpaso-
cuns cnonyka KFe[Fe(CN),] !, IneanisoBaHa cTpyKTypa i€l CIIOTyKH
taka: ionn Fe’* i Fe’* smaxonsarhes y mosuuisx Na ta Cl cTpykTyp-
Horo tury NaCl, a iosm CN™ — Ha Binpiskax mix Fe’" i Fe’ . Takum
anHOM 10HH Fe*™ MaroTh KOOpAMHALLiIHE OTOYCHHS [Fe(CN),],a Fe’
— okraenp [Fe(NC),]. lonn K* 3Haxomirbes y TeTpaeApU4YHHX IO-
POXXKHHHAX TPATKU. SICKPaBO-CHHIN KOJIp CHOJYKHU TOB'SA3aHUM i3 TIe-
peHocoM enextpony mix Fe’* i Fe’* (muB. Po3zin 5.6). ITpu B3aemo-
nii K,[Fe(CN),] i Cr’* yrBoproetses crionyka KCr{Fe(CN),] aHa-
noriuHoi Oy/moBH, 3a0apBieHa B KOPUYHEBHA KOJIp. SIKIIO K MOMIATH
pozuunom Fe™* na K,[Cr(CN),] yTBOpIOETbCS 3€/eHUI 0Cajl CKIaTy

! Paniime BBaxkanmu, mo ue 2 pi3Hi cronyku: GepiiHchka nasyp i TypHOY-
JIeBa CHHB, BinoBigHO. [logampmri CTpyKTYpHI JOCTIIKEHHS TOBEIH XHO-
HICTB TaKO1 TyMKH.
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KFe[Cr(CN),], sxuil npu HarpiBaHHI cTae KopuuHeBUM. Lle mos's3a-
HO 3 mepeopieHTamiero ioHiB CN~ y KpHCTamiyHid rpaTmi: i3
Fe<~NC—Cr y 3eneniit crionyni B Fe«<—CN—Cr y kopuunesiii. Ciizg
Bij3HaunTH, mo crnoiayka KFe[Fe(CN),] 1 ii cTpykTypHi aHamoru
OPOSIBJISFOTH 10HOOOMIHHI BracTuBOCTi, ioHM K* MOXKyTh 3amilryBa-
tcs Ha iHm katioHu. Tomy KFe[Fe(CN),] BuxopucroByeTbcs sk

AHTUJIOT TIpH OTpy€eHHsIX criomykamu Cs* i T1".

6.2.5. Cnonyku 3 niraHgamm — t-akLienTopamm

Jlo niraHnmiB T-aKIENTOpiB BiHOCATHCS SIK BEPHEPIBCHKI JITaHIIH:
CN™ (moemHye BIaCTHBOCTI TICEBIOTAJIOTEHIMy Ta m-akuentopy), CO,
NO, PE, ta inmi ¢ochiHoBi niranam,; Tak i JiraHiy, U SIKHX Xapak-
TepHE yTBOpPEHHs "m-KOMILIEKCiB" abo ceHnasiueBux cnonyk — C,H,,
C,H;, CH,, C;H; , C,H;. Bnacrusocrti criofyk i3 jiranuamu -
aKIeNTOpaMHi 3HAYHO BiJPI3HSIOTHCS Bifl BIACTUBOCTEW, HAIPHKIA],
KJIACHYHHUX KOMILJICKCIB aMiHHOTO a00 alua0THITy. XapaKTepHOK 0CO-
OJMBICTIO JIITaHJIB T-aKIENTOPIB € YTBOPEHHS JATUBHUX 3B'S3KIB (IMB.
Po3znin 5.6), a omke, crabinmizawist MEeTalliB Y HU3bKHX (HAaBITh HYJILOBHX
1 HEeraTHBHUX) CTYNEHSX OKWCHEHHA. Hampukmaa, xomrmiekc koOaib-
Ty(—1) MOXHa oziepkaTu B 0€3BOJJHOMY TeTpariapodypaHi 3a CXeMOFO:

CoCO, +4CO +3Na(C,,H;) = Na[Co(CO), ]+ Na,CO, +3C,,H;

CkItagy KOMILIEKCIB 13 JraHgaMH T-aKIenTopaMH MOXKHA CIPOT-
HO3YBaTH, KOpUCTyouHch npaBuwioM Cimksika (paBuioM 18 enekr-
POHIB): CTIIKUMH € KOMILUIEKCH, 1[0 MalOTh ITOBHICTIO 3alIOBHEHY Ba-
JIEHTHY €JICKTPOHHY 000JIOHKY, TOOTO MICTATH Ha Hil 18 eleKkTpoHiB.
KijbKicTh €JIeKTPOHIB, 110 BHOCAThH y BAJICHTHY OOOJIOHKY pi3HI JliraH-

1y, craosute: CN™, CO, PE,, C,H, —2,NO -3, C,H; —4, C,H;
i C;H, —6; C;H:™ — 10 enextpois.

Hanpuknan, enekTponHa KoHdirypamis atoma Fe’ [Ar]3d®4s”,
TOOTO BiH Ma€ 8 BaJCHTHHX €NEKTPOHIB. J[yis 3arOBHEHHS BaJCHTHOI
obonouku (3d'°4s*4p®) itomy He BucTauae 18 — 8 = 10 eNeKTPOHIB.

Tomy cxnan xap6oniny ¢epymy — Fe(CO),, T06TO N'ITh MOIEKYI
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JITaHy HagaroTh HeoOXimHI 10 enekTpoHiB. Y BHIAIKY KOOATBTY IS
3allOBHEHHS BaJICHTHOI OOOJIOHKH HE BHCTayae JIMIIE JEB'STh €JIeKT-
POHIB, TOMy KapOOHIJ K0OanbTy MiCTHTH 3B'5130Kk Co—Co. Ckmax kap-
6oniry Co,(CO)g: KOKHOMY 3 aTOMIB KOOAJIbTy 8 €JIEeKTPOHIB Haza-

10Th MoJ1eKyni CO, a OIuH eJIEKTPOH — IHILUHI aTOM KOOaJbTy.
[IpaBumno 18 emekrponiB He € "abcomoTHUM". Tak, TOCUTH CTiii-

KUMHU € 16-eTeKTPOHHI TIOCKO-KBaIpaTHI KOMIUIEKCH, HATpPUKIA,

komiutekc YinkiHcona [RhCI(PPh;),], skuil 3a paxyHok koopauHa-

iHOT HEHACHYICHOCT] (MOXKIIMBOCTI MPUETHAHHS JOJATKOBHX JITaH-
JIiB) € KaTaJliTHYHO-aKTUBHOIO croyykowo (auB. Posain 7.4). YTBo-
PEHHS K KOMILJIEKCIB d-MeTalliB i3 KiJIbKICTIO BaJIGHTHHUX €JICKTPOHIB,
011100 3a 18, HE € MOXKITUBUM.

Jns GaratoenekTpoHHux jiranais m-akuenropis (C.H;, C.H,,
CgHé_ ) XapaKkTepHa IUTOIMHHA KOOpAUHALIs. SIKII0 KOOPAUHYEThCS

2 Takux Jiiranam, Oy/oBa oJep)KaHOi CIIOJIyKH Haraaye CeHIBid, TO-
My BIAIIOBiZHI CIIOJNYKH OTpUMand Ha3By "ceHnBiuesi". Hampukman,
MIPH B3a€EMOJIIT IIUKJIONICHTAIIEHITHATPIIO 3 XJI0puaoM Gepymy B 0€3-
BOJHOMY TeTparipodypaHi yTBOproeThcst crioiyka "depomeH".

\' 7z
’ 4
Y]

2Na(CHy) +FeCl, —————=  Fe' + 2NaCl

N - e,

N
< .
N /

SIKImo 3a CBOIMH BIACTHBOCTSIMU IMKJIOTIEHTAII€HITHATPIN — TH-
MOBa METAJIOpPTaHIvHa CIONyKa (MIBUIKO OKHCHIOETHCS KHCHEM II0-
BITpsl ¥ PO3KJIAA€THCS TPU B3aEMOIIT 3 BOJOK0), TO (hepolieH ayxe
CTIMKHMH: HE pearye 3 BOJAOIO, PO3BEACHHMMHU BOAHUMH pPO3YHHAMHU
KHUCJIOT 1 Jtyramu, CTilikuidi Ha mosiTpi 10 400°C, BcTymae y THIOBI
peaxiii apoMaTUIHOTO eNEKTPO(UILHOTO 3aMillICHHSI.

ATOM ypaHy Mae HabaraTo OiNbIIl po3MipH, HiX aToM (epyMmy.
ToMy BiH yTBOPIOE CTIMKHUI "ceHABIYEBUN" KOMILIEKC 13 IUKIOOKTA-
terpacHoM U(CgHy),, cxoxuii 3a BnactuBocTssMH Ha (epouen. L{sa
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Crojyka orpumaiia Ha3By "ypaHoiieH". OCKUIbKH ypaH HE € d-MeTa-
JIOM, TIPaBUJIO 18 €NEKTPOHIB y BHIIAJKY YPAHOIICHY HE €.

HasBHicTh y ckiazmi KOMIUIEKCY JIraHIIB T-aKLUENTOPiB CHpUSE
KOOpJMHAIIl TaKUX JITraHdiB, SIK BYTJICBOJHEBI pajuKany W Tiapui-
aHIOH, a TAKOXX YTBOPEHHIO KJIACTEPHHX CIIONYK.

6.3. LlukniyHi (xenatHi) cnonyku

VY pasi, SKII0 10 aToMa MeTaly KOOPAUHYIOTHCS JBa a00 OibIIe
JOHOPHUX aTOMH TIOJiIEHTATHOTO JIraHAy, Y CIIONYI YTBOPIOIOTHCA
LUKJIM, & BIAMOBIAHI CIIOJYKH HA3UBaIOThCS "LUKIIYHUMU" abo "xe-
natHuMH". Y cTapiil niTeparypi Ha3Ba "Xenatu" BiZHOCHIIACS JIUILE
IO CHOJNYK i3 HEHTPaJIbHO 3apsUKEHUMHM JITaHAaMH, a CHOJIYKU 3
JiraHaaMu, o0 Majl SK aHiOHHY, TaK 1 HEHTpalbHy TPYIH, IO KO-
OpAWHYIOTECSI, HOCHIJIM Ha3BY "BHYTPIIIHBOKOMIUIEKCHI". Y cyuacHii
HaYKOBil JiTepaTypi Taka Ha3Ba MPAKTUYHO 3HUKIIA.

CTiliKicTh X€JTaTHUX CHOJYK 3BMYAifHO € Habarato BHIIOIO, HIXK
CTIMKICTh aHAJIOTIYHUX CIIONYK i3 MOHOJCHTATHUMH JiraHIaMH, ILIe
sBUILE Mae Ha3By "xenatHuil epexr". Hanpuknan, Cu(OH), He B3a-

€MOJII€ 3 €TAHOJIOM, ajIe JIETKO PO3UMHIETHCS Y TIinepuHi, pocharn
OUTBIIOCTI METaNiB HE PO3YMHSIOTHCS B HAJUIMIIKY PEarcHTy, a Iu-
(dhocdaru — pO3UHHSIOTHCS TOIO. XENAaTYFUUMU JIiTaHaMH € TIepe-
Ba)XKHA OUIBIIICTh AHANITHYHAX OPTaHIYHUX pEarcHTiB, TaKUX 5K
EJITA, mMetanoxpomHi iHIuKaTopu, 8-okcuxiHoiid, 1,10-penantpo-
JIIH, CaIIIAIOBAa KKCIOTa TOLIO.

Jus Toro, mo0 MOSICHATH MPUYWHHU XeNaTHOTO €(eKTy, po3ris-
Hemo yTBopeHHS KC i3 TepMOIUHAMIYHOTO TOTIIALY. Y 3aralIbHOMY
BUIJIAIl KOMILJICKCOYTBOPEHHS MOXKHA TPEJCTABHTH, SIK PEAKIIit0
BHUTICHEHHS MOJIEKYJl PO3YMHHHKA 3 BHYTPINIHBOI KOOPAMHAIIHHOL
cepu i0Ha METaTy MOJICKYIAMH JTiraHmy

M(H,0),, +nL 2[ML, ]+ mH,0

'Ikuo PO3IIISIaTH KOMIUICKCOYTBOPEHHSI SIK PEAKI[I0 MpPUETHAHHS
(muB. po3min 3.1), ansg HBOrO OynMM O XapaKTepHI BEIHKI (32 MOIyNeM) Bi-
n'eMHI 3Ha4eHHS AS, 110 HE BiAMOBiA€ eKCIIEpUMEHTAIBHUM JaHUM.
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Koncranra piBHOBaru 1i€i peaxiiii — KOHCTaHTa KOMIUIEKCOYTBO-
_ [ML,]
[M]-[L]"
sIKa KOHCTaHTa pIBHOBarW XiMi4HOi peakilii, MOB's3aHa 31 3MiHOIO
enepriei ['ibca (AG) y 1iii peakuii:
AG=—-RT-InB,

I3 Tepmonmuuamiku Bimome piBHsiHHs [10ca, mo nos'sizye AG i3
eHepreTuuHuM epekToM peakuii (eHranbmiero, AH) i 3MiHOIO CTyTIe-
Hs 6€3MOpsIAKY y cucTeMi (eHTporieio, AS):

AG=AH—-TAS
UuM CTIHKIIIMM € KOMIUIEKC, TUM OLIBIIONO € 3, OTKE TMM MEH-

penHs B, (muB. Po3min 3.1). Ils xoHCTaHTa, K 1 OYy/Ib-

moro € AG. 1o 3menmenHs AG mpu3BOAUTh 3MeHIIeHHsT AH 1 3poc-
taHHa AS. ToOTO TiABUIIICHHIO CTIHKOCTI KOMIUICKCY CIIPHUSE 301Th-
IIEHHA TEIUIOBOTO eeKTy Ta 30UThIIEHHS Oe3MOpsSAKy y CHCTEMI
npu Horo yTBopeHHi. [TopiBHsIEMO peakiii yTBOPEHHsI 1BOX KOMILICK-
CiB: XEJIATHOTO Ta KOMIUIEKCY 3 MOHOJCHTAaTHUM JIIraHAOM:

Ni(H,0);" +3en =[Ni(en), ] + 6H,0

: 2+ : 2+

Ni(H,0)," + 6NH, =[Ni(NH;),]™ + 6H,O0
[Ipu yTBOpeHHI €THIEHAIaMiHOBOI'0 KOMILUIEKCY 3 YOTHPBHOX
YaCTUHOK YTBOPIOETHCS CiM, a aMOHi1a4HOro — CiM i3 cemu. OTxe
. 2+ . 24 . . .

AS([Ni(en);]™) > AS(INi(NH;),]"), BimmoBizno [3;[Ni(en),]>

> Bg[Ni(NH;)g].

TennoBi edekTn YyTBOPEHHSI XENaTHUX CIOIYK TEX 3BHYAKHO € Oi-
JBITUMH, HDK JJISI aHAJIOTTYHUAX CIONYK i3 MOHOJEHTATHUMH JIiraH/ia-
mu. lle moB's3aHO 3 BiAMITOBXYBAaHHSAM MOHOJICHTATHUX JITAHIIB Y
BHYTPILIHIA KoOpAMHALIMHIN cdepi, a 0TKe 3 JOJaTKOBOIO CHEpTi-
€10, M0 BUTPAYAETHCS HA iXHE yTpUMaHHA. KOMIIEKCOYTBOPIOIOUI
TPYIIH B XEJIaTyIOUOMY JITaHIi 3BHYAHO JKOPCTKO 3aKpiIlICHI OHa
BITHOCHO JI0 OJHOI, OT)KE JIOJaTKOBOI eHeprii Ha ix "yTpumaHHs Ha
MicHi" mpu KOOpAWHALIi HE BUTPAYAETHCS.

Cepen IMUKITIYHUX CIONYK HAHOIIBII CTIHKUMH € TakKi IUKIH, Y
SKUX BMINTYIOTh I'ATh a00 MIICTh aTOMIB, I 3aKOHOMIpHICTh Ha3H-
BaeThes "mpaBuwio Uyraesa". Croyiyku 3 MEHIIIOK KUIBKICTIO aTOMIB
y LUK € HeCTIMKUMH dYepe3 KoH(opMalliiiHi HampykeHHs. Tpu-
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YJIEHHI XeJaTHI IIUKJIM HEe YTBOPIOKOTHCS B3aralii, HaPUKIAJ, Tiapa-
3WH MOX€E OYyTH JIHIlIe MOHOJCHTATHUM a00 €K3001CHTaTHUM JIiraH-
noM. YOTHpUYJICHHI [UKIN 3yCTPIYalOThCS JOCUTH MIMPOKO: THUIOBI
JITaHIH, 0 MOXYTh X YTBOPIOBATH — aHIOHH OKCUT€HBMICHHUX KHC-

1ot Ta aHioHu Tiokucnot, Hanpukiaan (C,H;),N-CS,. Ocranni €

OUTBII CTIMKMMHU NOPIBHAHO 3 OKCUT€HOBHMH aHAJOI'aMH 32 PaXyHOK
O1TBIIIOTO PO3MIpPY i M'SIKOCTI JOHOPHUX aTOMIB CYyIbhypYy.

[lopiBHAHO HEBeNWKa CTIWKICTh XE€NaTiB i3 BEITUKOIO KUTBKICTIO
aTOMIB y IMKJIi ITOB'S13aHA 3 TUM, IO Jlis YMHHHUKIB, HA IKUX 0a3y€Th-
csl XenaTHUH e(eKT, U1 LUX CIOIYK 3MeHIyeThesl. Tak, npu ¢ikca-
ii KiHIIEBUX TPYT JOBTOJIAHITIOKKOBOTO JITAHIy Ma€ MicIle 3HAYHE
3MEHIIEHHSI €HTPOIii Yepe3 3MEHIIEHHS PYXJIUBOCTI JIAHIFOKKA, a
MpUEAHAHHA KiHIIB JIAHIIOXKKA J0 aToMa MeTally BUMarae BUTPaTH
eHepril Ha KOMIIEHCAIlif0 BiIIITOBXYBAaHHS MK HUMH.

MOKIIUBICTh X€JIaTHOT KOOPUHAIIIT JiraHay MOB'sA3aHa HE JIHUIIe
3 Horo OyJOBOIO, ajie ¥ 3 MOXIJIUBICTIO LIEHTPAJIILHOTO aTOMa YTBO-
pUTH BiANOBIMHHUN KoopAuHaliliHuil momieap. Tak, eTuieHmiaMiH,
10 € TUTIOBUM XEJaTYIOUWUM JIITaHIOM TPH YTBOPEHHI KOMILIEKCIiB
i3 meranamu 3 KY = 4-6, npu yTBOpeHHI KOMIUIEKCY 3 Ag' € Mo-

HOJIGHTaTHUM, OCKIUJIBKH JUIsl OCTaHHBbOTO XapaktepHe KU =2 i ni-
HilfHa TeOMEeTpis KOOPAMHAIIWHOTO moxieapy. JoHOpHI aToMu Xe-
JIATYIOYHX JITaHJiB MPAKTHYHO 3aBXKIM PO3TAIIOBYIOTHCS y CYCia-
HiX BeplIMHaX KOOpAMHALIMHOTrO moxienpy (yuc-KOOpAWHALISN).
OpHak, iCHYIOTb JIiraHIW, CTPYKTypa SIKHUX CHpHUA€ KOOpAMHALIi
y TPaHC-II0JIOKEHHS, HAIIPUKJIA;

X

Ph—p — nj<— p—Ph

Ph” ! “Ph
X

Cepen xenaTHUX CIIOJNYK B OKpEMY I'PYyIy BHIUISIOTH MAaKPOLHMK-
JIYHI CTIONYKH, YTBOPEHI MOJIJEHTATHUMH IUKITIYHUMH JIITaHIaMH.
MakpourKIIiuHi CIONYyKH € CTIHKIMIMMHU 3a aHAJOTI4Hi CIONYKH 3i
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3BUYAMHUMH XEJIaTyIOUUMU JITaHaaMu (MaKpOUUKIIYHUANA e(eKT).
Hanpukmnan, kynpyMm i3 ¢ramoniaHiHOBOro KoMmiwiekcy (posn. 4.2)
HEMOXKJIMBO OCAJWUTH HaBIiTh Ai€lo cynbdiny. I'ekcameradocdar Ha-
TPit0, IO 3aCTOCOBYETHCS JJIS TTOM'SIKIIEHHS TEXHIYHOI BOIH, YTBO-
PIOE YK€ CTIHKI KOMIUIEKCH 3 I0HAMHU JIY’KHO3EMEJIbHHX METaJiB,
y Horo npucyTtHocti BaSO, nepexonuts y po3uuH.

f
OoO— P O
O~/ \N_O
~Po O P~
/ Ol 0~ \O
(NaPO,), + BaSO, Na, O O O / + Na,SO,

o//P\ (I) /P\\o

I

0]

[lepmanranar kamito mpu J0AaBaHHI CHONykHu 18-kpayH-6, 110
yTBOPIOE MIIlHHUI KOMIUTEKC 3 ioHaMu K*, po3uuHSETHCS B GCH30.I,
Ollep’)KaHUH POXKEBUH PO3YMH BUKOPHCTOBYETHCS B OPraHIIHOMY
CUHTE31 K CHJIbHUM OKHCHHUK JJISi HEPO3YMHHUX Yy BOJI PEUOBUH.
BaxnuBoro YMOBOO CTIHKOCTI MaKpOIMKJIIYHUX CIIOJIYK € BiAMOBI-
HICTh PO3MIpIiB 1 KOOPIWHAIIINHOTO YWCIIa i0HA MeTaay po3Mipam
MOPOXXHUHU JraHmy W KUTBKOCTI JIOHOPHHMX aToMiB. Tak, Kajii
MPaKTUYHO HE YTBOPIOE KOMIUIEKCIB i3 15-KpayH-5, OCKUIBKH MTOPO-
’KHHHA OCTaHHBLOI'O € 3aMaJIOo0 UId 10HA Kadito. HaBmakwu, 10H HITIIO,
0 Ma€ MEHII PO3MipH, YTBOPIOE MIIlHI KOMIUIEKCH 3 15-kpayH-5
i HecTilki 3 18-kpayH-6.

[ﬁ o ? 0/\0
LO \) <\O\_/OJ

18-xpayn-6 15-xpayn-5 Anpo nopdipuny
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Po3pin 6. OCHOBHI Knacu KOOpAUHALIIMHUX CRONYK

[TpuyriHM MaKpOIMKIIYHOTO e(DEeKTy aHAIOTIYHI TAaKUM JIJIsl XeJa-
THOTO edekTy. [Ipu yTBOpEHHI MaKpOIUKIIYHOTO KOMILJICKCY JIiraH-
JaM He TIOTpiOHO "30MpaTucs" HABKOJIO MEHTPAIBLHOTO aTOMa, OTXKE
3HHMKA€E BiJ€MHHI BHECOK y AS 1 momaTHHiA BHECOK Y AH, 3yMOBIe-
HHAW MDKITITAaHAHUM BiIIMITOBXYBAaHHAM. J[OJaTKOBUM YHHHHUKOM, IO
CHpUsi€ YTBOPSHHIO MaKPOIUKIIYHUX KOMIUIEKCIB, € Majia COJibBaTa-
i MOJIEKYJIAMH PO3YMHHUKA JOHOPHUX aTOMIB MaKpPOIMKIIYHOTO
JTaHIy TOPIBHAHO 3 TaKUMH IS JraHny Biakputoi OymoBu. Lle
MPU3BOJIUTH JI0 BUTPAIly 32 SHEPri€l0 MPHU YTBOPEHHI MaKpPOIMKIIIY-
HOT'O KOMIUIEKCY, OTXKE, 10 30UIbIICHHS HOT0 CTIHKOCTI.

Jlo MakpOIUKIIYHUX BiTHOCUTBHCS DS BAXKIUBUX TMPUPOTHUX
CHOJIYK: XJI0po(in, reMoriao0iH, reMoniadig, Bitamin B,, 1 psg me-
TAJIOBMICHUX (epMEHTIB. Y LHUX CHOJyKax aToM MeTany (MarHii,
dbepym, Kymnpym, kobanbT), muis sSkoro xapakrepHe KU =6, yTBo-
proe KoMIUIeKke i3 mopdipuHOM (200 TOXIOHOI CHCTEMOIO) 3 YOTH-
pMa IOHOPHHMH aToMaMmH HitporeHy. KoopauHariiiHa HeHacuue-
HICTh I[EHTPAILHOTO aTOMa JIa€ HOMY MOXIJIMBICTH 3BOPOTHO TMPHE-
IHYBaTH MoJeKyian kucHio Ta CO,, i IpOSBIATH KaTaJiTHYHY aK-

TUBHICTh. [leTanpHillle Taki CIOJYKH BHUBYAIOTHCS B AMCIMILIIHI
OioHeopraHiYHO1 XiMmii.

[MomiOHUME 10 MAKPOIMKIIIYHUX € CTIIONYKH, YV SIKHX aTOM METay
3HAXOAWTHCS y TPUBUMIPHINA MOpoXHWHI Jiragmy. Lli cmomykm He
TINBKH CTiMKi, ane i ayxke iHepTHi (po3a. 3.2). YHacHiIoK 1poro ix
OJIEP>KYIOTh 3BUYAIHO HE IIJISAXOM OOMiHY JITaH/iB, @ METOAOM TEM-
IJIaTHOTO CHHTE3Y (po3m. 4.2).

Jlo TakuX CIOJYK BiTHOCATHCS, 30KpeMa, KJIaTPOXeJIaTH Ta KPHII-
TaTH — KOMIUICKCH 3 KPHUIITAaHJAaMU — JIIFAHJIaMU, 10 CKJIAJAI0ThCS 3
JIBOX aTOMIB a30Ty, OETHAHUX TPhOMA MOJIIOKCHETHICHOBUMH JIaH-
rokKaMu. Kpurnrtanau mpu CKOpoYeHOMY 3aruci GopMyJs1 Ho3Hava-
10Th 5K [a.b.c], 1e a,b,c — KiJIBKICTh aTOMIB OKCHICHY B JIAHITIOKKAX.

0N~€ Co’ ,.N%NO N% ‘”O__:\\
fN
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AHANOTIYHO MaKPOUWKIIIYHAM CITOJTyKaM, CTIHKICTh KPHUIITATIB 1 KJa-
TPOXENaTiB BU3HAYAETHCS CIIBBIAHOIICHHAM PO3MIPIB NOPOKHUHH
JiraHay ¥ ioHa merany Ta BignoBimHicTio KY 1 KUTBKOCTI TOHOPHHUX
atomiB. Hanpukian, kpurrrasmu [2.1.1], [2.2.1] 1 [2.2.2], m0 MaroTh
nopoxxuuuu pagiycom 0,08, 0,11 ta 0,14 HM, € CENEKTHBHUMHU [0
ioniB Li" (0,078 am), Na® (0,098 um) i K" (0,133 um), BiamoBiHo.
Bucoka CTIfiKiCTh KPHUNTATIB JIYKHUX METAJIIB a€ 3MOTY OTPHUMAaTH
PS1 HEe3BUYaHHKX CIIONYK, IO € CHJIBHAMHU BiTHOBHHKaMu. Tak, B3a-
€MOJIisl METAJIIYHOTO HATpito 3 Kpunrarom [2.2.2] y pozuuni B TI'D
3a CBOIM XiMi3MOM aHAJIOTiYHA IPOIIECY PO3UMHEHHS HATPIIO B pifl-
KOMY aMmoHialli: y HaJIMIIKY JIraHIy yTBOPIOETHCS KOMILIEKC CH-
HBOTO KOJBOPY, IO MICTUTH COJNIBBATOBAaHWN BUIBHUH €NEKTPOH, Y
HEJOCTATKy JIIraHAy — KOMILUIEKC 30JI0THCTOTO KOJNBOPY 3 COJNBBATO-
BaHUM aHIOHOM HATPIIO:

Na+[2.2.2]=[Na" c2.2.2]e”
2Na+[2.2.2]=[Na* = 2.2.2]Na"

B3aemogis cromiB Hatpiro 3 Sb, Pb i Sn i3 pozuunom [2.2.2] y
TI® pana 3mory ortpumard komiuiekcn [Na® < 2.2.2],Sb,,

[Na® <=2.2.2],Pb; i [Na" ©2.2.2],Sn,, y SKHX aHIOHH € MeTaliy-
HUMH KJIaCTepPaMH.

6.4. baraTosgepHi cnonyku

BbaraTosmepHuMy Ha3WBaAIOTHCS KOOPAMHAIINHI CHOIYKH, IO Mi-
CTATh JEKIJIbKA IICHTPIB KOOPIMHAILIIT, TOEIHAHUX MK COOOI0 MICT-
KOBUMH JirangamMu. OKpeMi KOOpAMHALIIHI HOMiepu MOXYTh IO-
€THyBaTHCS MK 00010 Yepe3 BepInHy, pedpo abo rpans (puc. 21).
3BUYAWHO CTIMKICTh TAKWX CHOJYK 3 OKTaeApPHYHUM OTO4YEHHsSM LA
3MEHIIYETHCS B PsIy: TMOETHAHHS BEpUIMHAMHU > peOpaMu > rpaHs-
Mu. {715 crionyk i3 TeTpaeapuyHUM oToueHHsIM LA moegHanHs peo-
paMu Ta TpaHsAMH NPAKTUYHO HEMOKIIMBE Yepe3 CUIIbHE eJIEeKTPOCTa-
TUYHE BiAMTOBXYBaHHs LA, TIIOCKOKBaApaTHI KOMIUIEKCH MOXYTh
MO€IHYBATUCS BEPIIMHAMU Ta CTOPOHAMH.
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Puc. 21. Cnoco6u noeaHAHHA KOOPAUHALIHUX MoJieapiB
y 6aratosimepuux KC

MicTKkoBUMH Hal4acTille BUCTYMAOTh Taki miranaun: OH™, o™,
AHIOHM OKCHTE€HBMICHHMX KHCJIOT, OCOOJIMBO KapOOKCHJIATH, Tiapa-
3uH, NH,, rajmoreHinu ta mnceBaoraaoreHil-ioHu, MojileHTaTHi op-
TaHIYHI JIraHAW, V SKAX PO3TalTyBaHHSA JOHOPHHX TPy TaKe, IO HE

7N\ — CIpUsi€ YTBOPEHHIO XENaTHUX UKITIB (€K30-

N \ /N MOJIJIEHTATHI Jira"Hau), Hanpukiana, 4,4'-nu-
T PHTAIL.

Ma0yTh, cepen OaraTosiepHUX KOMIUIEKCIB Ha MPaKTHUIl Halvac-
Tillle 3yCTPIYAIOThCS CHOIYKH 3 MICTKOBUM aTOMOM KHCHIO: MOJIi-
OKCOKATiOHH, i3010JIi- Ta TeTepONOJiOKCOaHIOHHU. [X yTBOpeHHS Xa-
paKTepHe JUId METaliB y CTYNEHSX OKUCHEHHS Bix +3 10 +6 (Hampu-

ka1, Mo,0%,, (VO,)y ) i ang nemeranis IV-V rpyn Iepioguunoi

cucremu (Si, Ge, P, As, Sb, Hanpuknan, PZO‘;’, (PO3)2’ tormo). Ili
10HU € JIOCHThH XOPCTKUMH Kuciotamu JIproica, ToMy Tpu KOOpP.IH-
HAaIlil 10 HUX MOJICKYJ BOJU OCTaHHI MOJISIPU3YIOTHCS 1 IEPETBOPIO-
1othed Ha OH™ a6o O° rpymu (nuB. Po3zin 6.2.1). [pyna OH™ mae
3,a O’ — 4 HenosineHi Napu eNeKTPOHIB, TOMY MiCTKOBa KOOP/IH-
HAIlisl A7l HUX € JyKe xapakTepHoto. [Iporiec yTBOpeHHS MOJioKco-
KaTiOHIB 3aBXIW CYHPOBOIKYE TiApOJi3 cojleld MeTamiB i mepeaye
YTBOPEHHIO 1X HEPO3YMHHUX TiApokcuaiB. [Ipu migkucieHHi po3yu-

Hy TIOJIIOKCOKaTIOHH TEePEeTBOPIOIOTECS HAa MOHOMEpHI aKBaTOBaHI
KaTioHn Metany. Hampuxiaz, migKucIeHHsT BOIHUX PO3YUHIB COJeH

Fe'", 3abapBrenux y KoBTHil KOJIp 32 paXyHOK HAsSBHOCTI KaTiOHiB
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[Fe,(OH), (H,0),]**™", musxom nomasanns H,SO,, HNO; aGo

HCIO, (to0TO 3a BiACYTHOCTI aHIOHIB KOMILIEKCOYTBOPIOBAYiB),
MPU3BOJNTH 10 IXHBOT'O IPAKTUYHO MOBHOTO 3HEOAPBIICHHS 3a paxy-
HOK yTBOpenHs ioniB [Fe(H,0), ] . HaBmaku, nomokcoanionn mo-
KyThb PyHHYBaTHCS NpH JOAaBaHHI HAJJIMIIKY JIYTiB, 32 PaxyHOK
YTBOPEHHSI OKCO- 200 TiJPOKCOKOMILIEKCIB, HANMPHUKIAA, OiXpoMaTH,
10 MalOTh OpaH)KeBe 3a0apBIICHHS, Y JTY)KHOMY CEpEIOBHIII MepeT-
BOPIOIOTHCS Y XPOMATH, 3a0apBiieH] B )KOBTHH KOJIp:

Cr,03 +40H™ =2CrO; +2H,0

SIK MONTIOKCOKATIOHH, TaK i MOJIIOKCOaHIOHH € IHEPTHUMH CIIOJY-
KaMH, peaKilii 3a IXHLOI0 y4YacTio JOCSITaloTh PIBHOBArd JOCHTH IO-
BUIBHO 1 3BUYAMHO MOTPEOYIOTHh HATrPiBaHHSI ISl CBOTO 3aBEPIIICHHS.
Lle HEOOXiOHO BpaxOBYBaTH MpPH PO3POOI aHATITUIHUX METOIUK
BU3HAYEHHS BIIMOBIIHMX 10HIB. 3BHYANHO SIK MTOTIOKCOKATIOHH, TAK
1 aHIOHM CKJIafalThes 3 okTaeapiB MO, , 110 MOo€JHaH] BEpIINHAMU

Ta/a6o rpansamu. Jlns Cr®, Si**, P’* xapakrepHe yTBOpeHHs TeT-
paeapiB 1 MOEIHAHHS IXHIMU BEPIIMHAMH,

[ikaBum kiacoMm cronyk € rereponojikuciaotu (['TIK), mo
LIMPOKO 3aCTOCOBYIOTHCS SIK KaTai3aTOpH peakiiil i3omepusanii,
neperpynyBaHb, €lOKCUAYBAHHS H OKMCHEHHs. AHIOHU IIUX KHC-
JIOT BITHOCATBCS MO JBOX CTPYKTYpHHX THIIB: aHioH Kerina
EM,,0;, Ta anion Joycona E,M, Oz, Gy10By SIKHX MpeICTaB-
JIEHO Ha puc. 22.

3uyaiino E — nemeran V-V rpyn IlepiognuHoi cucremu, 1o
Mae KU = 4 (terpaenp), M — nepexinauii metan IV-VII rpyn [lepio-
muaHOi cuctemu, mo Mae KU = 6 (okraenp). bynoBy aniona Kerina
MOXXHA YSBUTH c00i, sIK TerpaeapuuHuii anion EO, , oTouenwuii

000JIOHKOIO 3 IoeHaHUX pedpamu okTaenpiB MO, , anioHa [loyco-
Ha — fIK J]Ba TaKUX Terpaenpu B obonoHui 3 MO, 3po3ymiino, 1o sx

obononka anioniB I'TIK, Tak i uenTpansHuii pparment aniona Jloy-
COHAa MOXKE CKJIQJaTHCS 3 PI3HUX EJIEMEHTIB, [0 3YMOBIIIOE BEIHKE
pizHOoManiTTs 'TIK.
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Amnion Kerina Amnion Jloycona

Puc. 22. Crpykrypa anionis I'TIK

Cinp I'TIK, 3a6apBieHa B )KOBTHI KOJIip, YTBOPIOETHCS Y BiOMIii
peaxilii, Mo BUKOPUCTOBYETHCS JIJIS AKICHOTO W KUTBKICHOTO CHEKTPO-
(hoTomeTpuuHOTO BU3HAYCHHS hochopy:

H,PO, +12H,Mo00, +3NH,NO, + 21HNO, =
=(NH,),[PMo,,0,,]4 +24NaNO,

Binnosnennss [PMo,,0,,]"" ackopGiHOBOK KHCIOTOK a0o Cilo

Fe®* TIPU3BOJIUTH JI0 YTBOPCHHS, 3a0apBIICHOT B IHTEHCUBHO-CUHIN KO-

. 3 — . . 5
nip, cnomyku [PMo,,0,,]°"", mo mictute omHouacHo ionn Mo’

i Mo®" . CriekTpohoTOMETpHYHA METOINKA BU3HAYEHHS (hochopy, Mo
0azyeThcs Ha BUMIPIOBaHHI iIHTEHCUBHOCTI 3a0apBIIEHHS IIi€l CIIOIYKH,
€ Ha TIOPSIIOK OLIBII YyTIIMBOIO TIOPIBHSIHO 3 BH3HAYCHHSAM 32 JIOTIOMO-
roro xoBToro ochomomnidaary.

[Iupoko JOCHIHKEHUMH € KOMIUIEKCH 3 MICTKOBUMH KapOOKCH-
JaTHUMU Tpymamu. llikaBa CTpykTypa oOKcoarleTaty Oepuiriio
[Be,(CH,COO),-u,-O]: BiH MICTUTh MICTKOBHH aTOM KHUCHIO, IO

3B's13y€ 4 aToMU MeTany. MiCTKOBI OKcoalleTaTd MaHraHy ta gepymy
[M;(CH,COO),-u,-O]JOH € akTUBHUMH KaTali3aTOpaMH pPeakLii

OKHMCHEHHS, 30KpeMa T1I[pOKCHITIOBAaHHS OCH3EHY.
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0 0
H,C TBe< CH, )Ci{3
H,C CH
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~ 0_0
0 i H,C
0
CH
H,C i, ;
[Be,(CH,COO),41,-0] Cr,(CH,C00), - 2H,0

Mictkoswuii anterat xpomy(Il) — mepima cromyka, y sikiit 0ymo mo-
BEJICHO ICHYBaHHS YETBEPHOro 3B's3Ky. Lleil 3B'130k Mik aToMaMu
XpOMy yTBOpeHHit 16, 27 1 16 KOMIOHEHTaMH.

I3 popmanbHOi TOUKHM 30py A0 OaraTosepHHX CHOJYK BiIHO-
CSATHCS KOOPIUHAIIIHHI TOJIMEPH, CYITPAMOJICKYISIpHI KOOPAWHAITiH-
Hi CIIOYKH, CIIOYKH 3 aHIOHOM, SIK IIEHTPOM KOOpIWHAIli (10 HUX
MOJKHAa BIJHECTH, 30KpeMa, BHIICHABEICHHUI OKcoOalleTaT OCepHUIIIIO)
Ta KOMIUIEKCH Ha TOBEPXHI TBEpIOTO Tiia, OyAoBa i BIaCTHBOCTI
SIKUX JeTaJbHO OMMCaHi B miIpyYHuKy [1].

KoHmponbHi 3anumanHs ma 3ae0aHHs

1. 3a ssKuMH 03HaKaMu MPOBOATH Kiacupikamio KC?

2. SIxi 3arampHi pucn O-moHOpHUX miraHais? IligTeep-
JITH BiJIMTOBIh PIBHAHHAMU XIMIYHHX PEAKITIH.

3. 3po0iTk MOPIBHSUIbHY XapaKTEPUCTHKY aMOHiaKy, Mi-
pununy ta 1,10-penantponiny sk miranais. [Ipoinroctpyii-
T€ BIJIMTOBIIL PIBHAHHAMA XIMITYHUX PEaKITIiH.

4. 3po0iTh TOPIBHAIBHY XapaKTEPUCTHKY CYIbpiay,
cyabdity Ta Tiocynbdary sk yiranmis. [IpoimocTpyiiTe Bi-
JINOBI/Ib PIBHSHHSAMHA XIMIYHUX PEaKIIii.

5. SIki 3arajibHi pUCH Ta BIMIHHOCTI TaJIOTEHIA- 1 TICEB-
JIOTAJIOTEHiN-10HIB 5K JiranaiB. [linTBEpiTh BIAMOBIIHL PiB-
HSHHSAMH XIMIYHAX pEaKIliii.
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6. Chopmymrotite Ta mosicHiTh npaBuio Cimksika. Yomy
16-eJIeKTPOHHI KOMIUIEKCH d-METaJliB HEpiIKO OYyBarOTh JI0-
CHUTb CTIIKMMH, a KOMIUIEKCH 3 KUIBKICTIO BaJICHTHHX EJICKT-
POHiB, OLTBIIOO 32 18, He ICHYTOTb.

7. SlkuMu TIpUYMHAMHM 3YMOBJICHUH XenaTHHH egexT?
BignoBins mpointocTpyiTe NpUKIagaMu.

8. UoMy mpm yTBOpEHHI MICTKOBHX KOMILICKCIB OKTae/I-
pUYHI KOOpIWHALINHI TMONiEAPH MOXKYTh IOE€THYBATHCS
BEpLIMHAMH, peOpaMH Ta TPaHsSIMH, a TeTpaCAPUYIHI — JIHIIE
BEPITHAMH ?

9. YoMy TiApOKCHIN METAJIB y CTYNEHAX OKHCHEHHS 12
i +3 Hepinko OyBaioTh amdorepHuMH, +4 1 +5 3BHUAIHO
MOT'aHO PO3YMHSIOTHCS SIK Yy JIyrax, Tak 1 B KACJIOTax, a +6
1 +7 — SBIAIOTH COOOI0 KUCIIOTH?

10. KucnoTHicTh amMoHiaky He3HayHa. YoMy TpH il JIyTiB
Ha aMiHHI KOMIUIEKCH METaJIiB HEPIIKO YTBOPIOIOTHCS aMijiHi
KOMILIEKCH?

11. Y psiny akTHBHOCTI METaJIiB CPi0JIO 3HAXOJUTHCS TTic-
15 BogHto. OnHaK el MeTanx MOXKe PO3UMHATHCS Y HOJo-
BOJIHEBIN KHUCIOTI 3 BuaUIeHHsIM H,. Yomy?

12. Criiika ofHOsAepHA HEHUTpalbHA CIIOJIYKa MICTHTH
10H XpOMY, OJIMH IUKJIONICHTAIIEHUTLHUIN 3aJIUIIOK, JiraH-
mu CO i NO. Hamumrite gopmyiy CrolyKH, Ha3BiTh ii Ta
300pa3iTs ii OyI0BYy.

13. Posramryiire ioan Cu’*, Ag", La’" y psn 3a minsic-
TIO KOMILJICKCIB 13 HaBEJICHUM JIIraHAo0M 1 3p0o0iTh He0OXij-
Hi TIOSICHEHHSI.

H,0,P— /ﬁN »—PO,H,
_/ -
H,0,P PO,H,
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Po3gin 7
NMPAKTUYHE 3HAYEHHA KOMMJIEKCHUX CNONYK

7.1. 3acTocyBaHHA KOMMNMEKCIB Yy XiMiYHOMY aHani3i

7.1.1. PO34MHHICTb Ta eKCTpaKLis KOMNEKCHUX CnonyK

KC 3HaxomsaTh mmpoke 3acTOCyBaHHS B Pl METOIB XiMiYHOTO
aHayi3y, po3AlICHHs i KOHLEHTPYBaHHs. Hepiako MOXKIIMBICTh Tako-
rO 3aCTOCYBaHHs MOB's3aHa 3 ocakeHHsM KC abo ix eKcTpakiiero
B OpraHiuny ¢a3y, TOMy HEOOXiTHO PO3TJISHYTH OCHOBHI 3aKOHOMi-
PHOCTI, IO BU3HA4YaI0Th po3unHHIcTh KC 1 iXHiH po3momis Mixk BOI-
HOIO Ta OpraHiYHOI0 (a3amMu.

Pozuunnicte KC y monsspHux a00 HEMONSPHUX POIYMHHHKAX
MO’KE 3MIHIOBATHUCS B JIy’)KE€ NIMPOKUX MEXKaX 3a PaXyHOK BBEJCH-
H Yy CHOJYKY TigpodimbHuX abo TigpododHUX (TOOTO OpraHo-
¢inpHNX) (QYHKI[IOHATHHUX TPYH, 3MIHH 3apsay KOMIUIEKCY, KO-
opauHalii pO3YMHHUKA, YTBOPEHHS 10OHHHMX acoLiaTiB 1 3a paxy-
HOK IHIIUX YMHUKIB. OOMparoYM BiAMOBIAHI JIraHId, MOXHA IIe-
peBECTH KaTiOHHW METaJliB Y BaXKKOPO3YHWHHI CIIONyKH, ab0, HaBMa-
KU, PO3YMHUATH W YTPUMATH y PO3YMHI BaXXKOPO3YHMHHI CcOJi abo
rigpokcuau metaniB. MoXiIuBiCTh niependoaunTu po3unHHicTs KC
Iy’Ke BaXIHMBA JJIS MPOTHO3YBAHHS iIXHBOTO PO3MOJITY MiXK BOJ-
HOIO ¥ opra"iuyHoO0 (ha3zaMu.

VY 1inoMy poO3YMHHICTh BH3HAYAETHCS CHEPTi€l0 KPHUCTAIIYHOI
IpaTKu Ta eHepriero coibBaTtanii. [lepmry BennymHy MOKHa OIIi-
HUTH JIMIIE HAOIMKEHO, YHACIIIOK AyXe BEJIUKOi KUTbKOCTI YHH-
HHKIB, IO BIUIMBAaIOThL Ha Hei. OmHak, 0e33amepeyHuM € Te, IO
PEYOBWHU, AKiI YTBOPIOIOTH CTIWKI KPHCTAIIYHI TPaTKH, MOTaHO
PO3UYHMHSIIOTHCS K y BOJI, TaK i B OpPraHiYHUX pO3YMHHHUKaX. Tak,
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HaNpuKIaa, KpUCTajiyHa IpaTka cyjbdary Oapiro CKIaZaEThCA
3 iomiB Ba®' i SOi_. Li ioHn MaroTh OJIU3BKI PO3MIpH, MO JO3BO-
nsie IM yTBOPHTH IIIbHY YIMAKOBKY', i ZOCHTH BENMKi 3HAYCHHS
3apsiiB, M0 MPU3BOAUTH JO CHUIILHOI €JIEKTPOCTATUYHOT B3aeMOJIii
Mixk HUMH. JIo TOTO %, aToMH okcureHy ionis SO; € y meBHii

Mipi KoOpAMHOBaHUMHE 10 ioHiB Ba’', T06TO XiMiunmil 3B'A30K y
BaSO, € mpoMmiXHMM MiX 10HHMM 1 KOBaJleHTHUM. [lorano pos-
YUHHUHA 4epBOHUI KOMIUIEKC alOMIiHiIO 3 alni3apiHOM, YTBOPEHHS
AKOTO BUKOPHMCTOBYIOTh ISl BUsBNeHHs Al’", sBisie co6010 KOOp-
OUHAIIIWHAN ToJiMep. Mana pO3YMHHICTh JUMETHIITIIIOKCHMATY
HIKeJII0 MOB'13aHa 31 MIUIBHOIO YIIaKOBKOIO HOTO MOJIEKYJ Y KpHC-
TaJi i HasiBHICTIO c1a0KkuX 3B'A3KiB Ni—Ni.

[Mpubnu3He 3HAaUeHHSA €HEpPTii CoJbBaTallli OLIHUTH JOCHTH
JIETKO: BOHA ITOB's3aHA i3 XIMIYHOIO MOJIOHICTIO pO3YHHIOBAHUX
CIOJIYK 1 PO3YMHHHMKIB, 3apsAaMH, 3AaTHICTIO CHOJYKH HOJISIPHU-
3yBaTHUCS, PO3MipaMH MOJEKYJIH ¥ iHIIMMH NOXIOHMMH YWHHH-
kamu. |HIMMU cioBamu, 301IbIICHHS eHeprii conbBaTamii npu
pPO3YMHEHHI MOKHA OIHMCATH MPOCTOI0 3aKOHOMIPHICTIO: moaidHe
po3unHsieTbest 'y moaioHomy. Ha OCHOBI IBOTO JIETKO MOSICHUTH
HaBeJCHI HIKYe KpUTepii, M0 CHPUSIOTH PO3YUHHOCTI CIIOIYKH
y BOJi (CHJIBHO TMOJSPHUN PO3YWHHHUK) i B OPTaHIYHUX PO3UHH-
HHUKax. To0To, Ans 3apsAKeHUX CIOIYK 1 CHONYK, IO MICTSTh
MOJISIPHI TPYIIH, XapaKkTepHa PO3YWHHICTHh y BOMI, a IS He3aps-
JUKEHUX CIIOJYK 13 HEMOJISIPHUMH OpPraHiYHUMHU I'pylaMu — B Op-
raHIYHUX PO3UMHHUKAX.

OpranivuHi pO3YNHHUKY BiAPI3HSIOTHCSA 38 CBOEIO MOJISIPHICTIO
Ta 3a 3JaTHICTIO J0 KOOpAUWHAIl 10 i0HIB MeTaniB. Tak, 10 He-
MOJIIPHUX OpraHivYHUX pO34MHHMKIB BigHocateca CCl,, C.H,,

C¢H,,, cnabkononspuux — toayon i CHCI,, nmonspHux — cmnup-

1 . o .. .
Maethcs Ha yBa3i BeMMKHN KOe(DII[ieHT 3aIllOBHEHHS IIPOCTOPY i0HAMH,
a He YTBOPEHHS "HAWIIUIBHIIINX YIIaKOBOK', XapaKTepHUX, HATIPUKIIAL, IS
KPUCTAJIYHUX CTPYKTYp MarHito abo Mifi.
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TH, KETOHH, €TE€pH, eCTepH, ankindocharu (CIOTYKH IUX KiIaciB
13 BEJIMKMMHU BYIJIEBOJAHEBUMHU pajuxanamu (Big C,) He 3MILIYIOThb-

csi 3 BOJIOIO), AUETOHITPWI, OUMeTHiI(opMaMmill, AUMETHICYIIb-
(dbpokcun (HEOOMEXKEHO 3MIMIYIOTHCS 3 BOJOI0). 3MaTHICTH Opra-
HIYHUX PO3YMHHUKIB KOOPJIWHYBATUCS 3yMOBJIEHAa HAaSBHICTIO
JOHOPHUX aTOMIB y IX MOJIEKyJaX, a 3aKOHOMipHOCTI KOOpIWHa-
il aHaJOTiYHI 0 PO3TJITHYTHUX BHINE [JIs 3BUYAafHUX OpraHid-
HUX JHTraHOiB. Y IJOMY SK 3JaTHICTh KOOPJAMHYBATHCS, Tak
1 30UIBIIIEHHS MOJIIPHOCTI OPTaHIYHUX PO3YNHHHUKIB 3BHYAHHO
NpU3BOANUTH A0 30inpmeHHs po3unmHHOCTI KC y HHX, OCKIJIBKH
oinpmicts KC — 1OCHUTh MOJISIPHI CIOTYKH.

Tabnuysn 5
Kpurepii po3unHHOCTI crioyk

Po3unnHicTh

Po3unnHicTh y Boai .
B OPTraHiYHHUX PO3YHHHHKAX

e HasBHIiCTh 3apsay CIIOIyKH ¢ BincytHicTs 3apsaay abo manuit
3apsiz i BENUKi po3Mipu ioHa

o HasiBHiCTh 3apsKeHIX e HasiBHicTS 1 30LIBIICHAS PO3Mi-
(-S0;, —PO? , —=CO;, —NHj) | Py Henonspuux rizpodooHuX

ta nonspaux (—OH, —NH,, rpyn (-C¢Hy,—C,H,, )
—-CO,H) rpyn

¢ XXopcTkicTs 3a JIproicom e M'skicTh 3a JIbroicom

Slkmo cromyka Mae OUTBITY CIIOPIAHEHICTH 0 OPTaHIYHOTO PO3-
YUHHMKA, 110 HE 3MIIIyeThCs 3 BOAOIO, HIX /0 BOAHM, IO CIIOIYKY
MOXHA €KCTparyBaTH 3 BomHOI ¢a3u B opra"iuny. ¥ 1960-1970 pp.
eKCTpaKIis KOMIUIEKCIB METaJiB 3HAXOJMWIA JAyXKe MIHMPOKE 3aCTOCY-
BaHHs B XIMiYHIM TEXHOJIOTII Ta B aHANITHYHIN XiMil, 30KpemMa IS
PO3IiNeHHs Ta KOHIEHTPYBaHHS €JIEMEHTIB 1 IXHBOTO eKCTpaKLiiHO-
(OTOMETPUYHOTO BU3HAYCHHA. Y Hall Yac €KCTPAKLil0 BUKOPHCTO-
BYIOTh [I€IIO MEHIIE Y 3B'A3KY 3 PO3BUTKOM TaKMX METOIIB KOH-
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LEHTPYBaHHS ¥ pO3AUICHHS, SIK TBepAo(da3Ha eKCTpaKiisd H 10HHUHA
o0MiH, a TakoX 3 pO3POOKOI0 BHUCOKOUYTJIMBHUX 1 CEJEKTHBHHX
IHCTPYMEHTaJIbHUX METOAIB aHamizy. OJHaK i Ha CHOTOJHI 3HAHHS
3aKOHOMIpHOCTEH PiIAMHHOI eKCTpakKLii BaKIMBE MPHU po3poOIi HO-
BUX METOMIB KOHIICHTPYBaHHs, aHAJTi3y Ta NPH OACPKaHHI YyTJIU-
BHX €JIEMEHTIB CEHCOPIB.

KinpkicHO ekcTpakiisi XxapakTepu3yeThesl KOe(illieHTOM PO3MIOi-
Jy pEe4OBHHHU MiX (a3amu:

k — C[)Vg
C

aq
ne C,, 1a C,, — pIBHOBaXHI KOHUEHTPALii PEYOBUHHU Y BOAHIH i

B opraHiuHiit ¢azax, BiamoBimHo. [Ipn Mamux 3HaAYCHHSIX KOHIICH-
Tpauiil i A7 pevyoBUH, 0 HE JUCOUIIOIOTH 1 HE YTBOPIOIOTH aco-
1iaTiB, KOeQilieHT PO3MOIINY € cTajor BeianduHolo. [Ipu 30inb-
IICHHI KOHIEHTpallii 3HaueHHs Koe(DilieHTa po3IMo/Iily 3MIHIOETh-
Cs, OCKITBKHM CTAIOTh 3HAYHUMH acoIliaIis MOJIEKyJ Ta KoediIlieH-
TH aKTUBHOCTi, OJHAK Taka 3MiHAa HE MepeBHILye |—2 MOPSAKiB.
VY BUMajaKy rpaHMYHO-BENMKOI KOHIEHTpalii KoedilieHT po3mnoai-
JIy BIAMOBiZa€ BIIHOIIEHHIO PO3YMHHOCTEH CIOJYKH B OpraHivHii
1y BomHi#t ¢azax. OTxe, 30UIbIICHHIO KOe(DiIliEHTa PO3MOTINY,
a BIATOBIHO, i 301IBIIEHHIO €()EKTUBHOCTI €KCTPAKIIii, CIIPUSIOThH
Ti K (QaKTopH, 10 TPU3BOAATH A0 MOKPALICHHS PO3UYUHHOCTI CIO-
JyKW B OpPTraHivHIf 1 MOTIpIIEHHIO PO3YMHHOCTI Y BOIHIN ¢azi —
BiZICYTHICTh a00 HEBEIIMKE 3HAYCHHS 3apsay, HasBHICTh HETIOJSP-
HUX TPYI, M'sIKicTh 3a JIproicom.

Haiikpaie ekcTparyloThCsi HEHTpaibHI KOMIUIEKCH 3 mepudepiii-
HUMH TipodoOHUMH rpymaMu. Y Tabi. 6 HaBeJeHO (GOPMYIIN THIIO-
BHX OpPraHiYHHUX KOMIUIEKCOYTBOPIOBAUIB, III0 3aCTOCOBYIOTBHCS IS
MIPOBEIEHHS EKCTPaKIIii.

st BCiX LIUX MOJIEKYJl XapaKTEepHE YTBOPEHHS XEJATHUX UKJIIB.
BapiroBaHHs1 YMOB eKCTpakiii (pO3YMHHUK, pH, HasBHICTH MacKyro-
YUX PEarcHTIB) J03BOJISIE TPOBOAUTH €(EKTHBHE PO3IUICHHS OIH3b-
KHX 32 BJIaCTUBOCTSIMU METaJIiB.
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Taonuus 6
OpraniyHi peareHTH, 10 BUKOPUCTOBYIOThCS B €KCTPaKIil
Hasga ®Dopmyna Karionu,
110 eKCTParylThest
N 3+
| Mg, Al, Cr, Fe™",
8-okcuxiHosiH N/ Ga, Nb, Mo, W
OH Ta 6arato iHIIUX
X
N | _ Cu, In,T1, Bi,
8-MepkanToxiHoJiH .
N 0J1aropoIHI MeTanu
SH
N-0en30i1-N-¢eni- Be, Al, Ti, V, Fe’",
rinpoxkcunamin (b®PI'A) N Zr, Nb, Ta, W
o OH
Ga, Ti, Fe’*, Cu, Nb,
Kyndepon ) or
N-N Ta, Bi, Th, U
O ONH/
CH SNa Ni. Z
Jiermaguriokapéamar ? 5\N—< iCI?a’tTi(:;{I/IriV iV
HATPiI0 C.H / S .
2t AHANITUYHUX TPyI

3 YTBOpEHHSAM caMe HeHTpaJlbHUX KOMIUICKCIB HOB'SI3aHE Take Xa-
pakTepHe I eKCTPAKIIil SBUIIE, SIK cuHeprisM — ¢PeKTHBHA EKCTpaK-
i KOMIUTEKCY MEeTally CYMIIIIII0 PO3UYMHHMKIB MTpH Matliii eexTus-

HOCTi KOKHOTO 3 PO34MHHMKIB okpeMo. Tak, kationn UO;" noraHo

eKcTparyroTecs sk Tpuankindocparamu (RO),P=0, Tak i miankin-
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dochopaumu kucinoramu (RO),PO,H, onnak nobpe excTparyoTs-

csl ixHboro cymimmio. [l kationa UO;" xapakTepHi BHCOKi 3Ha-
yerHsa KY, ToMy 3 YMCTUMH PO3YMHHUKAMHU BiH YTBOPIOE 3apsiiKe-
ui kommnexcu [UO,{(RO),P=0},1" i [UO,{(RO),PO,},T", Bin-
MOBigHO. [3 CyMimImIO0 pPO3YMHHUKIB YTBOPIOIOTHCS HEHTpPaNbHI
kommiekcu [UO, {(RO),PO,},{(RO),P=0},], sxi nerko mnepexo-

JIITh B OpraHiyHy (asy.

VY BUNaAKy €KCTpaKIlii I0HHUX CMOJYK BaXXJIUBUMU € TiApodo-
OHi BIIACTHBOCTI K KaTiOHa, Tak i aHioHa. CIONyKH, IO CKIaja-
IOThCA 3 TiApoPOOHMX KaTiOHIB Ta aHIOHIB BEIWKOTO PO3Mipy U
HEBEJIMKOTO 3apsay, 3a3BHYAN JETKO eKCTPArylThCs B OpPTaHIdIHY
(hazy. OCKUTEKY OpTaHiYHI PO3YMHHUKH € 3HAYHO MEHII MOJISIPHUMHA
MOPIBHIHO 3 BOZAOIO, EKCTPAroBaHi CIOIYKU iICHYIOTh y BUTJISI i0H-
nux acouiartie ([A), ToOTO HeWTpaNbHUX YrpyMOBaHb, MO CKJa-
JNAIOThCSA 3 10HIB, MOB'S3aHUX MK COOOI0 EIEeKTPOCTATUYHUM
3B's13k0M. Cepen TinpohoOHUX TPOTHIOHIB, HASBHICTD SKUX CIIPH-
sie YTBOpEeHHIO [A, ¢ 3rajjaTd KaTiOHW YETBEPTHUHHUX aMOHIM-

Hux cosneir (NR}), docdonieBi it apcoHieBi kaTioHw, 30Kpema
terpadeninpocdoniit (PPh;) i rterpadenimapconiit (AsPhy),
koMIuiekcHi kationn [Fe(phen),]”* [Ni(phen),]’" Ta amionu: Ter-
padeninbopar (BPh,), anionn ankindochopuux (ROPO,H,) Ta
ankincynsdaraux (ROSO,H) kucnot, a Takox ioHM 000X 3HAKIB,
0 MalTh BJIACTUBOCTI OApBHHUKIB 1 BHUKOPUCTOBYIOTHCS IIpHU
MIPOBEJICHH] aHalli3y METOJIOM €KCTPAaKI[IMHOI crieKTpodoTOMETpii
(auB. Po3gin 7.1.4).

OxpeMuil Kjlac €KCTPareHTIiB CKJIaJAl0Th OpraHidHi PO3YMHHUKH,
IO BOJAHOYAC € CIIOJIyKaM{ 10HHOT MPUPOAH, TaK 3BaHi piaki ioHoo6-
minnuku. Lle Hacammepen ankindochopHi Ta CyIbPOKUCIOTH (PiaKi
KaTiOHOOOMIHHHMKH) Ta COJIi JIOBTOJIAHITIO’KKOBHUX OPTaHIYHUX aMiHiB
(piaki aHioHOOOMiIHHMKHN) 200 pPO3UMHH BiAMOBITHUX CHOIYK y Opra-
HIYHUX po3yrHHUKaX. DopMyinH i Ha3BM HAHOLTBLI MIMPOKO 3aCTO-
COBHHX CIIOJIyK HaBEAEHO B TalJI. 7.
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Tabnuuya 7
Pinki ionoooOMiHHMKH
CkopoyeHa Ha3Ba ®opmyiia T2 Ha3Ba
AmbGepit JIA-1 Ci2H;N(CH,); € .
N-noneunn-N-TpUMeTUIaMiH
/\/\/\ /\/\/\
E N
S Tpurekcunamin
S
S
S
=
S
2
TIOA /\/j/\NA(\/\
TpuizookTHIaMiH; TPU-(2-€THITEKCHI) aMiH
MIIOK C,,H,,OPO,H,
MonononermndochopHa KUcIoTa
(I)H
g _P. \j\/\/
= (OO
Z | REroK Njﬂ o
E
g Ju-(2-etnnrexcuin)pochopHa KHCIoTa
E
= C,H C,H
«
S ottig @e othi9
JHC
O,H
JuHoHITHAPTATIHCYIEQOKUCTOTA

3aKOHOMIPHOCTI €KCTpakiii pigKUMU 10HOOOMIHHUKAMHU OJNH3bKi
JIO TaKWX JUTs 3BUMAWHOT PIIMHHOT €KCTPaKIIii 1 10 3aKOHOMIPHOCTEH
BUJIyYEHHsI iOHIB Ha TBEpAUX 10HOOOMIHHHX cMojax. [lopiBHsHO 3
OCTaHHIMH, PiJIKi I0HOOOMIHHUKY 3BUYaifHO MAIOTh OiIbITy OOMiHHY
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€MHICTh 1 Kpallli KIHETHYHI XapaKTePUCTUKH (IIBUALIEC BCTAHOBIIIO-
€TbCsl 10HOOOMiHHA piBHOBara), OJHAK BHUKOPHCTOBYIOTBCS PiflIe,
YHACHIJOK CKJIaIHOCTI po3AiIeHHs ABOX pigkuX (a3. OCHOBHI ramysi
3aCTOCYBaHHS PiKMX 10HOOOMIHHUKIB — MEMOpaHU 10H-CEIeKTHB-
HHX eJIeKTpoiB (muB. Po3minm 7.1.5) i po3aiieHHs Ta BUIydeHHS pifl-
KiCHUX 1 PO3CISIHUX €IeMeHTIB (I[UPKOHIH, HIOO1H, TaHTal, JTaHTaHOI-
v, aktuHoinu muB. Po3min 7.2.1). Ilpu posrmsai ekcrpakuii y ¢a3zy
piakoro ioHOOOMiHHMKA CJiJl ypaxoByBaTH HE TUJILKM HOTO i0HOOO-
MiHHI, aje # KOMIUIEKCOyTBOPIOIOYi BIACTUBOCTI: Tak, ioHU P3E He-
MIOTaHO BWJIYYAIOTHCSA Yy cepenoBuie ankindochopHux KuciaoT, 3a
PaxyHOK YTBOPEHHS MIITHIX KOMIIJICKCIB 13 HUIMHU.

7.1.2. KomnnekcHi cnonyku y rpasimeTpii

Merton rpaBimMeTpii Honsrae B 0cayKeHHI BU3HAUYyBaHOTO KOMIIO-
HEHTY B HEpO3UMHHiH (opMi, BUCYIITyBaHHI a00 MMPOXKapIOBaHHI Oca-
Iy Ta WOTo 3BaKyBaHHI. IMOBIpHO, IIe OJWH i3 MEPIIUX BiTOMHUX Xi-
MiKO-aHaJIITHIHUX METO/IB, 1, HA MEPIIHK OIS, OOUH 13 HalmIpoc-
timmx. OnHaK, ofep)KaHHS NPAaBUIIBHUX PE3YJIBTATiB Y TpaBIMETpUY-
HOMY aHaJli3i BUMarae BUCOKOI KBaui(ikamii i akypaTHOCTI Iparo-
I0Y0T0, a caM METOJ € IyXe TPYAOMICTKUM MOPIBHSHO 3 00'€MHUM
aHaIi30M, CIEKTpodoTOMEeTpiel0 Ta (I3UKO-XIMIYHUMH METOJIaMH
aHamizy. He3Bakaroum Ha 1€, TpaBIMETpPil0 BHUKOPUCTOBYIOTH Ha
MpaKTUI y Hall ¥ac, i, CKopille 3a Bce, OyIyTh BUKOPHCTOBYBATH B
Maii0yTHBOMY. SIk Oaunmo 3 Tabi. 8, He3BaXKal0Ul Ha HEBHCOKY UyT-
JIUBICThH TPaBiMETPii, 32 TOYHICTIO el METOJ TepeBaka€e MPaAKTUIHO
BCi BiIOMi, TOMY HEPIAKO CIyTye "eTaJOHHUM METOJOM" TIpU PO3po-
O11i HOBHX METOJIMK aHAJII3Y.

OcaxeHHsT BU3HAYYBAHOTO €IEMEHTY Y BHIJISII KOMILIEKCY 3 opra-
HIYHUM JIIraHJIOM Ma€ psA IepeBar MOpiBHSHO 3 BUKOPUCTAHHSAM HEOp-
raHIYHOro OcaKyBaya. Po3risHemMo 1X Ha NpHUKIai BU3HAYECHHS alioMi-
HilO, KU MOYKHA OCaJUTH T1IPOOKCHIOM aMoHito y Buriai Al(OH),,

abo 8-okcuxinoninoM (Hquin) six Al(quin), . Barosoro dopmoto y nep-
moMy Bumanky € Al,O,, 10 yTBOPIOETbCA NpU IPOKApPIOBAHHI
Al(OH), npu 800°C, y npyromy — Al(quin), (Bucyryrots npu 120°C).
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Tabnuysa 8
YyT1auBicTh i TOUHiCTH XiMiKOAHAJITHYHMX MeTOIIB
. Tumnosi koHHeHTpaNii Binnocna
Meron ananisy aHAJTITY (MOJIB/JT) noxubka (y %)

I'paBimerpin 0,01-1 0,001
Turpumerpis 1101 0,1
CrnexrpodoTomerpist 1-107-1-107* 0,1
ATOMHO-a6COP6HlHHa 1-10°21-10°¢ 0,1-1
CIEKTPOCKOMist
Iubepciiitta . 1-10-1-10° 1-10
BOJIbTAMIEPOMETPist
Kinernuni meroau anajisy 110" 10-50

0—
Papioximiunnii anais 1-107 10%

1 mopsaoK

Ocan Al(OH), — amopdHuii, TOMy BiH JErKO 3aXOILIIOE JOMIIIKH

3 pO34MHY, a IPU HEMPaBHILHOMY NMPOMHUBAHHI MENTU3YETHCS 1 MPO-
xoauTh uepes GinbTp abo 3abuBae iforo. Barosa gpopma Al,O, myxe
TITPOCKOMIYHA, TOMY JUIS OJCpKaHHS IPAaBHIIBHUX pe3yJIbTaTiB aHa-
T3y 3BaXKyBatH ii moTpiOHO Oe3rmocepeIHbO MICIs MPOXKAPIOBaHHS U
OXOJIOMKEHHSI B €KCHKaropi. ['paBiMeTpuuHHi (akTOp MpHU BU3HA-
4yeHHI amoMiHilo uepes Al,O, cranoBute g=0.5294. Ocapg
Al(quin), kpucCTadiuHUM, 3aXOIUIEHHS AOMILIOK 1 HENTH3alis Ul
HBOTO HE XapakTepHi, HaAMUIIOK ocamKyBadya (Hquin) nerxo Bizmu-
BA€THCS BiJl LBOIO OCaly rapsdoro BoAowo. I'paBiMeTpuuHuil BakTop
IIpY BU3HAYEHHI amoMiHito uepe3 Al(quin), (M =459 r/mons) cra-
HOBUTH g = 0.0588. TakuM yuHOM, MeTOAMKA 3 BUKOPUCTAHHAM
8-OKCHXIHOJIIHY XapaKTepU3yEThCs OUTBIION MPAaBUIIBHICTIO PE3yIib-
TaTiB (BIACYTHI YHHHUKH, IO MOXXYTh CIPUYHHHUTH TIOMHJIKY), Ha
MOPSIOK OUTBIIO YYTIHBICTIO (Maca ocany Al(quin); nmpubau3HO B
10 pasiB 6inbma 3a Macy AlO;, 110 yTBOPIOETHCS 3 aHAJIOTIYHOT
MacH aJIOMIHII0) Ta MEHIIIOIO TPYIOMICTKICTIO (BIIICYTHE TIPOXKAPIO-
Bauus ipu 800°C).

120



Po3pin 7. MpakTMyHe 3Ha4eHHS KOMMMEKCHUX CRONYK

UyTnuBicTh  TpaBiMETPUYHOTO  BU3HAYCHHS Br
MPU OCaPKeHHI 3a OIMOMOTOI0 OPTaHiuHHX pea-
TeHTIB MOKHA 30UTBIIUTH, 30UTBIIYIOUYH MOJIEKY- |
JSpHY Macy peareHty (edexT noBakwyaH:). Tak,
BUKODHCTOBYIOUM 5,7-mubpoM- i 5,7-muitomo- BT
KCUXIHOJIH JUIsl OCA/KEHHS aIOMIHIIO oJep- OH
Kyemo ocagu  Al(quinBr,), (M =933 r/mons)

N
pZ
N

1 Al(quinl,), (M =1209 r/monb), 10 NPU3BOIUTH JIO BiAMOBIAHO

JIBOX- 1 TPUKPATHOTO 3POCTaHHS UYTIUBOCTI aHami3y. 301TBIICHHS
MOJIEKYJISIPHOI MacH JIraHay MPHU3BOIUTH 1 10 3MEHIIEHHS PO3YUH-
HOCTI BIJMOBIIHUX KOMILIEKCIB, a OTXE — 0 JO0AATKOBOr0 301JIb-
IICHHS YyTIUBOCTI MeTony. OnHaK 301UIbIIyBaTH Macy OCapKyBadya
JI0 HECKIHYEHOCT] HE MOXHA: Ty’Ke BEJIHMKI MOJICKYJIAPHI MacH TIpH3-
BOJSTH JIO TOTO, IO OCAKYBay CaM IepecTae POZUMHITHCS y BOII, a
3aMiCTh CTEXIOMETPHYHHX KPHCTATIYHUX KOMIUIEKCIB TOYMHAIOTH
YTBOPIOBATHUCS CHOJTYKH HEBU3HAUYEHOTO CKIIAY.

OTxe, IPU BUKOPHUCTAHHI OCAPKEHHS KOMILICKCIB JIJIST TPaBIMET-
PUYHOTO aHANli3y MaeMO TakKi MepeBard MOPIBHSIHO 3 OCAKEHHIM
HEOPTaHIYHUX CIIONYK: OibIlla YyTIUBICTH METOY, YTBOPEHHS KpH-
CTaJIYHUX OCaiB, IO € OINBII YHCTHMHU Ta SKi Jieruie QinbTpyBaTu
MOPIBHIHO 3 aMOp(QHUMHU, 3BUYAHHO — HETIFPOCKOMIYHICTE Ocamy Ta
BIICYTHICTh HEOOXITHOCTI Yy HOTO MpokaproBaHHI TP BUCOKIH TeM-
nieparypi. [lo HeoMiKiB OpraHiYHUX OCaKyBadiB CJiJ BiJTHECTH He-
OOXiJHICTB Ay’Ke YiTKOr0 JOTPUMAaHHS YMOB K IPOBEJCHHS peaKwii
OCa/DKEHHS, TaK 1 MPOMHBaHHS Ta BHCYIIYBaHHsS OCaxy, OCKUIbKA
TTIOMUJIKA Ha OYIb-SAKiH 13 IUX CTaIill MOXKE MMPU3BECTH IO YTBOPCHHS
CIONYK, XIMIYHUH CKJIAJ SKUX BiJIPI3HSAETHCA BiJl HependadyBaHOTO,
a00 10 3a0pyJHEHHS YU YaCTKOBOT'O PO3UYMHEHHS OCay.

OpraHiyHi 0cajpKyBadi, 10 BUKOPHCTOBYIOTbCS Yy TpaBiMeTpii,
BITHOCATHCS NTO PI3HUX KJIAciB CITOJNIYK, BOHH NETAIBHO OIMHWCAHI Y
cremianbHii nitepatypi (nus. [4, 25, 29]).

30KkpeMa, TUMETHITIIOKCUM BHKOPHCTOBYETHCS U OCAIKEHHS
Ni*" Ta Pd**, posrnauyTuii Bume 8-OKCHXiHOMNIH i iioro GpoM- i

ifoamoxinHi s ocamkenas Mg® . Al’* i 6araThox iHIIMX KaTioHiB,
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H,C CH, apearenty, dbopMyJu AKUX HaBeAECHO B TaOJ. 6
| | (po3min  7.1.1), MUPOKO BUKOPUCTOBYIOTHCS
0 O/N N< Ol I OCaIPKEHHSI THX CaMHX KAaTiOHIB, IO €KCT-

paryoTbCcsi HUMH.

7.1.3. KomnnekcHi cnonyku B 06'eMHOMY aHani3i

Meton 006'eMHOr0 (TUTPUMETPUYHOrO) aHali3y Oa3yeThcs Ha
BUMIpPIOBaHHI KUTBKOCTI pearcHTy, IO BUTPAYAETHCSA Ha PEAKIIito
3 BU3HAYyBaHMM KOMIIOHeHTOM. HaliwacTime peareHT OOIal0Th
y BHUIJISAI PO3YMHY TOYHO BiJOMOi KOHIEHTpawLii Ta BUMIpIOIOTH
00'eM pPO34YMHY, 110 BUTPATUBCS HA PEAKI[II0. YMOBOI 3aCTOCOB-
HOCTI peakiii B 06'eMHOMY aHali3i € 1i CTeXIOMETPUIHICTh (YTBO-
PIOETHCS TIIBKM OJUH MPOIYKT BU3HAYEHOI'O CKJIay), HE3BOPOT-
HicTh (HacmpaBAi, OyIp-sika XiMiyHA peakuis € 3BOPOTHOI0, aye
IUTsL 11 3aCTOCYBaHHS y TUTPUMETPii moTpiObHO, mo06 piBHOBara Oy-
Jla TPaKTUYHO TOBHICTIO 3CYHYTa B OiK YTBOPEHHS MPOIYKTIB pe-
akIii) Ta JETKiCTh IHAMKAIlii TOYKH E€KBIBAJICHTHOCTI. BimbmIicTh
peakuii KOMIIJIEKCOYTBOPEHHS HE BiANOBiNAIOTH MEPIIUM IBOM
KpUTEPisiM, OCKUTBKM KOMIUIEKCOYTBOPEHHSI — CTYMiHYAaCTUH PiB-
HoBaxkHUU mporec (muB. Po3xin 3.1). Tomy B 00'eMHOMY aHami3i
3aCTOCOBYETHCS JIMIIE OOMEXEHNH Habip TaKUX peaKIliid.

TepMmin "KOMIUIEKCOHOMETPHYHE TUTPYBaHHS" 3BHYAMHO IOB'S-
3YIOTh 13 BUKOPUCTAHHSM JIMILE OJHOTO peareHTy, eTUIeHAiaMiHTeT-
paanteraty nHatpito (EATA, Tpunon-b, Kommuekcon III), ockinbku
6mu3pko 90 % MeTOAWK THTPUMETPHUYHOTO aHalli3y, IO 3aCTOCOBY-
IOTBCSI Ha TPAKTHLI Ta BKIIOYAIOTh y ce0e YTBOPEHHS KOMILIEKCIB,
MOB'SI3aH1 3 BUKOPUCTAHHSAM CaMe IIi€i CIIOTyKH.

PeareHT BUKOPUCTOBYIOTH Y BHIJISIAI JHHATPIEBOI COJMi, OCKLIBKH
OCTaHHSI MOXE OYTH OTpMMaHa B YUCTOMY BHTJISI KPUCTAIIZAIIEI0 Y
Burnani aurigpary Na,H,Y-2H,O. Ilpu xoopaunauii EATA no
i0HIB MeTaJiB 3BHYAHO YTBOPIOIOTHCA OKTAaCAPUYHI KOMILIEKCH
ckimany 1:1, sxi € myke CTIHKMMH 32 paXyHOK XEJaTHOTO e(eKTy
(KOMIIIIEKC MICTHTH I'SITh XENaTHUX M'ITHYICHHNX [HKIIIB).
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Tpuion b Komnuexe merany 3 Tpusionom b

3a JOMOMOTrO0 KOMIUIEKCOHOMETPUYHOTO TUTPYBAHHS MOKJIUBO
BH3HAYUTH KOHIICHTPAIlil0 PAKTUYHO BCiX MeTamiB [4, 23, 24], kpiM
nykHuX (ki komiuiekciB 3 EJITA He yTBOPIOIOTH), cpibiia, Oepuitiro
(sIKi BHACTIIOK eJeKTPOHHOI OynoBu mposBisitoTs KU = 2 1 4, Bigmo-
BiJHO, TOMY HE YTBOPIOIOTb KOMIUIeKcH 1:1), mMeraiiB miaaTuHOBOI
TPyIH Ta 30JI0Ta (€ AyXKe M'SIKHMH KHclIoTamu JIptoica, KOMITIIEKCO-
yTBOopeHHs 3 EJITA He xapakrepHe).

OCKUIBKH KHCJIOTHICTh KapOOKCHMJIBHUX TPYI, IO KOOPAUHYBa-
JCS 10 10HA MeTaly, 3Ha4YHO MiJBUILY€EThCA (IJISl MTOSICHEHHS IUB.
Po3nin 6.2.1), yrBopennst komruiekcy merany 3 EJTA cynpoBoiky-
€THCSl BUTICHEHHAM IBOX MPOTOHIB, 1 B3a€EMOJisl i0Ha MeTairy OyIb-
sKoi BasieHTHOCTI 3 Na,H,Y mpoxoauTs 3a cxemoro:

M" +Na,H,Y =[MY]*™ +2Na* +2H"

Panime (B 1940-x pp.) TOYKY EKBIiBJIEHTHOCTI B KOMII-
JIEKCOHOMETPUYHOMY THTPYBaHHI BCTAaHOBJIIOBAJIN 32 JOINOMOTOIO
HeWTpanizamii KUCIOTH, IO BUIUIMIACSA, TOMY NpPH MPOBEIEHHI
pO3paxyHKiB BBaXawTb, 1m0 ekBiBaneHT Na,H,Y cranoButh )2

HOTO MOJISIPHOT MacH.

OpHak, Ha ChOTOHI KOMILJICKCOHOMETPUYHE THUTPYBAaHHS 3BH-
YaifHO MPOBOJATS i3 Bi3yaJIbHUM BU3HAYCHHSM TOYKH CKBIBaJCHTHO-
CTi 32 IOTIOMOTO0 TaK 3BaHUX METAIOXPOMHHUX IHAMKATOPIB — ClIa0d-
KHX OpTraHIYHUX KHUCJIOT, 3a0apBJICHHS SIKUX 3HAYHO BiIPI3HIETHCS
BiJ] 3a0apBJICHHS IXHIX KOMIUIEKCIB i3 MeTanaMu.
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Peaxkrii, o BimOyBarOTHCS ITiJT YaC TUTPYBAHHS 3 BUKOPHUCTAHHSIM
METaJIOXPOMHUX 1HIUKATOPIB, MOKHA CXEMaTHYHO TPEICTABUTH SIK:
M*" +H,Ind =[MInd]+ 2H"
M* +Na,H,Y =[MY]" +2Na* +2H"
[MInd] + Na,H,Y =[MY]" + H,Ind

EJATA BUTICHS€ IHIUKATOP 13 KOMIUICKCY 3 METAJIOM JIMIIE ITiCIIs
TOT0, SIK yC1 BUTBHI 10HM MeTaly Bxke 3B's3aHi B komruiekc 3 EJTA,
OTXe IepexiJ 3a0apBieHHs BKa3ye HA TOUKY KiHIS TUTpyBaHHS. [lis
TOrO, 100 JOCSITH ONTHMAIBHUX YMOB YTBOPEHHS KOMILUIEKCY Me-
TaJI-IHIUKATOp 1 3aMo0irTH YTBOPEHHIO (HOPM 1HIUKATOPY Pi3HOTO
CTYIEHIO IPOTOHYBAHHSI, 110 3BUYaiHO BigPi3HAIOTHCS 32 KOJIBOPOM,
TUTPYBaHHs IIPOBOIATH IpU cTanoMmy 3HaueHHI pH y mpucyTtHOCTI
Oy(dhepHHUX po3uuHIB. SIK IHAMKATOPU HAWYACTIIIIE BUKOPUCTOBYIOTH
Taki cronyku, sik epioxpom yopauii T (EXUYT), kcuneHonoBuii opa-
mxeBuit (KO) i mypexcun. @opmynu, nepexonu 3a0apBlIeHHS KOM-
IJIEKC — BUTBHUH 1HAMKATOD (3anexxHo Bif pH 1 mpupoan Bu3HauvyBa-
HOTO MeTajy 3a0apBlIeHHSI KOMIUIEKCY MOKE BapilOBaTHCS) Ta iHTEp-
Banu pH, y SKUX 3BMYAiiHO MPOBOISATH TUTPYBAHHS 3 LIUMHU 1HIUKA-
TOpaMH, HaBeleH1 y Ta0m. 9.

TouKy eKBiBaJICHTHOCTi B KOMILZIEKCOHOMETPUYHOMY THTPYBaHHI
MO’KHa BH3HAYaTd i 3a JOMOMOIOI0 MOTEHIIOMETPUYHOIO, aMIIepo-
METPUYHOTO, KOHAYKTOMETPUYHOTO W 1HITUX METO/IB, OJHAK BiAIO-
BiJTHI METOJMKHU 3HAWIILIA MCHIIE 3aCTOCYBAaHHS MOPIBHSHO 3 1HIH-
KaTOPHUM METO/OM Y 3B'S3KY 3 HEOOXiTHICTIO BUKOPUCTAHHS J0AaT-
KOBOT'O 00JIaIHAHHS.

KomruiekcoHOMeTprUYHE TUTPYBAHHSI MOIIMBO TIPOBOJIUTH CEJICK-
TUBHO. [Ipn po3poO11i BiAMOBITHIX METOIUK 3BHYAHO KOPUCTYIOTh-
Csl PI3HOIO CTIHKICTIO KOMIUIEKCIB MeTan-iHaukatop. Hampukman,
KOMILJIEKCOHOMETPUYHE TUTPYBaHHS HPUPOAHOI Boau (iHIMKATOp
EXUT, amoniaunuii 6ydep, pH = 9,24) nae 3mory BU3HA4YHUTH ii 3a-
ranbHy KOPCTKIiCTh (CyMy KOHIeHTpariit ionis Ca** i Mg*"). Skmio
K IPOBOAWTH TUTPYBAaHHA B iHIIMX yMOBax (IHAMKAaTOp MYpEKCHI,
monaBaras NaOH, pH = 12), mepexin 3a0apBiIeHHS IHIUKATOPY Bil-
noBinae KoHueHTpanii ionie Ca’", ockimpku 3a 1mx ymoB Mg’
OCaKYETbCA y BHIIISAL TIAPOKCHAY Ta 3 iHAWKATOPOM HE pearye.
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Konrentpanito Mg’" BH3HAYAIOTH, K PI3HUIIO 3aralbHOT )KOPCTKOCTI

1 KOHIICHTpaIlii 10HIB Ca*. IImroMOyM MOKHA CEJIEKTUBHO BiJITHT-
pysatu EJATA (immukarop KO, ypotpominoBuii Oydep, pH =15)
y mpucytaocti Cu’" ta Zn®', mackyroun ocTaHHi miamizom. Kom-
mnexcn [Cu(CN),]” ta [Zn(CN),]"” criiikiimi 3a KoMIUIeKcH Bizinio-
BimHux ioHIB i3 KO, ToMy mepexin 3abapBiieHHs iHAWKaTopa Oyze
BiJIMOBiIaTH caMe KOHIEHTpallii ioHiB Pb*" .

Tabnuysn 9
MeTajioxpomHi iHaAnKaTOpHN
Tepexin
Inguxarop dopmyaa 3a0apBJIeHHA
Ta pH
OH
OH B
HWHHO-
Na0,$ O N‘\N 4epBOHE —
EXUT
CHHE
ON
(HO,CCH,),N N(CH,CO,H),
HO O
UYepBone —
KO H,C KOBTE
pH=2-6
g 2 Qu
OpamxeBe —
Mypekceug O:< Y/ N= >:O ¢iomeToBe
N\ N pH="7-12
NH,*
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SIKII0 10H MeTaTy YTBOPIOE IHEPTHI KOMIUIEKCH, [UISl HOTO BU3HAUEH-
Hs Kpallle 3aCTOCYBaTh 3BOPOTHE TUTPYBaHHs. Tak, JUis aHali3y BMICTY
Cr’* 1o jocnimpkyBaHoi HpoGH 0/1at0Th Gydep i HaJIMIIOK PO3UMHY
EJTA, 3ammmaroTs 11 3aBepiieHHs peakilii, a EJTA, mo se mpopeary-
BaB, BIATUTPOBYIOTh CTaHIApTHUM po3unHoM MgSO, abo ZnSO, .

MeTo KOMIUIEKCOHOMETPii MOYKHA 3aCTOCOBYBATH 1 I BU3HA-
YeHHS KOHIIEHTpAIlil i0HIB, III0 HE YTBOPIOIOTH CTIHKUX KOMITJICKCIB
i3 EJITA. Hanpuknan, s BU3HAUYCHHS M0 10 TOCIiIKyBaHOT
npoOH JOAalTh HAUIMIIOK cTaHgapTHoro po3uuHy K, [Ni(CN),].

OcCkiIbKY IiaHIAHUI KOMIUIEKC MaJIaAilo CTIMKIMIMKA 3a BiINOBITHUNA
KOMIUIEKC HIKEJI0, BIIOYBA€EThCS PEakilisi 3aMillleHHs, a 10HU HiKe-
10, o BUAiLucs, TATpyroTh EJ[TA.
K,[Ni(CN),]+Pd** = K,[Pd(CN), ]+ Ni*
Ni** + Na,H,Y =[NiY]"” +2Na" + 2H"

Jliranmy, mo MaroTh OymoBy, momioHy mo E/ITA, a came — amiHo-
oTOBI 1 aMiHO()OC(HOHOBI KUCIOTH, MalOTh CIUIBHY Ha3BY "KOMILIEK-
conn" [23, 24]. JIns mmx JiraHaiB xapakTepHE YTBOPEHHS IT'SATHY-
JICHHUX XEJIAaTHUX IMKJIiB, TOMY BOHH 3BUYAaifHO YTBOPIOIOTH i3 Oara-
ThMa 10HAMH METANIB JyX€e CTiiKi pO3YWHHI Y BOJI KOMIUIEKCH. 3BU-
YaiftHo, ia (ocOpOBMICHUX KOMILIEKCOHIB OUIBII XapaKTepHe
YTBOPEHHS KOMITIEKCIB 13 JKOPCTKIIIUMHE (JJAHTAHOINW, THUTAH, aJio-
MiHiil), a 17151 KapOOKCUIIATHUX — 13 M'SIKIIUMU (d-METajIn) i0HAMH.

CO,H H203P\\N\/\N/\PO3H2
HO,C._N._CO,H H,0,P—/ \\PO3H2
Hitpuiorpuonrosa kuciaora ETmiengiamMin-
(Tpuyon A) TeTpadocdoHOBa KHCI0TA
HO,C CO,H

i

HOZC\/N\/\N/\/N\/COZH

J

HO,C
JieTnjieHTpUaMiH-NIEHTAONTOBA KMCJI0TA
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KoMrnekcoH mUpoKo BUKOPHCTOBYIOTHCS B XiMiuHIN 1 HaTO-
Bilf IPOMMCIIOBOCTI, METaNyprii, TEMJIOCHEPTeTHLli, MEIULINHI, CUTb-
CHPKOMY TOCTIOAApPCTBI W IHIIMX Tally3fX HAyKH Ta TEeXHIKU. TBepmi
HOCI{ 3 3aKpiIJIEHUMH TpyHaMH KOMIUIEKCOHIB Pi3HOI IPUPOIHN 3Ha-
XOJISITh 3aCTOCYBaHHs JJisi KOHICHTPYBAHHS 10HIB METaliB 1 JyIs
CTBOpEHHs (a3 1Is JiraHa000MiHHOI xpoMaTorpadii. OgHak, KoaeH
IHIIMI KOMIUICKCOH HE 3HaXOIUTh TAaKOTO IINPOKOTO 3aCTOCYBAaHHS B
TUTPUMETpUYHOMY aHami3i, sik EJITA.

Cepen MeTOqUMK 00'€MHOTO aHaIi3y, IO
BKITIOYAIOTh y ce0e YTBOPEHHSI KOMIDIEKCIB 1
He moB's3aHi 3 BukopuctanHsMm EJITA, cruinx HS/\/\SO3N3
3rajaTd yHITIONOMETPil0 — TUTPYBaHHS Ba- SH
KHX METaJliB po3UMHaMH YHiTiomy. OCKUTbKA
10HM Ba)KKHX METaJIiB € M'IKUMH KucjoTamu JIproica, IXHI KOMILICK-
cH 3 yHiTiojoM MilHimm, Hixk komiuiekcu 3 EJITA. Ha sxans, Mmeron
YHITIOJIOMETpii HE 3HAWIIOB IIUPOKOT0 MPAKTUYHOTO 3aCTOCYBaHHS,
OCKIJTBKH YHITION BaXXKO OTPUMATH B aHATITHYHO-YUCTOMY BHTJISI,
PO3UYMHH YHITiONy TIpU 30epiraHHi MIBUJKO OKHUCHIOIOTBCS, a CKJIa]
KOMIUJIEKCIB 3 YHITIOJIOM MOXE BapilOBaTHUCS 3aJI€KHO BiJ MPHUPOIH
metaiy ta pH.

3 yTBOpPEHHSM KOMIUICKCIB IOB'SI3aHI METOAN MEPKypH- Ta Mep-
KypOMETpii, 1[I0 MOJIATal0Th y TUTPYBaHHI TaloreHia- abo ncesaora-
noreHiza-ionis posunnamu Hg(NO,), 1 Hg,(NO,), BianosigHo:

Hg* +2Cl" =HgCl, Hg;" +2Cl =Hg,Cl,
Cromyky, 1110 YTBOPIOIOThCS IIPH 11b0MY, € po3unHHuMu ( HgCl, ) a6o
manopo3zunnaumu ( Hg,Cl, ) y Boai, 0JJHaK IPaKTUYHO HE JUCOLII0-

FOTh, TOMY BiTHOCSITBCS HE JIO COJIEH, a 0 KOMIUTIEKCIiB. SIK iHAMKaTOp
y MEPKYpH- Ta MEPKYPOMETPUIHOMY TUTPYBaHHI BUKOPHUCTOBYIOTh

0e30apBHMil nu(eHinkapba3on
(H,L), mo yTBOpIOE 3 MEPKYypieM @\ H /@
_N_ _Nx
xomrieke Hg(HL),  sickpaBo- II\{I \n/ N
CHHBOTO KOJIbOPY. 0

MeTonu MepKypH- Ta MEpPKypOMETPHYHOIO THTPYBAHHS OLIBII

TOYHI, YyTJINBI Ta CEJIEKTHBHI MOPIBHAHO 3 apT€HTOMETPUYHHUM BH-
3HAYEHHSIM TaJOTCHI/IIB, a COJIi PTYTi 3HAYHO JAEUICBII 3a COJIi cpil-
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na. Came TOMY MEPKYPHMETPUYHHUI METOJ PEKOMEHIYEThCS SIK CTa-
HIAPTHUM JUIsl BU3HAUCHHS KOHIICHTPAIlii XJIOPUIIB Y MUTHIA BOJI
(I'OCT 4245-72). Onnax He cinig 3a0yBaTu PO BUCOKY TOKCHYHICTh
coJleil PTYTi, IO 3yMOBIIIOE€ TIEBHI OOMEXEHHS B 3aCTOCYBAaHHI BH-
LICHABEICHNX METOJIiB TUTPYBaHHSI.

KomnrmeHnTpariii ioHiB AP’*, Zr** i Th*" MoHa BCTAaHOBHTH, TUT-
pyroun ix NaF no meiitpanpanx dayopumaiB. Touky eKkBiBaJEeHTHOCTI
y BHINAJIKY aJIOMiHil0O BCTAHOBIIOIOThH 32 KHCIIOTHO-OCHOBHHMM 1H]TU-
KaTopoM MeTwiioBuM uepBoHUM (pK = 6), OCKIJIbKM PO3YMHH COJICH
aJIIOMIHIIO 32 paXyHOK Tifpoi3y MaroTh Kucie cepenonuine, a AlF,
He Tigpomizye. [ns Topito i HUPKOHIIO K 1HIUKATOP BHKOPHUCTOBY-
I0Th aJli3apHH, OCKUIbKM KOMIUICKCH IIMX 10HIB 3 HMM MEHII CTilKi,
uisk MF, , ane 6ibim criiiki, mix [MF,]"9".

dnyopua MOXKHA BUKOPUCTATH 1 JUis 00'€eMHOTO BU3HAUCHHS CH-
JIIO: 10 JOCTiKyBaHOTrO po3unHy AoxaroTh amikotu HCI i KF,
MpU bOMY BiIOYBa€ThCS peaKIis:

H,Si0O, + 6KF +4HCl1 = SiF, + 4KCl+3H,0

Hamgmmox HCI, 1o He BCTynHB y peakIiito, BIATUTPOBYIOTH JTyTOM.

7.1.4. Komnnekcu y cnektpochoTOMETPMYHOMY aHani3i

Merton cniekrpodoromertpii (CD) monsrae y BU3HaA4E€HH1 KOHIEH-
Tpauii peYOBUHH B PO3UYMHI 338 IHTEHCUBHICTIO MOTIMHAHHS LIUM PO3-
YHUHOM CBiTNIa Y BUAUMOMY Ta OnmmxHiX [Y Ta YO miana3zonax (mquB.
Poznin 5.6), iHIMMU clioBaMH, 3a IHTCHCUBHICTIO 3a0apBiieHHs. Lleit
METO/]l Ma€ JIOCUTh BUCOKY Yy TJIMBICTh, HEIIOTaHy TOYHICTH (TabJ1. §),
HE BUMAara€ BHUKOPUCTAaHHS CKJIQAHOTO W JOPOrOro OO0JIaJHAHHS
1 AyXe IPOCTUIl €KCIIEPUMEHTAIBHO, TOMY LIMPOKO BHUKOPHCTOBY-
€Tbesi Ha TpakTHii. CrnekTpohOoTOMETpUYHI METOJWKHA BHU3HAYCHHS
Oinpimocti enemeHTiB [lepionnunoi cucremu 0a3yloThCs Ha yTBO-
PEHHI HUMHU KOOPJMHALIHNUX CHOIYK.

Uum OinbmiM € KoedillieHT MOTIMHAHHS CBITNA (&), TUM OUTBII
YyTJIUBOIO € clekTpodoTomerpuyHa Mmeronuka. Ha mpaktumi 3Bu-
YaifHO BUKOPHMCTOBYIOTH CIIOJIYKH, IO MaroTh € > 1000, orxe, Taki,
3a0apBiIeHHs SIKMX 3yMOBJICHO J03BOJICHUMH €JIEKTPOHHHMHU Iepe-
XoJamM# (CMyraMu TepeHocy 3apsiry abo BHYTPIITHBOJITaHIHIMH
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cmyramu, auB. Posnin 5.6). JlilicHo, cepel 3arajibHOBKMBAaHUX Me-
TOMMK CHEKTPO(OTOMETPHYHOTO aHaNi3y juie Bu3HadeHns Cu’’ 3
aMoHiakoM 6a3yeThcsi Ha yTBopenHi crionyku [Cu(NH,),]*", 3a6ap-

BIICHHS SIKO1 TTOB'SI3aHO 13 3a00POHEHUM d-d TIEPEXOIOM.

KpiM iHTEeHCHBHOTO 3a0apBiieHHS CIOIYKH, IO YTBOPIOETHCS, Pe-
aKIlis, IpuAaTHa A CHEKTPO(POTOMETPUYHOTO aHANI3y, MaE BiAIo-
BiJIaTH I PSATY KPUTEPIiB.

[To-nepure, OaxkaHo, MO0 y XOAl peakilii YTBOPIOBABCS JIMIIE
OJIMH KOMIUIEKC BH3HAYEHOTO CKJaJy 3 TEBHHM 3HAYCHHIM E.
[[poro nocsrarwTh, IEBHUM YUHOM MiIOUPAIOYH YMOBHU MPOBEICH-
HS peakilii Ta BUKOPUCTOBYIOUH CTPOTO OJHAKOBY KOHIICHTPAIIiIO
KOMILIEKCOYTBOpIOBaYa (3BMYAHO, BEIWUKHWM HAJJIUIIOK) Yy BCiX
npobax. Tak, KiIbKiCHE BU3HAYCHHS Fe 3 POMaHIOM TPOBOJSATH
y po3umni HiTpatHoi kuciotu (pH~=1) y mpucyrHocTi
~ 0,01 mons/n KNCS a6o NH,NCS. 3a uux ymMOB CrocTepira€rh-

Cs TEpeBaXXHE YTBOPEHHS SCKPABO-YEPBOHOI'O  KOMILICKCY
[Fe(NCS)(H,0). ", a xani6pysansuuit rpadix 4(C) € mniniitnum y

JOCTiIKyBaHOMY iHTepBami KoHieHTpamiti Fe'* (0,01-1 mr/m).
Oepym(Ill) mae sxicHy peakiito 3 POAaHIIOM i B IHIIUX yMOBAaX,
ajie 3BUYaiiHO MPOBOJIUTH KUIBKICHUH aHaNi3 y HUX YMOBaX HE MOX-
Ha. Tak, y BEIMKOMY HA/UIMIIKY POAAHIAY MOKJIHMBE YTBOPEHHS
xommiekcis [Fe(NCS), (H,0), ™", n=2-6, 1 AKMX 3HAYCHHS €

Oinbire, Hixk 1715 KoMmIuiekci 1:1, a mpu pH > 1 yTBOprotoThes rif-

pokcokomIiekcu (epymy, nomiriapokcokarionu [Fe (OH) 1%

1 IPOAYKTH MPUETHAHHS POJAHIAY A0 HUX.

[Mo-npyre, KOMIUIEKC, IO YTBOPIOETHCS, Ma€ OyTH PO3UUHHUM,
iHakmre BiH abo TepexoauTh B Ocaa, abo YTBOPIOE CYCIEH3iI0, Ha
YaCTUHKAX SIKOI BiJI0OYBa€ThCs PO3CiroBaHHs cBiTiaa. OOuaBa 11i (ak-
TOPH TPHU3BOJSATH JI0 BIAXMICHb EKCIICPUMEHTAJIbHUX 3HAYCHb ONTHY-
HOI TyCTHHHU BiJ 3akoHy byrepa—JlamGepra—bepa, BHacHimok woro
JI0 HETOYHOCTI Ta HEBIATBOPIOBAHOCTI aHai3y. [HOI BCe K Taku BH-
KOPUCTaHHSI HEPO3UMHHHX CIIOJIYK y CIIEKTPOPOTOMETPii MOMKIIUBE.
Taxk, anromiHiil yTBOpIOE 3 XiHaJi3apHHOM YEPBOHHUHA HEPOZYMHHUN
KOMIIIEKC MTOTIMEPHOI OYTOBH:

129



Ximis koMnnekcHWX cnonyk

Al
A+ O . o—| 0 4 1

o o

ool
(0) (@)

HO H H

n

OnHak, y NpUCYTHOCTI OBEPXHEBO-aKTHBHOIT PEYOBHHH, HAIIPUKIIAL
C,sH;;N(CH,); Br™, meit koMIUIeKC yTBOPIOE CTIMKHil KOJIOITHHUI
PO3UMH, A7 AKoro 3anexHicTb A(C) niHiiiHa Ta BiATBOpIOBaHA.

BumMiproBaHHSI ONTUYHOI TYCTHHH Oa’kaHO MPOBOIUTH NPH IOB-
JKWHI XBWJIi, 110 BiJITOBITA€ MAaKCHUMyMYy TOTJIMHAHHS BU3HAUYBAaHOI
CIIOJIYKH, OTKE 1Ied MaKCUMyM Ma€ 3HaXOJIUTHCS B poOodOMy Aiama-
30mi mpuany (300-1000 um) . V pasi, KO BUKOPHUCTOBYIOTH pea-
TeHT, L0 TOTJHHAE CBITJIO, BaXIJIMBOIO € KOHTPACTHICTh peaKiii —
PI3HMII MK MakCHMyMaMH IIOTJIMHAHHS KOMIUIEKCY ¥ peareHTy
(AL = A — A )- 18 yCHimHOro creKTpopOTOMETPUYHOTO BH-

3HaueHHs OakaHo, MO0 3HadeHHS AA Oymo OimpmmMm 3a 100 HM.
VY Oynb-sIKOMY BUTIAJIKY BUMIPIOBAHHS ONTHYHOT TYCTHHH MTPOBOJISTH
BiJTHOCHO PO3YMHY HOPIBHAHHS, 10 MICTUTH YCi KOMIIOHEHTH peak-
MIHHOT CyMiIlli, KpiM BH3HATYBAHOI CITOTYKH.

Ha mpakTuiii BUKOPHCTOBYIOTH JiBa OCHOBHI BapiaHTH CIEKTPO-
(dhotomeTpii: excrpakuiiiny C® i C® BogHMX PO34MHIB, KOXKHUH i3
SKUX Ma€ CBO1 TIepeBaru i HEAOTIKH.

[Tpu nposenenni CP ananizy y BOAHOMY PO3UHHI JOCHUTH YacTo
3aCTOCOBYIOTHCSI KOMIUIEKCH 3 HEOPTaHIYHUMH peareHTaMH, iHTeH-
CHBHE 3a0apBIICHHs SKHX 3YMOBJICHE CMYyTraMH IEpPeHOCYy 3apsmy.

! TIpu po3pobii MeTOANK CHEKTPOYOTOMETPHUHOTO aHANI3Y CIij Bpa-
XOBYBaTH MOXKJIMBICTh BHUKOPHCTaHHS HAWIIPOCTIIIMX Ta HalIEIIEBIINX
puiIaziB — OTOCIEKTPOHHHUX KOJIOPUMETPIB, A0 SIKUX 1 BIHOCATHCS HaBe-
JeHl y TekcTi 3HaueHHs. CydacHi CHEKTPO(POTOMETPHU JIO3BOJISIOTH JIETKO
MIPOBECTH aHalli3, AKIO AA cTaHOBHUTH 50 HM, a A, BapilOETHCS B MEXax

Bix 200 1o 1000 HM.
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Tak, Cr i Mn mokHa BU3HauaTH y BUrIsAi anionis CrO; i MnOj,

. . . . 2 .
Fe i Mo - i3 pomanimom y surmigi [Fe(NCS)(H,0),]™ i
[Mo"”O(NCS),]; B, Si, P, Ge Ta As — i3 MOJTi61aTOM y BHIJIA] "5KOB-
tux" abo "cuHIX" TeTeporoIikucior, Ti — i3 MepOKCOBOIHEM y BH-
s opamkesoro komiuiekey [Ti(0,)(SO,),1" .

[Ipu BUKOpHUCTaHHI OpraHiYHUX PEarcHTiB BaKIMBUMHU € BXKE 3ra-
JTaH1 BUIIE YMOBH PO3YMHHOCTI K KOMITICKCY, TaK i CAMOTO PEareHTy
i KOHTpacTHOCTI peakuii. OpraHivuHi CHOIYKH, IO JAIOTh 3a0apBIieHi
KOMIUIEKCH 1 MOXYTb BHKOpHcTOBYBaTHCs it CO anamizy, movyanu
CHHTE3yBaTH I 3 MOYaTKy XX CT., HAHO1IbIIa KUTBKICTh MyOUTiKaIlii,
MPUCBSTYECHA IXHBOMY OCHIKeHHIO, punana Ha 1960-1i pp. Lli cno-
JIYKW 3BUYAHO BiTHOCATHCS IO TPH(DEHIIMETAHOBUX OApBHHUKIB, a30-
OapBHUKIB, MICTATh KOMILUIEKCOYTBOPIOIOUI (PYHKIIOHAIBHI TPYNH
(xapOokcunbHi, GochoHOBI, apcOHOBI, (DEHONBHI, aMiHOTPYITH, Tpe-
TUHHAN aTOM HITPOT€HY, OKCUMHI TPYITH, MEPKANTOrPYITH) Ta MArOTh
XeJaTyloui BIACTUBOCTi. Hepigko Ui MigBHIIEHHS PO3YMHHOCTI y
BOZI JT0 X MOJIEKYJI BBOASTH CYJIb(DOKUCIOTHI TPYITH, SIKi 3BHUAHO HE
KOOPJHMHYIOThCA 70 10HIB MeTary. DOpMyJH THIIOBUX PEareHTiB s
C® y BomHMX pO3YMHAX 1 MEpeik eNeMEHTIB, Il BU3HAYCHHS SKUX
BOHHM 3aCTOCOBYIOThCSI, HaBeieHo y Tabum. 10.

V pasi, AKIo BU3HAUYBAHUI 10H HE YTBOPIOE 3a0apBIEHUX KOM-
IUIEKCHUX CHOJNYK, A MOr0 BU3HAYECHHS KOPHUCTYIOTHCS METOAOM
HENpsMOro (POTOMETPUYHOTO BU3HAUCHHA. Tak, (uryopun BU3HAua-
IOTh 3a peakui€l0 pyHHyBaHHS YEepBOHO-(DIOJIETOBOTO KOMIUICKCY
AITIOMIHIIO 3 apceHa3o-1 3 yTBOpPEHHsSIM BUIBHOTO pearcHTy, 3adapB-
JICHOTO B YEPBOHO-OPAHKEBHI KOJIIP.

O oH 00
/A P
HO\AI/O s F, H,0 HO S
N _ 2
OH O N [AIF(H0)s 6 o N
N N
NaO3S SO3Na NaO3S SO3Na
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Taoaruuya 10
Opraniuni pearentu 1iss CO y BOZHHMX pO34MHAX
Ha3sga DopmyJa Busnaysani
€JIEMEHTH
CO,Na CO,Na
HO (e
=
Xpomazypon S | H,C CH, | B,ALCr, Y, In, F
Cl Cl
SO;Na
OH
Taiipon OH Fe, Mo, Os, Ti,
P Nb, U, W, P3E
NaO,S SO,Na
/ N HO
Mipuauni- @N\ V, Co, Ni, Cu, Zn,
a30pe30puuH — N OH Ag, Ga, In, Nb, U

Ha croromuHi cHHTE30BaHI OpraHivHi peareHTH, 0 JO3BOJISIOTH i3
BUCOKOIO YyTJIHMBICTIO BU3Ha4aTH MeTogoM CO mpakTHYHO BCi MeTa-
au (kpim sry>kHEX) y [lepionnuniit cucremi. OqHak peareHris i3 "a0-
COJTIOTHOIO" CENIEeKTUBHICTIO He iCHy€e, ToMy TipoBefeHHs CD aHamizy
HEPIAKO YCKIATHIOETHCS HEOOX1MHICTIO TIPOBOANTH TOMEPEIHE PO3-
IineHHs cyMimn a00 MacKyBaHHS 3aBayKarOuMX KOMIIOHEHTIB.

Excrpakuiitna CO nossirae y ekcTpakuii BU3Ha4yBaHOI'O KOMIIO-
HEHTa y BUTJAAI 3a0apBiIeHOI CIIOIYKH B opra”iuny (a3y (3BHUaiiHO
BukopuctoBytore CHCl,, CCl,, Bumi cnupTH, MeTHI-i300yTHI-

KETOH, eTWJIAIeTaT, TOIYO) i3 HOAANBIINM BUMIPIOBaHHSM il ONTHY-
HOi TyctuHH. s mpoBeneHHs excrpakiiitHoi CO HaifdacTimie BH-
KOPUCTOBYIOTh TaKi KOMIUIEKCOYTBOPIOBAUi: 8-OKCUXIHOMIH, JTiC€THII-
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nutiokap6amar (dopmynu auB. y Tadn. 6, posmin 7.1.1, mepenik
CJIEMEHTIB, AJIs1 BU3HAUYCHHSI SIKUX MOKHA BUKOPHCTATH JIaHi peareH-
TH, Y TIOMY 30ira€Tbcs 3 MEPesikoM eEMEHTIB, IO eKCTParyrTh-
csl), ANTU30H Ta 10HHI OApBHUKH — METHJIOBHH (i0JIETOBUHN, METHIIE-
HOBUI1 OJIAKMTHUH, JiaMaHTOBUH 3€JICHUI, & TAKOXK HEOPraHIuHi pearcH-
TH — pozanin (BusHaueHHs Fe'', Co’", HEiOHOreHHMX MOBEPXHEBO-
aKTUBHUX PEYOBHMH y BUIIAMI acomiatis i3 [Co(NCS), T ), reteporo-

nmikucnoTu (Bu3HaueHHs P, As, Si) ta Oarato iHmux. @opmyiu
JEeSKUX 3 OpraHiyHUX peareHTiB Ans ekcrpakuiinoi CO i meperik
€JIEMEHTIB, Ul BU3HAUYEHHS SIKMX BOHU 3aCTOCOBYIOTHCS, HaBEe-
Hiy Tabmn. 11.

Taonuua 11
Opraniuni pearentu 1 ekcTpakuiiinoi C®
Hassa ®opmyaa BusnauyBaHni
CJIEMECHTH
a Co, Ni, Cu, Zn,
Se, Pd, Ag, Cd
/N N\\ s ) s s
Autuzon NS In, Mo, Pt, Au,
H g Hg, T1, Pb, Bi
H3C\N+»CH3
I
MeTuioBHii B, Si, Ga, In,
(ioseroBumii | Tl, Sb, Sn, Ta,
Ag, Cd, Au
H3C\II\I I?I/CH3
CH, H
D
MeTuJIeHoBHii - N B, Ga, Ge,
GIaKHTHHI H,C Cl'CH Sb, Zn
=
N
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Buxopucranns s excrpakniitnoi CO ioHHMX OapBHHKIB 0azy-
€ThCSI HA YTBOPCHHI 10HHUX aCOIliaTiB MiXK 10HOM OapBHUKA U KOM-
IUIEKCHUM MIPOTHHOHOM, SIKUH 3BHYAHO HE Ma€ XapaKTEepPUCTUYHUX
CMYT TOITIMHaHHs CcBiTiIa. Hampukinaa, METOOMKM BU3HAYCHHS CTH-
0if0 (sIK creKTpoOTOMETPHYHOTO KiIBKICHOTO, TaK 1 sikicHOro) Oa-
3YIOTbCA Ha EKCTPakKLii iI0HHOTO acoliaTy KaTiOHHOro OapBHHUKa Me-
THJI0BOTO (hiosetoBoro ([M®]") i3 rekcaxj0poaHTHMOHAT-aHIOHOM
y cepenoBuie 6eH30my a00 Tomyorny. OCKITBKHA Yy BOJHOMY PO3YHHI
cTHOIll iCHye y BHIVISAI 1HEPTHUX TiAPOKCOKOMIUIEKCIB, Ui HOTO
KUTBKICHOTO BHJIYY€HHS MPOBOJSATH TaKy MOCTiJOBHICTD PEaKLiii:

1. PyliHyBaHHS T1IpOKCOKOMIUICKCIB IMTUISIXOM BiTHOBJICHHS:

HSbO, +SnCl, + 5HCI = SbCl, +SnCl, +3H,0

2. OpepskaHHA TeKCaXJIOPOAHTUMOHATY;

SbCl, + 2NaNO, + 5HCI = H[SbC], ]+ 2NO + 2NaCl + 2H,0

3. BiiHOBIIEHHS 3QJIMIIIKIB HITPUTY HATPIO;

2NaNO, +2HCl +(NH,),C=0 =2NaCl + 2N, + CO, + 2H,0

4. OnepxaHHS I0HHOTO acoIliaTy:

[M®]CI1+ H[SbCl,]=[M®][SbCI,] +HCI

Hi metunnoswuii ¢ioneroBuil y XJI0puaHid Gopmi, Hi cTHOIN y BU-
risni H[SbCl,] abo 1i coneit B opraniuHy a3y He BHIy4arOTbCS.
Po3mipu aniona [SbCl,]” nabGarato Gimbmi 3a posmipu Cl°, Tomy
[SbCI,]" € nabarato M'akiuM 3a knacudikauniero JIproica. Lle cnpu-

i€ YTBOPEHHIO HUM i0HHOTrO acouiary 3 [M®]", skuii ekcTparyerbes
B opraHiuny ¢as3y.

3a IOMOMOTOI0 TOTO K OapBHUKA MOYKHA BH3HAUYaTH 1 TaHTaJl, EKCT-
paryrouu iforo y Burisiai [M®]'[TaF,]" y cepenouie 6ensomy. Ciix
BIJI3HAYUTH, IO HiOOIH, SIKMH € MOCTIHHMM CYITyTHHKOM TaHTaly, 3a
yMoB npoBezieHHsI peakiii yrBoproe H,[NbOEF;] i He ekcTparyeTbcs.

Sk moka3aHO y HaBEeICHMX BHIIE NMPUKJIaAaX, MPH BUKOPUCTAHHI
B ekcTpakmiiHii CO ioHHMX OapBHMKIB OCTaHHI 3BUYAaHO HE YTBO-
PIOIOTH KOOPAWHALIWHKUX CIIONYK i3 BU3HAUyBaHMMH 10HaMu. [HTeH-
CUBHICTh 3a0apBJICHHS OPTraHiYHO1 (Da3H MOB's3aHa 3 KOHIICHTPAIIi€l0
10HHOTO acoIliaTy, IO eKCTparyBaBcs, a 3a0apBicHHSA OapBHHUKY
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y BOJHIN Ta opraHidHii (azax Moxxe OyTH aOCOIIOTHO OJHAKOBHM,
TOOTO TMpoOyieMa KOHTPACTHOCTI peakiii B IbOMY BHIIAAKY BHUPIMIY-
€THCS1 aBTOMATHYHO.

IlopiBasHO 3 CO BogHMX po3uMHIB ekcTpakmiiiHa CD mae psa
nepesar. Lle MoXnuBicTh aHami3zy 3abapBlIeHHX 1 KaJaMyTHUX pPO3-
YHHIB, MiABULICHHS YYTJIMBOCTI METOAMK 32 PaxyHOK KOHIEHTpY-
BaHHS TPOOHM (EKCTpakiii 3 BEIMKOTO 00'€eMy BOTHOTO PO3YHMHY B
HEBEJIMKUH opraHiuyHoi (a3zu) Ta BUIA CETCKTUBHICTD, OCKITBKH PO3-
JiIeHHS BU3HAYYBAaHOTO Ta 3aBAKalOUMX KOMIIOHEHTIB BiOyBa€eThCA
HE TIJIbKH 32 PaXyHOK KOMIUIEKCOYTBOPEHHS, ajie i 3a paXyHOK YMOB
exkcrpakmii. OmHAK, TPOBENEHHS aHai3y METOJOM eKCTpaKIIiitHOi
C® nocuth TpyIOMICTKE, YaCTO Ja€ HEBIATBOPIOBAHI pe3ybTaTH 32
PaxyHOK pO3CisSIHHS CBITJIa BHACIIZOK YTBOPEHHS eMYJbCiii i BUMa-
rae BUKOPUCTAHHS TOKCHYHUX OPTaHIYHHX PO3YMHHUKIB. Tomy 1ei
METO/, IO IUPOKO BUKopucToByBaBcs B 1950-1970 pp., 3apa3 BuTi-
CHSIETBCSI OLIBII Yy TJIMBUMH Ta MEHII TPYAOMICTKUMH iHCTpyMEHTa-
JBHUMHU METOJaMHU aHaJi3y.

7.1.5. Komnnekcu B enekTpoxiMiyHMX meToaax aHani3y

CenexTHBHE YTBOPEHHS KOMILJIEKCIB — OIMH 3 HAWPO3MOBCIOKE-
HIIIMX METOJIB JIOCSATHEHHSI CEJICKTUBHOCTI €JICKTPOXIMIYHUX JaT-
yuKiB. Tak, y MOTeHUiOMETPUYHOMY METOAi aHANI3y CEICKTHUBHICTH
MeMOpaHHUX HIWKaTOPHUX eNEKTPOiB 3yMOBJIEHA 10HHOIO TIPOBi-
HICTIO MEMOpaHH BiTHOCHO JO 10HIB MEBHOTO BUAY. [IpoXomKeHHS
10HIB OJTHOTO BH/y (KaTiOHIB a00 aHIOHIB) uepe3 MeMOpaHy CTBOPIOE
PI3HHUITIO TIOTEHIIATiB MK aHaTi30BaHUM 30BHIIIHIM PO3YHHOM 1
BHYTPIIIHIM PO3YMHOM enlekTpony. Llei morentian, skuil i BUMipro-
€THCSI TIPUJIAJIOM, TIOB'SI3aHUH 13 BiTHOLICHHSIM KOHIICHTpAL BU3HA-
YyBaHHUX 10HIB B aHAJi30BaHOMY Ta BHYTPIIIHBOMY PO3UMHAX 3TiIHO
3 piBasgHAESM Heprcera [32]. [l e1eKTpoaiB i3 KPUCTATIYHOIO MEM-
OpaHoIO Ta CKIISIHUX EJIEKTPOJIIB CENEKTUBHICTh 3yMOBJICHA HasBHIC-
TIO B KPUCTAJIIYHIN IpaTi MeMOpaHu BakaHCiH, 10 MPHU3BOAMTH /10
MOJKJIMBOCTI TPAHCIIOPTY BH3HAYYBAHOTO i0HA. Y CBOKO Yepry, IS
EJIEKTPO/IiB 13 PIANHHOIO MEMOpPAaHOIO TPAHCIIOPT 10HIB 3yMOBJICHUN
HasBHICTIO B piAKii (a3i MmeMOpaHH Jiranmy, sIKHd yTBOPIOE KOM-
IJIEKCH 3 BU3HA4YyBaHUM i0oHOM. Hampukian, MeMOpaHa i0HCETIeKTH-
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BHOTO €JIEKTPO/Ia JJIsl BU3HAYCHHS KAJIBIII0 SBJISIE COOOIO MOpyBaTy
MOJIBIHUIXJIOPUAHY IUTIBKY, IPOCOYCHY PO3YMHOM KaJbIi€BOI coui
nogeumndenindochoproi kuciaotu B piokrwidenindocdari. lonu
KaJIBIIII0 YTBOPIOIOTH 13 KOMIIOHGHTAMH MEMOpAaH! ITOCUTH CTIMKHI
KOMILJIEKC:

[CaZJr ]pogqym + [2(RO)2PO; + 2(RO)3P:O]MSM6paHa <j
2 [Ca{(RO),PO,},{(RO),P=0},]

BcTaHoBeHHST piBHOBard MiK 10HAMH Kajbllil0, 3B'S3aHUMU
B KOMIUIEKC y MeMOpaHi, Ta i0HAaMU KaJbI[if0 B aHATi30BaHOMY
pO3YMHI Ta BHYTPIIIHHOMY PO3YHHI €JIEKTPOJa 3yMOBIIOE 10HHY
MPOBIIHICTh EJISKTPOAHOI MeMOpaHW BIJHOCHO JO IMX 1OHIB.
OcCKkiNbKM 10HM MarHito, CTPOHIIIO i 0apiro TeX YyTBOPIOIOTH MillHI
KOMILUIEKCH 3 alKiapochHOpPHUMHU KHCIOTAMHU, iXHA HAsBHICTH Y
PO3YMHI 3aBakae BU3HAUCHHIO KAJBI[il0 32 JOTIOMOTOIO €IIEKTPOY
3 TAKUM THIIOM MEMOpaHHU.

MeMmOpaHa

AHaJIOTIYHO KaJIBIIIEBOMY TIOOYIOBAHO ¥ €JEKTPOX I BH3HAUCHHS
Kkanito. Moro MeMOGpaHa MiCTHTh PO3UMH IMKJIIYHOTO AHTHOGIOTHKA
BajiHOMinWHa B audeHinoBoMy erepi. [1mpodoOHiI ByrieBogHEBi
paavKaly 3yMOBIIOIOTH PO3YMHHICTH BaJIHOMINIMHA B OpTaHiuHiH
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(a3i, a po3mipu HOro MOPOKHUHHU BiJIOBIIAIOTh PO3MipaM KaTiOHA
Kajiro. ToMy BaJiHOMIIMH YTBOPIOE 3 Kali€eM Habarato MilHimn
KOMIUIEKCH, HI)K 3 1HIIUMHU JTy>)KHUMH Ta JTy>KHO3eMEIbHUMH MeTa-
JlaMH, a BaJIHOMIIIMHOBHUI €JEKTPOJ — BHUCOKY CEJIEKTHBHICTH JI0
OO KaTioHa. €OMHUM 10HOM, IO 3aBa)Ka€ BHU3HAYEHHIO KaJiIO, €
aMOHIH, KUl Mae Onu3bKi po3mipu g0 K* i mae MocuTh CTIHKHiA
KOMIIJIEKC 3 BAJIIHOMIIIMHOM YHACIIJIOK YTBOPECHHSI BOJTHEBUX 3B'S3-
KiB. OCKIJIbKM BaJIIHOMIIMH € HEWTPaJIbHUM NEPEHOCUUKOM 10HIB,
JUISL TOTO, 00 KOMIIEHCYBATH 3apsj yTBOPSHOTO KOMIUIEKCHOTO Ka-
TiOHA, Y CKJIaJ, MeMOpaHW BaJIHOMIIIMHOBOTO EIEKTPOTY BBOJSTH
rigpodo6Hi anionn [B(p-C H,Cl),] .

Jemo iHmMMA MiAXiJ peani3oBaHO B EJIEKTPOJAX i3 PiIUHHOIO
MEMOpPaHOI, III0 BHKOPHCTOBYIOTHCS /IS BH3HAYCHHS aHIOHIB.
MeMOpana MOiIOHUX EJIEKTPOIIB SBJISE COO0I0 PO3UMH (GEeHAHTPO-
JHATHUX KOMIUIEKCIB MeTaniB, 30kpema [Ni(phen),]A, y rigpopob-

HOMY OpraHiYHOMY pPO3YMHHHMKY. KOMIUIEKCHUII KaTioH y AaHOMY
BHITJIKY € IHEPTHHUM 1 TimpodoOHUM, Horo (QYHKINiS MMOIISATAE JTUIIIE B
KOMIIEH ALl 3apsily aHIOHIB, IO IPOXOASTH uepe3 MemOpany. Ce-
JICKTUBHICTh TaKUX EJIEKTPOAIB 3yYMOBJICHAa DPI3HOIO COJbBATALIIEI0
aHIOHIB PO3YMHHHMKOM. 3MIHIOIOYM PO3UYMHHMK, MOXKHA OJAEpKaTu
enekrpoau cenektusHi 1o ClO,, NO;, BE,, I' i Cl" . 3puuaiino,
CEJIEKTHBHICTh OJIOHNX eNEKTPOIiB He Ty’Ke BUCOKA, TOMY B JaHUN
4ac po3poOJsIOThCS eNEKTPOIU IUIsi BU3HAYCHHs aHIOHIB, IO Mic-
TATh PO3YMHEHI B OpTaHiyHii (a3i 6araTosaepHi KOMIUIEKCHI CITOITY-
KH, 3/1aTHI JIO CEJIEKTUBHOTO 3B'SI3yBaHHSI ICBHUX aHIOHIB.

Cria BiJ3HAYWUTH, 110 i0HHA TPOBIAHICT KIITUHHUX MEMOpaH,
HasBHICTB SIKOi 3yMOBIIIOE, 30KpeMa, MIPOXOKEHHSI HEPBOBUX 1MITY-
JIECIB, TEX IIOB'sM3aHa 3 YTBOPCHHSIM KOMIDICKCIB, aHAJIOTIdHO MO
MeMOpaH i0H-CEJIeKTUBHUX esieKkTpoiB. JlimigHi MeMOpaHu KIITHH
MICTSTh y c0o0i MOJIEKYJIM NPOTEiHIB (Tak 3BaHI 10HHI KaHaNH), IO
MOXYTh CEJIEKTUBHO YTBOPIOBATU KOMIUIEKCH 3 IIEBHUM BHIOM i0-
HiB, 3a0€3Me4uyiour i0HHY IPOBIAHICTH MEMOpaHH BITHOCHO A0 HHX.
Taki YMHHMKH, SK 30BHIIIHE €JIEKTPUYHE MoJe, 3MiHa pH, oKucHO-
BiIHOBHOTO TOTEHIIaTy, TeMIIepaTypy abo HasBHICTh MIEBHUX PeUO-
BHH-MEIIaTOPiB, 3MIHIOIOTh CTPYKTYPY MOJICKYJH TENTHIY 1 TaKUM
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YHHOM BiJIKPHBAIOTh/3aKPHBAIOTh 10HHUI KaHaJ, 3yMOBIIOIOYN BiJI-
T'YK KJIITHHH HA i TOJAPa3HUKH.

[lupoke 3acTOCYyBaHHA 3HAWILIN KOMIUJIEKCHI CIIOIYKH 1 B iH-
oMYy METOJi aHajizy — ammepomerpii. [IpwHIIUIT TEOTO METOIY
MOJIATAE Y BUMIPIOBaHHI CHIIM CTPYMY, 11O IPOXOJUTH Yepe3 iHIu-
KaTOPHHUH €NEeKTPOA MPH HaKJIaJaHHI Pi3HULI MOTeHIianiB. 3rinHo i3
3akoHOM Dapazesi, 3HAUECHHS L[LOTO CTPYMY IOB'S3aHE 31 MIBUIKI-
CTIO peakiii OKUCHEHHs ab0 BiJHOBJIEHHS BHU3HAYYyBAaHOI PEUOBHU-
HU Ha elekTpofi. IcHye Oarato BapiaHTiB ammepomeTpii, 30KkpeMa
KJIacu4yHa mossiporpadiss Ha PTYTHOMY KpaIlJIMHHOMY €JIEKTPOAi,
IHBEpCiifHa BOJIbTAMIIEPOMETPis Ta BOJBTAMIIEPOMETPis 3 MOJIH-
¢ikoBanuMH enekTpojamu [32]. BukopucTraHHsS OCTaHHHOTO Me-
TOAY A€ 3MOT'Y 3HAYHO 301NBIINTH CEJIEKTUBHICTh BUSHAUCHHS Ta
IIPOBOJUTH AHAJTI3 CHOJNYK, AKi IHIIMMU METOJaMH BU3HA4YUTH He-
MOXJIHUBO. ICHYIOTH pi3HI MeToau MOIU(DIKYBaHHS EIEKTPOIiB.
MonudikaTopu (a e, 3a3BHyail, KOMIUIEKCHI CIOJIYKH a0 KOM-
IIJIEKCOYTBOPIOBadi) afcopOyOTh ab0 3aKpiIUTIOIOTh KOBAJIEHTHO
Ha pobOoYil MOBEpPXHI €NEeKTPOiB, BBOIATH y MOJIMEpHI IJIiBKU
a00 y map mopyBaToro copOeHTY (JOCATaroud MPH LBOMY €JIEKTPO-
MIPOBIIHOCTI IIHOTO APy IIISXOM BBEACHHS CIIEIiaJbHUAX MOJiMep-
HUX 700aBOK) a00 BBOMSITH O€3MOCEpeaHBO Y MaTepial eIeKTPOIY
(mns ByT1IBHO-TIACTOBUX €JIEKTPOJIB).

€ nBa ocHOBHI MexaHi3MHu Iii Moaudikyrounx mobaBokx. Ilo
nepiue, e KOHIEHTPYBaHHs BU3HAUyBaHOT PEYOBUHU HA €JIEKTPO-
ni. BoHo 3BHMYaiiHO BiZIOyBa€eThCs 32 MeXaHi3MaMH, aHAJIOTTYHUMU
TaKUM JUIsI €KCTPakKmii Ta cOpOUiHOrO KOHUEHTPYBaHHSA, TOMY
eJeKTpoan MOIU(]iKyIOTh peareHTamu, sSKi moKas3aiau CBOIO edek-
THUBHICTh y WX MeTojaax. Tak, Juis BU3HAYCHHS HIKEI0 BUKOPHC-
TOBYIOTH €JEKTPOAHN, MOAU(IKOBaHI AMMETHITIIOKCUMOM, KOOa-
IbTy — 2,2 -IANipUANIOM, 0JIarOPOHUX METaJiB — CyIb(pypBMic-
HAMM JiTaHIaMH.

Jpyruii BayKITMBHN MEXaHi3M il 100aBOK — eNIEKTPOKATATITHYHHH.
Jnst OinplIocTi OpraHiYHUX PEYOBHH MPOLECH €JIEKTPOXIMIYHOTO
OKWCHEHHS/BITHOBJICHHSI MAlOTh BHCOKI €HEprii aKTHBaIlii, TOMy TIps-
Me aMIIepOMETpUYHE BU3HAYCHHS [IUX PEYOBHH Baxkke. J{iisg Toro, mob
3MEHILINTH L0 CHEPril0 aKTUBalii i JOCAITH NPUHHATHOI MIBHIKOCTI
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peakiii OKUCHEHHS/BIIHOBJICHHA, Y CHCTEMY BBOJSTH JIOOaBKH-
MEeiaTopH, Jil0 SIKHX MOHA MPOLTIOCTPYBATH TaKOIO CXEMOIO:

M, —¢ &2 M,, (6e3nocepenHbO HA IOBEPXHI EIESKTPOIY)
M, +Sgeq @2 Myoy +S,, (y po3unHi a0 Ha HOBEPXHi €I1EKTPOLY)

Megniatop (M) OKHCHIOETBCS 200 BiJHOBIIOETHCS OE3MOCEPETHBO
Ha TIOBEPXHI €JIEKTPOY, MICIII YOT0 B3aEMOJIIE€ 3 BUSHAUYBAHUM Op-
ra”iuHuM cyocTpaTtom (S).

Sk MezmiaTopu 4acTO BUKOPHCTOBYIOTH KOOPIUHAIIMHI CITOIYKH,
y SKAX IEHTPaJIbHUH aTOM MOXE JIETKO 3MIHIOBaTH CTYITiHb OKHC-
Henns. Lle, 30kpema, depoueH, miaHigHi Kommekcu pepymy, Hike-
o, pyTeHito, QramormiaHiHoBl, MOopdipHHOBI Ta (eHaHTPOIIHATHI
KOMIUICKCH TMEpexXiiHUX MeTaniB Tomlo. Bukopucranas RedOx-
aKTUBHUX ()epMEHTa SIK MeJiaTopa A03BOJISIE JOCSTTH BHCOKOI ceie-
KTUBHOCTI €JIEKTPOJIa BITHOCHO JI0 PEYOBHHH, IO € CyOCTPaToM JUIst
IBOro epMeHTy. MeniaTopu MOXYTh BBOAUTHCA SIK Y JTOCTIIKYBa-
HHUU PO3YHH, TaK i B TOBEPXHEBUH IIap eNeKTpody. MeTon ammepo-
MeTpii 3 BAKOPUCTAHHSIM MeIiaTOPiB 3aCTOCOBYIOTH JIsi BU3HAUEHHS
TKapCchKUX IperapariB, MECTUIUIIB Ta 1HIINX OPTaHIYHUX TOKCHKA-
HTIB, BITaMiHIB, BYTJIEBO/IIB Ta IHIINX 010JIOTIYHO-aKTHBHHX CIIONIYK.

7.2. 3acTocyBaHHS KOOPAMHALIMHUX CNONYK
Yy XimMiuHii TexHonorii

7.2.1. Komnnekcu y TexHonorii KoNLOPOBUX MeTanis

Kommiekcn metaniB 3HaXoJTh IIUPOKE BUKOPUCTAHHS y TIPOLIE-
cax BHIOOYBaHHS, PO3UICHHS I OYHCTKHA KOJIHOPOBHX 1 JTOPOTOIlIH-
HUX MeTaniB. Hampuknanm, 3050TO 3 mopin, sKi MalOThb HEBEIHUKHUI
BMICT [IbOTO METay, BUIO0YBAIOTh HUITXOM iXHBOT OOPOOKH IiaHiIoM
HaTpito 1pH goctyii nositps. Opepxanuit po3und Na[Au(CN),] Bi-
JTHOBJTFOFOTH ITUTHKOBUM ITUJIOM Ta OTPUMYIOTh METAJIIYHE 30J10TO:

4Au + O, + 8NaCN + 2H,0 = 4Na[Au(CN), ] + 4NaOH

2Na[Au(CN), ]+ Zn = Na,[Zn(CN), ]+ 2Au

3onoToBU00YBaOYi MIAMPHUEMCTBA, IO MPAIIOOTH 32 MIi€I0 Te-
XHOJIOTi€10, po3TamioBani B Oaceiini p. Tuca (Pymynist). CTiuHi Bo-
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¥ 3 HUX, II0 MICTATH LiaHIAW, PEryJIsipHO MOTPAIUIIIOTh ¥ Tucy,
MPU3BOJSMYH 0 MacOBHX 3aMOpiB puOHU, y TOMY YHUCIIi i Ha yKpaiH-
CBKill TepuTOpii.

OnepxaHHS METaJIIYHOTO ATFOMIHIIO MPOBOAATH IIISIXOM EJICKT-
ponizy Horo oxcuny AlLO, B cepemoBHIll PO3TOILIEHOIO KpIOJITY

Na,AlF, npu temneparypi 6iamssko 700 °C.

Hyxe BaxnuBuM 3actocyBanHsM KC € excTpakiiiiHe po3aiieHHs
i ouncTka MetaniB. Tak, mpu BUAOOYTKY ypaHy 3 METOI HOTO KOH-
LEHTPYBaHHs Ta BiIIJICHHS BiJl IHITUX METANiB TPOBOJISATH EKCTPAK-
miro kommiekcie U*' i3 miankinaminogocdaramu y daszy oprariu-
HUX aMiHiB. [HIIMH BapiaHT KOHIEHTPYBAaHHS ypaHy — BUJIYYCHHS
anionnoro kommiekcy [UO,(SO,),]* Ha aHioHOOOMiHHMX cMOMax

y cipuaHokucioMy cepemoBuii. [licias KOHIIEHTpYBaHHS ypaH BH-
MHUBAIOTh 31 CMOJIA XJIOPHUJIHOKO 200 HITPaTHOI KUCIIOTOM. [lis Bij-
IUTEHHS TaJiio BiJ allfOMiHIIO, y pyZlaX SKOTO BiH MICTHUTBCA K JIO-
MIIlIKa, 3aCTOCOBYIOTh eKcTpakmiro y Tpuoytwidochar (ThD) y
npucyTHOCTi pozaaHimy. [lpu 1bOMYy YyTBOPIOETBCS HEHTpPAIBHUIA
komiuteke [Ga(NCS),{O=P(OBu),},]. AntomiHili, ik OLIbII KOPCT-

Ka KucioTa JIproica, y BOJHOMY pO34HHI pOJaHiJHUX KOMIUIEKCIB He
YTBOPIOE, TOMY HE eKcTparyeTbes. L{IupkoHiil BiuIisiroTh Bif radHito
nuisixom oro excrpakuii y Th® i3 cepenpoBuma 6M HNO; y Burms-
ai [Zr(NO,),{O=P(OBu),},]. OnepxaHHs HUPKOHIIO 0€3 IOMIIIOK
radHII0 BaXJHWBE TSI BUPOOHUIITBA OOOJIOHOK TEIUIOBHIUISIOUNX
enementiB (TBEJIiB).

BaraTo meToziB po3zilieHHs KOTLOPOBUX METAJiB 0a3yeThCs Ha
pi3HINA po3uMHHOCTI iXHIX KoMIUIekciB. Tak, TaHTan i Hi0O1# po3mi-
nsitoTh y ipucyTHocTi KF i HF. Ilpu oMy yTBOPIOIOTBCSI PO3YHHHA
cnonyka K,[NbOFK] i1 noranopozunnna K,TaF,. 3amumkn kom-

IJIEKCY TaHTATy EKCTPAryroTh i3 CIa0KO-KUCIIOTO PO3YHHY, IO Mic-
TUTh Hi00i#, y TE®. Cxema po3iieHHs ITIATHHOBHX METAIIB, ICTalb-
HO OMHMCaHa Yy KJIacMYHOMY MiApy4HuKy [34], Oa3zyeTbcst Ha pi3Hii
PO3UMHHOCTI LIUX METaNliB y KHCJIOTaX-KOMIIJIEKCOYTBOPIOBaYax i
Pi3HINA PO3YMHHOCTI IXHIX aMOHIHHUX, XJIOPUAHUX 1 3MIIIaHOJITaH -
HUX KOMIUICKCIB.
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7.2.2. Komnnekcn ana HaHeCEHHS NOKPUTTIB

[Hma BaknmMBa Tamy3b 3aCTOCYBaHHS KOMIUICKCIB — HaHECEHHS
TOHKHX METAJiYHUX 1 MeTall-OKCHIHMX ILTIBOK. Haiuacrime ToHKI
IUTIBKA METaiB HAHOCATH HUIAXOM EJICKTPOXIMIYHOTO OCAKEHHS.
Hepinko enekTpomiTy, 1m0 3aCTOCOBYIOTH IUIsl IIBOTO, SIBJISIOTH CO-
0010 po3umHHN KOMIUTeKCiB MmeTtamiB. lllumpoke 3acrocyBaHHS 3HaXo-
nath mianinHi (Cu, Ag, Au, Zn, Cd), mipodocdarai (Cu, Sn) Ta amo-
HiauHi (Zn, Rh, Pd) komrutekcn, Takosk iHOJII 3aCTOCOBYIOTh KOMILJICK-
CH 3 BUHHOI kucnotoro, EJITA, cynbhaMiHOBOIO KHCIOTOIO, TITFOKO-
3010. IlpuunH 3acTocyBaHHS camMe KOMILICKCIB, a HE "3BHYalHHX'
coJlell MeTaliB AeKiIbKA.

[Mo-nepme, y Bunaaky manoaktuBaux MeraiiB (Cu, Ag, Au, Rh,
Pd) moxe BigOyBaTucs iXHe XiMiYHE OCAQIKCHHS Ha TIOBEPXHI
6inpm axTHBHOrO Mertany: Fe+Cu’" — Cu+Fe™ . Onepxane Ta-
KM YHHOM TTOKPUTTS 3BUYANHO CKIIAJAETHCS 3 BEIIMKUX KPUCTAIi-
TiB METaly, € HEMIUILHUM 1 JIETKO BIIIyIIyeThcs. [lomaBaHHS KOM-
IJICKCOYTBOPIOBaYa MPU3BOIUTH JI0 3HAYHOI'O 3MCHIICHHS KOHIICH-
Tpauii BiIbHUX 10HIB MeTally, a OTXe, BiANOBiAHO 10 piBHsAHHS He-
pHCTa, 10 3MCHIICHHS OKHCHIOBAIBHOTO MOTEHINaNy po3umHy. lle
MPU3BOJIUTh 10 3HAYHOI'O 3MEHIICHHS IMIBHIKOCTI ab0 IOBHOIO
MPUIUHEHHS XIMIYHOTO ocaJkeHHs. HakiianaHHs ) KaTOJHOTO TIO-
TEHIiaJly TPHU3BOAHUTH 10 KOHTPOIHOBAHOTO EIEKTPOXIMIYHOTO
OCaKCHHSI, SIKE JIA€ 3MOTY OJCPKaTH MIUThHE MMOKPHUTTSI, 10 MIITHO
TPUMAETHCSI HAa TIOBEPXHI METAIYy.

Jpyra npuyrHa BUKOPHCTAaHHS KOMILJICKCOYTBOPIOBAYiB OJHM3bKa
IO TIEPIIOi: YMOBOIO OACp KaHHS IMIITFHOTO Ta SKICHOTO €IeKTPOXi-
MIYHOT'O TOKPUTTS € MOPIBHSIHO HEBEJIMKAa KOHIIEHTpAIlisl 10HIB Ooca-
JOKYBAHOTO METajly, BOJAHOYAC WOTO 3arajibHa KOHIICHTpAIlisl B PO3-
YiHI Ma€e OyTH JOCHUTPH BEJHKA, JJIS TOTO 00 CKJIAJ] PO3YMHY TMpPaK-
TUYHO HE 3MIHIOBaBCS Y MPOIIECi 0capKeHHA. TpeTs NpuYrHa BUKO-
pHUCTaHHS KOMIUIEKCIB — 3a100iraHHA TiApoi3y 10HIB TAKMX METaliB
SIK OJIOBO Ta IMHK 32 YMOB OCa/DKEHHS (3BHYAHHO IIe CEPEeIOBHIIE
OJIM3BKE 10 HEUTPATBHOTO).

SIKI0 MOTPiIOHO HAHECTH METAJIYHE MOKPUTTS HA TIOBEPXHIO Jlie-
JIEKTPUKA, 3aCTOCOBYIOTh XiMi4YHE BiTHOBJICHHSI METaIiB, HAYACTIIIIe
Hikemo ado migi. OxepkaHuii TOHKAHA €TEKTPOTPOBITHUHN Map Me-
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TaJgy 3aCTOCOBYIOTH UISI TIOJAIBIIOTO OCAKEHHS IHIMAX METAIIIB
CJICKTPOXIMIYHUM criocoOoM. [yt Toro, 1100 CTBOPUTH IIGHTPU 3pOC-
TaHHSA KPUCTANITIB HiKeM0 a00 Miji, HOBEPXHIO Ji€JIEKTPUKa MOIle-
penHso 00pobIsIIoTh comsiMu cranymy(Il) 1 mamamiro, ocamkyrodn
omspko 0,1-1 MI/M TIANaIio y BuUriasai HaHouacTHHOK (100—
200 aM). Ilicas uporo AieneKTpUK OOpOONAIOTH JIy>KHUMU PO34YHMHA-
MH, IO MICTSTH COJIi HiKellto abo KympyMy, KOMILIEKCOYTBOPIOBAY i
BIIHOBHUK. Y BUNAAKY Hikemo e 3Bmuaiino NHj; i Na,HPO,, mis
KyIpyMy — BUHHA KHCJIOTa Ta ()OPMaIBJICTi]I.
BinHoBIIeHHS BifOyBa€ThCS BiAIOBITHO IO PEAKIIIi:
[Ni(NH,),]** + Na,HPO, +20H™ =
=Ni{ +Na,HPO, + 6NH, + H,0
2[Cu(C,H,0,),]" +H,CO+60H =
=2Cu +CO¥ +4C,H,0F +4H,0
[HIMHA migXxig 0O HAHECEHHSA MeTAYHUX ado METaa-OKCUIHUX

MTOKPUTTIB — TEPMIYHUN PO3KIIA] KOMIUIEKCIB METATIiB Ha Tapsdiid
noBepxHi 06po6oBanoi aetani'. L{eit MeTox OTpEMAaB Ha3BY XiMiu-
He ocajuKeHHs1 3 maposoi ¢asu (aHri. chemical vapor deposition,
CVD). 3acrocorHi g1t CVD crniomyku Ta IpoayKTH iXHBOTO TEPMIidHO-
T'O PO3KJIay MAaloTh OYyTH JIOCHTH JIETKUMH ¥ PO3KIIAJIATUCS TIPH TTOPiB-
HSIHO HEBUCOKIN Temmepatypi. Hampukan, metaniyai mOKpUTTS OAep-
JKYIOTh IUISIXOM PO3KIIaJy alleTHIAIETOHATHUX KOMIUICKCIB METaIIB:

H,C CH,
O\ O N 10
C\u — Cu + [IpoaykTu po3knany Jiranay
N
(N0
H,C CH,

Po3skitag neTKuX alKOKCHIIB METATIB A€ 3MOTY OACPKAaTH METall-
OKCHJIHI IOKPUTTSI:

Ti(OC,H,), - TiO, J +2C,H,-O0-C,H,

' YacTo BKHBaHMM CIOCOGOM HAHECEHHS TAKUX MOKPUTTIB € HATIMIICHHS
— OCaJUKEHHS MeTay abo OKCHAy 3 MapoBoi (a3W y BHCOKOMY BaKyyMi.
AuJte el crocib He CTOCYEThCS XiMii KOMITIEKCHHUX CIIONYK.
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VY BUINAAKY K, KOJIHM BUXIiJJHA CIIOJIyKa HEJETKa, MOKPUTTS Ha OcC-
HOBI MPOAYKTIB ii TEPMIYHOTO PO3KJIAAy HAHOCSATH ILIAXOM PO3IH-
JICHHS PO3YMHY BiJIMOBIMHOI CHOJYKH Ha rapsady oOpoOItoBaHy IO-
BepxHI0. Hanpurkiaa, moKpUTTS 3 HI00aTy JiTif0, [0 Ma€ BIaCTUBOC-
Ti CErHETOENEKTPHKA Ta AY)KE€ BHCOKI HENiHIHHO-ONTHYHI XapakTe-
PHUCTUKH, HAHOCSTD IUIIXOM OOpPOOKH rapsiuoi MOBEpPXHI CHMPTOBUM
PO3YMHOM aJTKOKCHHIO0ATY JITIIO:

Li[Nb(OCH,),] - LiNbO, ¥ +3CH,~O—CH,

7.3. KoopauHauiiiHi cnonyku B MeaULMHi
Ta CiNbCbKOMY rocnoaapcTBi

Hnst Toro, mo6 KoopauHALiiHA CHONIyKa MOTJa 3HAHTH 3acTOCy-
BaHHS SIK JIKapCHKUU TIperapar, BOHA Ma€ BiINOBIMATH IEKiIbKOM
kputepisM. [lepmr 3a Bce, BoHa Mae OyTH TEBHOIO MIpOIO CTIHKOIO
Ta/ab0 iHEepTHOW. Y MPOTHJIEKHOMY BHIAJAKY NPH MOTPAIUISHHI B
OpraHi3M JIOAMHH, SKUH € XiMIYHO-aKTUBHUM cepepoBumeMm, KC
IIBUIKO 3a3Ha€e XIMIYHUX TEpeTBOpPeHb 1 Oyae MisATH Ha OpraHizMm
aHaJIOT1YHO TOMY, SIK 1 "3BH4aifHa" cib TOro x Metanmy. ToMy yBara
JOCHIOHUKIB 10 Gioznoriynoi aktuBHOCTI KC € 3HauHO mepebibiie-
HOIO, OCOOJTMBO 1€ CTOCY€ETHCS 0araTosiIepHUX KOMIUIEKCIB. 3 iHIIIO-
ro 6oky, KC mae OyTu meBHOI0 Mipol0 XiMI4HO-aKTHBHOIO, 1100 IT0-
IisTH Ha opraHisM, "y IEBHOMY Miclli Ta y eBHUH yac". BaxxmBumu
napaMeTpaMu 0i0JIOTIYHO-aKTHBHOI CIIOMYKH € TaKOX ii pO3UYNHHICTH
1 TimpodoOHO-TiAPOdIIBHI BIIACTUBOCTI, MO 3YMOBIIOIOTH MOYKITH-
BiCTh TPAHCHOPTY CIIOJYKH IO OpraHi3My Ta il MPOHUKHEHHS depes3
MeMOpaHu KITiTHH.

Sx npuxmax OiomoriuyHo-akTHBHOI KC  pO3risiHEMO — CIIOMyKy
cis-[PtCl,(NH,),], BinoMy sk IpenapaT HUCILIATHH, IO 3aCTOCOBY-

€ThCs B XiMiOTeparlii OHKO3aXBOPIOBaHHb. SIK BiZloMo, Komiuiekcu Pt
€ TIEBHOIO MIpOI0 IHEPTHUMH, TOMY CIOJIyKa HE PYHHYETHCS I dac
TpaHCIopTy 13 KpoBoTOKOM. OnHak miranad Cl° MarTh JOCHThH BEJHU-
Kuii TpaHc-BILIUB, ToMy Komu cis-[PtCl,(NH;),] norpamuse B 310ski-

CHY MyXJIuHY, jJiranan NH, 3aminrytoTscst B Hilf Ha 3aJIMIIKK a30THC-
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THX OCHOB, III0 MICTSIThCS B JaHIokkax JIHK "nepepomkenux" KITiTHH.
Taxum yuHOM 1HIcTUTaTHH "31mmBae manioxku JJHK, v neperiko-
JDKAE TIOIANTBIIIOMY PO3BUTKY 3JI0SIKICHOT MyXJIMHH (pHcC. 23).

Puc. 23. lis uucniatuny Ha ganuro:xkku JHK

[HImUM THIOBUM TpuKiIagoM MeauuHoro 3actocyBaHHs KC e mak-
tatu Ta 1utpatd ¢epymy(Ill), mo BUKOPHCTOBYIOTH MpH JIKyBaHHI
anemii. "3Bruaitai" comi Gepymy (Xopum, cyibdar) npu moTparuIsTHHI
B OpraHi3M JIFOJIMHH MIEPETBOPIOIOTHCS B HEPO3IUMHHUI, a TOMY 010710~
rivno HeaktuBHUH Fe(OH),. Comi ¢epymy 3 okcokucnoramu (1o

HACTIpaB/ii € BHYTPIIIHHOKOMIUIEKCHIMH CIIOIYKaMH) B OpraHi3Mi He
PYHHYIOTBECS, TOMY (hepyM MO’Ke BUTBHO TIOTPAIUTH JI0 EPUTPOIINTIB.
OoroBoprotoun Meandne 3actocyBanHs KC, HEMOXIMBO He 3ra-
JaTh NPO TOKCHYHY [il0 BAXKMX METaNiB 1 NPOTHOTPYTH IO HHX.
OnuH 13 HAaUTOKCHYHIIIAX METATIB — PTYTh, SKa YTBOPIOE IIy)KE
CTIHKI CTIONyKH 3 CyNnb(iIOM Ta iHIIMUMHU CYIb(QYPBMICHUMH JIiraH-
JaMy. Y MOJeKyJlaXx HNenTUAiB MicTaTecs rpynu —SH aMiHOKHCIOTH
LUCTEiH. PTyTh, 10 MOTpanuia B Opradism, MilHO 3B'SI3y€ThCS 3 LHU-
MU TPyIaMH, 3IIUBAIOYN MOJICKYIH TENTH/IB MK CO0010. 3BEpHITH
yBary, 1o cpibno, sike TakoX MIIHO 3B'I3yeThCsl 3 rpymamu —SH,
€ OIHOBAJEHTHHM, TOMY HE 3IIMBAa€ NENTUAHI JAHIIOKKH, & OTKE €
Ha0arato MEHI TOKCUYHUM 32 PTyTh. TakuM YHHOM, Jisl TIPOTHOT-
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PYTH A0 PTYTi (Ta iHIIUX MOAIOHKX 10 Hel MeTalliB) Ma€ MOJISATATH y
3B'sI3yBaHHI METATy B PO3YMHHUI KOMIUIEKC, SIKUI MOke OyTH BUBe-
JIEHWIA 3 OpTaHi3My, IPUIOMY IIel KOMIUIEKC Ma€ OyTH CTIHKIImM 3a
KOMIUIEKC 13 IIUCTETHOM.

Hum ymoBaM (CTIMKICTB 1 POYMHHICTD) 38JOBOJILHSIOTH KOMILIE-
KcH 3 yHiTionoM (muB. Po3min 7.1.3), CTIHKICTh SKUX AOCSATAETHCS 3a
pPaxyHOK XeJIaTHOTO €(DeKTy, a PO3UNHHICTh — 332 paxXyHOK HasBHOCTI
ioHOTeHHUX Tpy1. [Ipu JlikyBaHHI YHITION BBOASTH K y IUTYHOK, TaK
1 B KPOB ITOCTPaXXIAJIOTO.

4-
S -
s
S—Hg—S

_Ossd\‘s

[Mixxomn no 3actocyBanus KC y cinbCchbKOMY rocroiapcTi aHajo-
riudi takuMm y memunmHi. Hanpukmazn, Hectaua depyMy B pOCIHHAX
MIPU3BOANTE JIO0 3aXBOPIOBAHHA, IO 3BeThes '"xiopos". Lle 3axBopro-
BaHHS 3BUYAHHO MPOSBIISETHCS TP BUPOLTYBaHHI POCIUH HA JTy>KHHX
(BamHSKOBHX) IPYHTaX, y SIKUX (hepyM MiCTHThCA Y (opmi HEpO3UMH-
HOro, a oTKe 1 HepocTymnHoro Uit pocauH Fe(OH), . 3axBoproBaHHs
JIKYIOTh LOUISIXOM JOJAaBaHHS y IPYHT TpwioHy b, sikuii yTBOpIOE 3
(bepyMOM pO3YMHHUI KOMIUIEKC, 110 JIETKO 3aCBOFOETHCS POCITMHAMH.

Hesiki 3 ¢ynrinuais, Hanpuknan "Liupam" ((CH,),NCS,),Zn, €
KOOpAMHALIHHUMHU CIIOJTyKaMH. Y JaHOMY BUMIAIKy Oi0JIOTiYHY aK-
TUBHICTb MPOSIBIISAE JiraHz, a Horo 3acTOCYBaHHs y BUIJISIAI KOMILIE-
KCY 3 IIMHKOM 3yMOBJICHO OLIBIIOI CTIMKICTIO OCTAaHHBOTO JIO OKHC-
HEHHS MOPIBHIHO 3 BITFHUM JITaHA0M abo HOro HaTpieBOIO CIILTIO.

7.4. MeTanokomnnekcHUN Katani3

3acTocyBaHHS MPOIECIB METAJIOKOMIUIEKCHOT'O KaTali3y Iae Mo-
JKIIMBICTh TPOBEACHHS peakiiid, "He3BruaitHuX" i3 MOTISAY Kiacud-
HO1 opraHigHOi Ximii. XiMiuHa HayKa TMPHAUIAIA yBary IOCIIHKEH-
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Ximis koMnnekcHWX cnonyk

HIO THUCSY TaKWX IPOIECIB, OJHAK Ha CHOTOHI Y TPOMHUCIIOBOCTI 3a-
CTOCOBYETHCS JIUIIIE JICKIIbKa JCCATKIB 13 HUX, HAMBAXKIIMBIIII 3 SIKHX
OyIyTh PO3TIISTHYTI HUKYE:

CrepeoperyJsipHa mojiiMepusanisi i 1i€ro katamizatopiB Llurie-

pa—Harru:
K AIEt/TiCl,
TN 20 °C * n

VY mpomy mporieci mia Ji€l0 METATOKOMITJIEKCHOTO KaTali3aTropa
YTBOPIOETHCS 130TAaKTUYHHUH MOMIMpPONiyieH (KoHQIiryparmis acuMer-
PUYHUX aTOMiB KapOOHY Ha TIEBHIN AUISHII MOJIMEPHOTO JIAHIIOTY €
OJIHAKOBOI0), MEXaHIYHI BJIACTUBOCTI SKOTO 3HAYHO IEPEBAKAIOTH
TaKi JJIsl aTaKTUYHOTO IMOJIiNporiieny (KoH}Irypais acCHMEeTpUIHUX
aToMiB KapOOHY € BHUMAaAKOBOI0). [y puKiagy: CKOTY 3p00JIeHO 3
ATaKTUYHOTO, a IJIACTUKOBI pEMEHi, SKUMH OOB'S3YIOTh KOHTEHHEpH
— 3 130TaKTHYHOTO TMOJIINPOITIJICHY .

Meraresuc ankenis (y 2005 p. Bif3HaueHO HoOermiBchKOrO mpemieto):

R3_ _R4 c1w=< RI_ _R2 R3. _R4
R2 |

R1 R2 R3 R4

KaramizaTopamMu 1150T0 TPOIECY € CYyMIIlli TajJoreHiaiB Boiabdhpa-
My, MOJIiIOJIeHy a00 PEeHito 3 alKIIbHUMH MOX1THUMHU aJIOMiHIIO, [TU-
HKy, CTaHyMy a0o IiTil0 B 1HEPTHHUX PO3YMHHUKAX (HAIPHUKIAI,
y XJopOeH3eHi), 1HOAI y MPHCYTHOCTI eTaHoiy. BBaxkaeThcs, 110
MPOMIKHIUMH aKTUBHHMH CIIOJIyKAMU B METATE3UCI aJIKEHIB € METaJ-
KapOEHOBI KOMILIECKCH.

OxcocunTes (peaxiis Penme):
H

RMO

Lls peakuis € OZHMM i3 HAHB@XIMBILIMX NPOLECIB OJCPIKAHHA
anbgerizis. Ii katanizatopoM e kap6ouin kobansty (140°C, 100 aT™)
a6o xommiekc poxito [Rh(CO),(PR,),],, BUKOPUCTAaHHS SKOTO JO-

RX + CO + H,

3BOJIsSIE€ 3HU3KUTH Temrieparypy 10 100°C.
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Ipouec MoncanTo (BUPOOHHUIITBO OLITOBOI KMCIIOTH):
CH,0OH + CO — CH,COOH

Cepen ycixX BiJOMHX TPOIIECIB IIPOMHCIOBOTO OJIEPKaHHS OITO-
BOT KHCJIOTH Ipoliec MOHCAaHTO € HaliMEHIIl eHepro3aTpaTHUM i BU-
KOPHCTOBY€E HaMOLIbIl AOCTYNHY cupoBuHY. lleit mpouec BinOysa-
etbest npu Temmeparypi 175 °C ta tucky 30-40 arm. Karanizatopom
LbOro mHpolecy € crnoiayku popito y npucytaocti CH,I. Kartamituu-
HUHM UK Tporiecy MOHCaHTO MOXHA MPEICTaBUTH TAKOK CXEMOIO:

CH,
+ CH,I ‘ ___________
[RhI,(CO), ] : B
Iﬁ.-..co
- CH,COI I

+CO

[Ipu 11bOMY KaTaTITHYHO-aKTHBHA CIIOJYKa YTBOPIOETHCS Y PEaKIliii-
HIil CyMiIIi 3 BUXiJHUX COJIEH POJIiI0 3a PEaKIIi€lo:

Rh* +3CO + 2HI + H,0 — [RhL,(CO),] +CO, +4H"

AUeTHIionuI, Mo YTBOPUBCS, B YMOBaX Peakilii B3aEMOJIi€ 3 Me-
TAHOJIOM 3 YTBOPEHHSM I[JIbOBOI OIITOBOT KMCJIOTH Ta METUIHOIMIY,
110 TIOBEPTAETHCS B KATATITHYHUN ITUKIL.

CH,COI + CH,0H & CH,CO,H + CH,I

147



Ximis koMnnekcHWX cnonyk

TomorenHe rigpyBanHsi ajKeHiB Ha Karaji3aropi YiTKiHCOHA:

[RhCI(PPh,),]

R2
= + H
R1

Peakuis BinOyBaeTbes B xyxe M'skux ymosax (1 arm, 20-100°C),
a KUTBKICTh KaTaiizaTopa Jy)ke Maja MOPIBHSHO 3 KiJIBKICTIO pedo-
BHHH, 110 pearye. Ha BinMiHy BiA KJIacH4HOTrO TiIpyBaHHS Ha reTe-
POTeHHUX KaTaiizaTopax (TUIaTHHA, HiKelb PeHes), TinpyBaHHS Ha
Karamizaropi YilkiHCOHA W IHIIMX POMAIEBHX KOMIUIEKCAX € CENEeKTUB-
UM a0 C=C 3B'sI3Ky, KapOOHINBHI TPYIIM HE BiJHOBIIOIOTHCSA. Ha
ChOTO/IHI AaKTUBHO BHMBYA€THCS MOXIIMBICTH NPOBECTH TOMOTCHHE
TiIpyBaHHS CTEPEOCEIeKTUBHO, BHKOPHUCTOBYIOUH SIK KaTaji3aTop
KOMIUIEKCH POJIiI0 3 ONITHYHO-aKTUBHUMH (hochiHaMH.

3acTOCOBYIOThCA KOMIUIEKCH 1 JUIS KaTallizy pi3HOMaHITHUX peak-
Lili OKCHEHHS. 30KpeMa, I enmOKCHIYBAHHS AJKeHiB!

O
x
R
AKTHBHUMH B Li# peakuii € KOMIUIEKCH TUTaHy Ta T€TEePOIOTi-
KHUCJIOTHU, TOOTO CIIOJYKH, 110 MICTATH aTOMHU METAJIB, IS SKHX
XapaKTepHUM € YTBOPEHHS IIEPOKCOKOMIUIEKCIB (amB. Pozmin
6.2.1). Y xofi enokcHuIyBaHHS TaK0XX MOKHa OTPUMYBATH ONTHY-
HO-aKTHUBHI CIIONYKH, BHCOKa CTEPEOCEIIEKTHBHICTh YTBOPEHHS
AKkuX Oyna pocsrHyTa 3 BukopuctanusaMm kommiekcy K, [Ti(tart),],

R2

>(CH3

R1 H

R + O,

o mae Ha3By "karanmizarop llapruieca". Ockinbku sik R,R'-, Tak
i S,5'-i3oMepu BHUHHOI KHCJIOTH € JETKOIOCTYITHHUMH, TOMY Ilei
KaTajaizaTop 3HaXOJUTh IIHPOKE 3aCTOCYBAHHS.

HasBHicTh cynbhypBMICHUX CIOIYK pOOUTH MOTOPHE MAJINUBO
HETNPUJATHUM JJs1 BUKOpUcCTaHHS. [nsi Toro, mo6 ix mo30yrtucs,
MIPOBOIATE OKHCHEHHS TaliBa KWUCHEM TIOBITpS 3a "KiMHATHHX'
YMOB Yy TPUCYTHOCTI MOp(ipHHOBUX KOMIUIEKCIB KOOAIbTYy Ta BOJ-
HOTO po3unHy Nyry (Mepokc-npouec). [Ipu npomy cynbdypBmicHi
CTHONYKH (SIK MEpKaIlTaHH, TaK 1 Taki CTIHKiI CIONYKH, SIK Tio(eHH)
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MEPETBOPIOIOTHCS. HA CYNBb(OKUCIOTH, IO €KCTPAryIOThCs JIy>KHUM
posunHOM y Buriani coneii: R—SH — R—SO;Na

ByrneBoani nanuBa mpu 1bOMY 3aJIHIIAIOTHCS "HEYIIKOHKSHIME .
Buxopucranus karanizatopa PdCl,/CuCl,/HCl npu 120-130 °C

JUISI OKUCHEHHS aJIKCHIB (Bakep-mpouec) J03BOJISIE OTPUMATU AJIbJIC-
Tii¥ y BOAHOMY PO34YMHI Ta BiHIJIOBI €CTEPH B OLTOBII KUCIIOTI:

H,0 H
R/\ + 0, R/w(

O
CH,CO,H X O~ CH,
RT 0
O

Y HalONMK4il 4ac € MepCreKTUBRA 3aPOBAKEHHS y TPOMUCIIO-
BICTh U1 peakuiii Cy3yki Ta Xeka, siKi KaTtanizyroTbcs GocdiHoBHMU
KOMIUIeKcaMu nanafiro, Hanpukiaang [Pd(PPh,),]. V 2010 p. 6ymu
BimzHavyeHi HobemiBchbKor0 mpemiero.

w0y — OO
O — O

Benuki nepcnekTUBU MOKE MaTH IEPEBEAEHHSA Ha METATOKOMII-
JIEKCHUN Kartaiizatop peaxiii "3B's3yBaHHs" aTMoc(epHOro azory
3 YTBOPEHHSIM aMoOHiaky. Ha chOTOmHI II0 peakiiio IMpoBOASTH Ha
rereporeHHoMy Kartaiizaropi Pt/Al,0,/K,O 3a yMOB BUCOKHX TeM-

nepaTypu Ta THCKY, IO MOTpeOye AyKe BEIMKHX CHEprosarpar.
VY Toli ke vac Gakrepii, mo € cumOioHTaMH G00OBUX POCIUH, 3B'S-
3YIOTh aTMOCQEpHHMI a30T 3a HOpMaldbHUX YMOB. KatamizaTopom
IIOTO TIPOIIeCY € epMEeHT HITpOreHas3a, akTHBHHUI IIEHTP SIKOTO Mic-
TUTH [JBa aTOMHU MOJIiONIeHy i aToM depymy (puc. 24).

OpnHak, cripoOU CTBOPEHHSI CHHTETUYHOTO KaTaii3zaTropa, aHaIorid-
HOTO MPUPOAHOMY, L0 TPUBAIOTH yKe Oinbiie 50 pokiB, 10 CHOTOIHI
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Ximis koMnnekcHWX cnonyk

He OyJIM HACTUTBKU BIAJTUMHU, 100 MOXKHA OYJI0 BECTH MOBY IIPO HO-
r'0 IPOMUCIIOBE BUKOPUCTAHHS.
BinbmicTs peakuiil, y SKuX 3acTOCO-
BYIOTh METaJOKOMIUIEKCHI KaTai3aTo-
pH, y CBOEMY MEXaHi3Mi MarTh CTaJil0
KOOpJIMHAIII OpraHiyHOi MOJIEKYJH IO
aToMa MeTally dYepe3 aToM KapOoHy.
OCKUTBKM Taka MOJIEKYJIa € M'SIKOIO OC-
HOBOIO 3a Kiacuikariero JIbtoica, pis  Pue- 24. Cxema akTusHOro
Hel XxapakTepHa KOOPIWHAIIIS 10 METalliB HICHTPY HiTporenasH
— M'sux kuciot JIproica. Tomy, sk 6a4nMo 3 BUIIICHABEICHUX TTPHKIIA-
IiB, Y KaTali3i 3BU4aifHO 3aCTOCOBYIOTH CIIOJNYKH IJIATHHOBUX METa-
JiB Ta/ab0 CHOJIYKH METaliB y HHU3bKUX CTYICHSIX OKHCHEHHS.

V cBoIO yepry akTuBHicTH KommiekciB Ti'" Ta Fe' y peakmisx oxu-
CHEHHs IOB'A3aHa 3 KoopJuHaliero monekynu okuchHuka (H,O, Ta

O, ) no aToma merany.

KonmponbHi 3anumaHHs ma 3ae0aHHs

1. SIxi BIIAaCTUBOCTI OPTaHIYHOTO PO3YMHHHKA ¥ KOMII-
JIEKCHOI CHOJIYKH 3YMOBJIOIOTH i PO3MOIiI Mi>K BOAHOIO I
opraHiuHoO azamu?

2. YoMy cyMillni po3YMHHHKIB HEPIZKO € KpaliMU €KCTpa-
rearamMu KC, HiX iHIUBIAyanbHI PO3YUHHHUKH?

3. ki mepeBaru i HeJOJIKM Ma€ BUKOPUCTAHHS Opra-
HIYHUX OCaJKyBadiB ISl TPaBIMETPUYHOTO aHAJI3y MOpi-
BHSHO 3 HCOPTaHIYHIMU ?

4. Sxumu BrnactuBoctsamu EJITA 3ymoBneHo ioro Bu-
KOpUCTaHHS B 00'eMHOMY aHaIi3i?

5. SIkuM ymMOBaM Ma€ BiAIOBIZATH PEaKIlisi KOMIUIEKCO-
YTBOPEHHSI JJIA 11 yCIIITHOTO BUKOPUCTAHHS y CHEKTPOdo-
ToMeTpii? HaBeniTe npukmagm.

6. SIki mepeBaru Ta HemoJliku MaroTh MeTogu CD Boj-
HUX PO3YMHIB Ta eKcTpakiiitHoi CD? Ski KOMITIIEKCOYTBO-
pIOBadi BUKOPUCTOBYIOTHCS IS IIUX METOJIB?
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7. Ha YoMy TpyHTYETbCS BUKOPHUCTaHHS KOMILIEKCIB
JUISL TIOTEHIIIOMETPUYHOTO 1 aMIepOMETPUYHOTO aHATi3y?
Hagenits nmpukiaam.

8. I3 sKOF METON J0Jar0Th KOMIUIEKCOYTBOPIOBAYi B
PO3YMHHU NSl €NeKTPOXIMIYHOTO HaHeceHHs mertaniB? Ski
II€ METOAA HAHECEHHS METAIIYHUX 1 METAJI-OKCHUIHUX ILIi-
BOK Bam Bigomi?

9. Slxkum kputepism Mae Bigmoimatn KC, mo0 matm
MEPCIIEKTUBY MEJUYHOTO BUKOPUCTAHHS?

10. fIxi peakii, mo KaTadi3ylOThCS KOMILIEKCAMHU METa-
JIiB, MAafOTh MTPOMHUCIIOBE 3aCTOCYBaHHA?

11. Ha yomy 0a3yeTbcsi BUKOPHCTAHHS METaJIOXPOMHUX
IHAWKATOPIB Y KOMIIEKCOHOMETPUYHOMY THTpYyBaHHi? Ski
METO/IM BU3HAYCHHS TOYKH €KBIBAJICHTHOCTI, KPIM 1HIUKA-
TopHOTO, BU MOKeTe 3ampornonyBaTu?

12. Po3unn mictuts iorn Cu’", Pb** ta Zn**. Ha ocHo-
Bi METOJY KOMIUIEKCOHOMETPUYHOTO THTPYBAaHHS 3aIlpo-
MOHYWTE METOAMKY BU3HAYCHHS CKIIQ/y CYMIiIlli.

13. Hasenits npuxitanu Bukopuctands B CO anamisi Ta-
KHX PEeareHTiB K MEPOKCOBOJICHb, PO/IaHi, TeTEPOIOIiKU-
CIIOTH, OPTaHiYHI KOMIUIEKCOYTBOPIOBaYi, i0HHI OapBHUKH.
BiamnoBiap miaTBEpiTh PIBHAHHAMU PEaKIIii.

14. JIna excrpakuii y HiTpoGen3on kationis La’" 3i cia6-
xokucaoro (pH = 3) Bognoro pozunny La(NO;), 3acrocy-

BaJIM TaKi pcarcHTu:

H H
H.C N OCH H.C N OC H
3\H/\/ 3 94\[(\},/ 49

P~on P~oH
s O O 5) 0O O
H H
OC H
H,C N\P<OCH3 HQCWN\P< 419
i1 OCH, Il "OC,H,
O O

3 JOJaBaHHIM
"K03aHOBOI KHCIOTH"
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®opmyina "kozanosoi kucnoru": H[Co(C,B,H,,),]. Pos-

TalryBaTH METOIUKHU B P 32 e(peKTHBHICTIO, 3pOOHUTH HE-
00XiHI MOSICHEHHSI, HABECTH PIBHAHHS PEaKIii.

15. Iipuaunazonadron yac- —N HO
TO BUKOPUCTOBYETHCS st CD \ I\{\
BH3HAYEHHS KaTIOHIB METAJIIB, N O
3BHUYAMHO aHali3 MPOBOAATH
mpu pH=35. I3 akumu mera- O

JJaMU YTBOPIOE KOMILJIEKCH LIeH

peareHt, K KOJip MalTh PO3UYMHU PEAareHTy W KOMIUIEK-
ciB 13 HUM B ymoBax BusHaueHHsa? [lopiBHsiiTe Bamry Bin-
MOBIJIb 13 JIITEpaTypHUMU JTaHUMH.

16. MemOpaHa 10H-CEIEKTUBHOTO SJIEKTPOAY MICTHTH PO3-
yuH 15-kpayH-5 y HiTpoOeH30:i. [{0 KaTioHIB SKUX JTyKHUX
METaiB Ma€ MPOSBIIATH CEIEKTUBHICTD 1IeH eNeKTpo?

17.Y macty BYTUIBHO-TIACTOBOTO €JIEKTPONY JOJal0Th
1,10-penanTpomin. s BU3HAUCHHS SIKAX KaTIOHIB MOXKeE
BUKOPHUCTOBYBATHCH LIeH eeKTpon?

18. HemonaBHo OyJio BCTaHOBIEHO, IO JOJaBaHHS
(hepolieHy B 30/1b-T€JIb MATPHINIO TJIHOKO3HOTO 0i0CEHCO-
py, SKa MICTUTh (EPMEHT TJIIOKO30KCHIa3y, CYTTEBO
MOKpaIye BIATYK ceHcopy. Slka HaiOinmpm HMOBipHA
npudrHa 1poro edexrty? BiamoBiap miaTBEpAiITH piB-
HSHHSIMU PEaKIli.

19. TlosicHiTh, YOMy TIpH HaHECEHHI Ha 3aJTi3Hi BUPOOH TTOK-
PHTTIB 13 METaJIYHOTO OJIOBA ENIEKTPOXIMIYHIM CIIOCOOOM [0
posunny SnCl, nonatots Benukuii Hagmmok K,P,0, .

20. [MosicHiT, YOMY ISl KaTali3y peakiiil rigpyBaHHs,
KapOOHIUTIOBaHHS, i30MepHu3allii sk KaTali3aTOpHh BHUKO-
PUCTOBYIOTh  CIIONYKH INIATHHOBHX  MeTaliB  abo
3d-meraniB B aHOMaJlbHO-HU3bKHUX CTYIEHSIX OKHCHEHHS,
a ans peakiii emokcuayBaHHs (YTBOPEHHs €MOKCHUIIB 3
onediHiB 1 MEPOKCOBOJHIO) — CIIOJYKH TUTaHy Ta reTe-
POTIOTIKUCTIOT.
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21. YoMy npu HEIOCTATKY KaJblli0 B OpPraHi3Mi 3acTocy-
BaHHS Ipenapaty riatokoHaT Kaisuito( CaGl,), ne Gl —

3aIMILOK TJIFOKOHOBOI KHC- OH OH
JIOTH, € 3HAYHO e(EKTHBHI-

LIMM, HK BBECHHS B opra-  HO,C

HI3M TaKkuX CHOJYK SIK OH OH

CaCO, abo CaCl,?

CH,OH
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Hopatok

CkopoyeHi no3HauYeHHs, hopMynu Ta Ha3BM,
NoLMpPEHNX niraHais

Hacac bpy, dipy
H,C CH, 7\ —
\
O (0] —N N /
AneTunaneTon 2,2'-6imipuant, 2,2'- THIipuII
HCp H,dea
@ HO \/\N /\/OH
H
Huknonenramien Hieranonamin
dien Et,dtc™, dtc”
HN NH S
2NN
%I EtZN% B
S
JietuneHrpuamin HietmnmuriokapbamiHart
H,dmg H,edta
H,C CH, HOZC\\ /—CO,H
| | N\/\N\\
HO/N N\OH HOZC\/ COZH
JIIMETHIITITIOKCHM ETunenniaMiHTeTpaonTOBa KUCIOTA
Hea en
OH NH
HZN/\/ HzN/\/ 2

Etanonamin (MOHOeTaHOJIAMIH)

Erunengiamin




Hopatok

IIpoodoescennn dooamka

Him, Himz H,ida
_ P 2N
HO,C N CO,H
NVNH 2 H 2
Iminazon ImiHOiOIITOBA KHCTIOTA
H;nta phen
CO,H
HO,C._N._ CO,H
Hitpunorpuonrosa KucioTa 1,10-penanTposnin
pip pn
CH,
( NH
H,N NH,
[Minepuaun [poninenmiamin
Hpz py
- AN
. G
~~ 7/
7
N
[ipazon [ipuaun
Hquin tu
X NH,
. s
N NH,
OH
8-OKCHXiHOMIH TioceuoBuna
H,tart H,tea
HO CO,H HO \/\N ~_-OH
HO,C OH K/OH
BunHa kucnora Tpueranonamin
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IIpoooesrcennn dooamka

tren trien
H,N NH H
NN N~ N~
N NH
K/NH2 H 2
2,2' 2"-TpuaMiHOTpHUETHIIAMIH TpueTnnenrerpamin
tn ur
NH,
HN. _~_NH, O:<
NH,
Tpumernnengiamin CeuoBmHa

VY Tabmumi HaBEAECHO 3arallbHOBXKWMBaHI TPUBiaIbHI HA3BH JIiraH-
niB. Yci ckopoudeHHs mojaHi 3rimHo 3 pexomenmamisimua [UPAC,
y JIEAKUX BUITAJKaX HABEJCHO TAKOX 3arajbHOBXKHBaHI CKOPOYCHHS
(mpyruit psmok). SIKIIo JiraHj Ma€e KUCIOTHI IPOTOHU, BOHH MO3HA-
YaroThCsl Yy CKopoueHHi. Hampukiian, TpueraHomamMiH MOXe KOOpIH-
HYyBAaTHUCs SIK y BUIJIAL HelTpaibHOI Mostekynu ( Hitea ), Tak 1 y Bu-

risal anioHis: H,tea™, Htea® , tea’
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