Jlexuis Ne 11.

Temall. lonnuii 38’ s130k. EHepris ioHHOTO 3B’s13Ky. B3aemHa mossipusaiiisi 10HiB.
BB mossipuzariii Ha BIacTUBOCTI pedoBUH. [1OJSpHICTH 1 €EeKTPOBiA’ €MHICTB.
XiMiuyHUH 3B’S30K B KOMIUIGKCHHX CIOJyKaX. [30Mepis KOMITJIEKCHUX CIIONYK.
[TosicHeHHs XIMIYHOTO 3B’SI3Ky B KOMIUIEKCHHX CIIOJIyKax 3 JOIOMOTOIO
CJIEKTPOHHUX YsABIEHb. KBaHTOBOMEXaHIUHE TpakTyBaHHs 3B’s3Ky [lonspHICTS 1
€JIEKTPOBI €MHICT. MeTOA BaJIeHTHUX 3B’sI3KiB. Teopiss KpUCTaII4HOTO MOJIS.
MounekynspHi opOiTani B KOMIUICKCHUX CTIOTyKaX.

3.5. Po3gia m’aruit

lonnuii 38°A30K

3.5.1. EHeprisi ioHHOro 3B’si3Ky. 3 10HHUMH MOJIEKYyJJaMH XiMiKaM JIOBO-
JUTBCSI 3YCTpIUaTUCS TOPIBHSIHO PijlIe, HiK 3 YaCTHHKaMH, JI€ aTOMH 3B’s3aHl
KOBAJICHTHUM 3B’SI3KOM. B 10HHUX KpHUCTalaX HE ICHYE€ OKPEMHUX MOJIEKYTd. Y
OUIBIIOCTI PO3YMHIB 10HHUX CIIOJIYK TaKOX HEMa€ iX MOJIEKYJ, OCKUIbKU IpHU
PO3YMHEHH] B MOJSPHUX PO3UMHHHMKAX (BOJA, CIIUPTH) 10HHI CIOJYKH MOBHICTIO
JUCOILII0I0Th, a B HenoisipHuX (CCly, CgHg) BoHM 3a3BHuail Hepo3umHHI [1].

[oHHI MOJEKynM MOXKHAa BHSIBUTH B Tlapax IOHHUX cmodyk. Jlms
BUITAPOBYBAHHS LIUX PEYOBHUH, SIK MU 3HAEMO, NOTPIOHE HArpiBaHHS /10 BUCOKOI
temnepatypu. CiiJl BII3HAYUTH, 1110 B TTapax 10HHUX CIOJYK MICTATHCS HE TUIbKU
MOJIEKYJIM, @ W 1HII YaCTHMHKU — acOL[laTH 3 KUIBKOX MOJIEKYJI, & TaKOX MPOCTI 1
ckiaaHi ionn. Hampukiaa, B mapi xaopuay Hatpito, kpim Monekysn NaCl, e takox
acorriat (NaCl), i (NaCl); ta iorn Na,Cl* i NaCl;.

OCKUIbKY TIpUTSATAHHS 10HIB OMUCYEThCs 3aKkOoHOM Kysona, To a1 10HHUX
MOJIEKYJT MOKHa TOpPIBHSHO IIPOCTO PO3paxyBaTH €HEPrito 3B s3Ky. Ko
PO3TJIsIIaTH 10HU K HeneOopMOBaHi 3aps/DKEHI Mapy 13 3apsiiamu, 1o pieHi |, To
CHJia MPUTSATAHHS MK HUMU BUPaXaeThCs piBHAHHAM (3.122).

Fopum = €112 (3.122)
7ie I — BIICTaHb MK IICHTPaMH 10HiB.

Enepris nputrsaranss U,, BU3Ha4yaeTbes BiAHOMEHHAM (3.123):

Uppum. = — (€2Ir) (3.123)

3anexnocti U, = f(r) BignoBigae HIKHA MyHKTHpPHA KpHBa Ha puc. 68.

Ha ngyxe wMammx BiJICTaHAX TPOSBISIOTHCS CHJIM  BiAIMITOBXYBaHHS,
3YMOBJIEHI B3a€EMOJIIEI0 €JIEeK-TPOHHUX 00070HOK. bopH 1 Jlanme B 1918 p.
NOKa3aju, 110 eHeprio BIAMTOBXYBAaHHS (Ugp) B Mep-II0My HAOJMKEHHI MOKHA
BBa)XKAaTH 0OCPHEHO MPOIOPIIIIHOO BIJCTaH1 Mi’kK 10HAMH B CTETEHI N:

Ugio.= B/ (3.123)

BanexHicth Ugp = f(r) mpencraBieHa BepXHBbOK MYHKTHPHOKO JTHIEH Ha
puc. 68. BemmumHa N oxepkana  Ha3By  koe@iyicHma  OOPHIBCLKO2O
giowmosxysannsi. BoHa 3HayHO OUTbIIa 3a OJWHUIIO, OCKUIBKA CHIIU
BIJINITOBXYBAaHHS IIBUAKO 3MEHIIYIOTHCS 3 BificTaHHIO. KoedirieHT N 3aiexuTh
B1JI IPUPOJIM 10HA 1 JIJIsL 10HIB 3 €JIEKTPOHHOI KOH(irypaitiero noaioHow g0 He,
Ne, Ar, Kr ta Xe nopiBHtoe BianoBijaHo 5, 7, 9, 10 ta 12. Moro MoXHa BU3HAYUTU
3a CTYNEHEM CTHUCKYBaHHS KPHUCTAJiB 1 Ha OCHOBI ONTHYHHUX BJIACTUBOCTEU
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peuyoBuH. BpaxoByrouu, 1110 cuiia € MEPIIor0 MOX1THOIO Bl €Heprii 3a BiACTaHHIO,
oaepxkyemo (3.124):
fsio. = dUgp [dr = — (nB/r™*?) (3.124)
3i 3MiHOI0O I' 3MIHOKOTECS 1 fypum, 1 fsip. Ha piBHOBaxkHIN BimcTani ry Mixk
ionamu 1i cum piBHi. Tomy ozmepxyemo €%/1q> = nB/ro"™?, 3Binku:

B =e?ry™Y/n (3.125)
[ToeHanHS pIBHSHB TIPH I = I Ja€:
Usio. = e2/ron. (3.126)

TaxuMm 4MHOM, BIA€THCS BUKIIOYUTH BETUUUHY B 13 pIBHSIHHSL.

2

A

/ TIPH T

Puc. 68. KpuBi nmoTeH1ianbHO1 €Heprii Jyisi I0HHOTO 3BSI3KY.

Ockinpku eHeprig B3aemoaii U=U,,n+Uqy, TO BiANOBIAHO s I'=Io
oziepxyemMo piBHsiHHA (3.127):
Uo = — (e%ro) [1 - (1/n)]. (3.127)
puT JlaHe pIBHSIHHSI BUpa)Ka€ €HEPrii0 B3aeMOJIl MK JBOMa 10HAMHM, IO 3HAXO-
JAThCSl Ha BIJICTaHI lp; BOHO BioMe siK pisHsanHa Bopra. Kpusa 3anexunocti U =
f(r) Takox HaBemeHa Ha puc. 68. MiHiIMyM Ha HIiH BIANOBiZa€ PIBHOBAXKHIM
puT BIJICTaHI Ip 1 eHeprii B piBHOBakHOMY cTaHl Ug. I3 xapakrepy wi€i KprBOi BUAHO,
IO PIBHSHHA MOXHa Oyj0 O ojepaTud 1 3 YMOBH MIHIMYMY MOTEHLIAIbHOI
€HEeprii.
(du/dr),=ro =0 (3.128)
[ToTeHmianbpH1 KpUB1 JIs 10HIB TTOPIBHSHO MOBUIBHO HAOIMIKAIOTHCS 10 HYJISA
— i eJIEKTPOCTATUYHOTO MPHUTATAHHS IMOIIUPIOETHCS HA JOBOJI OUIBIIN BiJCTaHI,
HIK [l KOBAJIGHTHOTO 3B s3KYy.JlJs MOJeKyn, sIKI CKJIaalThCs 3 JIBOX
OaratoBaJeHTHUX 10HIB, piBHSHHS HaOyBae BUrisaay(3.129):
Up=- (lezezlro) [1-(1/n)]. (3.129)
ne z1 | Zp — 3apsaaHoCTi 10HIB. Lle piBHSHHS BHKOPHCTOBYETHCS 3HAYHO Pijlie,
OCKUIBKH 3B’SI30K Yy TakKMX MOJIEKyJax Maixe 3aBXAu JaJleKui BiJl 10HHOTO.
BianoBigHo, piBHSHHS MOKHA PO3TIISAIATH JIUIIE K BeJbMU rpyOe HaOIMKEHHS.
Bapto Matu Ha yBa3i ABI 0OCTaBHMHHU, SIKI BHUIUIMBAIOTH 13 XapakTepy
PIBHSIHHSL:
1) 3Hauennss Uy ManodyTiuBe 1O KOJHMBaHb N; Tak, mpuiHsBmum N = 11
3aMicTh N =9, mu 0 3minmIK BennuuHy Up Tiabku Ha ~2% (10/11 — 8/9 = 2/99);
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2) HaOIMKEHICTh MakKe He BiIOMBAETHCS HA pe3yJibTaTaX, OCKIIBKU CHEPris
BIIIITOBXYBaHHS cTaHOBUTH ~10% Bix Uy.

Jlnis mporiecy yTBOPEHHS 10HHOI MOJICKYJH 13 aTOMIB OJTHOBAJICHTHUX €lle-
MEHTIB, SIKHH MOJKHA TPEJICTaBUTH 3araJibHUM piBHsAHHAIM A + B = A'B-, nie
caiBeigHomenHs (3.130)

— Epg = (62/ro) [1 — (1/n)].+ Eg — Ia, (3.130)

Tyr E4 sz — enepris yTBopeHHs Moyiekyau AB i3 BUIBHHX Tra3omoaiOHHX
aTOMIB, fIKa JIOPIBHIOE 3a BEJIMUMHOIO €HEPrii 3B’3KY; /4 — €Hepris 10Hi3allii aToMa
A; Ep — CIIOpiTHEHICTH 10 eNIeKTpoHa aToma B.

CkopucTtaeMocsi PIBHSHHSM [JI OIIHKK BEIWMYMHW £FE,p Ha TPUKIaT
monekymu KCI (ro = 2,67 A, Ec) = 3,61 eB, Ik = 4,34 eB). Hexaii n =9, Toxi:

(4,80+10™)2

kol = 5 - - 1) +3,61—-4,34 =479 = 3,61—- 4,34 = 4,06eB = 93,6xxan/ momw
2,67+107 «1,60+10 9

Opnepxana BeauM4MHA OJU3bKAa J0 JAOCIIIHOTO 3HAYEHHS €HEprii 3B’SI3KYy B
monekyii KCI (101,0 kkan/mounsb).

HeoOxigHo migKpecauTH, IO HaBITh IS aTOMIB JIYXKHHUX MeETajiB 1
rajJOreHiB, MEPETBOPEHHS AKUX B KaTioH (A") 1 anion (B") moB’s3aHe BIAMOBIAHO 3
BTPATOIO 1 MPUETHAHHSAM TUIBKA OJIHOTO €JEKTPOHA, HE MOXKHA TOBOPHUTH IPO
YTBOPEHHS 1/1€aJIbHOTO 10HHOTO 3B SI3KY.

JlilicHO, BHACHIJIOK XBWJIbOBOI MPUPOJU  €JIEKTPOHIB  BIPOT1IHICTh
nepeOyBaHHs €JIEKTPOHAa Koo aroma A B Mosekyln AB myxe mana, ane He
JIOPIBHIOE HYJII0, TOOTO B I[bOMY BHUIIQJIKy HEMOXKJIMBE TTOBHE PO3/IIJICHHS 3apsiiB
(o xapakTepHo JiIs BUTbHUX ioHIB A* Ta BY). Ile MOXHA MiATBEPAUTH 1 TaKUM
NPHUKIaIoM: SKIo O B rasomomiOHomy crani i moyiekynmu KCl 36eperimcs
BJIACTUBOCTI, sKi xapakTepHi BiUIbHUM ioHam K* ta Cl°, TO Tomi MixkaTomHii
BizcTani 2,67 A BigmoBigano 6 3HAYCHHS ukct = 11,05 D.

3.5.2. Iloasipu3anis ioHiB. BigxuieHHs BiJ CyTO 10HHOTO 3B’SI3KYy B OY/Ib-
AKIA CHOJIYIIl MOHA PO3IJIANATH 3 IHIIMX MO3UIIHA — BBaXKaTH, IO 10HH, SIKI
BXOJISITh B MOJIEKYJTy, BIUIMBAIOTh OAWH Ha oHOTO. [leit edekT He OyB BpaxoBaHU
py BUBENICHHI piBHSHHS BopHa, 110 € OJHI€I0 3 MPUYMH MOTO PO3XOJKEHHS 3
ekcriepumeHToM [10].

4 5

Puc. 69. BzaemHa nossipuzailisi 10HiB.

BrummB oguH Ha 0THOTO GJIM3BKO PO3TANTOBAHMX 1 MIPOTHIICIKHO 3aPSIKEHUX
10HIB BUKJIMKA€E iX B3aeMHY nonspusayito. Ilpu 301mkeHH1 10HIB BiIOYBa€ThCs
3MIIIEHHS €JIEKTPOHIB BIIHOCHO Si/pa, 1 BUHUKAE THAYKIIIHHUN JUTOIBHUNA MOMEHT
Winz (puc. 69). BinxwieHHs Big pIBHAHHS THM 3HAYHIIIE, YUM CHIIBHIIIE IIO-
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JApU3YIOThCA 10HU. OCKUIBKM IIed Mpoliec MOCHIIIOE 3B’SI30K MDK 10HAMH, TO
PO3paxyHOK MPU3BOIUTH 10 3aHMXKEHUX PE3YJIbTaTIB.

JI71s1 OIIHKHM BEJIMUMHM KoeillieHTa Mmojspu3aliii o moTpioHO BpaxyBaTH, 1110
0. BUMIPIOETHCSI B OJMHUIISX JOBXHHHU B KyOi. JI1iCHO, IHIYKOBAaHUN JAUIOJIBHUI
MOMEHT BU3HAYAETHCS MIAHECCHHSIM 3apsTy B CTCIIHb JIOBKWHU TUTIOJNS; Y TOH Ke
4yac BiH BHUpaXaeThCs MHOXKEHHSIM oF, ne HampyskeHicTh mojis £ BIAMOBIIHO J0
sakoHy Kynona nopisaioe (F/e) = e/r?. 3Bigcu BUILIMBaE, MO MOISAPH3ALIsL Mae
BKa3aHy BUIIE PO3MIPHICTh, TOOTO € MIPOIO MPOCTOPY, IO 3aHATHI YaCTUHKAMHU.
VY nepiioMy HaOIMKEHHI MOKHA BBaXKaTH, 10

a=rs (3.131)

To61o a = 10724 cm®. TIponec monsgpu3aLii € JBOCTOPOHHIM — y HBOMY TIO€]I-
HYIOTBCS nOJIApU3aYis 10HIB 3 X NOAAPU3VIOUOI0 JI€I0.

[Tonspu3zartist 10HIB 3aJICKUTh B/l THITY iX €JIEKTPOHHOI CTPYKTYPH, 3apsaay 1
po3Mipy. OCKIUJIbKM HalMEHII IIUIBHO OB ’A3aHa 3 SIPOM 30BHIIIHS €JIEKTPOHHA
000JIOHKA, TO 3apajid CIPOIIEHHS B MEPIIOMY HAOIMKEHHI MOXKHA TIPUIHSATH, 110
noJIsIpU3allisi 10Ha 3yMOBJIEHA TUIbKU JedopMalliero 1€l 30BHINIHBOI O0OOJOHKH,
TOOTO 3MIIIEHHSM 30BHINIHIX €JIEKTPOHHUX IIAPIB JIBOX 10HIB BITHOCHO iX sifEp.
[Ipn ogHakoBHX 3apsaax 1 OJM3BKHUX pajlycax MoJspu3alis MiHIMAJIbHA B 10HIB 3
KOH(irypaili€ero 0JaropogHOT0 rasy i MakCMMallbHa B 10HIB 3 18 30BHIINIHIMU
€JIEKTPOHAMH TO. MAa€ TPOMIKHE 3HAUYEHHS Y 10HIB MEPEX1THUX €JIEMEHTIB 3 He3a-
BepireHoro d-0000HKOI0. Bijbia mosisipu3aliis 10HIB HEOJAaropoHO-ra30BOroO
TUITY TTOSICHIOETHCS OUTBIIOI0 KIJTBKICTIO 30BHIIIHIX €JIEKTPOHIB Y HUX.

3a miarpynamu  (OJHAaKOBI €JEKTPOHHA CTPYKTypa 1 3apsa]l 10HIB)
noispu3amis  3poctae. lle TOSCHIOETBCS THUM, IO 30UIBIIEHHS KIIBKOCTI
CJICKTPOHHUX IIIapIiB Yy 10HIB-aHAJIOTIB IMPHU3BOJAWTH OJHOYACHO JI0 BIIJAJICHHS
30BHINIHBOTO €JIEKTPOHHOTO APy BiJA sA1pa 1 10 MOCWJIEHHS €KpaHyBaHHsS spa
BHYTPIIIHIMHU €JIEKTPOHHUMH IIapaMH, M0 ¥ CIpusie IHTEHCUBHIIN nedopmartii
10HIB.

SIkio maHui eNeMEeHT YTBOPIOE 10HU PI3HOTO 3apsay, TO WOTO MOJSpU3allis
OyZe TUM MEHIIOI, YUM OUIBIINI HOTO 3apsij, OCKIIBKUA 3POCTaHHS OCTaHHBOTO
NPU3BOIUTH 10 3MEHUIEHHS pajiyca 10Ha 1 3MILHEHHS 3B’SI3Ky EJEKTPOHIB 3
STPOM.

VY psny 130€IeKTPOHHUX 10HIB 3 OJaropoAHOMNOI0HOK KOH(QITypaIli€ro
MOJIIPHU3AIlisl 3pOCTa€e 31 3MEHIICHHSIM TMO3WTUBHOTO 3apsAny (HAMpHKIald, B ALY
Mg*? — Na* — Ne® — F — O%). V rtakux pamax KilIbKiCTh €JIEKTPOHHHUX IIapiB
OJIHAKOBa, 1 PICT MOJSAPHU3ALI] MOSICHIOETHCS 3MEHILCHHSIM IMO3UTUBHOTO 3apsy
aqpa.

[Tomstpuzyroua misi 10HIB TAKOX 3aJ€KUTh BiJ iX THUIY, 3apsay 1 pajaiyca.
BoHa TiM 3HauHima, YyuM OUTBIIUN 3apsiji, YUM MEHIIUN pajiyc 1 YUM CTiMKia
eJIeKTpOHHA oOoJyioHKa. Haltbinpiny momisipusyrouy Ail0 BHUSBIAIOTH Ti 10HH, SKI
cami ci1abo0 MoNApU3yIOThCA. ToMy, SIKIIO JaHUM €TeMEHT YTBOPIOE 10HU PI3HOTO
3apsIy, TO iX MOJSPHU3yr0Ya CUjla Pi3KO 3pOCTaE 13 30UTBIICHHSM 3apsiay, OCKUIBKU
OJIHOYACHO 31 301IBIIIEHHSAM 3apsily BOHA B1I0YBA€ThCS 3MEHIIIEHHS MO0 pajiyca.



TMonspu3aniis o, i KyOu pajiyciB I°IesKuX i0HiB. Ta6m. 8.

Ion o r3(A3) Ion o |’3(A3) Ion | @ r3(A3) Ion o r3(A3)

Li* 10,029 0,32 |Be* |0,008|0,043 |F ]0,96 [2,35 |O* |2,74 |2,30

Na* | 0,187|0,92 | Mg*|0,103/0,29 |CI  |3,57 |592 |S* |8,94 |53

K* 10,888]2,35 |Ca* |0,552|0,97 |Br 4,99 |75 Se* (11,4 7,0

Rb* 1,49 [3,18 |Sr* [1,02 |140 |[I° |7,57 [10,6 |Te* [16,1 |94

Cs* |2,57 |4,67 |Ba* 1,86 |2,40

Hapnaku, 6araroatroMHi (KOMILUIEKCH1) 10HHU, Kl MalOTh BEJIUKI PO3MIPH 1
3Me0IBIION0  CUJIBHO  J1eOpPMYIOTHCS, 3a3BHYail  BUSBISIOTH  HE3HAUHY
MOJIIPU3YIOUY JiIO.

Cnig 3BepHyTHM yBary Ha IHTEHCHBHICTh MOJSPU3YIO4Oi Jii 10HIB.
CxkopucraBmuch 3akoHOM KyIioHa, OIIHIMO HaIPY>KEHICTh €JIEKTPUIHOTO TIOJIS Ha
Bigcrani r =107 cm (10 A) Bix iona:

e/r* = (4,80-10719/(107-107") = 4,80:10* exn.-ct. oa/cM?
4,80-10*300 = 14,6:10° B/cm

3.5.3. BuiuB _moJisspusanii _Ha BJIACTMBOCTI pedoBHH. [lomspuzamis i
NOJISIPU3YIOYa Jis MOSICHIOITH 0araTto BIACTUBOCTEN PI3HUX PEUOBHH.

[Tonsipuzariis 10HIB y MOJIEKyJi, a00, IHIIUMHU CJIOBaMHU, HASIBHICTh Yy Hii
MEBHOI YaCTUHU KOBAJIEHTHOTO 3B’SI3KY, 30UIBIIYIOTH HOT0 MIlHICTh. Jl0 piBHSHHSA
JUTSL pPO3PaxyHKYy €Heprii 3B’SI3Ky Y IbOMY BHUIIJIKy MOTPIOHO J0/IaTH YJICH, SIKUN
BpaxoBye noJispu3zaitito En; To1 BOHO npuiiMe BUTIISI:

o= -D1E, +E, -1
A8 = " ( n)"‘ nTEg =14 (3.132)

He moTpibHO mymarw, 1m0 MOJEKYJIM 31 3HAYHOIO JIOJICH0 KOBAJICHTHOTO
3B’SI3KY 3aBXAM OUTBII IIIJTBHI, HIXK 10HHI CTIOTYKH. TYT Cil pO3pI3HATH CTIAKICTh
JI0 pOo3Maay Ha 10HM 1 CTIUKICTh y BITHOIIIEHHI PO3Maly Ha aTOMHU.

[Tonsipuzarlis TpPUBOAUTHL 1O 3MEHILICHHS BIJCTaHI MIDXK 10HaMH 1 [0

30UIbLICHHS CHEPrii 3B°A3Ky MUK HuMu. Hanpuknan, xou Iy . criBMipHuii 3 1, 1

I , OfHaK nosspusytounii BB AQ* Oinbmmii, Hixk Na* i K*. Ile onna i3 npuunH

toro, yomy AQCl ne posumuserscs y Boai, a NaCl i KCl. nobpe posumuHi. Y
CIOJTyKaxX JaHOro KaTioHa 3 aHioHamH-aHaymoramu (Hampukian, 3 Cl, Bri I)
CTYIIHb JAMCOLIALIl B PO3YMHAX, SIK MPABUJIO, 3MEHIIYETHCSA — BIIUYBAETHCS 3PICT
MOJISIPU30BAHOCTI aHioHa. [11]

B3aemHa nosisipu3zaiiisi 10HIB MOJETIIye PyWHYBaHHS KPUCTaliB, TOOTO MO-
HUKY€E TeMIeparypy IuiaBieHHs. [loHnxKye TUM 3HauHIIIE, YUM CUIIbHIIIE Aedop-
MYEThCSI B pe3yJIbTaTi MmoJisipu3ailii KpucTaiiyHa pemritka. Tak, xoua y RbF i TIF
paaiycu KaTiOHIB CIIBIAAaI0Th, OJHAK 10H 17 CHUIIBbHIIIE OJIAPU3YETHCS 1 BUSBIISIE
3HAYHO OWUIBINY IMOJISpU3yI0ouy dito Ha ioH F-, Hix ioH Rb". Ile BinOuBaeThcs Ha
TeMIIepaTypax IUIaBIeHHs BKa3aHux coeit: (to)ror = 780°C, a (ty,)mir = 327°C.

HasBHicTh MakCHMyMIB Ha KPUBHX 3aJICKHOCTI TEMIIEPATYPH TUIABJICHHS Bl
MOJICKYJIIPHOT Baru I TaJOTEHIMIB JY>)KHUX METaTB POOUTHCS 3PO3YMLINM,
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SIKIIO BpaxyBaTH IMOCIIA0JICHHS TOJsApHU3yrouoi aii kaTioHiB y psay Lit — Na™ — K*
— Rb*— Cs" i mocuitenns nojsipusoBanocTti B psaay F— Clm— Br I,

[linBumeHHsT TeMmepaTypu 3BUYAHO crpusie mnosspusaiii. OCKiTbKu
HarpiBaHHs 301IbIIyE aMIUTITYJy KOJMBAHHS 10HIB 1 THM CaMHM 30JIMDKYE iX, TO
BOHO MOXE MPHU3BECTH [0 MIATATYBAHHA OJHHUX 10HIB JO IHIIMX, TOOTO [0
nepeOyI0BU CTPYKTYpU PEUOBUHH; BiAOyBaeThcs mojimMopdHe nepeTBopeHHs. He
BUKJIFOYCHA MOJKJIMBICTH TOTO, IO HAarpiBaHHS BHKJIMYE IMOBHE IEPETATYBAHHS
eJIeKTpOHA (ENEeKTPOHIB) BiJ aHIOHa JO KaTioHAa. Y pe3yJbTaTi BiIOYyIEThCs
TEepMidHa JUCOIIaIlisl peyoBUHU. UnM CHIIBHIMIA MOIspH3allis (Moaspu3yroda Jis),
TUM HIDKYa Temmeparypa aucomiamii. Tomy, Hanpuknaf, ty. cnagae aias JaHOTO
kariona Big MeCl no Mel i nns manoro aniona Big NaX mo LiX. IHmuii npukian:
akio poskian Cal, motpedye BucOokux Temmeparyp, To peakiis Auls=Aul + I,
BiIOYBa€ThCS TPH HU3BKUX TEMIIEpaTypax; MpH IIe HIDKYUX TeMIlepaTypax
noBuHHA Bi0yBaTuchk aucomiamis Culy, Tomy y 3BHYaiiHMX yMOBaXx Iisl pe4OBHHA
HE ICHYE.

3MEHIIICHHS] TeMIMepaTypu po3Maay 31 30UIbIICHHSIM TMOJSPU3YIOUOl CHIIU
MOKHa MPOUTIOCTPYBATU 1 HAa CKJIAQJHINIKUX O0’€KTaxX, J€ MEXaHI3M TEepMIuHO1
nuconianii inmmii. Jificao, CACO;3 (reg®* = 0,97A) posknanaersca npu 850°C, a
CaCO3z (rc.?* = 0,99A) — npu 360°C YV jgaHOMy BHMIAJKy HpOIEC MPOTIKAae 3a
piBasHHsAM (3.133):

MeCOz; = Me + CO; (3.133)

OauH 13 aTOMIB OKCUIE€HY MOJSPU30BaHUN HE TUIBKM KapOOHOM, ane W
MeTanoM (koumpnoaapusayis). Pi3auis B nossipusanii 3B’ s13kiB Me—O ta O-C 3
TEMIIEPaTypOI0 3MEHIIYEThCS, IO W MPUBOAMUTH 3peIITOr a0 aucoramii. [s
KOHTPOIOJIALIE B Py OAHOTHIHUX ioHiB (mampukmazx, Ca?*-Sr®*-Ba?)
MOCJIA0MIOETHCSA, 10 W TOSCHIOE MIJBUIICHHS TEMIEpaTypu JucoIiarii
BIJIMOBITHUX KapOoHaTiB. KoHTpronsipu3aliisi MO>kKe CTaTh HACTIILKHU 3HAYHOIO, 1110
CIOJIyKa BUSIBUTHCS CTIMKOIO TUIBKU TIPU HU3BKUX TEMIIEpaTypax.

Ximikam J100pe BiOMO, IO BUIbHI KHUCHEBMICHI KHCJIOTH, SK IPaBHUJIO,
MEHII CTiHKi, HDXK OUIbIIicTh 1X coseit. [IpukimagoMm MoxyTh ciyxkutu HpCOs i
H,SOs. 1le mosICHIOETBCS, TO-TIEpIIe, AYXKe CHUIBHOI MOJsApu3ytouoro aiero HY i,
Mo-ZIpyre, 1HIMAM XapakTepoM KOHTpmosspu3aiii. [IpoToH, mNpoHWKar4H B
KUCHEBUM aHIOH, 3HIKYE€ HOro 3apsj 1 3MeHinye aedopMOBaHICTh. Tomy
onnoszapaani ioan HCOs™ 1 HSO3™ menmn criiiki, Hixk nsox3apsani ionnCOs> Ta
SOs*. Iammii MpoTOH POOUTH YACTHHKY Ie MeHH cTikikoro, Tomy i H,COs i
H,SO; po3nagaroTees, 1erko BTpadarouu Boay. Lle Takoxk oHa i3 MPUYIMH TOTO, IO
KHCHEBMICHI KUCJIOTH € OLJIBII CHJIBHUMU OKHCHUKAMU, HIK 0€3 KUCHEB1 KMCJIOTH.

JledopMOBaHICTh €IEKTPOHHOI OOOJIOHKH BIIUYBAETHCS 1 HA ONTUYHUX
BJIACTUBOCTSX peuoBUH. [lormMHaHHS TUX UM IHIIUX TPOMEHIB 3B’s3aHE 31 30y-
JOKEHHSM 30BHIIIHIX €JICKTPOHIB. ENEKTpoHHI mepexoad BIANMOBIAAIOTh THM
MCHIIIUM CHEPT1sIM, YMM O1JIbIIEe TMOJIIPU30BaHa YaCTHHKA. SIKIIO OCTaHHS CTiMKa,
TO 30yI>KeHHS OoTpedye O1IbINOI eHeprii. Skmo atom (10H) JIETKO MOJIAPUYETHCS,
TO 30y/DKCHHS BUHUKAE TIPU HEBEIHMKUX CHEPreTHYHUX 3aTparax. PedoBuHa €
3abappiieHO0. ToMy TmoOpsa 13 peYOBUHAMHU, KOJIP SKUX 3yMOBJICHUU
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3a0apBJICHHSIM 10HIB, 1110 MICTATHCS B HUX, ICHYIOTh 3a0apBJIeH]I CIIOJYKH, YTBOPEHI
OC3KOJIIpHUMH 10HaMH. Y TaKUX BHIIQJKaX KOJIP CIOJYKH € Pe3yJbTaToOM
MDKIOHHOI B3aemojii. Uum Oinbla moJisipu3aliis 1 MOJspu3yroda Jisl 10HIB, TUM
OilbINE MiJCTAaB OYIKYBaTHU MOSABY 3a0apBieHHsA. OueBHIHO, IO 31 30LIBIICHHIM
mux e¢eKkTiB 3a0apBiCHHS MOBMHHO mocuioBatucsa. Lli MipkyBaHHS MOXKHA
niaTBepAuTH OaraTthMa mpukiagamMu. OOMEXHMOCS NEIKUMHU 13 HUX, MPUIOMY
NPeJCTaBUMO YUTAYEBI MOMIIMBICTh cCaMOMy TOsICHUTH ix. RDI, 3abapBienwuii, Caly
Oe3komipHMi; cepen  Cyab(imiB  METamiB  3yCTPIYA€TbCS  TOBOJI  OLIbIIE
3a0apBieHUX Cronyk, HiX cepen okcunis; y psaxy NIiCl, — NiBr, — Nil, 6apsa
MOTIIUOTIOETHCS; KO OpoMij eleMeHTa He 3a0apBJICHHA, TO HaBpsa 4u Oyze
3a0apBIIEHUH HOTO XJIOPHI; MOYKHA HAa3BaTH Psijl pEUOBHH, SIKi HA0yBAIOTh KOJIBOPY
IIPU HarpiBaHHI.

3.5.4. IloasipHuii 3B'I30K i €JIeKTPOHETaTHUBHICTh. 3B'SI30K B MOJIEKYJIaX
Az 1 By xoBanenTHuit. Skimio 6 3B'130k AB Takoxk OyB OM KOBaJIGHTHUH, TO:

EA—B = EA—AEB—B ) (3-134)

ne E — enepris 38’s13KiB. [Hakie Kaxky4u, y BUpasi:

AE=E, ; —E, ,Eq 4 (3.135)

AE (3.135) nopisHioBana 6 0 (3aMiHa cepeHBOTO apUPMETUIHOTO CEPEAHIM
T€OMETPUYHUM TPUBOJAUTH JO TOTO, M0 y BCiX Bumajakax AE € BenuunHamu
NO3UTUBHUMH). EHeEprisi HECMMETPUYHOro 3B’S3KY, OOYHMCIEHA 3a PIBHSIHHSM,
3aBXM MEHIIIA BiJl 3HAWIEHOI 13 ocaiay. [le mosicHIOeThCs TUM, 110 KOBaJICHTHUM
3B’SI30K MIX PI3HUMHM aTOMaMH 3aBXIHM TI€I0 YK IHIIOK MIpOI0 TMOJISIpHUM. 3a
CTYIICHEM BIiIXwieHHs BenmmuuHu AE Big Hyas MOXHA CyIWTH TPO CTYITiHb
NOJIIPHOCTI KOBAJIEHTHOTO 3B’SI3Ky 1 THM CaMUM IMIpPO 3JaTHICTh aTOMIB
NPUTATYBATH A0 ceOe eNeKTpoHu (xapakrep 3MiHM AE 1 IUMNOIBHOrO MOMEHTa
OJIHAKOBI, a OCTaHH1! 3pOCTa€ 31 301IBIICHHSIM CTYTCHS MOJISPHOCTI 3B’ SI3KY).

Bennuuna AE (3.136) 3anexuth Bijl pi3HUII €JICKTPOHETaTUBHOCTEH (X) erre-
MeHTIB. [loJiHr 3HAMIIOB, MO IO 3aJEKHICTh MOXHA BHUPA3ZUTH MPUOIMZHUM
CI1BBIIHOIIECHHSIM

AE = const (Xg — Xa)?. (3.136)
EnextponeratuBHocTi B cucteMi [loninra Bubpani Takumu, o0 ix pi3HUILL
naBana AE B enekTpoH-BosibTax (CONSt = 1); eneKTpoHEraTUBHICTH (TOpY
npuitHaTa piBHOO 4,0 (skmo noTpiOHO onepxkath AE B KilOKamopisix, TO
BENMYMHY CONSt 6epyTh piBHOIO 23,06). [loenHaHHS PIBHSHB JO3BOJISIE BUPAXYBATH
BEJIMUUHY Ea_g.
[Ipu xa = Xp 3B’5130K KoBajeHTHUM 1 AE = 0, Ipu X # Xp 3B’ SI30K MOJISIPHUIA.
Yum 3HayHIIIE BIAPI3HIIOTHCS OUH BiJ] OJHOTO XA Ta Xp, TUM TMOJISIPHIIIUHN 1M
3B’S130K. SIKIO Xa << Xp, TO 3B’SI30K MOXHa BBa)XaTH 10HHUM. TakuMm 4YHWHOM, 31
30UTBIIICHHSIM PI3HUII €JIEKTPOHETaTUBHOCTEN 3pOCTae CTyHle 10HHOTO 3B’SI3KY.
Puc. 70. mpubnu3HO BUpaKkae 3aJEKHICTH MK CTYIIEHEM 10HHOCTI 3B’SI3KYy 1
PI3HHIICIO €JIEKTPOHEraTUBHOCTI elleMeHTiB. [3 puc. 70. BUTIIMBAE, M0 TUIBKU IS
(GTOpUMIB TYKHUX 1 JY)KHO3EMEIbHUX METANiB, Ui IKUX Xa — Xg = 2,8 / 3,3,
3B’SI30K MOYKHA BBaYKATH OJIM3HKUM JI0 10HHOTO.
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Puc. 70. 3anexHicTe  CTymeHs  10OHI3amii  3B’S3Ky  Bil  PI3HHUIN
CJIEKTPOHETATUBHOCTI.

3HOBY MIIKPECIUMO MPUOIM3HICTh KOHIEMIII eIeKTPOHEraTUBHOCTI 1,
30KpeMa, MPUHIMIIOBY HETOYHICTh BHUBEICHOIO PIBHAHHS. AJKE MPHU YTBOPEHHI
Mosiekyin AB Mo)ke 3MIHMTHCS KUIBKICTh 3B’SI3aHUX €JIEKTPOHIB. Po3paxyHok
eJIEKTpOHEraTUBHOCTI 3a [loiHrOM MOKe IPUBECTH 10 3HAYHUX PO3XOJKEHb M1k
JOCIITHAMUA 1 PO3PAXOBAaHMMU 3HAYCHHSIMHU €Heprii 3B’s3Ky (0COOJIMBO Mpu
BEJIMKIM PI3HUII B 3HAYEHHSX XA Ta Xp), OAHAK BIH 3pYYHHUU JJIs1 HAOIM>KEHHX
OIIHOK 1 JiJIsl cuctemaru3arii [11].

3.6. Po3ain mocTui
XiMiYHMH 3B'SI30K B KOMILJICKCHUX CIIOJIYKAaX

3.6.1. KoMIIeKCHi CHOJYKH. Y CTPYKTYpl KOMIUIEKCHUX CIOJIYK MOXXHA
PO3PIZHUTU KOOPOUHAYIUHY (6HYMpiuiHio) cghepy — YTPpYIyBaHHs, IO CKIAAAETHCS
13 IIEHTPAJIbHOT YaCTUHKU — KOMNIEKCOYMB0posaya — 10Ha Y aToMa 1 1icandia (a-
O0eHdig), MOJIEKyNl ab0 10HIB MPOTHICKHOTO 3HAKY. Y (opMyrnax KOMIUIEKCHHX
CIIOJIYK KOOpAMHAIIITHA cdepa Mo3HAYAEThCS KBaApaTHUMHU yXkamu. [Ipukiagom
TaKMX PpCYOBHUH € K4[F€(CN)6], K2[Hg|4], [Ag(NHg)z]Cl, Kg[Zn(OH)4],
[Cr(H,0)6]Cls. KinbkicTh JITaHIB, PO3TaIIOBaHUX HaBKOJIO
KOMIUIEKCOYTBOPIOBAaYa, HA3UBAETHCA KOOpOUHAYiiHUM  wuciom. loHH, SKi
3HaXOJATHCS 3a MEKaMH KOOPAMHAIINHOI chepHu, YTBOPIOIOTh 308HIUHIO chepy
KOMILJIEKCY [6].

Koopaunamiitna cdepa 30epiraerbcst 1 B po3UMHAX KOMILIEKCHHX CIIOMYK.
Hampukinaza, mepepaxoBaHi PEYOBHHH JHCOIIOIOTH B PO3YMHAX 13 YTBOPEHHSIM
xomnnexcrux ionie [FE(CN)e]*, [Hgls]?, [Ag(NHz)2]*, [Zn(OH)4])%, [Cr(H,0)e]3*.

Buknageni TyT ysBIEeHHS Tpo OYyIOBY KOMIUIEKCHUX CIOJIYK JIEKaTh B
OCHOB1 KoOpOuHayitiHoi meopii, BUCYHEHOI W PO3pOOJICHOT y NpYTii IMOJOBHHI
XIX ct. Bepuepom (IlBeitmapisi). Koopaunamiitna Tteopisi, moai0OHO 10 Teopii
byTtnepoBa nisi opraHiyHUX pPEYOBHH, Jaja MOMKIMBICTH BCTAHOBUTH OYyIOBY
KOMITJIEKCIB 33JI0BTO J0 PO3POOKH (PI3UIHUX METOIB BU3HAYCHHS X CTPYKTYpPH.

bararo koMIUIEKCIB MOXYTh OyTH OJ€pKaHi B PE3yJIbTaTi CIHOJYyYEHHS

MPOCTUX PEUOBUH, HAITPUKIIA/ [0 PEAKIISIM:
CuCl; + 4NH3 = [Cu(NHz3)4]Cly, (3.136)
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Agl + Kl = K[Agl2]. (3.137)

KommexkcHux cmojgyk BigoMO 3Ha4yHO OulbINe, HDK YCIX 1HIIMX

HEOPTraHIYHUX PEYOBHMH. BOHM 3HAXOMATH TPAKTHYHE 3aCTOCYBaHHS B Pi3HHUX

chepax. Bennka posib KOMILIEKCIB y 010JI0TYHUX Tporiecax. JlocTaTHhO cKaszaTw,

0 KOMIUIEKCHUMH CIOJIYKaMH € JIBI PEYOBHHH, 0€3 SIKUX HEMOXKIIUBE JKUTTS

BHIIUX TBAPMH Ta POCIHMH — FeMOIIO0IH (KOMILIEKCOyTBOpIoBad Fe2") Ta xmopodin
(xomInekcoyTBOoproBau Mg?*).

Cepen KOMIUIEKCHUX CIIONIYK € KUCIOTH, OCHOBH 1 COJIi. € TaK0X PEUOBUHH,

0 HE JUCOLIIITh Ha 10HU, TOOTO Heerekmponrimu. OCb KiTbKa TPUKIAIIB

(3.138):

KHCIIOTH OCHOBHU coui HEEJICKTPOJIITH
H[AUClI,4] [Ag(NH3),]JOH [Ni(NH3)s](NOs), [Pt(NH3).Cly]. (3.138)
H[SiFe] [Cu(NH3)4](OH), Naz[AlF¢] [Ni(CO)4]

KomruiekcoyTBOproBaHHS 0COOJIMBO XapakTEpHE MJisl 10HIB MEPeXigHUX Me-
TaniB, 30kpeMa, /s ioHiB Cu?*, Ag*, Au®", Cr® ta ionis enementis VIII rpynu
NEePIOINYHOT CUCTEMH.

JlirangaMu B KOMIUIEKCHUX crioykax 4acto € ioHu ramoreHiB CN-, NCS-,
NO,", OH~, SO4*, C,04% i meiirpansni monexkymu H,O, NHs, NoH4 (rimpasin),
CoHsN - (mipumun), NpH,—CH,—CH,—NH; (etmnmenmiamin), a eruned-C;H; Ta
6en3on —CsHg MOXKYTh yTBOPIOBATH T -KOMIUIEKCH Ta CaHABIY-CTYKTYPH.

KoopaunamiitHe 4uciio uisl A€SKUX KOMIUIEKCOYTBOPIOBAaYiB MOCTIMHE,
Hamnpuknan, y Bcix kommuekcax Cr¥* i Pt** Bomo mopismioe 6. Ommak s
OUIBIIOCT] 10HIB-KOMILJIEKCOYTBOPIOBAYIB BOHO MOKe OyTH pi3HUM. Lle 3anexuTsb
BiJl IPUPOM JIITaHAIB 1 YMOB YTBOPEHHS KOMIUIEKCIB. Hampukiaa, B KoMIUIeKkcax
Ni?* sycTpivaroTbcs KoopauHamiiimi umcnma 2 1 4. Hali6inem 3BHYHMME
KOOpAWHAIlIMHUMU YHUCJIaMH B KOMIUIekcax € 6 Ta 4. BimoMo myxke waio
KOMITJIEKCIB 3 KOOPIMHALIIMHUM YHCITIOM, OLITBIIINM 32 8.

Jlesiki JiraHau MarOTh y CBOIX MOJIEKYyJaX JEKIIbKa TPYI, SIKUMH BOHH
MOXXYTh TPHUETHYBATHCS 10 KOMIUIEKCOYTBOpIoBaua. Hampuknan, y wmosiekysi
NH,—CH,—CH>-NH; mictuthes n8i rpynu NHo, siki ierko npueaHyroThes 10 10H1B
Cu?*, Cr®*, Co®". KoeH i3 X JIIraHaiB MOKE 3aiiMaTH B KOMILIEKCAX MiICIIe JTBOX
3BUYAWHUX JITaHI1B, TakuX, ik Moaekyiau NHs abo H.O. Koopounayiiina emuicmo
(0emanmuicmb) NH-CH>-CH>-NH; nopiBHioe naBom. Bigomi miranmm 3
KOOPJIMHALIMHOI €EMHICTIO, 110 IOPIBHIOE TPHOM, YOTUPHOM 1 OLNIbIIIE.

Cepenl KOMIUIEKCHHUX CIOJIYK PO3PI3HSIOTE: akeacnonyku (JIraHgd —
monekyimu H,0), nanpuxnan, [Cr(H,0)s]Cls, [Ca(H20)6]Cly; amiakamu (miranam —
mosekynu  NHs), manpukian, [Cu(NHs3)4]SOs, [AQ(NH3)2]Cl;  ciopocnonyku
(miranmu — diomm OH"), wampukman, Ky[Zn(OH)s], Nay[Sn(OH)s].Ta
ayuooxkomniexcu (JMranam — KUACHOTHI 3anuiiku), Hanpukiam, Kis[Fe(CN)gl,
Kz[Hgls]. Bimomo Ttakox Oarato cmonyk smiwanoeo muny. [Co(NH3)sCl;]Cl,
[Pt(NH3)4(H20),]Cl..

Ha3Bu KOMIUIEKCHUX CIOJIYK YTBOPIOIOTHCS AHAJIOTIYHO J0 HA3BU 3BUYHUX
coneit (NaCl — xnopuna Hatpito, K,SO4 — cynbdar kamiio) 3 TI€0 JIUIIE Pi3HUIICHO,
10 BKa3YIOThCS JIITAHM 1 CTYIIHb OKUCIIEHHS LIEeHTpajabHOro ioHa. Monexkynu H,O
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1 NH3; mo3navarotbest BiAnmoBigHO “akB0” 1 “amin”. OCh KiJibKa MPUKIAAIB, IO
LTFOCTPYIOTh HOMEHKJIATYPY KOMIUICKCIB:

K2[PtClg].— rexcaxnoporuiatunar (1V) kamito; [Cr(H20)s]Cls — xmopun rekca-
aKBOXPOMY (I1I); [Pt(NH3).Cl;].— JTUXJIOPAMAMIHILIATHHH D),
[Co(NHS3)4(NO2)CI]CLO,4 — mepxitopar xmopHiTpoTeTpaaminkooasty (I11).

3.6.2. I30Mepis KOMILIEKCHUX cloayK. Cepell KOMIUIEKCHUX CHOJNYK, SIK 1
cepell OpraHIYHUX MOJICKYJI, IMIUPOKO TOITUPEHE sBHIe i3oMepii. Came BUBYCHHS
130Mepii KOMIIEKCIB BIIEPIIIE TO3BOJIMIIO BCTAHOBUTH iX MPOCTOPOBY OYIOBY.

KopoTko po3rissHeMo OCHOBHI THIH 130Mepii KOMIUIEKCHUX CTIONYK.

lownizariiina i30Mepiss BIaCTHBAa TUM CIOJyKaM, B SIKMX SIK KaTiOH, TaK i
aHIOH € KOMILJIEKCHUMU. BoHa 3yMOBjI€HA PI3HUM PO3MOIICHHSIM JIITaH/IB MIXK 2-
JIBOMa KOMILUIEKCOyTBOproBadamu. [IpuKiIazoM TakuxX i30MepiB CIyKaTh CIOIYKH
(3.139):

[Cu(NH3)4][PtCl4].i [Pt(NH3)4][CuCly]; [Co(NH3)6][Cr(CN)g].i
[Cr(NH3)s][Co(CN)g].

(3.139)

[30Mmepis niraniB MOXJIMBA Y TUX BUIAAKaX, KOJU MOJIEKYJIM YU 10HU, L0 €
JraHjJaMu, MOXYTh ICHYBAaTH B JICKUIBKOX 130MEpHUX (opmax.

JUIss KOMILIEKCIB ~XapakTepHI BHAM 130Mepli, MOB’s3aHl 3 PI3HUM
IPOCTOPOBUM  DPO3TAlllyBaHHAM YaCTUHOK: cCmepeo-i3omepiss Ta A3€pKalbHa
130Mepisl.

JUIsl KOMIUIEKCIB 13 KOOPAMHALIIMHUM YHCIIOM 4 CTepeo-130Mepis MOKIINBA,
KOJIM YOTHPH JIITAHU 3HAXOIATHCS B OAHIM TIJIOIIMHI.

[Ipu TeTpaequyHOMY pO3TalllyBaHHI JITAHAIB CTEPEO-130MEPisi HEMOKIIUBA.

[Ipuknagom n3epkaibHuX 130MepiB € komruiekcu xpomy (III), mo Mictarsb
1Bi Monekynu eruneHgiaminy. Koopaunaniiine uncino Cr*® mopisnroe 6. Jliranau
PO3TalIOBYIOTECS HAa BEPIIMHAX OKTAEIpa, B LEHTPI SAKOTO 3HAXomuThes ion CriY,
Mouekyna eTuiieHIlaMiHy, 10 Ma€ 3irHyTy GOopMy, PUETHYETHCS IO 10HA XPOMY
nBoma rpynamu NHy (s yke BkasyBasiocsi, BOHA 3aiiMae JBa KOOPJWHAIlINHI
MicClisl, JACTaHTHICTh-2). Ilpu HaASBHOCTI B OKTaeAPUYHOMY KOMIUIEKCI JBOX
MOJIEKYJl €TWJICHJIIaMIHYy MOJIMBI JBa BaplaHTH CTPYKTYpH, IO MOKa3aHI Ha
puc. 71. Ili ¢opmu BITHOCATBCA OHA 1O OJHOI SIK MPEeIMET JI0 CBOIO
J3€PKAIBHOTO B11OOPAKEHHS.

Sk 1 B OpraHiyHuX CHOJIyKax, A3€pKajibHI 130MEPH KOMIUIEKCIB MalOTh abco-
JIOTHO OJTHAKOB1 XIMIYHI 1 (P13U4YHI BJIACTUBOCTI. BOHU pO3PI3HAIOTHCA JIMIIE acu-
METPIEID KPUCTANIB 1 B PI3HUX HAMpPSMKAX MOBEPTAIOTH MJIOMIMHY MNOJIApU3aLil
CBITJIA.
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Puc. 71. Cxematu4ne 300pak€HHS CTPYKTYP I3€pKATbHUX 130MepiB
KOMIUIEKCIB XpOMY 3 €TUJICH/IIaMIHOM.

ATOMH TiIpOT€HY B MOJICKYJ €TWJICHIlaMiHy HE€ IoKa3aHi. ICHyBaHHS
J3epKaibHOI 130Mepli KOMIUIEKCHUX CIONyK Oyno mependaueHe Bephnepom Ha
MiJCTaBl KOOpAWHAIIHOT Teopii. BiH %e 1 CHHTE3yBaB Taki CIIOTYKH.

3.6.3. TlosicHeHHs XiMiYHOrO0 3B’fI3KY B KOMILIeKcax. Teopis, ska
MOSICHIOE YTBOPEHHS KOMIUIEKCHUX CIIONYK, BIIEpIE Moyana po3poOsSTHCS B
1916-1922 pp. y nocnimkennax Koccenst 1 Marnyca (Himeuuuna) [1]. B 1i ocHOBY
OyJM MOKJIAJCH] €JIeKTPOCTATUYHI ySIBJICHHA. [0H-KOMIIJIEKCOYTBOPIOBAY MPUTATYE
10 ce0e SIK 10HU MPOTUJICKHOTO 3HAKY, TaK 1 MOJIAPHI MOJIEKYJIU. 3 IHIIOTO OOKY,
YaCTUHKU 1110 OTOYYIOTh KOMILIEKCOYTBOPIOBAY, BIIIITOBXYIOTHCS OJIHA B1J OJIHOI.
[Ipn 11bOMy eHepris BIAIMITOBXYBaHHS THUM 3HAYHIIIA, YUM OUIbIIE YaCTHHOK
IPYIYETHCS] HABKOJIO LIECHTPAJIBHOT'O 10HA.

SIkmio BBaxkatu, sk 1e 3poounu Koccenb Ta Marayc, B3aEMo/1i10 YaCTUHOK B
KOMIUIEKCaX CyTO €JIEKTPOCTaTUYHOIO, 110 BiAOYBaeThes 3a 3akoHOM KynoHa, To
MOKe OyTH IMiJ[paxOBaHa €HEprisl 3B’SI3KY JIITaHJIB 3 KOMIUIEKCOYTBOpIOBaYeM. Y
UX pO3paxyHKax KOMIUIEKCOYTBOPIOBAY 1 JIraHAd  pO3TISAQIUCT  SIK
HeneopMoBani 3apskeHi cpepu. Uurtaui MOXKYTh JIETKO TMPOBECTH TaKl
obuncnenns s iomiB [Hgl4]* (rerpaemuuna Gynosa), [AlFe]* (oxTaeapuune
posranryBaHHs girangiB), [Agly]” (miHiliHAa  cTpyKTypa), CKOPHCTaBIIKNCH
BEJIMYMHAMU BIMOBIJHUX 10HHUX PAJIlyCIB.

L1 po3paxyHKH HarOTh NMPaBUJIbHUN MOPSAJOK BEITUUYMHHU E€HEPrii 3B 43Ky B
KOMILJIEKCaX BKa3aHOro Tuiy. Jlis KOMIUIEKCIB, J€ JraHgaMud € TOJISIpHI
MOJIEKYJIH, PE3YyJIbTaTH PO3PaxyHKY Tipuii. BoHn MoxyTh OyTH HOKpalleHi, SKILIO
BpaxyBaTH €QeKT MoJispu3arlii.

Pospaxynku Koccenss 1 Marnyca mokasainu TakoX, IIO TMPH 3HAYHOMY
30UIBIICHH] YHMCia JIraHAiB CHia BIIIMTOBXYBAaHHS MK HUMH HACTUIBKH 301J1b-
ITY€ETHCH, 0 KOMILJIEKCH CTal0Th HECTIMKUMHU. Tak, Oys10 3HalICHO, 110 IOCTaTHHO
CTIKI KOMIUIEKCH TOBHUHHI Y BHUMAJKy OJHOBaJECHTHUX KOMIUIEKCOYTBOPIOBAUIB
MaTW KOOpAWHALINHI yKcia 2 Ta 3, y BUNAAKY JIBOXBaJEHTHUX — 4, NJsl TpuBa-
neHTHux — 4, 5, ta 6. Ili pe3yapTaTtu 10BOJ1 OJU3BKI 10 TOTO, IO CIIOCTEPIra€ThCS
B J1MCHOCTI.

TakuM 4YHMHOM, €JIEKTPOCTATHYHI YSABIEHHS BKa3aJId NPUYUHY YTBOPECHHS
KOMILJIEKCHHMX 3B’S3KIB, J1I03BOJIUJIN TEOPETUYHO OI[IHUTH iX MILHICTh 1 B MEPIIOMY
HaOJIMKEHHI MOSCHUTU KOOPIMHALIIMHI YKcTa.

VsBIEHHS MpPO KOMIUIEKCH K arperatd, L0 CKJIaJaloThCs 3 3apsKEHHX
chep, sAki He HePOopMYyIOThCA, € AYXKE OJHOOIYHOIO MOJIEIUTIO 1 TOMY HE MOXeE
MOSICHUTH OaraThoX ocoOyimBocTel. Hampukianm, eneKTpocTaTU4HI YSBIEHHS HE
MOKYTh MOSCHUTH, YOMY JI€Kl KOMIUIEKCH 3 KOOpJUHALIIMHUM 4YuCIOM 4 MaroTh
wiocky OynoBy (kommuexkcu Cu?*, Pt?* Ta in.). SIKIIO KOPHMCTYBATHCh MOJIEILIIO
3apSAIKEHUX KyJIb, TO CHEPTeTUYHO HAWOUTBIN BUTITHUM SIBUIIEM € TETpacapUIHE
po3TalllyBaHHSI YOTUPHOX JIITaH/IiB HABKOJIO KOMIUIEKCOYTBOpIOBaya.
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Bkazana ™ojens BUSIBWIACA TaKOX aOCOJMIOTHO HEMPUJIATHOIO IS
MOSICHEHHSI MAarHiTHUX BJIACTUBOCTEH KOMIUIEKCHUX CHOJIYK. SIK MM 3Ha€eMo,
JOCITIJIKYBaHHSI MarHiTHUX BJIACTUBOCTEW PEYOBMHH JO3BOJISIE BU3HAYUTH YHUCIIO
HECrapeHuX eJeKTpoHiB. 3rimHo 3 ysaBieHHsIMU Koccens 1 Marnyca B3aeMopis
10HIB 3 JIiraHAaMH HE TPHUBOJIUTH JO 3MIHHM €JIEKTPOHHOI OYyJOBH, TOMY YHCIIO
HECTapeHUX EJCKTPOHIB 10Ha B KOMIUIEKCI MOBUHHO OYTH TaKUM CaMUM, SIK 1y
BUTbHOTO 10HA. OHAK MOCBIJ MOKAa3ye, MO0 B KOMIUICKCAX II€ YHCIIO MOXE OyTH
iHIIMM, TIPUYOMY PI3HHM B 3aJIEKHOCTI BiJ NpHpoau Jiranmis. Tak, y iona Fe?* ¢ 4
HECIIApEH] ENIEKTPOHM; CTiNbKM K ix y kommuekci [FeFg]*; ommax B iomi
[Fe(CN)e]* Bci enexkTponu € ciapeHuMH.

Tomy cywyacHa Teopiss HOpsiJ 3 €IEKTPOCTATHYHUM (HaKTOPOM BpPaAXOBYE
TaKOK KBAHTOBOMEXaHIYHY B3a€MOJ1I0 YACTUHOK.

3.6.4. KBaHTOBO-MeXaHIYHEe TPAKTYBAHHS _ XiMIiYHOIO 3B’AI3KY B
KOMILTIEKCHUX cnoJykax [4]. CborosHi A MOSCHEHHS 1 PO3PaxyHKY XiMid4HOTO
3B’SI3KY B KOMILJIEKCaX BUKOPHUCTOBYETHCS KIJIbKa KBAHTOBOMEXaHIYHUX METO/IIB.

Mertop BalleHTHUX 3B’S3KIB Iependayae, o MiX JiraHaaMyd 1 KOMITIEKCO-
YTBOPIOBAYEM BUHUKAIOTH JIOHOPHO-AKIIENTOPHI 3B’A3KM 3a paxyHOK Tap
€JIEKTPOHIB, M0 € B JIraHaax. 3a JONOMOIOK LbOr0 METOAY OyJIO MOSICHEHO
OynoBy 1 Oarato BIacTMBOCTEH (B TOMY YMCII M MarHiTHi) BEJIUKOI KIJIBKOCTI
KOMITJIEKCHHX CITOJIYK.

Teopis kpucmaniuno2o noJisi TPYHTYEThCA HA €JIEKTpocTaTU4HIN Moaeni. Ox-
HaK Ha BiAMIHY BiJ Teopii Koccens ta Marnyca TyT po3rasigaerses nedopmarnis B
€JICKTPOHHUX 000JIOHKAX 10Ha-KOMILJIEKCOYTBOPIOBaYa, 110 BiI0YBAETHCS 1T I1€I0
miranaiB. Lls Teopis BusiBWiIach Ayxe IuiijaHor. Ha choroani ii 3acTOCOBYIOTH
YacTille, HI’K METO/, BaJICHTHHUX 3B’ SI3KIB.

3BHYAliHO, TEOPis KPUCTANYHOTO TIOJIS, SIKa BUXOJIHWTH 3 10HHOI MOJIEII,
noTpedye BHIO3MIH B THX BHUIIaJIKaX, KOJM B KOMIUIEKCI € IOMITHa JOJs KOBa-
JICHTHOTO 3B’s13Ky. Konu 11 107151 MOPIBHAHO HEBEJIHMKA, BUKOPUCTOBYETHCS TEOPIis
MoJIst JITaHlliB, B SKiM HAasABHICTh KOBAJIEHTHOTO 3B’SI3KY BUPaXOBYETHCS
BBEJICHHSIM TEBHUX TOMPABOK y PO3PAXyHKHU, IO MPOBOASITHCS METOAAMHU TEOpil
KPUCTAIIYHOTO  TOJIs. Y  BUMAAKY 3HAYHOTO  KOBAJIGHTHOTO  3B’S3KY
BUKOPUCTOBYETHCSI METOJl MOJEKYJISIpHUX OpOIiTajeil, 10 3aCTOCOBYETHCS 3
BpaxyBaHHSIM YSABJIEHb TE€OPil KPUCTAIIYHOTO MOJS (TaKWMM MiAXIJ 1HKOJIM TaKOX
Ha3UBAIOTh TEOPIEIO MOJIS JITaH/IIB).

3.6.5. MeToa BajJeHTHHX 3B’si3KiB. Mu 3Haemo, mo kation NH4* ctBO-
PIOETHCS 32 PAXYHOK HEMOJUICHOI €JIEKTPOHHOI Mapu, 0 € B MOJICKYJ amiaky.
Horo dopMyBaHHS MOXKHA PO3IJISIATH SK mpueaHaHHs monekynd NHsz 1o iona
riiporeHy. AHaJIOT1YHO MOKHA TPAKTYBATH MPHUETHAHHS MOJIEKYJ aMiaKy /10 10HIB
MeTaJiB, 0 MPU3BOIUTH 10 YTBOpeHHS amiakartiB (3.140-3.141), nanpukian;

Cu* + 2NH3 = [Cu(:NHs)2]", (3.140)

Zn% + 4NHj3 = [Zn(:NH3)4]%. (3.1412)

3rifHO 3 TEOpi€r BaJCHTHUX 3B S3KIB TMPHU YTBOPEHHI KOMILJIEKCIB
BUHHKAIOTh JJOHOPHO-AKIICTITOPHI 3B’S3KM 32 PaXyHOK HETOAUICHUX €JIEKTPOHHHX
nap jiraaiB. 11 enexkTpoHH1 Mapu HAAXOJATh B 3arajibHe BUKOPHUCTAHHS JIITAaH/A 1
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IIEHTPAJbHOTO 10HA, 3aiiMaloud TpU [OMY BUIBHI TiOpuaHI  opOiTai
KOMIUIEKCOYTBOPIOBAYa.

YV HaBeneHux npukiagax ioan Cu* i Zn*? maroTs 3akinuenuii TpeTiii apyc. Y
HAaCTYITHOMY Y€TBEPTOMY sSpYyCl y HHUX € BUIbHI S- Ta pP-opOitami. B kommiekci
[Cu(NHs)2]" nBi emextponni mapu wmojekyia NHs 3aiimarote aBi SP-TiOpuaHi
op6itani. Takuil Bua ribpuausaiiii, Sk MU 3HAEMO, 3yMOBJIIOE JIIHIMHY CTPYKTYpPY
yactunku. Y kommekci [ZN(NH;3)s]?* gotupu enekrponni mapu 3aiimMarors SP3-
riopumHi opOitani. Kommieke Mae TeTpaeqnany OymoBy.

[Ipu yTBOpEeHHI JOHOPHO-AKIENTOPHUX 3B’SI3KIB Y KOMIUICKCAX MOXYTh
BUKOPHCTOBYBATHCh HE TUIBKH S- 1 p-opOiTani. ¥ IUX BHUMAIKaX 3T1THO 3 TEOPIEIO
BaJICHTHHUX 3B’SI3KiB BMHMKae TiOpuam3aiis 3 yuacTio d-opOitanmeii. B Tadm. 9
HaBeJICH1 JiesKi BUAM TiOpuau3alii 1 BIAMOBIIHI iM CTpyKTypu. B octanHii rpadi
i€l TabiMIll BKa3aHl 10HM-KOMILJIEKCOYTBOPIOBAYl, B KOMIUIEKCAX SIKUX METO/I
BAJICHTHUX 3B’s3K1B BUSIBUB HasIBHICTb JAHOTO THUITY T10puan3aliii.

Bun ribpuauszanii 1 cTpyKTypa KOMIUIEKCY BHU3HAYAIOTHCS B OCHOBHOMY
CJIEKTPOHHOIO OYyJIOBOIO IIEHTPAJIBHOTO 10HA, aje BOHU TaKOX 3aJeXaTh 1BIJ
MIPUPOJIH JIITAH/TIB.

By ribpunumsariii 1 BIIIOBIIHI IM CTPYKTYPH KOMIUIEKCIB. Tab1.9.
I'opuouzamiss | CtpykTypa lonn
Sp Jliniiina Agt, Hg?
Spd TeTtpaennuna ARt Zn?*, Co?*, Ti*", Fe?*, Ni®* (pinko)
Sp2d [Tnocka Pt2*, Pd?*, Cu?*, Ni%*, Au®*
Spd? KBasnparHa Cré*, Co®, Ni?*, Pd*, Pt**
OkTaenpuyHa

Hanpuxnan, ion Ni?* mae xondirypamiro d®. 3rizao 3 mpasumom Xynga 8
d-eJIeKTPOHIB PO3MOIUISIOTHCS 32 KBAHTOBUMHU KOMIpKaMU TaKuM YrHOMH (3.142):

Ni2+ o
IR 3d (3.142)

[Ipu yrBopenni xommuekcy Ni?* 3 amiomamu Cl-, sxi mopiBHsHO cmaGo
B3aecMoiroTh 3 kationamu Ni%* (ion Cl” mae Bemukmii paziyc), eIeKTPOHHI Iapu
HaxXOATh Ha OpOiTai HaCTyImHOro exexkTporHoro mapy, [ Ni* Cl4]?, yrBoproroun
xomiuiekc (3.143) sp? ribpuausanii TeTpaeapuuHOi OyI0BH:

sp3[ Ni?* C14]? 3d8 452 4p°® Cl,4
(3.143)

N O I A
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3 monexynamu NHs ion Ni?* B3aemonie cunpHime, Hixk 3 ionamu Cl-. Tomy
BiH npuemnye 6 monekyn NHs, yrtsoproroun ion [Ni(NH3)s]*>, yTBOproroun
riopuausaniro sp3d? (3.144):

sp3d? [ Ni(NH;3)s]™ 3d 8 4s? 4p® 4 NH;
JTLIT T T |1 I N I
4d? 2NH;
(3.144)
R

Ille cunpHime ion Ni?* Bzaemonie 3 iomamu CN™. YV 1npoMy BHNAgKy Bij-
OyBae€Thes craproBanHs ABoX O-emextpownis ioma Ni?* i BinbHa KOMipKa, IO YTBO-
PIOETBCS, 3AIIOBHIOCTHCA  elnekTpoHHO maporo  ioHa CN-,  [NiZ*(CN)4]?

yTBOpIO0UM Komiuieke (3.144) ribpuansanii sp2d, miockoi Oya0BH:

sp?d [ Ni%* (CNJ) T2 3d°  1CNt 42 4p* 3CN?
(3.144)

T [T 11T A

3a JOMOMOr0I0 METO/IY BAJICHTHUX 3B’ SI3KIB MOYKHA MepeI0aYUTH PEaKIiiny
BJIACTUBICTh KOMIUIEKCHUX CHONyK. OCTaHHS 3HAYHOIO MIpOI0 BHU3HAYAETHCS
HIBUIKICTIO OOMIHY JIITaHJIIB KOMIUIEKCY Ha 1HIII 10HK 200 MOJEKYJH, IO BIAOY-
BA€THCA Y PO3UMHI. Y MOBaMHU, SIK1 CHPUSIOTH OOMIHY JIITaHIIB, €:

1) “30BHIIIHS" TIOpUAM3AILiS;

2) HasBHICTh y KOMIUIEKCOYTBOPIOBaYa BUIbHUX “‘BHYTpIilIHIX” d-opOiTasei.

VY Bumnaaky ‘“30BHINHBOT” T10OpUAM3AIli 3B’ 30K JIITaH/IB 3 KOMILIEKCOYTBO-
proBaueM cialiuii, HXK MPU HASIBHOCTI “BHYTPIIIHBO1 TiOpuau3aiii. Tomy onux
13 JTITaHIB MOPIBHSIHO JIETKO MOYKE BIUIUTUTHUCS B1J KOMIUIEKCY, 3aIIPOIIOHYBABIITH
CBO€ MiCIle IHIIN 4YacTHUHII, IO 3HAXOJUTHhCA B PO34YWHI. Tak, KOMILIEKC
[Fe(NH3)s]**, B sxomy mMae wmicue “3oBHimHS” riOpuamsamis, OiIbII
peakuiitnosnatuuii, Hix [Fe(CN)s]*, ne riopuaunsanis “BHyTpimms”.

3a HAassBHOCTI BUTBHUX “BHYTpimHIX" d-opOiTaneld MexaHi3M oOMiHY 1HIIWH.
B upoMy BUMaKy, ASKYIOUM ICHYBaHHIO BUIbHOT OpOITali, CTa€E MOXKJIMBUM MPHUE-
HaHHS J0 KOMIUICKCY JOJATKOBOI YACTHHKHM 13 THX, IO 3HAXOMSITHCS B PO3UMHI.
[Ticns Takoro mpHegHAHHA MOXKE BiIOYTHCS BIAMICIUIEHHS OJHOIO 13 JITaHiB.
TakuM 4MHOM, BiJI0YBA€THCS 3aMiHa OJHOTO 13 JITAHIB Y KOMIUIEKCI [1].

3.6.6. Teopisi kpucraaiudoro moJs [6]. s Teopis posrisgae BB
nirasiB Ha 0d-opOiTaii 10Ha-KOMILJICKCOYTBOpIOBaYa. Y BiJIBHOMY aTomi abo ioHi
eHeprii BCix d-eJEeKTpOHIB, IIO0 HaJEKaTh OO0 OAHIEl i Tiei camoi eIeKTPOHHOI
000JIOHKH, OAHAKOBI. I[li enekTpoHW 3aliMarOTh OJMH EHEPreTUYHUN pPIBEHb.
Jliranu, sSKi IpUEAHAHI 10 MO3WTHBHOTO 10HA, € a00 HEraTMBHUMH 10HAMH, a0o
MOJIIPHUMU ~ MOJICKYJIaMH, TIOBEPHYTUMH JIO0 KOMIUIEKCOYTBOPIOBaYa CBOIM
HETaTHBHMM  MOJIOCOM. MK  CIEKTPOHHHUMH XMapamMu  O-eJeKkTpoHiB i
HETaTUBHUMHU JITAaHJAAMH JIIIOTh CUJIM BIJIIITOBXYBAaHHS, SKI TPU3BOIITH JIO
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30ibIIeHHs eHeprii d-enekTpoHiB. OHaK BILIMB JIiraHaiB Ha pi3Hi d-opOiTai, o
po3TalnoBaHi OJIM3bKO 0 JIraHmiB, 3pocrae Ouibine, a Ha O-opOiTamsax, Imo
BIIJIaJICHI BIJ JITraHAiB, — MeHIe, 00 Mmija Ji€l0 JIraHaiB  BigOyBaeThCs
posuenyiennsi enepeemuyHux pienie d-opbimaneti. PO3riassHEMO CUTyallilo, sKa
BUHUKAE MPU OKTaCIPUYHOMY 1 TETpaeAPUIHOMY PO3TAIIyBaHHI JIIraHAiB HaBKOJIO
KOMIUIEKCOYTBOPIOBayYa.

VY oxTtaenpuuHOMy OTOuYeHHI opOitami Oz | Oy yp, SKI MO3HauaroThCA d,,
PO3TAIIOBYIOTHCSI TAKMM YMHOM, 1[0 BOHH MiJIATAIOTh CHUIBHOMY BILTHBOBI TOJIS
miradaiB. Enektponwu, mo 3aiiMaroTh i opoiTalli, MatOTh OUTBITY €HEPTiIO.

Benuuuna ewnepeii pozwennenns A 3anexuTb BiA NPUPOAM JITAaHAIB 1 Bif
KOH(iryparii KoMruiekcy. SKmio jirasau 1 iX BIACTaHI BiJ HEHTPY KOMILIEKCO-
yTBOPIOBaYa OJHAKOBI, TO BEMYMHA A IS TETPaeAPUIHOTO OTOUYCHHS CTAaHOBUTH
4/9 BenmuunHU A TSI OKTaepPUYHOTO OTOYCHHS. BennunHa eHeprii po3meruieHHs
A Moxe OyTH po3paxoBaHa TEOPETUYHO METOJAMH KBAaHTOBOI MEXaHIKH 1 €KCIie-
PUMEHTAJIFHO 32 CIIEKTPaMU MOTJIMHAHHS KOMITJIEKCHUX CITOJIYK.

Sk MU 3Ha€EMO, CIIEKTpP MOTJIMHAHHA y BUIUMIN 1 yibTpadiosieToBii obnacti
MOB’SI3aHUM 3 TIEPEXOJIOM EJIEKTPOHIB 13 OJHUX EHEPreTHYHUX PIBHIB Ha IHIIIL
PeyoBuHa TmOrJIMHAE TI KBAaHTU CBITJIA, EHEPrisl SKUX JOPIBHIOE EHEpril
BIJINOBIJTHUX €JIEKTPOHHUX TMepexoiB. CHexkTp NoriavHaHHS (OTXke, 1 KOJIp)
OUTBIIIOCTI KOMILIEKCIB O-€JIEMEHTIB 3YMOBJICHUH €JICKTPOHHUMH IEPEXOJaMH 3
HIK4oi d-opOitani Ha d-opOiTane 3 OUIBII BUCOKOI eHeprier. Tak, HampHKIa,
xommiekc [Ti(H20)s]** Mae MakcuMyM NOrTIMHAHHS IIPH XBHJIEBOMY YHCII V =
20300 cm L. Lle 3ymoBmroe (ionerose 3a0apBieHHA LHOro Komiuiekcy. lon Ti¥" mae
TIIBKH OJIUH 0-€JICKTPOH, KM B OKTACAPHUYHOMY KOMIUIEKCI MOXE TICPEXOUTH 3
d.-op6itani Ha d,-opOiTans. EHepris kBaHTiB, sika Biamnosigae v = 20300 cm ! (o B
nepepaxyHKy Ha [-10H CTaHOBUTH 57 KKall), JOPIBHIOE Yy BIAMOBIAHOCTI 3
BUKJIAJICHUM BHIIIE BEIMYUHI A.

Takum YWHOM, TeOpis KPUCTAIIYHOTO TIOJNIA TMOSICHIOE 100pe BiIOMHUUI
xiMikaM (pakT, 1110 10HHU €JICMEHTIB BCTaBHHUX JICKaJl 3a0apBIIcH], B TOM Yac SK 10HH,
0 MarwTh KOHpIrypamiro OjaropogaHux rasiB, - Oe3koiipHi. CTae TakKoX
3po3ymianmM, YoMy ion Cu* mae kondirypaniro d°) Tak sk Tyr 3amosHeni Bci d-
opOitani Cu*, ToMy mepexo/ i eJIeKTPOHIB 3 ojHi€l d-opOiTaii Ha 1HITY HEMOKIUBI
i cmonyxu mini Cu* nesaGapsieni. B iona Cu?* kondirypauis (d °) ogna d-op6irans
BinbHa i conyku mimi Cu*2 3aGapsieni (Hanmpukiag Majiaxir). 3 Ti€i K NpUYUHU
6e36apBHUMU € 10HH, 1[0 MAIOTh e€NeKTpoHHy KoH(irypamiro d'% Ag*, Zn?*, Cd** i
Hg?*.

Sk yxe BKazyBajocs, BEIMYMHA A, M0 XapaKTEpPU3ye CHITY IOJsI, CTBOPIO-
BAHOIO JIraHJaMH, 3aJICKUTh BiJ TPUPOAM JiraHmiB. BHBYEHHS CIIEKTpiB
KOMITJIEKCHUX CITOJIYK JTO3BOJIMJIO BU3HAYHMTH 3HAYCHHS eHepeii po3wenyieHHs A,
1oKa3ajo, L0 JIraHAW MOXYTh OyTH PO3TalIOBaHi 3a MOPSIKOM 3MEHIICHHS CHIIU
KPUCTAJIYHOTO MOJIs B HACTYIHUM psf (3.145):

CN>NO; > erunenaiamin >NH;>NCS>H,0>F>CO0O >0H >CI>Br>I"
(3.145)

Hagenena mocaijoBHICTh HA3UBAETHCA CHEKMPOXIMIYHUM PAOOM.
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SIKIIO KiTBKICTh 0-eJeKTPOHIB KOMILIEKCOYTBOPIOBAaUa HE MEPEBUIIYE Kijlb-
KicTb d-opOiTaliell 3 HU3bKOIO €HEPIri€0, TO BOHM, 3BUYANHO, PO3TAIIOBYIOTHCS Ha
uux op6irtansax. Hanpuknan, tpu d-enextponu ioHa Cri* B okTaenpuyHOMY MO
3aliMaroTh TpH 0-0pOiTaji 3 HU3bKOIO EHEPTIElO.

3aBIAKM TakKiil eJIeKTPOHHINH KOHPIrypamii KOMIUIEKCH TPUBAJICHTHOTO
XpoOMy JIy’Ke MIillHI, OCKIJIbKU €NeKTpOoHHI xMmapu J-opOiTaneil po3TamoBYIOTHCS
M1X JIiTaHAAMH 1 cTaOKO eKpaHyIOTh 3apsi siapa Xpomy. LluM mosicHIOeThCs Te, 110
xommiekcis Cré* Bigomo myxe 6araro.

Sx Mu 3HAEMO, €JIEKTPOHH PO3MOAUIAIOTHCS 32 KBAHTOBUMH KOMIpKaMH,
opOiTansiMu y BIANOBIIHOCTI 3 mpaBwioM XyHna. [lpu mocTaTHiM KiJIBKOCTI
KOMIDOK B KOXHIM 13 HHX pO3TallOBYEThCA 1O OJHOMY eneKkTpoHy. lle
MOSICHIOETBCS TUM, IO €JIEKTPOHU BIIIITOBXYIOTh OJUH OJHOTO 1 TOMY HpParHyTh
3alHATH Pi3HI opOiTami. [[ns Toro, mo0 mepeBecTd eIeKTpOH 3 opOiTali, A¢ BiH
OJIMH, HA OpOITab, JIe YK€ € CJIEKTPOH, MOTPiOHA 3aTpaTa MEBHOT KIJTLKOCTI €HEpPTii
P. Benmnuvna P moxe OyTH BH3HAYeHa KBAaHTOBO-MEXaHIYHUM PO3PAXYHKOM. Y
3B’SI3KY 3 LIUM TPU HASBHOCTI B 10HI KOMILJIEKCOYTBOpIOBaYa OLIBINOI KiTBKOCTI
CJIEKTPOHIB, HIXK KUTbKICTh OpOiTajeil 3 HU3bKOIO €HEPri€r0, MOKYTh BUHUKATHU JIB1
cutyaiii. [Ipy A < P enexkTpoHU LEHTPaTIbHOrO 10Ha B KOMIUIEKCI 3aiiMalOTh Ti
caMi opOiTali, 10 U y BIIbHOMY 10HI1. [OH MeTaly 3HaXOJUTHCS y CTaHI 3 BUCOKUM
ciniHoMm. Skmo x A > P, To kpucrtaniyHe nose BUKIMKAE MEPEXi] eIeKTPOHIB B yKe
3aiHATI KOMIPKM 3 OUIBII HHU3bKOIO EHEpri€ro. Y pe3ynbTari CrIaproBaHHS
€JIEKTPOHIB CIIIH 3MEHIIYEThCS — 10H METANly 3HaXOJUThCSA Yy CTaHl 3 HU3bKUM
CITIHOM.

HemnoBHe ykoMIUIEKTYBaHHsI eJeKTpoHamu opOitaneit d, abo d, mopymrye cu-
MeTpito komiuiekey. Lle mopymenHs Moxxe OyTu nyxe cuiibHUM. Tak, HaMpUKIA/,
y iona Cu?*, mo mac kondirypauiro d °, B okraexpuunoMy oTodeHHi Ha opbirai
Ox2 — y2 3HAXOMUTHCS TUTBKK OJMH eleKTpoH. Ll opOitane expanye 3apsj supa
MEHIIIe, HDK 1HII, TOMY pO3TalllOBaHI HABKOJIO HEl YOTHUPH JIraHau OYyIyTh
3B’s13aH1 3HAYHO MiITHIIIE, HIXK JBa 1HII. OCTaHHI MOXYTh JIETKO BiAIICTUTIOBATUCS
Bix kommekcy. Tomy ms iona CU?* xapaxmepne koopounayitine uucno 4 i niocka
0yoosa Kkomnaexcie. BigoMO BelMKa KIJIbKICTh KOMIUIEKCHHX CIOJYK, €
JIraHJaMu  SBJISIOTBCS  MOJIEKYJIM,IIIO0 MICTSITh HEHacudeHi m-36's3ku  .Taki
KOMIUIEKCH 3 HEMOJISIPHUMH JTiTaHIaMH Ha3UBAIOTHCS TT-KOMNIEKCamu, HapUKIa
K[Pt(C,H,)Cl;]-cinp Ileiize, ado cenosiu-cnoaykamu — depporen Fe(CsHs),, me
KOMITJIEKCH 3 IUKIIYHAUMHA HEHACHYCHUMHU OPTaHIYHUMH PEUYOBHMHAMH. B Takmx
KOMIUIEKCaxX TMojladya €JICKTPOHIB METAly Ha PO3pUXJISIoUy opOiTaiab JiiraHiaa
MOCJIA0IIOE 3B'A30K MIXK aTOMaMH BYTJICHIO MPU KPATHOMY 3BS3KY 1 POOUTH iX
01BN peaKIiiHO 3JATHUMHU B PEaKIlIIX MPpUETHAHHS 1 3amimeHHs [1].

\





