Kypra C.A. bynosa pe4yoBunu. Jlexkuis Ne 11.
Tema 11. IoHHmil 3B’M30K Ta HOro xapakrepucruka. XiMiyHWil 3B’SI30K B
KOMILICKCHUX CIOJIYKaX Ta HOro NOSICHEHHSI 3a JOIOMOIOI0 €JIeKTPOHHHX
YABJICHb.

Meta: 03HAaHOMUTHUCS Ta BHUBUMTH IIOHATTS PO 10HHUM 3B’S30K. Po3risiHyTH
CHEPTi0 10HHOTO 3B’S3KY, B3aEMHY IMOJIIpU3allis 10HIB Ta 11 BIUIMB Ha BIACTUBOCTI
pPEYOBUH, BUBYUTU OCHOBHI TOHSTTS. PO3MISHYTH SBUIIE TMOJSPHOCTI Ta
CJIEKTPOHETATUBHOCTI, BUBYUTH TMOHATTA. BMITH omucatu mpUpoay XIMIYHOTO
3B 3Ky B KOMIUIEKCHUX CIIOJIyKax Ta MOSCHUTH HOTO 3a TOTIOMOTOI0 €JIeKTPOHHHUX
ysBJICHb. PO3TIIsIHYyTH siBUIIE 130Mepii KOMIUIEKCHUX CIIOIYK. BUBUNTH mpuHIATIA
METO/Ty BaJICHTHHUX 3B’A3KiB 1 T€OPii KPUCTATIYHOTO TOJSL.

[1nan:

lonnwii 38’s130K. EHeprist 10HHOTO 3B SI3KY.
[Tonsipu3zariist 10H1B.

BB nossipu3ariiii Ha BIaCTUBOCTI PEUOBHH.
[TonsipHuMiA 3B'A30K 1 €IEKTPOHETaTUBHICTb.

KoMriiekcHi croayku Ta mpupo/ia ix XiMi4HOTO 3B'3KY.
[30Mepist KOMITJIEKCHUX CIOJIYK.

[TosicHeHHs XIMIYHOTO 3B 513Ky B KOMIUJIEKCaX.
KBaHTOBO-MeXaHIYHE TPAKTYBaHHS XIMIYHOTO 3B’SI3KY B KOMIUIEKCHUX
CHOJTyKax

9. MeTo/ BaJIEHTHHUX 3B’ SI3KIB.

10.Teopist KpHUCTATIYHOTO TOJIS

NN

3MicT JeKuil
3.5. Po3aia m’aruit

lonnuii 3B°A30K

3.5.1. EHeprisi_ioHHOro 3B’si3Ky. 3 10HHUMH MOJIEKYyJIaMH XiMiKaM JIOBO-
JUTHCSL 3yCTPIYATUCS TOPIBHAHO PIfIIe, HDK 3 YaCTUHKaMU, J€ aTOMH 3B’si3aHl
KOBaJEHTHUM 3B’SI3KOM. B 10HHMX KpuCTalax HE ICHY€ OKPEMHX MOJEKysl. Y
OUTBIIOCTI PO3YMHIB 10HHUX CIOJYK TAaKOXX HEMAa€ iX MOJEKYJ, OCKUIbKH TIpH
PO3YMHEHH] B MOJSPHUX PO3UYMHHUKAX (BOJAA, COUPTH) 10HHI CIIOJYKH MOBHICTIO
JUCOILII0I0Th, a B HenoisipHuX (CCly, CgHg) BoHM 3a3BHuait Hepo3umHHI [1].

[oHHi Monekynn MOKHa BHUSBHTH B TMapax I10HHUX cooiyk. Jlms
BUMApOBYBaHHA IIMX PEYOBHUH, SIK MU 3HAEMO, MOTPIOHE HArpiBaHHS JO BHUCOKOI
temnepatypu. Ciifl BiI3HAYUTH, 1110 B TTapax 10HHUX CIOJYK MICTSATHCS HE TUIbKU
MOJIEKYJIM, @ W 1HII YaCTMHKU — acOI[laTH 3 KUIbKOX MOJIEKYJI, a TaKOX MPOCTI 1
ckiaaHi ionn. Hampukiaza, B mapi xjaopuay Hatpiro, kpim Mosekyn NaCl, e takox
acoriat (NaCl), i (NaCl); ta ionu Na,Cl* i NaCl;.

OCKIiJTbKM MPUTSATAHHS 10HIB OMHUCYEThCS 3akoHOM KyroHa, TO /Ui 10HHHX
MOJIEKYJI MOXXHa TMOPIBHSHO TIPOCTO pPO3paxyBaTh €HEPrito 3B’s3Ky. SKIIO
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po3risaaTH 10HH SIK HeaeOpMOBaHi 3aps/KEeHI IIapy 13 3apsaaMHu, 1o piBHi |, To
CHJIa IPUTATAHHS MK HOIMU BUPaKa€ThCs piBHIHHAM (3.122).
fopum = €I1%; (3.122)
Jie I' — BIJICTaHb M1 IIEHTPAMHU 10HIB.

Enepris nputsaranns U, Bu3HadaeTbcs BiHOMEHHAM (3.123):

Uppum. = — (€2Ir) (3.123)

3anexnocti U, = f(r) BignoBigae HIXHA MyHKTHpPHA KpHBa Ha pHc. 68.

Ha my>ke Majux BiJICTaHSAX MPOSIBISIOTHCS CUIIM BIIIIITOBXYBAHHS, 3yMOBJICHI
B3aEMO/IIEI0 EIEKTPOHHUX 000J10HOK. bopH 1 Jlanne B 1918 p. mokazanwm, mo eHep-
rito BiamToBxyBaHHS (U B TIEep-IoMy HaOJMKEHHI MOKHA BBa)KaTh OOEPHEHO
MPOTIOPLIIMTHOO B1JICTaH1 MK 10HAMH B CTEMEH1 N:

Ugio.= B/ (3.123)

BanexHicTh Uy = f(r) mpeacraBieHa BepXHBOI MYHKTUPHOKO JIIHIE Ha
puc. 68. BenmuuHa N ojepkana  Ha3By  Koe@iyicHma  OOPHIBCLKO2O
giowmosxysanus. BoHa 3HauyHO OUIbIIA 3a OJUHMINO, OCKIIBKH  CHIIU
BI/IIITOBXYBAHHS IIBUKO 3MEHIIYIOThCS 3 BiAcTaHHIO. KoedimieHT N 3a1eKuTh Bij
IIPUPOJIN 10HA 1 JIJIs 10HIB 3 €JIEKTPOHHOI0 KOHpirypariero noaidonor 1o He, Ne, Ar,
Kr ta Xe nopiBHio€ BiamnosiaHo 5, 7, 9, 10 ta 12. Moro MoxHa BH3HAYHTH 3a
CTYIEHEM CTHUCKYBaHHSI KPUCTAIIB 1 HA OCHOBI ONTUYHUX BJIACTUBOCTEH PEYOBUH.
BpaxoByrouu, 1110 CHJIa € MEPUIOO MOX1AHOKO BiJl EHEPTIi 3a BIICTAHHIO, OJIEPKYEMO
(3.124):

foio. = U4, /dr = — (nB/r™1) (3.124)

31 3MIHOIO I' 3MIHIOIOTBCS 1 fipum, 1 f4i0. Ha piBHOBaXKHIH BifcTaHi o Mi>K ioHaMU

ui cunu pisHi. Tomy ozepkyemo €2/rq? = nB/ro"™?, 3pinku:

B =e?ro"Y/n (3.125)
[ToennanHs piBHSHB IPH I' = I Ja€:
Usio. = e2/ron. (3.126)

Takum yuHOM, BAAE€THCS BUKIIIOUUTH BETMYUHY B 13 pIBHSHHS.

U BiJLITOBX.

N\

~.
~.
~a

Us

//_ UHpI/IT

Puc. 68. KpuBi noTeHuiaibHOT €Heprii 75 I0HHOTO 3B'SI3KY

Ockinpku enepria B3aemoaii U=U,,um+Uqs, TO BIANOBIAHO it I'=Io
onepxxyemMo piBHsiHHSA (3.127):
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Uo = — (e%ro) [1 - (1/n)]. (3.127)

JlaHe piBHSHHSI BUpa)Ka€ €HEPrito B3aeMOJii MK JBOMa 10HAMH, III0 3HAXO-
JITHCS Ha BIJICTaHi Fo; BOHO BifoMe sk pieusnns bopua. Kpusa 3anexuocti U = f(r)
TaKOX HaBejleHa Ha puc. 68. MiHiMyM Ha Hili BIAMOBIa€ piBHOBaXKHIM BiJCTaH1 I 1
e”eprii B piBHOBaxkHOMY cTaHi Up. I3 xapakTepy 1i€i KpUBOi BUAHO, IO PIBHIHHS
MO3kHa Oy710 6 ofepXKaTH 1 3 YMOBH MIHIMYMY MOTEHIIaIbHOI €Heprii.

(du/dr),=ro =0 (3.128)

[ToTenuianbHi KPUBL J1 10HIB MOPIBHSIHO MOBUIBHO HAOIMKAIOTHCS J10 Hy”1s1
— mist €JIeKTPOCTATHIHOTO HpI/ITﬂFaHH}I MOIIIAPIOETHCS] HA TIOBOJI OUTBIII BiJICTaHI,
HDK [ KOBAJICHTHOTO 3B’s3Ky.JlJs MoOJeKkynm, SKi CKJIamarThCs 3 JIBOX
OaraToBaJICHTHHX 10HIB, piBHSHHS HaOyBae Buraay(3.129):

Up=- (lezezlro) [1-(1/n)]. (3.129)

ne z1 1 Zo — 3apsaaHOCTi 10HIB. Lle piBHSHHS BHKOPHCTOBYETHCS 3HAYHO PijIIe,

OCKITBKHA 3B’SI30K y TaKMX MOJIEKYyJaX Maibke 3aBXKId JaJIeKUil BiJ 10HHOTO.
BianosiiHO, piBHSHHS MOKHA PO3TJISIIATH JIUIIIE SIK BETbMU IpyOe HAOTMKEHHSI.

Baprto mMatu Ha yBa3i /1B 00CTaBUHH, SIKI BUTTMBAIOTH 13 XapaKTepy PIBHSHHS:

1) 3naueHns Up MaJIOUyTIMBE 10 KOJIMBAHb N; TaK, MPUHHABIIK N = 11 3amMicTh
n =9, Mu 0 3minwm Benrunny Up Titbku Ha ~2% (10/11 — 8/9 = 2/99);

2) HaOJIMKEHICTh MaiKe He BiTOMBAETHCS HA Pe3yJIbTaTaX, OCKIJIbKU CHEPTis
BIIIITOBXYBaHHS cTaHOBUTH ~10% Bix Up.

JUist mpoliecy yTBOPEHHSI 10HHOI MOJIEKYJIM 13 aTOMIB OJIHOBAJIEHTHUX €Je-
MEHTIB, SIKHH MOKHA TPEJICTABUTH 3araibHUM piBHSHHsIM A + B = A'B-, nie
croiBeigHomenus (3.130)

—Eps = (e2/ro) [1—(1/n)].+ Eg — 4, (3.130)

Tyt E45— enepris yrBopeHHs MoJiekyiau AB 13 BiIbHUX ra30Moi0HIX aTOMIB,
sKa JOPIBHIOE 32 BEIMYMHOIO €HEPTii 3B A3KY; /4 — eHepris ioHi3alii atomMa A; Ep —
CTIIOPITHEHICTH JI0 eNIeKTpoHa atoMa B.

CkopuctaeMocsi PIBHSHHSAM JUIsl OLIHKK BEIMYMHH FE,p Ha TpUKIAIL
monexyu KCI (ro = 2,67 A, EC| 3,61 eB, Ik = 4,34 eB). Hexaii n =9, Togi:

(4,80+10710)2
2,67+10° +1,60+10™

Kcl —

- 5) +3,61-4,34=4,79=3,61—-4,34 = 4,06eB = 93,6xxan/ mons

OpneprkaHa BeIM4MHA OJIM3bKA JI0 JOCIITHOTO 3HAYEHHS €Heprii 3B 3Ky B MOJIEKY
KCI (101,0 kkan/moJb).

Heo0ximHo migkpecanTH, 10 HaBiTh JIJIs AaTOMIB JIYKHUX METAIB 1 TaJOTEHIB,
NICPETBOPCHHS SIKUX B KaTioH (A") i aHioH (B~) moB’s3aHe BIMOBIIHO 3 BTPATOIO i
NPUETHAHHIM TiJTbKA OJHOTO EJEKTPOHA, HE MOYKHAa TOBOPUTH PO YTBOPEHHS
171IeaTbHOTO 10HHOTO 3B SI3KY.

JlilicHo, BHACHNIJOK XBWJIbOBOI MPUPOJU  EJIEKTPOHIB  BIPOTIIHICTb
nepeOyBaHHs €JEKTPOHAa Koo aroma A B Mosekyln AB ngyxe mana, ane He
JIOPIBHIOE HYJIO, TOOTO B I[bOMY BHIIQJIKy HEMOXJIMBE MOBHE PO3IICHHS 3apsiiB
(o XapakTepHo JIs BuUTbHUX 1oHIB A" Ta BY). lle MOXHA MiATBEPANUTH 1 TAKUM
NpUKIAgoM: SKII0 0 B rasomomioOHomy crani g mosiekynn KCI 36epermucs
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BJIACTHBOCTI, K1 XapakTepHi BiibHIM ioHaM K* ta Cl™, To To/11 Mi>kaTOMHIM BifCTaHi
2,67 A BimmoBinano 6 3HaUYEHHS ukcr = 11,05 D.

3.5.2. Iloasipu3auisi_ioHiB. BigxumaeHHs BiJl CyTO 10HHOTO 3B’S3KY B OY/ib-
SKIH CIIOJTYII MOKHA PO3IJISIIATH 3 1HITUX MO3UITINA — BBOXKATH, 110 10HH, K1 BXOJIATh
B MOJIEKYIy, BIUIMBaIOTh OJMH Ha ojHoro. Lleit epext He OyB BpaxoBaHuil mpu
BUBEJICHHI piBHSAHHSA bopHa, 1m0 € OnHI€EI0 3 MPUYUMH HOro PO3XOHKEHHA 3
excnepumenToM [ 10].

4 5

Puc. 69. Bzaemua nosnsipu3zaiiisi 10HiB.

BrnmuB oanH Ha 0HOTO OJM3BKO PO3TAIIOBAHUX 1 MPOTHIICKHO 3apsAIKEHIX
10HIB BUKJIMKAa€E iX B3a€EMHY nosaspuzayito. Ilpu 30avkeHHI 10HIB B1OYyBa€ThCs
3MIIIEHHS €JIEKTPOHIB BIIHOCHO SApa, 1 BUHUKAE 1HAYKIIAHUN AUTOIBHUNA MOMEHT
Wisn (puc. 69). BiaxwiaeHHS Bijx pIiBHAHHS THM 3HAYHIIIE, YUM CHJIBHIIIC ITO-
JSApU3YIOThCA 10HU. OCKUIBKU I1IeH MNpolec MOCUIIOE 3B’SI30K MDK 10HAMHU, TO
PO3paxyHOK MPU3BOIUTH 0 3aHWKCHHUX PE3yJIbTaTiB.

J1J1st OLIIHKY BENIMYMHU KoeillieHTa moJisipu3allii o HoTpiOHO BpaxyBaTH, 110
0. BUMIPIOETHCS B OJIMHUIISAX JIOBXKUHU B KyOl. [lificHO, 1HIyKOBaHUN TUTIONBHUM
MOMEHT BU3HAYAETHCS MIAHECECHHSIM 3apsly B CTEIIHb JIOBKUHU JTUTIOJNS; Y TOH Ke
yac BIH BUPAXKAETHCA MHOXKEHHSIM oF, 7e HanpyXeHIiCTh 1mojs E BIAMOBIAHO 10
sakoHy Kynona nopisrroe (F/e) = e/r?. 3Bigcu BUILIMBaE, IO MOISPH3ALis Mae
BKa3aHy BUIIE PO3MIPHICTh, TOOTO € MIpOIO MPOCTOPY, IO 3aWHATHIA YACTUHKAMU.
VY nepuiomy HaOIMKEHH1 MOKHA BBaKaTH, LI0

a=r (3.131)

To6to a = 10724 cm®. TIponec nonsgpu3aii € ABOCTOPOHHIM — y HEOMY TIO€]I-
HYIOTBCS nO/IApU3ayis 10H1B 3 iX noApu3yo4oio 0ico.

[Tonstpu3anis 10HIB 3aJIEKUTh BIJ TUITY iX €IEKTPOHHOI CTPYKTYpPH, 3apsy 1
po3mipy. OCKUIbKM HaWMEHIN IIIJILHO TMOB’Si3aHA 3 SPOM 30BHIIIHS €JIEKTPOHHA
000JIOHKA, TO 3apajid CIPOIIEHHS B MEPIIOMY HAOIMKEHHI MOYKHA TIPUIHSATH, 110
noJIsipu3aIlisi 10Ha 3yMOBJIEHA TIIbKM JAedopMalliero 1€l 30BHINIHBOI 00OJOHKH,
TOOTO 3MIIIEHHSM 30BHINIHIX €JIEKTPOHHUX IIAPIB JBOX 10HIB BITHOCHO 1X sIIEP.
[Tpu ogHakoBUX 3apsaax 1 OJM3BKHUX pajiycax MOJsSpH3allis MiHIMaJIbHA B 10HIB 3
KoH(irypaiiero 0JaropogHoro ray 1 MakCMMalibHa B 10HIB 3 18 30BHIMIHIMHU
CJICKTPOHAMH Ta Ma€ MPOMIKHE 3HAYCHHS y 10HIB MEPEXiTHUX €JIEMEHTIB 3 He3a-
BepiieHoo d-00050HKO0. Binbiia mosspusaiiisi i0HIB HEOJIaropoaHO-Ta30BOr0
TUITY TTOSICHIOETHCS OUTBIIOI0 KIJTBKICTIO 30BHIIIHIX €JIEKTPOHIB Y HUX.

3a miarpynamu (0JHAKOBI €JI€KTPOHHA CTPYKTYpa 1 3aps]l 10HIB) MOJSIpU3ALis
3pocTtae. lle MmosCHIOETbCS TUM, IO 30UTBIIEHHS! KUIBKOCTI €JIEKTPOHHUX IApIB Y
10H1B-aHAJIOT1B IPU3BOJIUTH OJTHOYACHO JI0 BIJJJaJICHHS 30BHIIIIHBOTO €JICKTPOHHOTO



nrapy Bif si7pa i 0 MOCHJICHHS €KpaHyBaHHs siApa BHYTPIIIHIMU €IEKTPOHHUMHU
mapamu, 1o ¥ crpusie IHTEHCUBHIIIN nedopMaiiii 10HiB.

SIKIIO MaHWii eeMEHT YTBOPIOE 10HU PI3HOTO 3apsly, TO HOro MoJspu3allis
Oyae TUM MEHIIOI0, YUM OiIBIINNA HOTO 3apsl, OCKIJIBKH 3POCTaHHS OCTaHHBOTO
PU3BOJIUTH JI0 3MEHIIICHHS pajilyca 10Ha 1 3MIITHEHHS 3B’ SI3KY €JIEKTPOHIB 3 SIPOM.

Y psny 130€JIEKTPOHHHMX 10HIB 3 OJAaropoaHONOmIOHOI0 KOHQITypaIli€ro
MOJIIPU3AIlisl 3pOCTA€ 31 3MEHIICHHSM IMO3UTUBHOTO 3apsiny (HAMpHUKIAI, B ALY
Mg* — Na" — Ne® — F — O%). V rtakux psmax KiIbKiCTb €JIEKTPOHHHUX IIapiB
OJTHAKOBA, 1 PICT MOJIAPHU3ALIi MOACHIOETHCS 3MEHIICHHAM MO3UTHBHOTO 3apsiiy
apa.

[Tonsspu3zyroda ais i0HIB TAKOXK 3aJICKUTH BiJl X THITY, 3apsy i paaiyca. Bona
TUM 3HAUHIIIA, YUM OUTBIIUN 3apsa, YAM MEHIIMA pajiyc 1 9MM CTikKima
eJIEKTpOHHA 000JI0HKa. HaliO11b1iry moJIIpu3yrouy /1110 BUSBIISIFOTH T1 10HH, SIKI cami
cj1ab0 NosApU3yI0Thesl. ToMy, SIKILO JaHUM €1EeMEHT YTBOPIOE 10HU P13HOTO 3apsiay,
TO iX MOJSApHU3yHOYa CUJla PI3KO 3pOCTa€E 13 30UIBIIEHHSM 3apsiy, OCKUIbKU
OJIHOYACHO 31 30UIBIIICHHSAM 3apsily BOHA BIJIOYBA€ThCS 3MEHIIIEHHS HOTO pajiiyca.

[onspusanis o i KyOu pamiycis r3eskux ioHiB Tabun. 8

Ion | @ r3(A3) Ion o r3(A3) Iou | a r3(A3) Ionw | @ r3(A3)
Li* {0,029 0,32 |Be? |0,008|0,043 |F |0,96|2,35 |0* |2,74|2,30
Na* | 0,187 0,92 |Mg?*|0,103|/0,29 |CI"|357|592 |S* |8,94|5,3
K* [0,888|2,35 |Ca® |0,552|0,97 |Br 4,99 |75 Se> |11,4|7,0
Rb*|1,49 |3,18 |Sr** |1,02 (1,40 |I° |7,57|10,6 |Te*|16,1|9,4

Cs* | 2,57 |4,67 |Ba® |1,86 |2,40

HaBnaku, 6araroaTomMH1 (KOMIUIEKCHI) 10HH, SIKI MarOTh BEJIMKI PO3MIpH 1
31€OUIBIIOT0  CWJIBHO  JIe(POPMYIOThCS, 3a3BUYail  BUSIBJISIOTH  HE3HAUHY
MOJISIPU3YIOUY A10.

Cnin 3BepHYTHM YyBary Ha 1HTEHCHUBHICTh TMOJSPU3YIOUOi [ii 10HIB.
CkopucraBmuch 3akoHOM KylioHa, OLIHMMO HaIpyKEHICTh €IEKTPUYHOTrO MOJIs Ha
Bigcrani r =107 cm (10 A) Bix iona:

e/r* = (4,80-101%/(107-107") = 4,80-10* ex.-cT. on/cm?
4,80-10*300 = 14,6 106 B/em

3.5.3. BiiuB moJisipu3aiiii Ha BJacTHBOCTi pe4yoBHH. [lospu3ariis 1 mosis-
pu3yroua Jisi TOSICHIOIOTh 0araTo BJIACTUBOCTEH PI3HUX PEUOBHH.

[Tonspu3aris 10HIB y MOJIEKYJi, ab0, IHIIMMH CJIOBaMH, HasBHICTb y HIH
MEBHOI YaCTUHU KOBAJIEHTHOTO 3B’SI3KY, 30UIbIIYIOTH HOr0 MilHICTh. Jl0 piBHSHHSA
JUTSE pO3PAaxXyHKY €HEepTii 3B’S3Ky y IIbOMY BUMAAKY MOTPiOHO IOAATH WIEH, SKUN
BpaxoBye noJisipuzaitito En; Toa1 BOHO npuiiMe BUTIISIA:

e? 1
—Eus —r_(l_ﬁ)"‘En'*‘EB — 4 (3.132)

0
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He moTpiOHO mymarw, 1m0 MOJEKYJIM 31 3HAYHOKO JOJICI0 KOBaJCHTHOTO
3B’SI3KY 3aBXKIU OUIBII IIIJIBHI, HDK 10HHI CIIOJYKH. TYT CITiJT pO3PI3HATH CTIHKICTh
JI0 pO3Maay Ha 10HM 1 CTIHKICTB y BITHOIIIEHHI PO3Ialy Ha aTOMHU.

[Tonspusariis TPUBOAUTHL 1O 3MEHIICHHsS BIJICTaHI MK 10HaMH 1 JI0

. e . T .
301IbIIEHHs eHeprii 38’ 3Ky MK Humu. Hanpuknan, xou . crniBmipnii 3 I . 1

I , OqHAK nmosspusyrounit Bruus Ag* 6inpmmmid, Hixx Na* i K. Ile oxna i3 npuuuH
toro, yomy AQCl ne pozumnserscs y Bomi, a NaCl i KCIl. no6pe pozumnHi. Y
CIOJyKaX JIaHOTO KaTioHa 3 aHioHaMu-aHanoramu (Hampukiam, 3 Cl, Br i I)
CTYIiHb AMCOILIAIi B PO3UMHAX, K MMPABUIIO, 3MEHIIYETHCS — BIAUYBA€THCA 3PICT
HOJIIPU30BaHOCTI aHioHa [11].

B3aemna monspu3ailis 10HIB MOJETIIyE PyWHYBaHHS KPHUCTaJiB, TOOTO MO-
HIKY€ TeMIEeparypy IuiaBieHHs. [IoHnKye THM 3Ha4HIIIE, YUM CUIIbHIIIE Aedop-
MYEThCSI B pe3yJIbTaTi MoJisApH3allii KpucTaiiyHa perritka. Tak, xoua y RbF i TIF
paziycH KaTioHIiB CHIBIaJal0Th, OAHAK 10H TI" CHIIbHIIIE MOJAPU3YETHCS 1 BUSBIISE
3HAYHO OUTBINY MOJApHU3YI0Yy Hito Ha ioH F, Hixk ioH Rb™. lle BinOuBaeThcs Ha
TeMIlepaTypax IUIaBJIeHHs BKa3aHuX colneit: (to)ror = 780°C, a (tu,)miF = 327°C.

HasBHicTh MaKCUMYyMIB Ha KPUBHX 3aJICKHOCTI TEMIIEPATYPH IUIABJICHHS Bl
MOJIEKYJISIPHOT Baru JJi TAJIOTeHIIB JIY)KHUX METaJIIB pOOUTHCS 3p0O3yMUINM, SIKIIIO
BpaxyBaTH MOCTA0JICHHS MOJIAPU3YI0Uoi il KaTioHiB y psimy LiT — Na™ — K" — Rb*—
Cs™ i mocwitenns nossipu3oBanocti B psixy F-— Cl-— Br |-

[linBuILIEHHS TeMIlepaTypy 3BHYaiHO cHpuse mnosspusainii. OCKUIbKH
HarpiBaHHs 30UIbIIYE aMIUTITyAy KOJMBAHHS 10HIB 1 TUM CaMHUM 30JIMKY€E iX, TO
BOHO MOK€ MPU3BECTH 10 MIATATYBAHHS OJHUX 10HIB JO IHIIMX, TOOTO [0
nepeOy0BU CTPYKTYPH PEUOBUHU; BiIOyBaeThCs monimMopdHe neperBopeHHs. He
BHUKJTFOYCHA MOJKJIMBICTH TOTO, IO HarpiBaHHS BHKJIMYE TOBHE IMEPETATYBaHHS
CJIEKTpOHA (EJIEKTPOHIB) BIJ aHIOHAa JO KaTioHa. Y pe3ysbTari BilOyAEThCS
TEepMiYHa JUCOIallis peyoBUHU. UnM cUiIbHIIIA MOspu3aliis (Moaspu3yroda Jis),
TAM HW)X4Ya Temmeparypa aucorraiii. Tomy, Hanmpuknan, ty,. cmamae ajis JaHOTO
kariona Big MeCl go Mel i nns manoro aniona Bim NaX mo LiX. Inmuii npukiazn:
akmio poskian Cal, morpedye Bucokux TemrmepaTyp, To peakuis Auls=Aul + I,
BIIOYBAEThCS TIPU HUBBKUX TEMIEparypax; MNpU M€ HUKYUX TeMIlepaTypax
noBuHHA BiOyBatuch aucoriaris Cul, Tomy y 3BU4aitHUX yMOBax 1151 pe40BHHA HE
ICHYE.

3MEHIIIeHHsI TeMIepaTypyu po3naay 31 30UIbLICHHSIM TOJISIPU3YIOUOi CUJTU
MOXHa TPOUTIOCTPYBAaTH 1 Ha CKJAJIHIMMX O00’€KTax, /€ MEXaHi3M TepPMIYHOI
nucorianii inmmii. Jlifico, CACOs (reg®” = 0,97A) posknagaerscs npu 850°C, a
CaCO3z (rc.?* = 0,99A) — npu 360°C YV ngaHOMy BHMIAJKy HpOILEC MPOTIKae 3a
piBasHESIM (3.133):

MeCOz; = Me + CO; (3.133)

OnuH 13 aTOMIB OKCUTEHY MOJSPU30BAaHUN HE TUIBKHM KapOOHOM, ane W
MeTajaoM (xoumpnoaapuzayis). Pi3auis B nonspu3saiii 38’ s13kiB Me—O ta O-C 3
TEMIEPATYPOI0 3MEHIIYETHCS, IO ¥ MPUBOAUTH 3pelTor0 A0 aucoriarii. Ls
KOHTPOIOJIALIE B Py ONHOTHOHUX ioHiB (mampukman, Ca?*-Sr¥*—Ba?Y)
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MOCIa0JIFOETHCA, 1110 M TOSICHIOE T1IBUILICHHS TEeMIIEpaTypy AUCOLIAIT BIOBITHUX
kapOonatiB. KoHTpromnsipuzaiiiss MOXXK€ CTaTH HACTUIBKMA 3HAYHOIO, IO CHOJyKa
BUSIBUTBHCS CTIMKOIO TUIBKU IIPU HU3BKHUX TEMIIEpaTypax.

Ximikam 100pe BiJIOMO, 1110 BUIbHI KHCHEBMICHI KUCIIOTH, SIK MPABUIJIO, MEHIII
CTi¥KIi, HXK OLIBIIICTB 1X coneit. [Tpukmamom MoxyTh ciryxuta H,COs 1 HoSOs. e
HOSICHIOETRCSI, TO-TIEPIIIE, AYXKe CHIBHOI MoJspu3yrodoro giero HY i, mo-apyre,
IHIIUM XapaKkTepoM KOoHTprosspu3zaiii. [IpoToH, npoHUKaoun B KUCHEBUI aHIOH,
3HIKY€E WOTO 3apsij 1 3MeHInye gegopmoBanicTb. Tomy oano3apsani ionn HCO3™ 1
HSOs™ menm cridiki, Hix qBox3apsaani ionu CO3? Ta SO3? . [HIMii MPOTOH POOHUTH
YaCTUHKY Ime MeHI cTiikoro, Tomy 1 HpCOs; 1 HySO; posmamarorbest, jeTrko
BTpavaroun Boay. Lle Takox ofHa 13 MPUYMH TOTO, IO KHUCHEBMICHI KHCJIOTH €
OUIBII CUIIBHUMHU OKMCHUKAMHU, HI’K 0€3 KUCHEBI KHCIIOTH.

JledopMOBaHICTh €IEKTPOHHOI OOOJIOHKH BIIYYBA€THCS 1 HA ONTUYHUX
BJIACTUBOCTSAX pe4yOBUH. [lormmMHaHHS TUX UM IHIIUX MPOMEHIB 3B’s3aHE 31 30y-
JOKEHHSIM 30BHIIIHIX €JICKTPOHIB. ENEKTpoHHI mepexoau BIANOBIIAIOTH THUM
MEHIITUM €HEPTisM, YUM OUIbIIE MOJSIPU30BaHA YACTUHKA. SIKIIIO OCTaHHS CTiiiKa,
TO 30yI>KeHHS NOTpedye OUIbINOI eHeprii. SKiio aTom (10H) JIErKO MOJISIPUYETHCS,
TO 30y/DKCHHS BUHUKAE TIPU HEBEIMKUX CHEPreTHYHUX 3aTparax. PedoBuHa €
3abapBiieHOI0. TOMy Mopsl 13 peHOBUHAMH, KOJIIP SIKMX 3yMOBJICHHUM 3a0apBICHHSIM
10H1B, 1110 MICTATHCSI B HUX, ICHYIOTh 3a0apBJICHI CIIOIYKH, YTBOPEH1 O€3KOIIPHUMHU
10HaMH. Y TakMX BHUMAJKaxX KOJIp CIOJIYKH € PE3yJbTaTOM MIKIOHHOI B3a€MOJII.
Yum OlabI1a mosisipr3aliis 1 MoJsipu3yroyda Ais 10H1B, TUM OLJIbIIE MiICTaB O4IKyBaTH
nosiBy 3abapBieHHs. O4eBUAHO, 1O 31 30UIBIIEHHSAM LUX €PEKTIB 3a0apBICHHS
MOBMHHO mocwioBaTucs. LI  MipkyBaHHS MOXHa MIATBEPAUTH OaraThMma
npukiaagamMu. OOMEXKUMOCS JESKUMH 13 HUX, MPUYOMY MPEICTaBUMO YUTA4YEBl
MOJKJIMBICTh camMoMy mosichutu iX. Rbl, 3abapsnenuii, Cal, Ge3xonipHumii; cepen
Cynb(D111B METaJiB 3yCTPIUAETHCS I0BOJII OLIbIIE 3a0apBICHUX CIIONYK, HIXK Cepejl
okcuaiB; y paay NiCl, — NiBr, — Nil, 6apBa moriauOmr0eTsest; AKIO OpoMmia
eJIeMEeHTa He 3a0apBiIeHUi, TO HaBps uu Oyie 3a0apBlIeHUI MOTO XJIOPU; MOKHA
HA3BaTH PAJl PEUOBHH, 5K HAOYBaIOTh KOJIHOPY MPHU HArpiBaHHI.

3.5.4. lloasipHuii 3B'A30K i €JIEKTPOHETaTUBHICTh. 3B'A30K B MOJIEKYyJIax Aj
1 B, koBanenTHui. Skuro 6 3B's130k AB Takox OyB OM KOBaJ€HTHUH, TO:

EA—B =4 EA—AEB—B , (3-134)

ne E — enepris 38’s13KiB. [Hakie Kaxxy4u, y BUpasi:

AE=E, ; —\E, ,Ep & (3.135)

AE (3.135) nopiBaroBana 6 0 (3aMiHa cepeAHBOTO apU(PMETHIHOTO CePEAHIM
r€OMETPUYHUM TPUBOIUTH 10O TOro, 10 y Bcix Bumagkax AE e BenmunHamu
no3uTUBHUMH). EHepriss HeCMMETpUYHOro 3B’S3Ky, OOYHCIICHA 3a PIBHSIHHSM,
3aB)KJM MEHINA BiJ 3HaieHoi 13 pocnigy. Lle nosicHIoeTbCsl TUM, IO KOBaJIGHTHUI
3B’SI30K MK PI3HUMH aTOMaMH 3aBXAHM TI€I0 YU I1HIIOI MIpOIO TOJSpHUHN. 3a
CTyneHeM BigxuiieHHsS BenumuuHU AE Bi HylIsl MOXHA CYIUTH TPO CTYMiHB
MOJIIPHOCTI KOBJIGHTHOT'O 3B’ 513Ky 1 THM CAMUM NP0 3aTHICTh ATOMIB IPUTATYBATH
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0 cebe enekTpoHu (xapaktep 3MiHM AE 1 IunoasHOro MOMEHTa OJIHAKOBi, a
OCTaHHIU 3pocTae 31 30UIBIISHHSIM CTYTIEHS MOJISIPHOCTI 3B’ SI3KY).

Benuunna AE (3.136) 3anexuTh Bij pi3HUII SIEKTPOHETaTUBHOCTEH (X) efe-
MeHTiB. [loJIiHr 3HAWINIOB, IO IO 3aJIEKHICTh MOXKHA BUPA3UTH MNPUOIHU3HUM
CII1BBITHOIIEHHSIM

AE = const (Xg — Xa)>. (3.136)

EnexrponeratuBHOCTiI B cucteMi [lomiara BuOpani Takumu, o0 ix pi3HUILT
naBana AE B enekTpoH-BobTax (CONSt = 1); enekTpoHeraTUBHICTH (TOPY MPHUIHSITA
piBHOtO 4,0 (sx110 MOTPIOHO onepkatu AE B KiIOKajopisix, TO BETUYUHY CONSt
oepyTh piBHOIO 23,06). [loeqHaHHS PIBHAHD JO3BOJIAE€ BUPaXyBaTH BeIUYUHY Ea_p.

[Ipu x4 = Xp 3B 530K KoBajeHTHUM 1 AE = 0, Ipu X # Xp 3B’ SI30K MOJISIPHUIA.
YuM 3HauHIIIE BIAPI3HAIOTHCS OJWH BIJ OJHOTO XA Ta Xp, TUM TOJISIPHIIIUHN 1M
3B’S130K. AKIO Xa << Xp, TO 3B’A30K MOXXHA BBaaTH 10HHUM. Takum YUHOM, 31
30UIBIICHHSIM PI3HULI €JIEKTPOHETaTUBHOCTEN 3pOCTA€ CTYIIHb 10HHOTO 3B’S3KY.
Puc. 70. mpubiu3HO BUpaKae 3aJEKHICTb MK CTYIEHEM 10HHOCTI 3B’SI3KYy 1
PI3HUIICIO €IEKTPOHETaTUBHOCTI €eMEHTIB. [3 puc. 70. BUITUBAE, 110 TUIBKU IS
(bTOPHUAIB JIYKHUX 1 Ty’)KHO3EMEITLHUX METANIB, IS AKUX XA — Xg = 2,8 / 3,3, 3B’530K
MOXHa BBaXKaTH OJM3bKUM JI0 10HHOTO.

Y% uon t8

90t
60}
k-
4 T, T zfl/
XB'XA

Puc. 70. 3anexHicTh cTyneHs 10H13alii 3B’ 3Ky BiJ] pi3HUIII
€JIEKTPOHETaTUBHOCTI

3HOBY M1JKPECIUMO TPUOIN3HICTh KOHIIEMIIIT €JIEKTPOHETaTUBHOCTI 1, 30Kpe-
Ma, MPUHLMIOBY HETOYHICTh BHBEACHOIO PIBHAHHS. AJDKE MpPU YTBOPEHHI
Mosiekyin AB Mo)ke 3MIHMTHCS KUIBKICTh 3B’SI3aHUX €JEKTPOHIB. Po3paxyHok
eJIEKTpOHEraTUBHOCTI 3a [1oiHroM MoKe IPUBECTH 10 3HAYHUX PO3XOJKEHb M1k
JIOCITITHAMH 1 PO3PaxX0OBaHUMU 3HAYEHHSIMHU €HEPTii 3B’ 13Ky (0COOIMBO MPU BETUKIM
PI3HHMII B 3HAUCHHSIX XA Ta Xp), OJIHAK BiH 3pYYHUN JIJIs1 HAOIMKEHHUX OIIHOK 1 JJIs
cuctemaruzaiii [11].

3.6. Po3aisn mocTui
XiMiYHMH 3B'SI30K B KOMIIJIEKCHUX CIIOJIYKaX
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3.6.1. KoMimjiekcHi COJYKH. Y CTPYKTYpl KOMIUIEKCHUX CIIOJIYK MOXHA
PO3PIZHUTHU KOOPOUHAYIUHY (6HYmMpIiwHIo) chepy — YIPYIyBaHHs, 110 CKJIAA€ThCS
13 IIEHTPaAIbHOT YACTUHKH — KOMNIEKCOYMBOpIo8aya — 10Ha 4u aToMa 1 .ieandis (a-
0eH0ig), MOJIEKY a00 10HIB TPOTUIICIKHOTO 3HAKY. Y (opMysiax KOMIIJIEKCHUX CIIO-
JyK KoopauHaIliiHa cepa MO3HAYAETHCS KBAApaTHUMHU Iykkamu. [Ipukiagom
takux peuoBuH € Ky[Fe(CN)g], Ko[Hgls], [Ag(NH3)2]Cl, Kz[Zn(OH)4],
[Cr(H20)6]Cls. Kinekicts JIra”aiB, PO3TAIIOBAHUX HABKOJIO
KOMIUIEKCOYTBOPIOBAaYa, HA3UBAETHCA KOOpOUHAYitiHum uuciom. loHH, SKi
3HAXOMATHCS 32 MEKaMH KOOPJWHAIIWHOI cepr, YTBOPIOIOTh 308HiUiHIO chepy
KOMILIEKCY [6].

Koopaunariitna cdepa 30epiraetbcs 1 B po3urMHAX KOMIUIEKCHUX CIIOJYK.
Hampukinaza, mepepaxoBaHi PEYOBHHHM JIMCOIIIOIOTH B PO3YMHAX 13 YTBOPEHHSIM
xomnnexcrux ionie [Fe(CN)s]*, [Hgls]>, [Ag(NHa3).]*, [Zn(OH)4]%, [Cr(H20)e]**.

Buknazneni TyT ysBiIeHHs Ipo Oy10BY KOMIUIEKCHUX CIIOJIYK JIEKAaTh B OCHOBI
KOOpOUHayilinoi meopii, BUCYHEHOI M po3poOsieHoi y npyrid mojoBuHi XIX cT.
Bepuepowm (I1Iseiinapis). Koopaunaiiitna Teopis, moioHo 10 teopii bytieposa nis
OpraHIYHUX PEYOBHUH, J1aJla MOXKJIMBICTh BCTAHOBUTH OYJ0BY KOMILJIEKCIB 3aJ0BTO
110 pO3pOOKH (PI3MYHUX METO/IB BUZHAYEHHS iX CTPYKTYpH.

bararo KoMIUIEKCIB MOXYTh OyTH OJ€p>KaHi B PE3yJbTATi CIOJYyYEHHS
MIPOCTUX PEUOBWH, HAITPHUKJIIA 11O PEAKITISIM:

CuCl; + 4NH3 = [Cu(NHz3)4]Cly, (3.136)
Agl + KI = K[Agl]. (3.137)

KoMIuiekCHUX COJTyK B1IOMO 3HAYHO OLIbIIIE, HIXK YCI1X 1HIIIMX HEOPTaHIYHUX
pedoBHH. BoHM 3HaXOMSTh MPaKTUYHE 3aCTOCYBaHHS B pi3HUX chepax. Bennka posb
KOMILJIEKCIB y 010J10T1YHUX Tporiecax. JlocTaTHhO CKa3aTH, 10 KOMIUIEKCHUMH CIIO-
JyKaMU € JIB1 PEYOBHHH, 0€3 SIKUX HEMOXJIUBE KUTTS BUIIMX TBAPUH Ta POCIUH —
reMorno0in (KOMILIEKCOyTBOpIoBad Fe?*) Ta xj10podin (KOMILIEKCOYTBOPIOBaY
Mg?").

Cepenl KOMIJIEKCHUX CITOJYK € KUCIIOTH, OCHOBH 1 COJIl. € TaK0XX PEUYOBHUHH,
110 HE AMCOIIIOITh Ha 10HHU, TOOTO Heenekmponimu. Och Kijibka nmpukiamis (3.138):

KHCIIOTH OCHOBH coJl HEEJIEKTPOJIITH
H[AUCl,] [Ag(NH;).]OH [Ni(NHz)s](NOs)2  [Pt(NH;).Cl]  (3.138)
Ha[SiFe] [Cu(NHz)4](OH). Nas[AlFe] [Ni(CO)4]

KomrmiekcoyTBOproBaHHS 0COOJIMBO XapakTEpHE AJiA 10HIB MEPEXITHUX Me-
Tanis, 30kpeMa, i ionis Cu®*, Ag*, Au®*, Cr¥ ta ionis enementis VIII rpynu
NePIOINYHOT CUCTEMH.

JliranmamMu B KOMIUIEKCHUX criofiykax 4acto € ionu rajmoreHiB CN-, NCS-,
NO,", OH-, SO4*, C,04> i meiitpansni monekyan H,O, NHs, NoH; (rizpasin),
C,HsN (mipugun), NoH,—CH,—CH,—NH; (etunenaiamin), a etnnes-C,H, Ta 6enson
—CsHs MOXKYTH YTBOPIOBATH T -KOMILUIEKCH Ta CaH/IBIU-CTYKTYpH.

Koopaunariitne yucimo it JESIKUX KOMILJIEKCOYTBOPIOBAYiB TOCTIHHE,
HanpuKiaj, y Beix kommiekcax Cré* i Pt** Bono nopisrioe 6. OHax ai1s OinbInocTi
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10H1B-KOMILJIEKCOYTBOPIOBAYiB BOHO MOKe OyTH pi3HuUM. Lle 3anexxuts Bl npupoau
NirasiB i yMoB yTBOpeHHs KomrulekciB. Hampuknan, B kommiekcax Ni?* sycrpi-
YJaI0ThCS KOOPAUHAIIMHI yucia 2 1 4. HalO11b111 3BUMHUMEU KOOPIMHAIIIHHUMHM YK C-
JaM# B KOMIUIEKcax € 6 Ta 4. Bimomo nyke Mao KOMILIEKCIB 3 KOOPAMHALIMHAM
YHCIIOM, OLIBIITNM 3a 8.

Jlesiki JiraHau MaioTh y CBOIX MOJIEKYyJaX JEKiIbKa TPy, SKUMH BOHU
MOKYTb IPHUETHYBATHUCS 10 KOMIUIEKCOyTBOpIoBada. Hampuxman, y monekyini NHo—
CH,—CH,-NH,; mictutscs asi rpynu NH,, siki nerko npuennyrorses 1o ionis Cu?*,
Cr3*, Co®. KoxxeH i3 mHX JITAHIIB MOXE 3aiiMaTH B KOMIUIEKCAX MiCIle JBOX
3BUYAWHKX JIITaHIB, TakuX, K MoJiekyinu NH3z a6o H,O. Koopounayiiina emuicmo
(0oemanmnicmb) NH;—CH>-CH,—NH, nopiBHioe naBom. Bimomi miranad 3
KOOPAMHAIIIMHOIO EMHICTIO, 110 JJOPIBHIOE TPHOM, YOTHPHOM 1 OLIBIIIE.

Cepen KOMIUIEKCHUX CIOJIYK PO3PI3HSIIOTH: akeéacnoayku (JiraHam —
monekynu H0), nanpukian, [Cr(H20)e]Cls, [Ca(H20)s]Cly; amiakamu (miranmm —
mosekyan NHs), wmanpukian, [Cu(NHs)4]SOs, [AQ(NHs3)2]Cl;  zciopocnonyku
(miranmu  — iomm OH"), wHampuxian, Kjy[Zn(OH)s], Nay[Sn(OH)s].Ta
ayuodoxkomniexcu (JMiranad — KUACIOTHI 3anuiiku), Hanpukian, Kia[Fe(CN)eg],
K2[Hgls]. Bimomo Ttakox Oarato cmonyk smiwanoco muny. [CO(NH3)sCl,]Cl,
[Pt(NH3)4(H20),]Cl,.

Ha3Bu KOMIUIEKCHUX CITOJIYK YTBOPIOIOTHCS aHAJIOTIYHO J0 HAa3BU 3BUYHUX
coneit (NaCl — xnopuna Hatpito, K,SO4 — cynbdar kaiiro) 3 TI€0 JIUIIEe Pi3HUIICIO,
10 BKa3YIOThCS JIITAHM 1 CTYIIHb OKUCIIEHHS LIEHTpajabHOro 1oHa. Monekynu H,O
1 NH3 mo3navarorbest BiAnmoBinHO “akBa” 1 “amin”. OCh KUIbKa MPUKIAAIB, 110
UTIOCTPYIOTh HOMEHKJIATYPY KOMIUIEKCIB:

K;[PtCls].— rexcaxmoporarunar (1V) kauiro; [Cr(H20)6]Cls — xmopu rekcaak-
BAXpPOMY (I1D); [Pt(NH5),Cl,].— TUXJIOPANAMIHILIATHHH (IT);
[Co(NH3)4(NO2)CI]CIO4 — nepxitopaT xmopHiTpoTeTpaaminkooansty (II1).

3.6.2. I30Mepisi KOMILIEKCHUX cNOJYK. Cepesl KOMIUIEKCHUX CHOJYK, 5K 1
cepell OpraHIYHUX MOJIEKYJ, IIUPOKO TMOIIUpeHe sBuIle 13oMepli. Came BUBUYECHHS
130Mepii KOMILIEKCIB BIEPIIE TO3BOIMIO BCTAHOBUTH iX IPOCTOPOBY OY/IOBY.

KopoTko po3risiHeMO OCHOBHI TUIIU 130Mepii KOMITJIEKCHUX CIOJIYK.

lonizayiitna i3omepia BIacCTUBA TUM CITOJTyKaM, B IKUX SIK KaTiOH, TaK 1 aHIOH
€ KOMIUJIEKCHUMHU. BOHa 3yMOBIIEHA PI3HUM PO3MOJIICHHSAM JITaHAIB MK JABOMAa
KOMILJIEKCOyTBOproBayamu. [Ipuknanom Takux i30MepiB ciaykath cronyku (3.139):

[Co(NH3)s][Cr(CN)g] i [Cr(NH3)s][Co(CN)e]
(3.139)
I3omepia nizandie MOXIMBa y TUX BUIIAIKaX, KOJU MOJIEKYJIA Y 10HH, 11O €
JTaHIaM#, MOXYTb ICHYBaTH B JIEKUIBKOX 130MEpHUX (OpMax.
JIisi  KOMITJIEKCIB  XapaKTepHI BUAW 130Mepii, TOB’S3aHl 3 pi3HUM
NPOCHIOPOBUM PO3ZMAUIY6AHHAM YACMUHOK. Cmepeo-i3omepis Ta 03epKalbHa
130MepIsl.
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JI1s1 KOMIUIEKCIB 13 KOOPJAMHAIIIMHUM YHCIIOM 4 CTepeo-130Mepis MOXKIIMBA,
KOJIM YOTHPH JIITaHJW 3HAXOIATHCS B OAHIN TIJIOIIMHI.

[Tpu TeTpaeauuyHOMY pO3TalllyBaHHI JIraHAIB CTEPEO-130Mepisi HEMOXKIIMBA.

[Tpuknanom a3epkanbHUX 130MepiB € KoMiuiekcu xpomy (III), o MicTsaTh ABI
MoneKyu erunenaiaminy. Koopaunaniiine uncno Cr nopisrioe 6. Jliranau posra-
IIOBYIOTECS HAa BEPINMHAX OKTA€Apa, B IIEHTPi SKOro 3HaXomMThesa iom Crit,
Mornekyna eTuneHaiaMiHy, 10 Ma€ 3ITHYTY QOpMy, IPUEAHYETHCS O 10Ha XPOMY
nsoma rpymamu NH; (sIk yrke Bka3zyBaocs, BOHa 3aiiMae J1Ba KOOPIMHAIIIMHI MiCIIs,
JeTaHTHICTh-2). [Ipy HasIBHOCTI B OKTaeAPUYHOMY KOMILIEKCI ABOX MOJIEKYJ €TH-
JIeHIlaMiHy MOXKJIHBI JIBa BaplaHTH CTPYKTYpPH, 110 1Moka3aHi Ha puc. 71. Li popmu
BiTHOCSTBCS OJTHA JIO OJTHOT SIK TIPEIMET JI0 CBOTO J3€PKaIbHOTO BiT0OpakeHHH.

Sk 1 B OpraHivyHUX CIOJYyKax, J3epKajabHI 130MepH KOMILJIEKCIB MalOTh a0Co-
JIIOTHO OJTHAKOB1 XIMI4HI1 1 (hi13U4YHI BIACTUBOCTI. BOHU pO3PI3HIIOTHCA JIUIIE acHu-
METPIEI0 KPUCTATIB 1 B PI3HUX HAMpPsIMKAaX MOBEPTAIOTh IUIOMIMHY MOJISpU3aIlii
CBITJIA.

Puc. 71. CxeMatnyHe 300paKeHHs CTPYKTYP A3EPKATBLHUX 130MEPIB
KOMILJIEKCIB XpOMY 3 €THJICH [IaMIHOM.

ATOMH TiIpOT€HY B MOJICKYJ €TWICHIlaMiHy HE€ TMoka3zaHi. ICHyBaHHS
J3epKAJIbHOI 130Mepii KOMIUIEKCHUX CHOJyK Oyno nependauene BepHepom Ha
M1JCTaBl KOOPAUHALIMHOL Teopii. BiH ke 1 cHHTe3yBaB Taki CIIOIYKH.

3.6.3. IlosicHeHHsI XIMIYHOI0 3B’AA3KY B KOMILIeKcax. Teopis, sika MOSICHIOE
YTBOPEHHS KOMIUIEKCHUX CIIOIYK, BIEpIe moyana po3poomisatacs B 1916-1922 pp.
y nocmimkenusax Koccens 1 Marnyca (Himeuunna) [1]. B i ocHOBY Oynu mokiiaieHi
CJIEKTPOCTATUYHI YSBIIEHHA. [0H-KOMITJIEKCOYTBOPIOBAY MPUTITYE 0 ceOe K 10HU
MPOTUIICKHOTO 3HAKY, TaK 1 MOJIAPHI MOJIEKYJIU. 3 1HIIOTO OOKY, YACTUHKH IO OTO-
YyIOTh KOMIUIEKCOYTBOPIOBaU, BIAIITOBXYIOThCA OJHA Bif oaHOi. Ilpu mpomy
eHepris BIAIITOBXYBAHHS THM 3HAYHIIlA, YUM OUIbIIE YaCTUHOK TPYIYETHCS
HABKOJIO TICHTPAJILHOTO 10HA.

Sxmo BBaxkatu, sk 11e 3poousin Koccenb Ta Marnyc, B3aeMOJIi10 YaCTHHOK B
KOMIIJIEKCAX CYTO €JEKTPOCTATUYHOO, IO BiOYBaeThCs 3a 3akoHOM KyioHa, To
MOXKe OyTH MiJpaxOBaHa €Hepris 3B 3Ky JITaHJIB 3 KOMIUIEKCOYTBOpIOBaueM. Y
UX pPO3paxyHKax KOMIUIEKCOYTBOPIOBAY 1 JIraHgu  pO3TISAQIUCT  SIK
HeneopmoBani  3apskeHi cepu. Uutaui MOXKYTh JIETKO TMPOBECTH TaKl
obuncinenHs s ioniB [Hgls]* (rerpaemmuna Gynosa), [AlFe]* (oxraempuune
po3ramryBanHsi  JiraHmiB), [Agl]” (miHiHA CcTpykTypa), CKOPHCTABIIHUCH
BEITMYMHAMU BIJMOBITHUX 10HHUX PAJIyCiB.
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i po3paxyHKd Hal0Th MpaBUJILHUN TMOPSAIOK BETUYMHHU €HEprii 3B S3KY B
KOMITJIEKCAaX BKAa3aHOTO TUITy. [|J1s1 KOMILIEKCIB, Jie JIiraHJaMU € TOJISIPHI MOJIEKYJIH,
pe3ynbTaTH pO3paxyHKy ripii. BoHrn MOXyTh OyTH MOKpAIlleH], SKIIO BpaxyBaTu
e(eKT mospu3aliii.

Pospaxynku Koccenss 1 Marnyca mokasaaud TakoX, IO TMPH 3HAYHOMY
301IBIIEHH] YHCIIa JITaHIiB CUJja BIAMITOBXYBAaHHS MK HUMHU HACTUIBKH 30111b-
IIYETHCS, 1[0 KOMILJIEKCH CTalOTh HECTIMKUMHU. Tak, Oyi0 3HaleHO, 10 JOCTaTHHO
CTIMKI KOMIUIEKCH TOBHMHHI Yy BHUIAJKy OJHOBAJIEHTHUX KOMILJIEKCOYTBOPIOBAUIB
MaTH KOOpJWHAIlIHI yucna 2 Ta 3, y BUNAAKY JABOXBaJCHTHUX — 4, IJIsl TpUBa-
JaeHTHUX — 4, 5, Ta 6. 111 pe3ynbpratel 7OBOJI OIHM3BKI O TOTO, IO CIIOCTEPIra€ThCs
B JIMCHOCTI.

TakuMm 4YUHOM, €JIEKTPOCTATHUYHI YSBJICHHS BKa3aJd MPUYMHY YTBOPEHHS
KOMITJIEKCHUX 3B’S13KIB, JIO3BOJIMJIN TEOPETUYHO OI[IHUTH iX MIIHICTH 1 B IEPIIOMY
HAOJIM>KEHHI MOSICHUTH KOOP/IMHAILIIMHI YKcTa.

VYsBIIEHHS TIPO KOMIUIEKCH SIK arperard, 10 CKIIAJAloThCs 3 3apsKEHUX
chep, ki He nePOopMYyIOThCA, € Ay’KE€ OJHOOIYHOI0 MOJEIUTI0 1 TOMY HE MOXKE
MOSICHUTU OaraThoX ocoOymBocTed. Hampukian, enekTpoCTaTU4HI YSBJICHHS HE
MOXXYTb TOSCHUTH, YOMY JIeSIKI KOMIUICKCH 3 KOOPAMHAIIIHHUM YUCIOM 4 MaroTh
miocky OynoBy (komruiekcu Cu?t, Pt?* rta im.). SIKIIO KOPHCTYBaTHCh MOZEILIIO
3apSAIKEHUX KYJIb, TO CHEPTETUIHO HAHOUIBIII BUTITHUM SBUIIEM € TETPACAPUIHE
pO3TalllyBaHHS YOTUPHOX JIITAH/11B HABKOJIO KOMIUIEKCOYTBOPIOBAYa.

Bkazana wojenp BuUABHIACS TaKoK aOCONIOTHO HENPUAATHOIO ISt
MOSICHEHHSI MAarHiTHUX BJACTUBOCTEH KOMIUIGKCHUX CITONYK. SIK MM 3HaeMo,
JOCITIJIKYBaHHSI MarHiTHUX BJIACTUBOCTEW PEYOBHHH JO3BOJISIE BU3HAYUTH YHUCIIO
HEeCMapeHuX eJeKTPOHIB. 3riaHO 3 ysaBieHHs MU Koccens 1 Marnyca B3aemo/1is 10HIB
3 JIiraHJaM1 HE MPUBOIUTH JI0 3MIHU €JIEKTPOHHOI Oy0BH, TOMY YHCJIO HECTIAPEHUX
CJICKTPOHIB 10HA B KOMIUIEKCI TOBUHHO OyTH TaKUM CaMHM, SIK 1 y BUIBHOTO 10HA.
OpHak 1OCBiJ MOKa3ye, M0 B KOMIUIEKCAX 1€ YMCI0 MOXKE OYTH 1HIIMM, TPUIOMY
pi3HMM B 3al€XHOCTI Bim npupomu nirangis. Tak, y iona Fe* ¢ 4 mecmapeni
€JIEKTPOHH; CTiIbKM Xk ix y komruiekci [FeFg]*; ommax B iomi [Fe(CN)s]* Bci
CJIEKTPOHHU € CTIAPEHUMH.

ToMmy cyuyacHa Teopiss HOpsJ 3 EIEKTPOCTATUYHHM (DAKTOPOM BPAXOBYE
TaK0’X KBAHTOBOMEXAaHIYHY B3a€MO/I1F0 YACTHUHOK.

3.6.4. KBaHTOBO-MexXaHiYHe TPAKTYBAaHHS XIMIiYHOI0 3B’SI3KY B
KOMILUIEKCHMX _cnoJiykax. ChOoroaHi uis MOSICHEHHS 1 PO3PAXyHKY XIMIYHOTO
3B’SI3Ky B KOMILJIEKCaX BUKOPHCTOBYETHCS KiJIbka KBAHTOBOMEXaHIYHUX METO/IIB.

Mertop BaleHTHHX 3B’S3KIB Iependadae, o MiX JiraHaaMy 1 KOMIIEKCO-
YTBOPIOBAYEM BUHUKAIOTH JIOHOPHO-AKIENTOPHI 3B’A3KM 3a paxyHOK Tap
€JIEKTPOHIB, IIO € B JIIraH1ax. 3a JOMOMOTIOI0 IIbOT0 METOLY OYJIO MOsSICHEHO OYAOBY
1 6arato BJaCTUBOCTEH (B TOMY YHCIIl i MardiTHI) BEJIMKOI KIJTbKOCTI KOMITJIEKCHUX
CTIOJYK.

Teopis kpucmaniyHo2o noJisi TPYHTY€ETbCS Ha €JIEKTpocTaTuyHii Mmozeni. Ox-
Hak Ha BiAMIHY BiJ Teopii Koccens ta Marnyca Tyt po3rasgaerses nedopmariis B
€JIEKTPOHHUX 000JIOHKAaX 10Ha-KOMILJIEKCOYTBOPIOBaYa, 110 BiI0YBAETHCS 1T 1€H0




13

mirauaiB. Lls Teopis BusBMIAach nyxke MUIaHOK. Ha chorogHi il 3aCTOCOBYIOTH
YacTIIIe, HI’K METO/, BAJICHTHHUX 3B’ S3KIB.

3BUYAliHO, TEOPis KPUCTAINYHOrO TOJIS, sIKa BUXOJUTH 3 10HHOI MO,
noTpedye BUAO3MIH B TUX BHUIAJKaX, KOJU B KOMIUIEKCI € TIOMITHa J0Js KOBa-
JEHTHOTO 3B’s13Ky. Konu 11 10151 MOpIBHAHO HEBENHMKA, BUKOPUCTOBYETHCS TEOPIs
TIOJISL JTITaHIB, B SIKIH HasIBHICTh KOBAJIEHTHOTO 3B 513Ky BUPaXOBY€ETHCS BBEICHHSIM
MIEBHUX MOMIPABOK Y PO3PAXYHKH, IO MTPOBOATHCS METOIAMH TEOPii KPUCTATIIYHOTO
noJis. Y BUMAAKY 3HAYHOTO KOBAJEHTHOTO 3B’ 513Ky BUKOPUCTOBYETHCS METO]] MOJIE-
KyJSApHUX OpOITaNei, 0 3aCTOCOBYETHCSA 3 BpaxXyBaHHSIM YSABIEHb TEOpil KpHC-
TaJIYHOTO TMOJIs (TaKUH MiAXiJ] IHKOJIM TaKOX HA3UBAIOTh TEOPIEIO TTOJIS JIITAH/IB).

3.6.5. MeToa BaJIeHTHHX 3B’#3KiB. Mu 3Haemo, mo kariod NH;" crBo-
PIOETHCS 32 PAXYHOK HEIMOJIICHOI €JEKTPOHHOI Mapu, 110 € B MOJICKYJII aMiaky.
Horo dopMyBaHHS MOXKHA PO3IJISIATH SK IpuemHaHHs monekynd NHsz no iona
riiporeHy. AHaJOr1YHO MOKHA TPAKTyBaTU MPUETHAHHS MOJIEKYJ aMiaKy J0 10HIB
MeTaJiB, 0 MPU3BOIUTE A0 YTBOpeHHS amiakartiB (3.140-3.141), nanpukia;

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

Zn%" + 4NHs = [Zn(:NH3)4]?. (3.141)

3r1JIHO 3 TEOPIE€IO BAJICHTHHX 3B’ S13K1B IIPU YTBOPEHH1 KOMILIEKC1B BHHUKAIOTh

JIOHOPHO-AaKLENTOPHI 3B’ A3KH 32 PaXyHOK HEMOIIJIEHUX €JIEKTPOHHUX Hap JIraH/iB.

L1 enexTpoHHI Mapy HAAXOATh B 3arajbHE BUKOPUCTAHHS JIraH/ia 1 UEHTPAIBHOTO
10Ha, 3aliMaro4Yy IpH LIbOMY BUIbHI FOpHJIHI 0pOITali KOMILJIEKCOYTBOPIOBaYa.

V HaBejeHuX npuknaanax ioan Cu* i Zn*2 maroTs 3akiHueHuii TpeTiii apyc. Y
HAaCTYyITHOMY YE€TBEPTOMY SIpYyCl Y HHMX € BUIbHI S- Ta P-opOitami. B xomruiekci
[Cu(NHs)2]" nBi enextponni mapu wmojekyin NHs 3aiimarote aBi SP-TiOpuaHi
opOitami. Takuit Bun ribpuauzaiiii, sk MU 3HAEMO, 3yMOBIIIOE JIIHIHHY CTPYKTYPY
vactunky. Y kommiuekci [ZN(NH;3)4]** wotupu enextponni mapu 3akimaroTs Sp°-
riopuani op6Oitani. Kommiekc Mae Terpaequuny Oya0By.

[Ipu yTBOpEeHH1 JOHOPHO-AKIENTOPHUX 3B’SI3KIB Y KOMIUIEKCAX MOXYTh
BUKOPHCTOBYBATUCH HE TUIBKH S- 1 p-opOiTaii. Y WX BUMAAKAX 3T1THO 3 TEOPIEIO
BAJICHTHUX 3B’SI3KiB BUHHMKa€ TiOpuau3aiis 3 ydvactio d-opOitaneir. B Tabm. 9
HaBeJIEHI JIesKl BUIU T10puamn3alii 1 BIAMOBIAHI iM CTPYKTypu. B octanHiii rpadi
i€l TabauIll BKazaHl 10HU-KOMILJIEKCOYTBOPIOBAYl, B KOMIUIEKCAX SIKUX METO
BAJICHTHUX 3B’s3K1B BUSIBUB HAsIBHICTh JAHOTO TUITY T10pUanU3allii.

Buna riOpuauszanii 1 CTpyKTypa KOMIUIEKCY BHU3HAYAIOTHCS B OCHOBHOMY
€JIEKTPOHHOIO OYJOBOIO IIEHTPAJIHHOTO 10HA, aj€ BOHU TAKOX 3alieKaTh 1BIJl
NPUPOIH JIITAHIIB.

Buau ribpunmzartii 1 BIAMOBIHI iM CTPYKTYPH KOMITJIEKCIB. Ta61.9
[Nopuauzamist | CtpykTypa lonu
Sp JliniitHa Ag*, Hg?*
Spd Terpaeauuna At Zn?*, Co?, Ti**, Fe?*, Ni?* (pixko)
Sp’d ITnocka Pt?*, Pd?*, Cu?*, Ni%*, Audt
Spid? Ksaaparna Cr3*, Co®, Ni%*, Pd**, Pt**
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| | OxTaenpuuna |

Hanpuxknan, ion Ni?* mae xondirypamiro d®. 3rizxo 3 mpasumom Xynma 8
d-eJIeKTPOHIB PO3MOIUISIOTHCS 32 KBAHTOBUMHU KOMipKaMHu TaKuM YrHOMH (3.142):

SN

@142) | UT[LT]UT 11 3d° (3.142)

IIpu yrBopenni kommiekcy Ni?* 3 amiomamu CI-, sxi nopiBHsHO cna6o
B3aeMoIitoTh 3 kaTionamu Ni%* (ion ClI~ mae Benukuii paziyc), eleKTpOHHI Hapu
HAXOJATh Ha OpOiTaji HacTymHOro enekrpornoro mapy, [ Ni2* C14]?2, yrsoproroun
kommekc (3.143) sp® ribpuausanii TerpaeApuuHOi OYIOBMY:

sp3[ Ni?* C14]? 3d8 4s? 4p® Cl,4

L8 5 O A A I W

(3.143)

3 monekyiaamu NHs; ion Ni" B3aemosie cunbHimie, Hix 3 ioHamu Cl~. Tomy

BiH npueanye 6 monexyn NHs, yrsoproroun ion [Ni(NH3)e] >, yrBoproroun riGpumu-
samiro sp3d? (3.144):

it

Sp3d2[Ni(NH3)6]+2 3d® 452 4p6 4 NH;
TP LTT I1T L I
4d? 2NHj;
(3.144)
i

Ille cumbhime ion Ni** Bzaemomic 3 ionamu CN™. V npomy BUmanky Bif-
OyBaeThes criaproBanHHs ABoX O-emektpowis ioma Ni?* i BinbHa KOMipKa, IO YTBO-
PIOETBCS, 3AIIOBHIOETHCA — enekTpoHHo maporo  ioHa CN-,  [Ni?*(CN)4]?
yTBOpIO0YM Komiuieke (3.144) ribpuansanii sp>d, miockoi 0ya0BH:

sp%d [ Ni2* (CNg)]? 3d® 1CN*t 452 4p* 3CN* (3.144)
JTOIT LIt ITIT 11T T 1T

3a 10MOMOror0 METOy BAJICHTHHX 3B’SI3KIB MOKHA MepeA0aunTH peakiiiiHy
BJIACTUBICTb KOMIUIEKCHUX CHONyK. OCTaHHS 3HAYHOIO MIpOI0 BU3HAYAETHCS
IIBUJIKICTIO OOMIHY JIITaH]1IB KOMILUIEKCY Ha 1HIII 10HK a00 MOJIEKYJIH, 10 BiA0y-
BA€THCA Y PO3UMHI. YMOBaMH, SIK1 CHPUSIOTH OOMIHY JIITaH/IIB, €:

1) “soBHIIHS" TiOpHIN3ALLIS;
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2) HasBHICTh Y KOMILJICKCOYTBOPIOBaYa BIILHUX “BHYTpIlIHIX" d-opOiTaeii.

VY Bunmaaxy ‘“30BHINIHBOI T1OpUaU3aIlii 3B’ 130K JIITAH/IB 3 KOMIUIEKCOYTBO-
proBaueM ciaabIIuii, HXK MPU HAsIBHOCTI “BHYTPINIHBOI TiOpuan3aii. ToMy oJuH
13 JIITAaH/11B MOPIBHIHO JIETKO MOXE BIIJIUIMTHCS BiJ KOMIUICKCY, 3alPOIIOHYBABIIIH
CBOE MiClle IHIINA YacTHHIN, IO 3HAXOAUTHCS B PO3uMHI. Tak, KOMIUIEKC
[Fe(NH3)s]?*, B sxomy Mae wmicue “30BHImHS” TiOpuam3amis, OLIbII
peakuiitnosnatauii, Hixk [Fe(CN)s]*, ne riopuausanis “BHyTpinms”.

3a HassBHOCTI BUTBHUX “BHYTpimHIX" d-opOitaneld MexaHi3M oOMiHY 1HIIUH.
B upomy BUMaKy, IAKyIOUM 1ICHYBaHHIO BUIbHOI OpOiTai, CTAa€ MOMXKJIMBHUM MPUEN-
HaHHS J0 KOMIUJIEKCY MOAATKOBOI YACTUHKH 13 THUX, IO 3HAXOASATHCS B PO3UYHHI.
[Ticns Takoro mpueaHAHHS MOXKe B1IOYTHCS BIAIICIUICHHS OJHOTO 13 JITaHIB.
TakuMm gyuHOM, BiJI0YBA€ThCS 3aMiHa OJHOTO 13 JITaHIIB Y KOMIUIEKCI [1].

3.6.6. Teopis kpucragiunoro noJs. [ls Teopis po3risgae BIUIUB JIraH/IiB
Ha d-opOiTai ioHa-KOMITJICKCOYTBOPIOBaya. Y BiJIbHOMY aToMi a00 10HI eHeprii BCixX
d-eeKTpOoHiB, 10 HAJICKATH 10 OIHIET i Ti€i caMol eJCKTPOHHOI 00OIOHKH, OTHA-
KoBi. L{i enekTpoHu 3aiiMaloTh OJIUH €HEPTeTUYHUH piBEeHb. JliraHIu, K1 MpueHAH]
JI0 TIO3UTUBHOTO 10HA, € a00 HEraTUBHUMU 10HAMH, 200 MOJIIPHUMH MOJICKYJIAMH,
MTOBEPHYTHUMH JI0 KOMILIEKCOYTBOPIOBAaYa CBOIM HETATHBHHUM TIOJIFOCOM. MK €TIeKT-
POHHUMH XMapaMu d-eJIeKTPOHIB 1 HETATUBHUMM JIITAHJIAMH JIIFOTh CHJIH BiJIIIITOB-
XyBaHHS, SKi TPU3BOIATH A0 30UThIIeHHS eHeprii d-emekTpoHiB. OJHAK BILIUB
JmiragaiB Ha pi3Hi O-opOiTaii, 1m0 PO3TamioBaHi OJM3BKO 1O JIraHiB, 3POCTAE
Oumpie, a Ha d-opOiTansdx, IO BiJyTajieHi BiJ JraHIiB, — MEHIIe, 0O I i€
JiraHmiB  BIIOYBAETHCS  po3wenieHHs eHepeemuynux pisHie d-opbimaneil.
PosrisiHemo curyariito, ska BHHUKAE TPH OKTACAPUYHOMY 1 TETPACIAPUIHOMY
pO3TaIlyBaHHI JIITaHi1B HABKOJIO KOMIUJIEKCOYTBOPIOBaYA.

VY okraenpuyHOMy OTO4eHHi opOiTam d 1 Ox-yo, sKi mO3HauaroThCS d,,
PO3TAIIOBYIOTHCS TAKUM YMHOM, 110 BOHH MIJIATal0Th CHJIIBHOMY BIUTMBOBI TOJIS
miranaiB. Enektponwu, mo 3aiiMaroTh 111 opoiTalli, MatoTh OUTBITY €HEpPTilo.

Bennunna ewnepeii poswennenns A 3anexuTh BiJ NMPUPOJH JITAHTIB 1 BijJ
KoH(pirypamii koMriekcy. SKmo jgirasau 1 iX BiJicTaHl Bif IEHTPY KOMILIEKCO-
YTBOpIOBaYa OJHAKOBI, TO BETUYHHA A IS TETpacAPpUIHOTO OTOYCHHS CTAHOBUTH
4/9 BenuuuHu A AJ19 OKTaeIpUYHOIO OTOYEHHS. BennunHa eHeprii po3ieryieHHs A
MOXke OyTH pO3paxoBaHa TEOPETUYHO METOJaMH KBAHTOBOI MEXAHIKM 1 €KCIie-
PUMEHTAIBHO 32 CIICKTPaMH TIOTIMHAHHS KOMIUICKCHUX CTIOJTYK.

Sk MU 3HA€EMO, CIIEKTpP MOTJIMHAHHA Yy BUIUMIN 1 YIbTpadi0ieToBId 00IacTi
NOB’SI3aHUM 3 TEPEXOJOM EJEKTPOHIB 13 OJHUX EHEPreTHMYHUX PIBHIB HA 1HIII.
PedoBuHa morimHae Ti KBaHTH CBITJIa, CHEPrisd SKUX JIOPIBHIOE €HEPT1i BiAIOBITHUX
CIEKTPOHHUX TiepexoiB. CrekTp mormHaHHS (O0TKe, 1 KOJip) OUIBIIOCTI
KOMILIEKCIB 0-eJIeMEHTIB 3yMOBJICHHI EJIEKTPOHHUMH IEpPeXoJaMHu 3 HIDKYOi -
opOitam Ha d-opOiTaab 3 OLTBII BUCOKOIO eHepriero. Tak, HANpUKIaa, KOMILIEKC
[Ti(H20)6]** Mae MakcumyM mornMHaHHs npy XBuaesoMmy uucii v = 20300 cm L. Lle
3yMoBIIO€ (hioseToBe 3a0apBieHHs 1HOro KoMiuiekcy. lon Ti* mae Tineku oqun d-
CIICKTPOH, SIKUH B OKTACAPUYHOMY KOMILIEKCI MOXKe mepexoauTu 3 d.~opOitam Ha
d,-opGitans. Enepris kBanTis, sika Bianosigae v = 20300 cM™* (110 B nepepaxyHKy
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Ha l-10H CTAHOBUTH 57 KKajl), JTOPIBHIOE Y BIJMOBIJIHOCTI 3 BUKJIAJCHUM BHIIE
BEJIMYMHI A.

Takum 4MHOM, TEOPist KPUCTATIYHOTO MOJIs OSICHIOE J0Ope BIIOMUM XIMIKaM
(akT, 1110 10HU €JIEMEHTIB BCTABHUX JIeKa ] 3a0apBIIeH1, B TOM Yac K 10HH, 1110 MAIOTh
KOH(ITrypaIlito 6;1aropoHux rasis, 0e3komipHi. CTae TakoX 3p03yMUINM, YOMY 10H
Cu* mae kondirypanito d'° Ttak sk Tyt 3amosmeni Bci d-opGitam Cu*, Tomy
HIePEXO/IU SICKTPOHIB 3 o1HieT d-opOiTaii Ha 1HITY HEMOXJIIHBI 1 crioayku miai Cu®
nesabapsneni. B iona Cu?* kondirypauis (d °) ogna d-op6irans BinbHA 1 cHONYKH
mini Cu*?3abapBneni (HanpuKIag Manaxir). 3 Tiei )k npuIuHu 6e36apBHUMU € 10HH,
110 MAIOTh €NeKTPoHHY Kondirypaniro d'% Ag*, Zn?*, Cd** i Hg*".

Sk yke BKaszyBajocCs, BETUYMHA A, IO XapaKTepU3ye CHIIY TOJIs, CTBOPIO-
BAHOIO JIIFaHJaMH, 3aJICKUTh BiJ TPUPOAM JraHIiB. BHBYEHHS CIIEKTpiB
KOMIUIEKCHUX CIOJYK JIO3BOJIFJIO BU3HAYWTH 3HAUCHHS eHepeii poswennenus A,
MOKa3aJio, 0 JIraHIu MOXYTh OYTH pO3TalllOBaH1 3a MOPSAKOM 3MEHIICHHS CHUITU
KPUCTAJIYHOTO MOJIs B HACTYMHUM psf (3.145):

CN > NO, > erunenniamig > NHz; > NCS >H,O>F >COO >0OH >Cl >
Br- > |- (3.145)

HaBeneHna mocimiIoBHICTh HA3UBAETHCS CHEKMPOXIMIYHUM PAOOM.

SIKIo KUTBKiCTh d-eJIEKTPOHIB KOMITJICKCOYTBOPIOBaYa HE MEPEBUIIIYE Killb-
KicTh 0-opOiTasieil 3 HU3bKOIO €HEPri€r0, TO BOHU, 3BUYAIHO, PO3TAIIOBYIOTHCS Ha
nux opOitansax. Hanpuknan, tpu d-enexrponu iona Cr¥* B okTaeapudHoMy moi
3aiiMaroTh TpH 0-opOiTalli 3 HU3bKOIO CHEPTIENO.

3aBAsSKU TaKid eJEKTPOHHINA KOH(Irypallii KOMIIJIEKCH TPUBAIIEHTHOTO XPOMY
Jye MII[HI, OCKIJIbKHY eJIeKTPOHHI XMapu 0-opOiTasieil po3TaIioByOThCS MIXK JTiTraH-
JaMu 1 crmabKo eKpaHylTh 3apsa aapa xpoMmy. LlUM MOsSCHIOETBCS Te, IO
xomiutekcis Cr3* Bigomo myxe 6Gararo.

SIK MU 3HAEMO, €JIEKTPOHU PO3MOIUISIOTHCS 3a KBAHTOBUMH KOMIPKAMH,
opOiTasIMU y BIJIMOBITHOCTI 3 ipaBuiioM XyHa. [Ipu mocTaTHii KIIBKOCTI KOMIPOK
B KOKHIHU 13 HUX PO3TAIIOBY€ETHCS IO OJHOMY €IeKTpOHY. Lle MOsICHIOEThCS TUM, IO
€JIEKTPOHHU BIJIITOBXYIOTh OJJMH OJJHOTO 1 TOMY MParHyTh 3alHATH pi3HI opOITai.
st TOrO, 11100 MEepeBECTH eJIEKTPOH 3 OpOiTalll, /e BiIH OUH, Ha OpOITalb, /1€ YKE €
€JIEKTPOH, MOTPiOHA 3aTpaTa MEeBHOI KiIbKOCTI eHeprii P. Benuuuna P Moxe OyTu
BH3HAUEHA KBAHTOBO-MEXaHIYHUM PO3PAXyHKOM. Y 3B’SI3KY 3 I[UM MPU HASIBHOCTI B
10HI KOMILJIEKCOYTBOpIOBaYa OUIBIIOI KUIBKOCTI €JIEKTPOHIB, HIX KIJIBKICTh
opOiTaneil 3 HHU3BKOIO EHEPri€ro, MOXYTh BUHUKaTU ABI cutyamii. [Ipu A < P
CJICKTPOHHU IEHTPAIHHOTO 10HAa B KOMIUIEKCI 3aiiMaloTh Ti caMi opOiTaii, mo i y
BUJIbHOMY 10H1. [oH MeTaty 3HaXOAUTHCS y CTaH1 3 BACOKUM CIiHOM. SIKiio x A > P,
TO KPUCTAJIYHE TI0JIe BUKIIUKAE MEPEXi]] JICKTPOHIB B YK€ 3aHATI KOMIPKH 3 O1JIBIII
HU3bKOIO €Hepriero. Y pe3ysbTaTi CHapiOBaHHs €JIEKTPOHIB CITIH 3MEHILYE€ThCS — 10H
MeTally 3HaXOAUTHCS y CTaH1 3 HU3bKUM CITIHOM.

HemnoBHe ykoMIuIekTyBaHHsI eJeKTpoHamu opoitaneit d. abo d, mopymrye cu-
METpiro KoMIekey. Lle mopyieHns Moxke OyTu nyxe CuibHUM. Tak, HalpuKiIa, y
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iona Cu?*, mo mae xongirypauito d °, B okraepuuHOMYy 0TOUEHHI Ha opOiTani Oy
y2 3HAXOTUTHCS TUIbKH OJUH eJeKTpoH. Llst opOiTans ekpaHye 3apsj aapa MEHIIE,
HDK 1HIII, TOMY PO3TalllOBaH1 HABKOJIO Hel YOTUPH JIiraHIu OyayTh 3B’s13aH1 3HAYHO
MILHIIIE, HDK ABa 1HII. OCTaHHI MOXYTh JIETKO BIIICIIIIOBATUCS BiJl KOMILJIEKCY.
Tomy mns iona Cu* xapaxmepne xoopounayiiine uucno 4 i niocka 6y006a Komniex-
cis. BimoMo Benmuka KUNBKICTh KOMIUIEKCHHX CIIOJNYK, JI€ JIraHAaMu SIBISIOTHCS
MOJICKYJIH, 110 MICTATh HEHACH4YEH1 T-38’3ku. Taki KOMIUIEKCH 3 HEMOJSPHUMHU
JiraHgaMu Ha3UBaIOThCs T-komniexcamu, Hanpukinan K[Pt(C,H4)Cly]-cims Leiize,
abo cenosiu-cnonykamu — depporen Fe(CsHs)z, e KOMIUIEKCH 3 IUKIIYHUMUA
HEHACWYCHUMH OpTaHIYHMMH pEYOBHMHAMH. B Takmx KOMIUIEKCax I[ojada
CJICKTPOHIB METaly Ha PO3PUXJIAI0UY OpOiTalb JiraHja mociabiitoe 3B'SI30K Mik
aTOMaMH BYTJICITIO ITPY KPAaTHOMY 3BSI3KY 1 pOOUTS iX OUIBII peakIiiHO 3JaTHUMH B
peakIisax npueaHaHHs 1 3amimieHss [1].

BucHoBxku

1. B 1oHHUX KpHCTajaX HE ICHYE OKPEMUX MOJEKYJ. Y OUIBIIOCTI PO3UYHHIB
10HHUX CIIOJIYK TaKOXK HEMa€ iX MOJIEKYJl, OCKUIbKU TPU PO3YMHEHH] B MOJISIPHUX
pPO3UMHHHUKAX (BOJA, CHUPTH) 10HHI CIOJIYKHM MOBHICTIO JUCOLIIOIOTH, a B
Henoysipaux (CCly, CeHg) BoHUM 3a3BHYaii HeposzuwHHI. [OHHI MOJEKYTM MOXHA
BUSIBUTH B Iapax 10HHUX CHOJYK. B mapax 10HHHUX CIOJYK MICTSTBhCS HE TUIBKU
MOJIEKYJIM, @ W 1HII YaCTHMHKU — acOL[laTH 3 KUIbKOX MOJIEKYJI, & TaKOX MPOCTI 1
CKJIAIH1 10HU.

2. KoeoirtienT 60pHIBCHKOTO BiIIITOBXYBAHHS 3HAYHO OUTBIIN 32 OMHHIIIO,
OCKIJIbKY CUJIM BIAIITOBXYBAHHS IIBUJKO 3MEHIIYIOThCS 3 BificTaHHIO. KoedirieHT
N 3aJ1€KUTH BIJ] TPUPOJIHU 10HA 1 JIJIS 10HIB 3 €IEKTPOHHOIO KOH(DITypaIliero noaioHo0
no He, Ne, Ar, Kr ta Xe nopiBarioe Biamosiguo 5, 7, 9, 10 ta 12. Horo mosxHa
BU3HAYUTH 3a CTYNEHEM CTHUCKYBaHHS KPHUCTAIIB 1 HA OCHOBI ONTHUYHUX
BJIACTUBOCTEN peuoBUMH. Ha myxe Manmux BIACTaHSIX TMPOSIBISIOTHCS —CUITU
BIJIIITOBXYBAHHSI, 3yMOBJICHI B3a€MO/II€I0 €IEKTPOHHUX 00O0JIOHOK.

3. Jlns aTOMIB Jy»KHHMX METaJIiB 1 raJloreHiB mepeTBOpeHHs B KaTioH (A™) i
aHioH (B”) mom’d3aHe BIANOBIAHO 3 BTPATOIO 1 MPUEAHAHHSIM TUIBKH OJHOTO
eJIEKTPOHA, ajie 1 TyT HE MOXKHA TOBOPUTH IMPO YTBOPEHHS 1€AIbHOTO 10HHOTO
3B’s13Ky. BHacai0K XBUILOBOI MPUPOAM E€JIEKTPOHIB BIPOTIAHICTH MepeOyBaHHS
eJIEKTpOHA K0JI0 aToMa A B MoJsiekyii AB my»xe maina, ajne He I0piIBHIOE HYJTI0, TOOTO
B I[bOMY BUTIQJKy HEMOKJIMBE TIOBHE PO3LICHHS 3aps/IiB.

4, BluiuB OAWH Ha OJHOrO0 OJIM3bKO PO3TAllOBAaHUX 1 MPOTHIICKHO
3apsAKEHUX 10HIB BUKJIMKAE iX B3a€MHY mojspu3aiito. [Ipu 30mmkeHHl 10HIB
BiIOYBAETHCST 3MIIICHHS E€JEKTPOHIB BIHOCHO SApa, 1 BUHUKAE 1HAYKIIHHUN
JUTIOJIBHUA MOMEHT |lix;. BenudmHa KoedilieHTa MOJSIpu3allii o BUMIPIOETHCS B
OJIMHULIAX JOBXHHM B KyOi. [lomspu3zaiisi mMae po3MipHICTh, TOOTO € MipOIO
POCTOPY, IO 3alHATHI yacTuHKamH. [Iporiec monspu3zaiiii € JBOCTOPOHHIM — Y
HBOMY TIOE€HYIOTHCS TOJSPHU3AIlis 10HIB 3 iX mossipu3yrodoro miero. [lomsipusartis
10HIB 3aJICKUTh BiJ TUIY I1X EJIEKTPOHHOI CTPYKTypH, 3apsmay 1 po3mipy. Ilpu
OJIHAKOBHMX 3apsgax 1 ONM3bKUX pajilycax NoJiApu3allisl MiHiMaibHa B 10HIB 3
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KOH(irypailiero 0JaropogHOro rasy i MakcMMallbHa B 10HIB 3 18 30BHINIHIMU
CJIEKTPOHAMHU Ta MAa€ MPOMIKHE 3HAYEHHS y 10HIB MEPEXiIHUX €JIEMEHTIB 3 He3a-
BepIeHoo 0-00010HKO0. 3a MiArpynamu (0HAKOBI €JICKTPOHHA CTPYKTYpa 1 3apsiz
10H1B) MOJISIPU3ALIiS 3pOCTAE.

5.V psny 130€IeKTPOHHUX 10HIB 3 OJAaropoaHOINOMIOHOI0 KOHGITYpaIli€ro
TIOJIAPU3aLlis 3pOCTAE 31 3MEHIIEHHSM MO3MTHBHOTO 3apsary (psx Mg*2 — Na* — Ne°
— F — 0?%). V Takux psmax KiIbKiCTh €IEKTPOHHMX IIapiB OJHAKOBa, i PiCT
nonﬂpmaun MOSICHIOETHCS 3MEHINEHHSM TIO3UTHBHOTO 3apsy sIpa. Honﬂpmaum
TUM 3HAYHIIIA, YUM OUIBIIMN 3apsA, YAM MEHIIMM pajiyc 1 4MM CTiHKima
eJIeKTpOHHA 000sI0HKa. Hali611b1iy MONApu3y0vy Aii0 BUSBISIOTH Ti 10HH, SIKi cami
c1a00 Moisipu3yroThes. ToMy, SKIIO JaHHUM €JIEMEHT YTBOPIOE 10HU PI3HOTO 3apsiy,
TO iX TOJSIpU3yIoua CHUJIa PI3KO 3pOCTa€ 13 30UIBIICHHSAM 3apsay, OCKIIBKH 3i
30UTBIICHHSIM 3apsily BIIOYBAa€eThCs 3MEHIIEHHS MWoro paaiyca. baratoaromHi
(KOMIUIEKCH1) 10HHW, $KI MarOTh BEJIMKI PO3MIPH 1 3A€OUIBIIOTO CHUIIBHO
ne(OopMyIOThCs, 3a3BUYall BUSABJISAIOTh HE3HAUHY MOJISPU3YIOUY IO,

6. [Tossipusyroya faist KaTioHiB mociadmoeThes y psaay Lit —Na" — K — Rb*—
Cs"; monsipu30BaHiCTh MOCKHIIOETHCA B piny F — Clm—Br |-,

7. Ionsipu3anis i moysIpr3yroya Jiisi HOSICHIOITh 0araTo BIaCTUBOCTEN PI3HUX
peuoBuH. [lomsipuzariisi i0HIB y MoJekysi (HasBHICTh Yy Hiii TEBHOI YaCTHHH
KOBAJIEHTHOTO 3B’513KY) 30UIbIIIYIO€ MIIHICTh 3B’s13Ky. [longpu3ariiss npuBoAUTH A0
3MEHILEHHS BIACTaH1 M)XK 10HaMH 1 10 30UIbIIEHHS €HEPrii 3B 3Ky MK HUMHU. YuMm
CWJIbHIIIA Osipu3anis (MoJIIpr3yroya Jist), TUM HIK4a TeMIlepaTypa AUCOLiallii.

8. Y cnonykax karioHa 3 aHioHaMu-aHanoramu (Hanpukian, 3 Cl-, Bri I)
CTYIIHb JAMUCOIlIAlil B PO3UMHAX, SIK MPABUJIO, 3MEHIIYETHCS — BIIUYBAETHCS 3PICT
MOJISIPU30BAHOCTI aHIOHA.

9. B3zaeMHa nossipu3aiiisi 10HIB TOJIETIIY€E PYWHYBaHHSI KPUCTATIB, TOOTO TO-
HUXKY€E TeMIeparypy IutaBieHHs. [loHuxKye TUM 3HaUHIIIE, YAM CHIIbHIIIE aedop-
MY€EThCSI B pe3yJbTaTl MOJSpH3allli KpUcTaliuyHa penriTka. KoHTpronspuzaiis —
PI3HOBH/I TIOJIIPU3AILii, 32 IKOTO OJIUH 13 aTOMIB MOJISIPU3YETHCS TPU 1 OTHOYACHO
KUIbKOX 1HIIUX aTomiB. KoHTprosspuzailisi MokKe CTaTH HACTIJIBKUA 3HAYHOIO, 1110
CTIOJTyKa BUSIBUTHCS CTIMKOIO TUTBKH MPH HU3BKUX TEMIIEpaTypax.

10. JIehopmoBaHicTh €eKTPOHHOT 000JIOHKHM TMO3HAYAETHCSA 1 HA ONTHYHHUX
BJIACTUBOCTAX peYOBUH. llormMHaHHS TUX YW IHIIMX MPOMEHIB 3B’si3aHE 31 30y-
JUKEHHSIM 30BHILIHIX €JEKTPOHIB. EJEKTpOHHI NepexoAu BIANOBIIAIOTh THUM
MEHIIUM E€HEPrisiM, YUM OlJIbIlle MOJISIPU30BaHA YAaCTHHKA. SIKIIO OCTaHHS CTIHKa,
TO 30yIKEeHHS NoTpedye O1IbINOI eHeprii. SKio aTom (10H) JErko MOJIIPU3YETHCS,
TO 30y/UKEHHsS BUHHKA€E TPU HEBEIMKUX EHEpreTMYHUX 3aTpatax. PeuoBuna €
3abapBieHo0. Unm Oinbinia moJsspu3aliis 1 MoJsipu3yroda Jis 10HIB, TUM OLIbIIe
H1JCTaB OYIKYBaTH MOSIBY 3a0apBICHHS.

11. O6uncnena eHeprisi HECUMETPUYHOTO 3B 53Ky 3aBXKIM MEHINA BiJ
3HaWJEHOi 13 JOCHiy, OCKUIBKM KOBAJEHTHHH 3B 30K MDK PI3HUMHU aTOMaMu
3aBXKJIU TI€I0 YU 1HIIOK MIPOIO TOJIIPHUMN. 3a CTYNIeHEeM BiaxuieHHs BenuuuHu AE
(pi3HULI €Heprii 3B’S3KIB) BiJ HYJs MOXHA CYyAMTH MPO CTYMiHb MHOJSPHOCTI
KOBAJIEHTHOTO 3B’SI3KYy 1 TUM CaMHMM MO 3/1aTHICTb aTOMIB MPUTATYBATH 10 cebe
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eNeKTpoHu (xapaktep 3MmiHU AE 1 qunmoiabHOro MOMEHTa OJHAKOBi, a OCTAaHHIN
3pocTae 31 301IBIIIEHHSM CTYIICHS TOJISIPHOCTI 3B’ 513Ky ). Benuunna AE 3a5exxutsb Bij
PI3HHUIIl  €JEKTPOHETaTUBHOCTEM (X) e€NeMEeHTIB; 31 30UIbIICHHSIM Pi3HUII
€JIEKTPOHETaTUBHOCTEH 3pOCTa€ CTYIMiHb I0HHOTO 3B’ SI3KY.

12. YV cTpykTypi KOMIUIEKCHHX CIOJYK PO3PI3HIIOTh KOOPAUHALIAHY
(BHYTpiITHIO) chepy — yIpymyBaHHS, IO CKIAAAETHCS 13 MIEHTPAIbHOI YACTUHKH -
KOMITJIEKCOYTBOPIOBaYa — 10Ha Y aToMa 1 JiranaiB (aeH/aiB) - MOJICKYJ a00 10HIB
MPOTUIISKHOTO 3HaKy. KoopauHaiiitHe 9ucito - KITbKICTh JIITaHAiB, PO3TAIlIOBAHUX
HABKOJIO KOMILIEKCOYTBOPIOBaYa, Ha3UBA€ThCs. [OHU, AKI 3HAXOAATHCS 32 MEKaMU
KOOpAMHAIIIHOI cpepH, yTBOPIOIOTH 30BHIIIHIO chepy Komriuiekcy KoopanHnariiiiina
chepa 30epiracTbCs 1 B po3UMHAX KOMIUICKCHHX CIHONyK. KoMIUIekcHI crojyku
JMCOIIIOIOTH B PO3YMHAX 13 YTBOPEHHSIM KOMIUICKCHUX 10HIB.

13. VaBnennss npo OyAOBYy KOMIUIEKCHHX CIOJYK JIeKaTb B OCHOBI
KOOPJIMHAILIIMHOI Teopli. barato KOMILJIEKCIB MOXKYTh OyTH OJIep>aHl B pe3yJIbTaTi
CIIOJIyYE€HHSI POCTUX PEYOBUH. KOMIUIEKCHUX CMOIYK BIJOMO 3HAYHO OUIbIIIE, HIkK
yCiX IHIIIMX HEOPraHIYHUX PEUOBHMH. BOHU 3HAXOMATh MPAKTUYHE 3aCTOCYBaHHS B
pi3Hux cdepax. Benmuka ponp komriiekciB y OiojoriyHux mporecax. Cepen
KOMIUIEKCHUX CIHOJYK € KHCIOTH, OCHOBH 1 coji. € TaKoX pPEYOBHHH, IO HE
JUCOLIIOIOTh Ha 10HU, TOOTO HEEJIEKTPOIITH.

14. KomMmiekcoyTBOPIOBaHHSI OCOOJIMBO XapaKTEepHE JJIA 10HIB MEPEXITHUX
MeTaliB, 30kpeMa, 1 ionis Cu?*, Ag*, Au®*, Cr®* ra ionis enementis VIII rpymnu
nepioanyHoi cuctemu. JliraHgamMu B KOMIUIEKCHHUX CIIOJyKax YacTo € 10HU
ranorenis CN-, NCS-, NO,~, OH-, SO4*", C,04% i neiirpansni monekyan H,O, NHg,
NoHs (timpasin), CoHsN (mipuaun), NoH—-CH-CH-NH. (etunenpiamin), a
etmineH-CoHs ta 6enzon —CgHg MOXYTH YyTBOpIOBaTH T -KOMILUIEKCH Ta CaH/BIY-
CcTyKTypH. HaifO1/1b111 3BHYHIMHU KOOPAWMHALIMHUMY YHUCJIaMU B KOMILICKCax € 6 Ta
4. Cepen KOMIUIEKCHMX CIIOJYK PO3PI3HSAIOTH: aKBACIOJyKH, amiakaTH,
TIPOCTIONYKH, allMIOKOMITJIEKCH, 3MIIMIAHOTO TUITY. Ha3BU KOMIUIEKCHUX CHOJYK
YTBOPIOIOTHCS aHAJIOTIYHO JI0 Ha3BU 3BUYHMX COJICH 3 BKa3aHHSIM JITaHIIB 1 CTyIIEeHS
OKHUCJICHHS IIEHTPAJILHOTO 10HA.

15. Cepen KOMIUIEKCHUX CHOJIYK, SIK 1 CE€pell OpraHIYHUX MOJIEKYJI, IIUPOKO
NOIIUpEHE sBUIIE 130Mepii. J[0O OCHOBHUX THIIB 130Mepli KOMIUIEKCHUX CHOJYK
HaJjieXaTh: 1OHI3alliliHA 130Mepis, 130Mepis JIraHliB, 130Mepis MPOCTOPOBOIO
pO3TalllyBaHHS YacCTUHOK (CTepeo-130Mepiss Ta Ha3epKalibHa 13oMmepist). Jlis
KOMILJIEKCIB 13 KOOPAUHALIIHUM YUCIIOM 4 cTepeo-130Mepisi MOXKIMBA, KOJIM YOTHPHU
JIraHAu 3HAXOJATbCA B OJHIA miomuHi. [Ipu TerpaeaudyHOMYy pO3TallyBaHHI
JITaHMIB CTEepPeOo-130Mepisi HeMOxJinBa. Jl3epkaibHi 130MEepH KOMILUIEKCIB MAaloTh
aBCOMIOTHO OHAKOBI XiMiuHi 1 Gi3WuHi BIACTUBOCTI. [XHi GOPMH BiTHOCATBCS OTHA
JI0 OJHOI SIK IPEMET JI0 CBOTO J3EPKAIBLHOTO BioOpaxkeHHs. BOHU pOo3pi3HIIOTHCS
ACUMETPIEI0 KPUCTATIB 1 B PI3HUX HAMPSMKAaX MOBEPTAOTH TUIOMIMHY TOJISIpU3AIlii
CBITJIA.

16. B ocHOBI Teopii, sika NOSICHIOE YTBOPEHHS KOMIUIEKCHUX CIOJYK, JIEKaTh
CJIIEKTPOCTATUYHI ysABJICHHSA. EHepris BiIITOBXYBaHHS YAaCTHHOK, IO OTOYYIOTh
KOMIUIEKCOYTBOPIOBAY, TUM 3HAYHIIIA, YAM O1JIbIIIE YACTUHOK TPYIY€ETHCS HABKOJIO
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HEeHTpadbHOTO 10HA. [lpu 3HaYHOMY 30UIBIIEHHI 4YHCIA JITaHAIB  CHJIA
BIJIITOBXYBAHHS MI)X HUMHM HACTUIBKUA 30UIBIIYETHCS, IO KOMILUIEKCH CTalOTh
HecTiMkuMHU. EnexkTpoctaTvuHi ysBICHHS HE MOXYTbh TMOSCHUTU OyJOBY
KOMIUIEKCIB. JlOoCHi/DKYyBaHHSI MAarHiTHUX BJIACTUBOCTEHM PEUYOBMHM JI03BOJISIE
BU3HAYUTH YHUCIIO HECTIAPEHUX EJNEKTPOHIB. UKMCIo HECTIapeHUX €JIEKTPOHIB 10HA B
KOMIUIEKC1 MOKe OYTH PI3HUM B 3aJIKHOCTI BiJl IPUPOAHM JiraHaiB. ToMy cydacHa
TEOPis MOPST 3 EICKTPOCTATUYHUM (PAKTOPOM BPaXOBYE TAKOK KBAHTOBOMEXAHIUHY
B3a€MO/III0 YaCTUHOK.

17. Meton BaJleHTHHUX 3B’ 5I3KiB Iependaydae, 1o MiXK JIIraHaMu 1 KOMITJIEKCO-
YTBOPIOBAYEM BHHUKAIOTH JOHOPHO-AKIENTOPHI 3B’S3KM 3a paxyHOK Tap
€JICKTPOHIB, IO € B JIIraHJaX. 3a JOMOMOT'OI0 IIOTO METOTY OYJIO MOSICHEHO OyI0BY
1 6araTo BJIaCTUBOCTEH (B TOMY YHCIII ¥ MardiTH1) BEJIMKOT KJIBKOCT! KOMIUIEKCHUX
CHOJYK.

18. Teopist KpUCTANIYHOTO MOJISI TPYHTYETHCS HA €IEKTPOCTATUYHIN MOJIEIII.
Opnnak, Ha BigMiHy Bij Teopii Koccenst Ta Marnyca, TyT po3risaaeTbes qedopmariis
B EJCKTPOHHUX OOOJOHKAX 10HA-KOMIUIEKCOYTBOPIOBaYa, IO Bm6yBaeTLc;1 i
niero siradfaiB. CbOrojiHi JJis TOSICHEHHS 1 pO3paxyHKY XIMIYHOTO 3B’SI3KYy B
KOMITJIEKCAaX BHKOPHUCTOBYETHCS KiIbKa KBAaHTOBOMEXAHIYHHUX METOMIB. Teopis
KPUCTAJIIYHOTO BUXOAUTH 3 10HHOI MOJENI 1 HOTpeOy€e BUIO3MIH B TUX BHUIIAJKAX,
KOJIM B KOMITJIEKCI € TIOMiTHA JTOJISI KOBAJIGHTHOTO 3B’ s13KY. K01 1151 07151 MOPiBHSHO
HEBEJIMKA, BUKOPHUCTOBYETHCS TEOpis TMOJs JraHiiB, B SKId HasBHICTb
KOBAJICHTHOTO 3B’ 13Ky BUPAXOBYETHCS BBEICHHIM IIEBHUX MTOMIPABOK Y PO3PAXyHKH,
[0 TIPOBOJSATHCS METOAAMH TEOPil KPHUCTAIIYHOTO IMOJsA. Y BHITAJKY 3HAYHOTO
KOBAJIGHTHOTO 3B’SI3Ky BHKOPUCTOBYETHCS METOJI MOJEKYJSIpHHX OpOiTalniei, 1o
3aCTOCOBYETHCS 3 BPaXyBaHHSM YSBIICHb TEOPIi KPUCTAIIYHOTO MO (TaKU#M MiaXiJ
1HKOJIM TaK0X Ha3UBAIOTh TEOPIEIO MOJIS JIITAH/IB).

19. Bun ribpuausaiii i CTpyKTypa KOMIUIEKCY BU3HAYAIOTHCSI B OCHOBHOMY
CIICKTPOHHOIO OYJO0BOIO IICHTPAJIBHOTO 10HA, aJieé BOHHM TAaKOX 3aJIeKaTh 1 BIJ
NPUPOAM JIraHMaiB. 3a JOTIOMOTOI METOAY BaJCHTHHUX 3B S3KIB MOJKHA
nepea0ayuTH peaKiliiiHy BIIACTUBICTh KOMIUIEKCHUX CHOAyK. OCTaHHS 3HAYHOIO
MIPOIO0 BU3HAYAETHCS IIBUJIKICTIO OOMIHY JIITaHAIB KOMIUIEKCY Ha IHIII 10HH abo
MOJIEKYJIH, 1110 BiAOYBAETHCSA Y PO3UMHI.

20. Teopist KpHCTATIYHOTO TOJISI PO3TIIsAAAE BIUIMB JIiraHAiB Ha d-opOitami
10HA-KOMILJICKCOYTBOpIOBada. Y BUIbHOMY artomi abo ioHI eHeprii Bcix d-
€JIEKTPOHIB, 10 HAJIEXKATh J10 OAHIET 1 TiET CaMOi €IEKTPOHHOT 000JIOHKH, OTHAKOBI.
[{i enekTpoHU 3aiiMarOTh OJIUH €HEPreTUYHUN piBeHb. JliraHmau, skl MpUeIHaH] 10
MO3UTHUBHOTO 10HA, € a00 HEraTUBHUMHU 10HAMH, a00 TOJAPHUMHU MOJIEKYJIaMH,
MOBEPHYTUMHU JI0 KOMIUIEKCOYTBOPIOBAaYa CBOIM HEraTUBHUM ToytocoM. [lix miero
JiraHaiB BiAOyBa€ThCS PO3IICIUICHHS CHEPreTHUHUX piBHIB d-opOiTaseii. Bemnunna
eHeprii po3mieryieHHss A 3aJeXUTh BiJl MPUPOAM JraHAiB 1 Biag KoHpiryparii
KOMITJIEKCY. SIKIMO JjiraHayd 1 iX BIACTaHI BiJ LEHTPY KOMIUIEKCOYTBOPIOBaYa
OJIHAKOBI, TO BEJTUYHHA A JIJIsl TETPACIPUIHOTO OTOUEHHS CTAHOBUTH 4/9 BeMMIMHU
A 171 OKTaeApUYHOTO OTOYeHHs. BenmmunHa eHeprii posmerieHHs A Moxke OyTH
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pO3paxoBaHa TEOPETUYHO METOAAMHU KBAHTOBOI MEXAHIKM 1 €KCIIEPUMEHTAJILHO 3a
CHEKTPaMU MOTIMHAHHS KOMIUIEKCHUX CITOJIYK.

21. PedyoBuHa MorjvHAEe T1 KBAaHTU CBITJIA, CHEPTiSA SKUX JIOPIBHIOE €HEPTii
BIJIMOBIJTHUX €JIGKTPOHHUX TMepexo/iiB. CHexkTp NoriavuHaHHS (OTXe, 1 KOJIp)
OUTBIIIOCTI KOMITIEKCIB O-€JIEMEHTIB 3YMOBIICHUH €JICKTPOHHUMH IEPEXOJaMU 3
HIk4oi d-opOitani Ha d-opOiTanmbs 3 OUTBII BUCOKOK eHepriero. loHu enemMeHTiB
BCTaBHUX JeKaa 3abapBiieHI, B TOH dYac SIK 10HH, IO MarOTh KOH]Iryparito
OmaropogHux TrasziB, Oe3KoyipHi. BUBYEHHS CHEKTPIB KOMIUIEKCHUX CIIOJIYK
JI03BOJIMJIO BU3HAYMTU 3HAYCHHSI €HEprii po3mIeryieHHs A, sSke MoKa3auo, M0
JIraHIu MOXKYTh OyTH pO3TaIlIOBaHI 3a MOPSAIKOM 3MEHIIIEHHS CHIIA KPUCTAIIYHOTO
nons y psia: CN™> NO, > etunenaiamin > NHz > NCS > H,O > F > COO > OH >
Cl~> Br > I". HaBeaeHa mocimi10BHICTh HA3UBAETHCS CIIEKTPOXIMIYHUM PSIIOM.

22. 11106 mepeBecTH eIeKTPOH 3 opOiTali, e BiH OJUH, Ha OpOiTalb, 1€ ykKe
€ eJIEKTPOH, MOTPiOHA 3aTpaTa MEBHOI KUIbKOCTI eHeprii P. Bennuuna P Moxe OyTu
BHU3HAYECHA KBAHTOBO-MEXAaHIUHUM PO3PAXYHKOM. Y 3B’SI3KY 3 IUM IPU HASIBHOCTI B
10HI KOMILUIEKCOYTBOpIOBaya OUIBIIOI KIUIBKOCTI €JIEKTPOHIB, HDK KUIBKICTh
opOiTaneil 3 HU3BKOI EHEPri€r0, MOXYTh BUHMKATH JAB1 cutyamii: 1. mpu A < P
€JIEKTPOHU LIEHTPAJIBHOIO 10HAa B KOMIUIEKCI 3aiiMaroTh T1 caMl opOiTaii, o U y
BITbHOMY 10H1. [OH MeTany 3HaXOAUTHCA y CTaHl 3 BUCOKUM CIIHOM; 2. SKIIO X A >
P, To kpucTtaniyHe noJjie BUKJIMKAE NEPEX1]] €IEKTPOHIB B YK€ 3aMHATI KOMIPKH 3
OTBII HU3BKOIO €Hepriero. Y pe3yibTarTi CHaproBaHHS EJEKTPOHIB  CIiH
3MEHIIYEThCS — 10H METaly 3HAXOAUThCSA y CTaHl 3 HU3bKUM cHiHOM. HemnoBHe
YKOMIUIEKTYBaHHs eleKTpoHaMu opbOitaneid d. abo d, mopymye cumerpio
KOMILJIEKCY.

23. Bitomo BenmMka KUIbKICTh KOMIUIEKCHMX CIOJNYK, J€ JIraHJaaMu
SIBJISIIOTHCS. MOJISKYJIH, IO MICTSITh HEHACHYCHI TT-3B'SI3KHM (BOHU BiJIOMI1 SIK CEHJIBIU-
CIIOJIYKH, TPUKIATOM € (peppolieH). Taki KOMIJIEKCH 3 HEMOJSPHUMU JIITaHIaMU
HA3MBAIOTHCS TT-KOMILIEKCaMH. B Takux crojykax mojada €JeKTPOHIB METaly Ha
PO3PUXIISIIOUY OpOiTaNh JIiraHaa MociIadiroe 3B'I30K MK aTOMaMH BYTJICHIO TPH
KpaTHOMY 3BS3KY 1 pOOUTH 1X OUIBII PEaKIiitHO 3JaTHUMU B PEAKIISX MPUETHAHHS
1 3aMIIICHHS.
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3aBaaHHA VIS CAMOKOHTPOJII0
[Mutanusa 1. Exeprisa ionHOTO 3B’s13Ky. KpHB1 MOTEHIIaIbHOI €HEPrii AJi 10HHOTO
3B'A3KY.
[Tutanns 2. SBuie i10HHOT OJISIpHU3allii Ta MOJSIPU3YOYOi Aii Ta X 3aJIKHICTh BiJ
CJIEKTPOHHO1 CTPYKTYPH, 3apsiay 1 po3mipy 1oH1B. KoedirieHT nonspusariii.
[Tutannsa 3. [lonsipu3zalis 1 BIaCTUBOCTI PEYOBHH. SIBHUIE KOHTPIOISpHU3aLlli Ha
IMpHUKJIagax HzCOg, HzSOg, CaC03, CdCOg
[Tutanusa 4. ONTUYHI BIACTUBOCTI KOMIIEKCHUX CIOJIYK.
[Tutanua 5. IlonsipHuii 3B'SI30K 1 €IEKTPOHETATUBHICTh. 3aJEAKHICTh CTYHEHS
10H13aL1i 3B’S13KY B1J PI3HUL €JIEKTPOHETaTUBHOCTEM.
[Tutanusa 6. KomruiekcH1 CoNyKH, iX CTPYKTypa Ta HOMEHKJIaTypa. [IoHaTTs mpo
JNeHTaHTHICTh. CTPYKTypa KOMIUIEKCHUX croyiyk. HaBecTu npuknaau.
[Tutanns 7. [3oMepist KOMIUIEKCHUX CIIONYK Ta i1 Tunu. HaBecTu npuxianu.
[Tutanus 8. XiMiuHUHN 3B'A30K y KOMIUIEKCHUX CIIOJIyKax Ta HOro TpaKTyBaHHS.
Koopaunartiiiai auca.
[Mutannsa 9. INOpunmzariss €IEKTPOHHUX OOOJIOHOK KOMIUIEKCHUX CHONYK. Bumm
ribpuau3aiii i CTpyKTypa KOMIUICKCIB.
[Mutannus 10. IlpuHUMOM METOAY BajJ€HTHUX 3B’SI3KIB y TOSCHEHHI CTPYKTYpHU
KOMITJIEKCHUX CIOJIYK.
[Mutanua 11. [lpuHounu Teopii KpUCTATIYHOTO MOJIS Yy MOSCHEHHI CTPYKTYpHU
KOMITJIEKCHUX CIOJIYK.
[Tutanus 12. T-KOMIUIEKCH Ta X CTPYKTypa.
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IIpakTuyHi 3aBAaHHS

1. IlpuBeniTh cXxeMy yTBOPEHHS T-KOMIUIEKCIB Ta CEHABIY CTYKTYp JUIA
KOMIUTEKCHHX CIOJYK 3 HCHACHYEHUMH MOJICKYJIaMH JIITaH/TiB.

2. 300pa3ith (opmynn komriekcHux crnoiayk: MgCly:6H,0; NaSO4 10H,0;
KAI(SO4)2-12H,0; NiSO47H,0; Nd(BrOs)3-9H;0.

3. HaBeniTh eneKTpOXIMIYHHUMA PSA MO CHUJIl 3MEHIICHHS KPUCTATIYHOTO TIOJS IS
JITaH/IiB KOMIUIEKCHHUX CTIOJYK.

4. HameniTh NMPHUKIAJAA KOMIUIGKCHUX CIIOJIYK I3 BHYTPIIIHBOIO Ta 30BHIITHBHOIO
ribpuanzaiiero.



