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IHEPEIMOBA

XiMiSI KOOPJMHAIIMHUX CTIOJYK € OJTHUM 13 BOKIMBHUX PO3JLITIB
cydacHoi ximii. ToMmy chmemkypcu 3 KOOpAMHAIUNHOI Ximil
BHUKJIQIAIOTHCSA B OUIBIIOCTI YHIBEPCHUTETIB CBITY CTyJEHTaM, SKI
CTELIaNi3yI0ThCsl B Tally3l HEOPTraHi4HOI, aHAMITHYHOI XiMii, Ximil
HaBKOJIMIITHBOTO CePEeAOBHINA, (PI3UUHIN XiMii TOIIIO.

VY HaByanpHOMYy IUIaHi XiMiuHOro Qakynerery KuiBcbkoro
HaIIOHAJILHOTO yHiBepcuTeTy iMeHi Tapaca IlleBueHka /i CTyIeHTIB
Kadeqp HEOpraHiyHOI Ta AHANTUYHOI XiMii TOPS 13 JEKI[IHHUM
KypcoM Tiepen0adeHo MPaKTUYHI ¥ JIAOOpaTOpHI 3aHATTSA 3 KypCy
"Koopnunamiitna ximia". JlaHuii TpPakTUKyM OCHOBaHO Ha THX
7a00paTOpPHUX 1 MPAKTUIHUX POOOTAX, sIKI BUKOHYIOTHCS CTYACHTAMH
TPEThOro Kypcy Kadeapu HeOpraHiuHoi XiMii BIOPOAOBXK OCTaHHIX
POKIB.

[IpakTUKyM Ma€ 3a METy JaTH MOKJIMBICTb CTYJCHTaM 3acCBOITH
pi3HI METOJMKH JOCIIDKEHHS TPOIECIB KOMIUICKCOYTBOPCHHS B
pO3UMHAX, O3HAWOMHTUCH 13 METOJAaMHU CHHTE3Y 1 JCSIKUMH
METOaMH  JIOCII/DKEHHSI KOOpAMHAIIMHUX cnoinykK. KpiMm Toro,
nepenoayaeTbcs O3HAHOMHUTU CTYJEHTIB y 3arajbHUX pHcax i3
MOKJIMBOCTSIMM cydyacHuX komm'torepHux nporpam Excel, ORIGIN,
CHEMDRAW, SUPERQUAD, Species Tomio, $iKi JI03BOJISIOTH
00poOIATH pe3ysbTaTH EKCIEPUMEHTY (IIPOBOAUTH PO3PAXYHKH,
OyayBaTtu rpadiku, MpamroBaTH 31 CIEKTpaMH) 1 HAJICKHUM YHHOM
opopmisiT  ix. Ha crapmmx Kypcax CTyIOeHTH Kadenpu
HEOPraHiuHO1 XiMil MOTTUOIIOI0TH OJIep>KaH1 3HAHHS TIPU BUBYCHHI



Takux KypciB, gk "®i3uyHi MeTOOM JOCHIKEHHS OyJa0BH
HeopraHiuHux crnonyk" 1 "bioneopraniuna ximis".

Crretikype "KoopaunamiitHa Ximis" BHKIAIAEThCS CTYACHTAM
TPETHOTO POKY HaBYAHHSA (M'STUN CEeMECTp), sIKl TIIbKU MOYMHAIOTh
BUKOHYBAaTH  CaMOCTii{HI ~ HayKoBi  JOCHikKeHHS.  Tomy
nependadaeThCs, MO0 KOXHUK CTYNEHT, KpiM TpagulliiiHUX
nabopaTopHUX poOiT, BUKOHAB OJHY-ABI JJabopaTopHi poOoTH, sKi
€ MOJIEJIUTIO HEBEJIMKOTO 3aBEPIIEHOr0 HAyKOBOTO JociixkeHHs. Lle
JacTh MOKJIMBICTh JOTTIOMOTTH CTYACHTaM 3pO3YMITH METOJI0JIOTII0
HAYKOBOi poOOTH 1, TAKMM YHMHOM, MIATOTYBaTH iX 10 BUKOHAHHS
TUTUTOMHEX poOiT. [IpuKiaay AesKux i3 TAKUX KOMITICKCHUX pOOiT
HaBefneHo Ha c. 305-312. Ilpore Bukmamayi, ki MPOBOASTH
na0opaTOpHi 3aHATTSA, MOXYTh 3alpOIOHYBaTH CBOi BapiaHTH
noaiOHUX POOIT, ypaxOBYIOUH TMPHU [OMY TEMaTHKy HayKOBHUX
poOiT BigmoBigHOi Kadenpu. Ilpu iIX BUKOHAHHI CTYJIEHTH BEIyTh
poboUnii KypHaJ, a Aaii MoJal0Th HAYKOBHI 3BIT Y BUIIIAII KOPOTKOI
crarTi, HamwcaHoi Ta OQOPMIIEHOI 3a TpaBWIAMH OJHOTO 3
XIMIYHUX OKypHadiB. 3a pe3yJbTaTaMu JabopaTOpHUX poOIT
NPOBOJATh CEMiHAp, Ha SKOMY CTYICHTH MPEICTABISIOTh
pe3yJbTaTl CBOIX JOCHIDKEHb Yy BHUIVISII KOPOTKOi HAayKOBOT
JOTIOBIIi.

ABTOpH BHHOCATH MOASKY JOLEHTY Kadeapu HEOpraHiqHOi XiMii
[.O.@punproMy 3a JOMIOMOTY B MiATOTOBII JTAOOpaTOPHUX POOIT 3
pH-motenmiometpii, a  Takox  CcHiBpoOiTHHKaM  Kademp
HEOPTaHiYHOI Ta aHANITHYHOI XiMil, SKi CIPHSIIM CTBOPEHHIO
JIAHOTO ITOCIOHUKA.

ABTOpH OyAyThb BISYHI BCIM, XTO HAJIIIE CBOI 3ayBa’KE€HHS,
no0a)kaHHsI 3 METOIO MOJIAJIBIIOTO YJOCKOHAJIEHHS MiJIpYYHHKA.
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3aranbHa XapaKTepucTMKa KOOpAMHALiMHUX CMoJyK @

1.1. OCHOBHI IIOHSATTS
KOOPAMHALIIIHOT XIMIi

KooanHauiﬁHHMn CTMOIyKaMd HAa3WBAIOTh PEYOBHMHH, SIKi

MICTATh KaTIOHHHWM, aHIOHHMM a00 HEWTpaJlbHUN KOMIUIEKC, IO
CKJIAZIAEThCS 13 MeHTpaJdbHoro aroma (ioHa) 1 3B'SI3aHUX 13 HUM
MOJICKYJI Y1 10HIB — jIiraHaiB.

LeHnTpanbHuii aToM 1 JraHau yTBOPIOIOTh TaK 3BaHY BHYTPilIHIO
(xoopaumnaniiiny) coepy, Hampukman: [PtCl,]*, [Cu(NH,),]*",
[Ag(CN),],  [Co(NO, )6]3_’ [PtC1,(NH;),]. Skmo 3apsn vy
BHYTpIIIHINA cepi HECKOMITEHCOBaHMH, KOOpAWHALIIIHA CTIOyKa Ma€e
3oBHimHI0 cdepy, Hampukiaa: K,[Fe(CN).], [CoCl,(en),]C],
[Co(NH, )] CL,, K,[PtCl,] Tomo. Y  po3umHax  Taki

KOOpJMHAIIITHI CIIOTYKH JUCOIIIOIOTH 3a CXEMOIO:
K,[Fe(CN),] == 4K" +[Fe(CN),]*
[CoCl,(en),]CI == [CoCl,(en),]" +CI”

BHyTpimHsa cdepa manmi TeX YaCTKOBO AMCOIIIOE IMEPEBAXKHO
CTyMmiHYacTO (MB. pO31. 3):

[HgCl, ] == [HgCl,] +CI
[HeCl,]™ = [HgCL]+CI
[HeCl,] = [HgCl]*+CI
[HgCl]" == Hg*" +CI"
Sxuro BHyTpimHS chepa JOCUTH MillHA, TOMI IS IMiTBEPHKCHHS
KOOPIUHALIITHOT dbopmynu CIIOTYKH cIif BUMIPATH

€JIEKTPOIIPOBIIHICTh CBIKEBUTOTOBJICHUX PO3YMHIB LI€T CIOIYKH.
ExcniepumenTanbHo Oyi0 BeraHoBieHo, 1o npu 25 °C MonspHa
eNeKTPONPOBIAHICT, (L) PO3YMHIB ~ KOOPAMHALIMHUX  CIIOJYK
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@ Po3gin nepwmii

nopiBaioe: 11s 1 : 1 enexrponitis — 6museko 100 Om ™'+ cM” - Moitb ',
s 1:2 enextponitiB — 250 OM ' em”*- Mons ', g 1:3 ta 1:4
eNneKTposIiTiB — BigmosigHo 400 Ta 500 OM ' - cm* - Mons .

Xo0Y IEHTpaJbHUMH aTOMaMHU HaWYacTille € 10HW MepexiTHuX
METaJliB, MPOTE B POJIi IIEHTPAJIBHOTO aTOMa MOYKE BUCTYIATh Oy/b-
SAKAN eNeMeHT MepioAnYHOoi cucteMu MeHzeneeBa, 10 TOTO X Y
pI3HHX CTyINEHsIX OKHUCHEeHHS. Haramaemo, mo came 3a JIOTIOMOTOIO
peakiiiii KOMIUIEKCOYTBOPEHHS BIIA€ThCS CTaOUTI3yBaTH ""He3BHUYaiiHI"
CTyIIEeHI OKHCHEHHs LieHTpaibHOro aroma, Hanpukiaan K,[Ni(CN),],
Li[Ti(dipy),], [AgPy,](ClO,),, Ni(CO), Tomro.

Morsekynu 4u 10HH, SIKi KOOPIUHYIOTCS HAaBKOJIO IIEHTPAIILHOTO
aToMa, Ha3uBalOThCA giramgamu. OCTaHHI HaldyacTiiie 3B'13aHi 3
[EHTPATHFHUM aTOMOM 3a PaxXyHOK IOHOPHO-aKIENTOPHUX 3B'S3KIB.
3BizcH 3p0O3yMilI0, LIO JIiraHJaMH MOXKYTh OyTH Oy Ib-5IKi HEOpPraHiuHi
i OopraHiuHi MOJIEKYJIM YU 10HH, JI0 CKJaay SKHX BXOISATh aTOMH,
[0 MalOTh HEMOIIeHI eNeKTPOHHI MapH 1 31aTHI OyTH TOHOpaMH
enekTpoHiB. Jlirana Moxke 3aiiMaTH B KOOpIMHAIINHHIN cdepi onHe
a00 JeKiIbKa MiCIb.

KinbKicTh G-3B'SI3KiB, 3a JOIIOMOTOIO SKHX JIraHI 3B'I3aHHi 13
LEHTPaJIbHUM aTOMOM, Ha3UBAEThCS AeHTATHIiCTIO Jiranmy. Jliranam
MOXYyTbh OyTH MOHO-, 0i-, abo momimeHTaTHUMH. JleHTaTHICTH
JIragay TMepir 3a BCE 3aJICKUTh BiJl KUTBKOCTI JOHOPHUX aTOMIB,
reoMeTpuYHoi OynoBH JIiraHmy, BiJl TPUPOIH LEHTPAIBHOTO
atoma. JliraHnm, sSKi MalOTh KUIbKAa PI3HUX JOHOPHUX aTOMIB,
Ha3UBAIOTHCS aMIOJiJeHTATHUMH, KO JOHOPHHUX aTOMIB JIBa —
amOinenratammu.  Hampuknan, NCS-rpymu ~ MOXYyTb
KOOPIMHYBaTUCh IIEHTPAJIBHUM aroMoOM 4epe3 a3or M-NCS,

YTBOpIOIOUH i30TiomianatHi kommuiekc, [Co(NCS),]*", uepes cipky
M-SCH , yTBOpIotoun Tiomianartai kommuiekcu, [ Hg(SCN),]*", a6o
Oytm  wmictkoBuM  JiraHmoM, Co-NCS-Hg, Co[Hg(SCN),].

10



3aranbHa XapaKTepucTMKa KOOpAMHaLiMHUX CrosyK @

AMOIZICHTaTH] JITaHIU MOXKYTh YTBOPIOBATH 130MEpHU 3B'S3KY (IIUB.
HIDK4e). Jleski HalnommpeHini Jliranau HaBeaeHo B Tadm. 1.1.
[TomieHTaTHI JraHAW YTBOPIOIOTH i3 HEHTPAIBHUM aTOMOM

IUKJIU:
NH, H.N ! ‘
T Cd T O
M 7w
o NH, H,N o o
° \/

SIKII0 JiraH Mae KijgbKa JTOHOPHHX aTOMIB, ajie 32 CTEPHYHUMHM
NpUYMHAMHA HE MOXKE YTBOPIOBATH 3aMKHCHHMH UMK, TO BiH
KOOPJIMHYETHCSI SIK MOHOJICHTATHUH Jirana. Tak, rigpasus, 4.4'-
JTUITPUIWIL, X0Y 1 MICTSTH JIBa MOTSHIIIMHUX JOHOPHUX aTOMH a30TYy,

€ MOHOJICHTaTHUMHM a00 MICTKOBMMHM Jirangamu. st rigpasuny,
HANpHKIAA, € XapakTepHHUM YTBOPCHHS KOMIUICKCIB  THUILY

[Ni(N,H,),]*". Bi- i mosiigentaTHi Jjiranam MoXyTb BiJirpaBaTu
MICTKOBY (YHKIIIO, YTBOPIOIOYM MHOJisigepHi KOMIJIEKCH.

MiCTKOBUMH MOXYTh OyTH TaKOK OJIHOATOMHI 10HM abo JiraHiy,

1110 MAFOTh JIMIIE OJWH JOHOPHHUIA aTOM:
2..
cl Cl NH
SCN _l /S o3
H,NC,H,0._ ) /NCS\CU _ \Pt\ >Pt
N
Nes” SN SOCHNH, NH3/ o o
Sxmo 3aMuKaHHS ~ IUKIIB  BiAOyBaeThbcs  3a  yyacTi
MPOTOHBMICHHX 0i- a00 MONIAEHTATHUX JITraHIiB, IO MAalTh
cnabKi KHCIOTHI BIIACTUBOCTI, TO TPH LBOMY YyTBOPIOIOTHCS
HEUTpasIbHI KOMILIEKCH, K1 Ha3UBaKOTHCS

BHyTpiIIIHLOKOMHJIeKCHI/IMI/I CIIOJIYKaAaMHU.

11



Tabauys 1.1. Neski HaimommpeHinri Jiranan

NH; amoniak [O-N=O] nitpur-ion [O-H] rizpokcun-ion
(CH;),SO  mmumermncymbhokeng (AMCO) Ttomo

Jliranam | Kommiiekcn
Monooenmammui
T k=
H,0 Bona F~ ¢ropun-ion [}C=N:] wianin-ion %gtr((é{é%é%zf [AlFg]",
Cl xmopup-ion I #omam-ion  [S=CzN] TiomiaHar-ioH 4
P [5-C=N] [CoNCS).[

[CoNOL)]™, [Ni(NHs)e]*"

bioenmammi
Etunenniamin (en) Arnermnaneron (Hacac) | Fe(acac);
H,C CH, [Ni(en)3]2+
[Cu(dtc),]
HN  NH, O O [Ni(dmg),]
Oxcanar-ioH 2.2"-mumipumun (dipy) [Fe(dipy)3]2;’
o o) — [Cr(Cy04)5]
7 N\ »
e (O —N N
Hietmnauriokapbamar-ion JIMMETHIITTIOKCHM
(dtc) (Hdmg)
H,C CH,
HaC—\ S VAR
N N
H,C S OH OH
Ilonioenmammui
Hietunentpuamia (dien) Etunenniaminterpaorrosa [Mg(edta)]*
KkucroTa (edta) [Ni(dien),]**
P
/N N COOH
N HOOC )
HN  H  NH, HOOC COOH
Maxkpoyurxniuni
JnbGenzo-18-kpayH-6 Hopgipua

12




3aranbHa XapaKTepucTMKa KOOpAMHaLiMHUX CrosyK @

R R R R
AN (0] _0
2 + Cuzt —> N .
/Cu\ + 2H
(0] OH (6] (0]
R R

BaxxnuBuM mapameTpoM, SKUi XapakTepu3ye KHCIOTHY (DyHKIIiO
MPOTOHBMICHHX JIiraH/iB, € KOHCTaHTa iX KHCJIOTHOI JAMcomiarii,
3aMICTh SIKOi YacTIiIle BUKOPUCTOBYIOTh K, = —Ig K ;. Jliranam, sixi €
cnabkumu kuciotamu (HL), 3aexHO Bil yMOB CHHTE3y KOMILIEKCIB,
MOXXYTh KOOPIHMHYBATHCh SIK HEWTpaJbHI MOJEKYJIH 3 YTBOPEHHIM
KaTIOHHUX KOMIUIEKCIB THITY [M(HL)m]’”r , abo BIIIEIUIIOBATH

TIPOTOH i yTBOPIOBATH BHYTPIlTHLOKOMIIIEKCHi criomyku [ML, 1°.

OpraHiuHi MOJNEKYJH, SKi MICTATh Y CBOEMY CKJIaai SK
KHMCJIOTHI, TaK 1 OCHOBHI TIpPyNH 1 MOXYTh JAMCOLIIOBAaTH 1 3a
KHUCIIOTHHM 1 32 OCHOBHUM THUIIOM, Ha3WBAaIOThCI aMdoaiTamMu.
HaliBa)xnuBimiuM  MpPENCTaBHUKOM Ii€l TpPyNHu JIraHgiB €
aMIHOKHCJIOTH:

“NH,CH,COOH = "NH,CH,COO~ = NH,CH,COO"
pH<2.2 pH=42-79  pH>99
VY KuCAuX po3YMHAX BOHU 3HAXOMATHCS Yy BUIIISAI KaTioHA
“NH,CH,COOH, y nyXHHX pO3YMHaX — Yy BHUIJISAI aHiOHA
NH,CH,COO", a B Mexax NpOMIKHUX 3HaueHb pH— y BUTIsAAi
OimonsgpHOro 10oHA, SKWUKW Ha3uBaeTbes ILBiTep-iomom —
“NH,CH,COO™. Tomy npu B3aeMonil aMiHOKHCIOT i3 COJISIMU

METaJiB Yy HEHUTPAIbHUX 1 CIIA00IYKHUX PO3UYHMHAX YTBOPIOKOTHCS
BHYTPIITHbOKOMILJIEKCHI CIIONYKH:

o)
NI\-I\Z/

Cu
0" HN

(0]
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@ Po3ain nepmii

IcHye rpyna miranmiB, y SKuX JOHOPOM E€JIEKTPOHIB € 3allOBHEHI
T-MOJIEKYJIApHI OpOiTaji; mpu IbOMY 3B'SI3KM METal — JIraHja €
OarartorieHTpoBUMH. Jlo TakMx BIAHOCATHCS  KOOPAMHOBaHI
MOJICKYJTH OcH30ITy, HEHACUYCHUX BYTJICBOJIHIB,
nuKIonenraaieHin-ion (Cp ) Tomro.

cl cl
; Pt
C o e CH,

Kommmrexcu TaKoIro TUITY Ha3MBarOTb T-KOMIIJIICKCaMU:
Cr(C¢Hy),, Na[Pt(C,H,)CL], Fe(Cp),.

N 3agava. OpepxaHo crnonyky cknagy PtCl, -4Py.

MonapHa enekTponpoBigHiCTb i CBDKEBUIOTOBJ/IEHOIO
PO3UMHY CTaHOBWUTL 6aM3bko 250 OM™ - cmM?- Mmonb™. Skoto
Mae 6yTtum KoopauHauinHa dopMyna CUMHTE30BaHOI
Cronykmn?

XapaKTEPHMM € KOOpAMHALUiHE 4yncio 6, TO HaBegeHOMY
cknagy signosigatoTe Asi dopmynu:  [PtCIPy,]-2Py Ta
[PtCI,Py,]Cl, . Po34nMH neplioi Cnonykn He MOBUHEH
MPOBOANTM  ENEKTPUYHUA  CTPYM, PO34UYMH ApYyroi €
enekTponitom Tuny 1: 2, T06T0 Ccame gpyra dopmyna

BianoBsinae oAepxxaHuMm eKcnepuMeHTanbHNUM
pesynbTaTtam.

A Po3B'A30K. Ockinbkun ana nnatuHn(IV) HanbinbLw

KinpkicTe 3B'I3KiB, 3a JOINOMOIOI0 SKHX JIraHad 3B'f3aHl 3
[EHTPAILHUM aTOMOM, BH3HA4Ya€ KOOpAMHANillHEe YHCIIO
neHTpaibHOro aroma. KoopauHariiiiHi 4ucia MOXXyTh 3MIHIOBAaTHChH
Bin 2 g0 12, mpore HaWOUIBII BUBYCHUMH € CIONYKH 3
KOOpJMHAIIIMHUMHU 4uciIaMu Big 2 mo 9 (muB. Tabm 1.2).
KoopauHartiiine 4ucio — BeIMYHHA, K MPABUIIO, 3MIHHA 1 3aJICKUTH

14



BiX

3apsiy,

I0HHOTO pajaiyca W

€JIEKTPOHHOI ~ KOH(pIryparrii

LEHTPAILHOTO aToMa, MPUPOAH JIraH/iB, a TAaKOXK Bl YMOB CHUHTE3Y
cionyk. OmHOMY 1 TOMYy XK KOODIMHAIIIHHOMY YHCIY MOXYTh
BIAMOBIAATH Pi3HI koopamuHaumiiiui moaiegpm (Tabm 1.2 i c.2
OOKJIQJIMHKN ).

Tabnuys 1.2. KoopauHamiiine ynciio i popma koopanHauiiiHoro moJieapa

Koopauna
wiiine ®opma nosieapa Mpuxaaau
YuCcjao
2 JliniiiHa [Ag(NHs),]", [CuCL], [AuCL,]
(CH;);S[Hgls],
P | Temomme [Ti{NGSi(CHy) )]
. [Ni(CN)4]7, [PtCL]", Ni(dmg),,
4 ITnockuit kBagpat Pd(acac),
4 Terpaenp [CACL]", [Ni(CO)4], [Co(NCS).]*"
. . Cu(acac),Py], [Ni(CN)s]*",
5 KBazpaTHa mipamina {anacacf(lgo[)] (CN)s]
o [CuCls]™, [Cu(dipy).1]",
5 TpuronanesHa Oimipamizna .
TiCl;(NMe
ECr(I;(gI) ]33)2[]Ni(1\1H )el”*
6 Oxkraenp [CO(CIzl) ]§+ ’ el
TerparonanpHa OimipaMina [Cu(S CI3\I) ENH 1
2(INH3)4
S _CH,
6 TpuronampHa nmpu3ma [Mo(S,CsHy)s1, Re I
S CH, /5
7 IenTaronansHa Gimipamina [UFT", [ZrF73]3*, [VCN)TY,
[UOy(NCS)s]™
7 OmHOIAIKOBHH OKTaeap [NbOF6]3*
7 OnHOMIAKOBA TPUTOHAITFHA [NbF,]*, [TaF;]*,
npusMa [Mo(tret-BuNC),Br]"
8 Ky6 (EtN)4J[UNCS)s]
8 KBanparHa anTHIIpH3Ma [Zr(acac)4], La(acac); - 2H,0,

15




@ Po3gin nepwmii

[TaFs]™
9 TpunrankoBa TpUroHaJIbHA [Nd(H,0)](BrO3)s,
npu3ma [Nd(C104);(OPCl5);]

1.2. I3BOMEPISI KOOPJUHAIIIMHUX CIIOJIYK

I[n;{ KOOPJIMHALIMHUX CHONYK IyXe XapaKTepPHUM € SBHIIE
i3omepii, ToOTO OaraTo 3 HHUX MalOTh OJHAKOBUH CKJaj, aje
pisHy OyznoBy. I3oMepu MoXxHA TOAUIUTH HA JABl TPYIHU:
CTPYKTYpHiI Ta cTepeoizomepu. CTPYKTYpPHHMH i3oMepaMu €
KOMILJIEKCH, SIKi MarlOTh OJHAKOBHI XIMIUHUU CKIaJ, aje pi3Hy
MOCNIIOBHICTh 3B'AI3KIB MDK aTroMaMmH (CONbBaTHa 130Mepif,
KOOpJIMHAIIIIHa 130Mepis, 130Mepis 3B'A3KY).

Crepeoizomepu MalOTh OJHAKOBUI XIMIYHUU CKIIaJ, aye pi3He
MPOCTOPOBE PO3TallyBaHHS aTOMiB (TeoMeTpUYHa ¥ ONTUYHA
i3omepis). Y Tabm 1.3. HaBeneHO OCHOBHI THIA 130Mepii
KOOpIUHAIIHUX CIOJYK.

dopMaNbHOIO O3HAKOK ICHYBaHHS ONTHYHOI 130Mepii €
BIJICYTHICTb Y KOMIUIEKCI TAKUX €JIEMEHTIB CUMETPIi, K A3epKaJlbHa
IIoONMHA CUMeTpii ¥ 1eHTp iHBepcii. OnTHYHI 130MepH 3aBXKIU
ICHYIOTh TIapaMH, Y SKHX OJWH 130ME€p € J3epKaJIbHUM
BimoOpakeHHssM  1Hmoro.  [lapm  i130MepiB  Ha3MBAIOTHCS
eHaHTioMmepamu. Y CTaHi pIBHOBarM B PO3YHMHI YTBOPIOETHCS
CyMiIll, siIka MICTHTh OJHAKOBY KUIBKICTh €HaHTioMepiB. Taka
CYMIIIl HA3UBAETLCS paeMaToM.

3agayva 1. Yn MoxyTb iCHyBaTW i3oMepu 3B'AA3KY A1
N S0% i 803 niranais?
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\ _ ATOM cipkM B  Cynb@iT-ioHi  Mae

HenoAineHy napy enekTpoHiB, TOMY LeN iOH Moxe
KOOpAMHYBATUCb SIK 4Yepe3 aTOM KMUCHI0, Tak i yepes
aToM cipku. Y cynbdaT-ioHi cipka He Ma€E HenoAineHnx
eneKTPOHHUX nap, TOMY uen ioH MoXxe
KOOpAMHYBATUCb NuLle Yepe3 KuceHb (0auH abo aga).

Tabnuys 1.3. OcHOBHI THIIH i30Mepii KOOPAMHANIHHUX CHIOJTYK

CTpykTypHa i3omepis

CoabBaTHa i3oMmepisn
(HEoIHAKOBHH PO3MOALT
MOJIEKYJI pPO3YMHHUKA MiXkK
BHYTPILIHBOIO 1 30BHIIIHBOIO
KOOpAWHALIHHOIO cheporo)

[Cr(Hzo)é]Ch i [Crclz(H20)4]Cl . 2H20
[PtCL,Py,] - 2Py i [PtCLPy,]Cl,
[Co(NO3)(NH3)s](NO3), - H,O i
[Co(H,0)(NH3)s](NO;)s

Koopaunaniiina izomepis [Cu(NH;)4][PtCl,] i [Pt(NH;3)4][CuCly],

(LleHTpaNbHI aTOMH JBOX [Cr(NH;)6][Co(CN)g] i

KOMIUIEKCHHX 10HIB [Co(NH;)6][Cr(CN)g], [Pt(NH;),][PtCl4]

"MIHSIFOTBCA" JIIraHIaMH) i [PtCI(NH;);][PtCl3(NH;)]

z:B?ﬂR;(?I? ;is;a;l;ysﬁ I:lZHTpaJ‘[LHI/IM [CoNO,(NH;)5]Cl, i
[COONO(NH3)5]C12

aTOMOM 3IIHCHIOETHCS Yepes3

pisHi J1OHOpH] aTow) [PtNCS),(PPhs),] i [Pt(SCN),(PPhs),]

Crepeoizomepis
TeomerpuuHa izomepisn C'\/NH3 C'\/NH3
Jliranau mo-pizHOMY §/pt j §/pt §
- - YRy LN
pO3TaIIoBaHi y IPOCTOpi & NH, NG

HAaBKOJIO HEHTPAJIBbHOT'O aToOMa.

JI7st TIIOCKOKBAAPATHUX KOMILICKCIB HUc-I3oMep MpAnC-I30MEp
iy MA,B, i1 okTaeqpuIHuX KOMII- NH NHs

nekciB Tuny MA,B, reomeTpuuHi Cl {/cn Cl {/NHS
i30Mepu HA3MBAIOTh YuUC- o —CoT e
impanc-iomepamu; g1t~ | |20 [ NH, ClFzzcacare ['NH3
OKTAeIPUYHUX KOMIUIEKCIB THUITY NH, Cl
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MA;B; reomeTpudni izomepu mer-i30Mep fac-izomep

HA3MBAaIOTH fac-

i mer-i3oMepamu.

OnruyHa izomepis

Monekyna Ta ii A3epKanbHe

X '7C| CJ'\" /N

BiOOpaXeHHS HE MOXKYTh OyTH . K .
. . .. S, o i ~ _Co ,

cyMilleHi; onTu4Hi i3oMepu ¢ LN

00epTaroTh TUIONIUHY MOJIIPHU3ALlii K 5 /

CBITJIa N ' N

y IPOTHJICKHUX HaNpsIMKaXx.

nekcy [PtCI(SCN)(en),]?"?

_Ll,nq LbOro KOMMJEKCY iCHYIOTb LyMC- | TPaHC-
i3omMepu. OCKiNbKWM UUC-I30OMEp He Ma€E Hi A3epKanbHOoi
MIOWMHN CUMETPIi, Hi LeHTpa CUMETPIi, TO BiH € XipasibHUM,
TO6TO MOXE MaTuM ONTUYHMW i30Mep. TpaHc-isomep Mae
A3epKasibHy MIOWMHY CUMETPIi, TaKUM YMHOM BiH HE MOXe
MaTW ONTUYHOIO i30Mepy.

N _ SIKi i30Mepu MOXYTb iCHyBaTu AN KOMI-

P4
%
2
7
8.\
z
Z
%
N\
N

KpiMm TOro, OCKinbku TiouiaHaT-ioH € aMb6iaeHTaTHUM
niraHAoM, TO6TO MOXe KOOPAMHYBATUCh SIK Yepe3 CipKy, Tak i
yepes a30T, TO AN KOXHOro 3 HaBeAeHUX CTepeoi3oMepiB
MOXYTb ICHYBaTh i30Mepu 3B'A3Ky. TakKMM YMHOM, KOMMIEKC
YyKa3aHoro cksiagy TeopeTMyHO MOXe MaTu LLICTb i30MepiB.

JIABOPATOPHI POBOTH
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3aranbHa XapaKTepucTMKa KOOpAMHaLiMHUX CrosyK @

) ﬁ | JlabopaTopHa poboTa 1
w BceTraHoB/ieHHsI KoOpANHALIIHOI GOPMYJIHN CHIOIYK
3a JaHUMH eJIeKTPONPOBiTHOCTI

3aBAaHHA. BctaHOBUTM CkNaj BHYTPIWHbLOI Ta 30BHiLU-
HbOI KOOpAMHAUINHOI cdepn AN CNOAyK CKaagy:
CoCl; -5NH5, CoCl;-5NH; -H,O i CoClj-4NH;.

Ha nouaTky po60oTn HeobXigHO BWUMIpATM ONip PO34YMHHUKA.
OcTtaHHin o6'eMoM 15 mMn noMiwawTb B €EeKTPOXiMiYHY KOMIpKYy
(puc. 1.1), npueaHytoTh ii 40 Npunaay i NpoBOASTb BMMIPIOBAHHS
3rigHoO 3 IHCTPYKLUIiE 3 eKcrnyaTauii oMMeTpa.

Micna uboro y KOMipky pofatoTb 15 Ma CBIXXEBUIOTOBJIEHOMO
0.1 M po3uMHy AoOCAigXyBaHOI PEUYOBUMHM i NPOBOASTL MEPLUUNA
BUMIp. Yci BUMipU BUKOHYOTbCA npu 25 °C. KOoXXHUIN HaCTyMnHWUIA
BUMIp 3AIMCHIOETbCA Micna AoAaBaHHSA 5 MA pPO3YMHHMKE
peTesibHOro rnepeMilyBaHHs pO34nHy 3a [0MNOMOroto
NponyckaHHS B KOMipKy noBiTps abo iHepTHoro rasy. lMicnsa Toro,
aKk 06'eMm po3umHy pgocarHe 100 mMna, po34YMHHMK [Oo[akTb
nopuiamm no 10 mn. [aHi BUMipiB 3aHOCATb Yy Tabnauuio.

Puc. 1.1. Eaekrpoximiuna komipka ajis

BHMIPIOBAHHS €JIEKTPONPOBiAHOCTI PO34HHIB:

1 — IJTaTHHOBI €JIEKTPO/IH;

2 — IIpOBiHUKY (MiTIB);

3 — moCyTUHU JJIsl PO3YHHIB;

4,5 — oTBOpH UIs IHEPTHOTO Ta3zy
BukopucToBytoun BUMIpSHI 3HayeHHs onopy R, HeobxigHo

po3paxyBatv MWUTOMY €JIEKTPOMPOBIAHICTE ¥ | KOHUeHTpauii

poO34uHiB C,, Ha KOXHOMY eTani BUMipOBaHHS 3 pO3paxyHKYy, L0

BUXiAHMI po34mnH (06'eM 15 M) MicTnTb 0.0015 MONb pevyoBUHU:

19



y = oMt cm, pe (éj — KOHCTaHTa KoMipku, (1.1)

n|r

1.
R
15

Cu 7,.qe V - 3aranbHuin 06'em po3unHy (mMn).(1.2)

KoHcTaHTa KOMipKM BM3HA4Ya€ETbCA Ha OCHOBI BUMIpHOBaHHA
€/1eKTponpoBIAHOCTI pO34KMHIB KCI. 3Ha4yeHHs MUTOMOI
enekTtponposigHocTi 0.02 H po3umHy KCl 3a Temnepatypu 18 °C
popisHioe 0.002501 Om™ - cm™, MonsipHa enekTponpoBiAHICTb L
pPO3UMHY  KOOpPAMHAUIMHOI  CNOMYKM pO3paxoBYETbLCA  3a
dopmynoto:

- -1000
H:(X Xp-ca) (Om7t. cm?- monb™?) (1.3)
Cu
A€  Yp«a PO3pPaxoByeTbca 3a @OpMysiol0 AN MUTOMOI
enektponposigHocTi. OTpuMaHi  pe3ynbTaTM  3aHOCATb B

€NeKTPOHHY Tabnuuio nporpamm Excel (Hwx4ye HaBeneHo
Tabnuu), nNpoBoASTbL Yy Ui nporpaMmi marematudHy 06pobky
OAEpXaHNX eKCnepuMeHTanbHUX JdaHux i 6yayioTb rpadik y

KoopauHatax W - oy . EkcTpanondui€elo Ha  HysbOBY
KOHUEHTpaLito KOMMJIEeKCY 3HaxoAssTb 3HayeHHs  MOAsipHOI
€/1eKTPONpPOBIAHOCTI, BM3HaA4alTb TUM EeNeKkTponiTy | cknag

BHYTPILIHbOT i 30BHILUHLOI chepn KOMMNIEKCy:

p
1 — - | .
m Om MOJIb + J1 VCwm om' .em™ Om™' - em’- Mo !

Huxue HaBeaeHOo npuknag BM3HAYEHHS
enektponposigHocti po3unHy [Co(NHs3)e]Cls, pe3ynbTaTtu

akoro (tabn. 1.4, pwuc. 1.2) nokasann, wo W = 358 OM~
20



1. ecm?. monb™, To6TO pocnigxeHa crnonyka € eneKTponiTOM
TMny 1 : 3.
360 1
340 1
3201
= 300 1

2801

260

0 T T T T T T T
0.06 0.08 0.10 0.12 0.14 0.16 0.18

o

Puc. 1.2. I'padik 3a/1e:kHOCTi MOJISIPHOI eJ1eKTPONIPOBIAHOCTI
po3uuHny [Co(NH;)s|Cl; Bix HOoro KoHIEeHTpaLii

Tabnuys 1.4. Pe3yabTaTl BUMIPIOBAaHHS i pO3paxyHKIB B eJ1eKTPOHHii Tadauui
Excel moJisipHoi eekTponpoBigHocTi po3uuny [Co(NH;)s| Cls

1:;1 (1)‘;{ MOJ(I:])M" at \/q ()M-lx’ om™ om'- cle/l - Mo !
25 | 47 0.03 0.173 0.0068 225.1
30| 54 0.025 0.158 0.0059 235.1
35| 61.3 0.0214 0.146 0.0052 241.6
40 | 68 0.0187 0.137 0.0047 248.9
45 75 0.0166 0.129 0.0042 253.9
50| 82 0.015 0.122 0.0039 258.1
55 88.3 0.0136 0.117 0.0036 263.6
60 | 95.5 0.0125 0.112 0.0033 265.9
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65 | 101.7 0.0115 0.107 0.0031 270.5
70 | 109 0.0107 0.103 0.0029 271.8
75| 117 0.01 0.100 0.0027 271.3
80 | 121 0.0094 0.097 0.0026 279.8
85| 122 0.0088 0.094 0.0026 294.8
90 | 132 0.0083 0.091 0.0024 288.5
951 139 0.0079 0.089 0.0023 289.2
100 | 146 0.0075 0.086 0.0022 289.9
110 | 159 0.0068 0.082 0.0020 292.8
120 | 170 0.0063 0.079 0.0019 298.7
130 | 185 0.0058 0.076 0.0017 297.4
140 | 200 0.0054 0.073 0.0016 296.2
150 | 208 0.005 0.07 0.0015 305.2
160 | 222 0.0047 0.068 0.0014 305.0
170 | 238 0.0044 0.066 0.0013 302.3

Bu3HayeHHsI KOHCTAHT aAucouniamii Jiranais

MeToaoM pH-noTeH[iOMeTPUYHOT0 TUTPYBAHHA
NMpunagn ta obnagHaHHsA: undpoBMin pH-meTp, MarHiTHa

Millanka 3 skopeM, MikpobiopeTka, CKASHI cTakaHuuku Ha 50 mn,

0.1 M po3unH nyry, 0.1 M po3unH HCI, 6ydepHi po3unHu, MipHi

Konéu Ha 50 mn.

Xio pooomu

1. KanibpyBaHHA pH-meTpa: pH-meTp kanibpyerbca 3a
AOMOMOro  CtaHdapTHux  6ydepHux  poO34uHIB, MNpPUYHOMY
kanibpyBaHHs npoBoAsTb 3@ po3yumMHamMuM 3 pH =1.68 Ta
pH = 6.86, a npaBuWNbHICTb KanibpyBaHHS BW3Ha4YalTb 3a
6ydepHuM po3umHoMm i3 pH = 9.18. 3HadeHHs pH papyroro
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3aranbHa XapaKTepucTMKa KOOpAMHaLiMHUX CrosyK @

KaniépysanbHOro pO34NHY (pH = 6.86) He MOBUHHO
3MiHIOBaTUCb NMpoTHarom 15 xB..

2. [llpurotyBaHHs BUXigHMX po3unHieB: 0.1 M po34uH
X/10pOBOAHEBOI KMCAOTU FOTYETbCS 3 hikCcaHany, poO34YnH Ayry -
3i cBixOro (kM He MicTuTb kapboHaTie) NaOH a6o KOH i3
poO3paxyHKy, wob Moro KoHUeHTpauis npubnnsHo gopiBHIOBaNa
0.10 monb/n. Onsa MPUroTyBaHHS PO34YMHY noTpibHoO
BMKOPUCTOBYBaTWM  AUCTWU/bOBAHY  BOAY, 3BiNlbHEHY  BiA
BYI1IEKMCNOro rasy KuUM'aTiHHAM. TO4YHY KOHUEHTpauito nyry
BM3Ha4yawTb pH-NOTEeHUIOMETPUYHUM TUTPYBAHHAM PO3UYMHOM
HCI.

3. Fotytote 0.005 M po34umH cnabkoi KNCcNoTu. 3 Ui€E0 MeTo
HaBaXKy norepenHbO BUCYLWEHOT Y BaKYYMHOMY eKCUKAaTopi KUC-
NoTU, B3ATY Ha aHaNiTUYHUX Barax, KillbKiCHO MepeHoCATb Y
MipHY Konby Ha 50 MA Ta pPO34YMHSAOTb Y HEBENMUKIN KiIbKOCTI
cBixenpokun'asyeHoi (ans nosbasneHHs Big CO,) ANCTUABLOBAHOI
Boan. Tlicnd NOBHOro pPO3YMHEHHS A0JalTb AN CTBOPEHHS
ioHHOi cunm NaNOs; Tak, Wwob6 1MOro KOHUEeHTpauis cTaHoBwna
0.1 Mmonb/n, Ta 4oBOAATb 06'EM PO3UMHY A0 MITKMW.

4. Anikeoty (20 Mn) peTenbHO nNepeMillaHoro po34YunHy
KMCAOTU MNEPEHOCATb Y CTakKaH4YMK OS89 TUTPYBaHHSA 3 sSKOpeM,
BCTQHOB/IOTb MOr0 Ha MarHiTHIM Miwanui Ta 3aHyploTb Y
po34nH enekTpoan (enekTpoanm MawTb 3arnnbnwsBaTucb Yy
PO3UYMH HE MEeHLW fK Ha 1 CM, He TOpPKak4YnCb AKOPSA MarHiTHOI
Milanku). Micnsa Uboro nigKA4aTb KOMipKy no
noteHuiomeTpa (pH-MeTpa) Ta 4ekarwTb, NOKM 3HayeHHS pH
pO34YMHY CTaHe MOoCTiMHMM. [ani no4ymHalTb TUTpyBaTH,
npunmneatoum kKoxeH pas no 0.03-0.04 mn po3uuHy nyry. Mig
yac MOBTOPHOro TUTPyBaHHSA Mo6AM3Yy TOUKW €KBiBa/IEHTHOCTI
pPO34YMH Nyry AoAdatoTb MEHWMMM nopuisMu. MarHiTHa miwanka
BMUKAETbCA TiNbKM nNig 4ac poAdaBaHHSA nyry. Pesynbtatu
TUTPYBaHHSA 3aHOCATb B e€NeKTPOHHY Tabnuuto Excel i 6yaytotb
KpuBy TUTpyBaHHSA (puc. 1.3 a). Y T1abn. 1.5 i Ha puc. 1.3 anga
npuknagy HaBeAeHoO AaHi TUTPyBaHHS 6YpPLITUHOBOT KNCIOTH.
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Tabnuya 1.5. llpukjaaa THTPYBaHHS OyPIITHHOBOI KHCJIOTH

V, ml pH V, ml pH V, ml pH V, ml pH V, ml pH

0 333 | 050 | 423 | 1.00 | 5.00 1.51 | 5.75 | 1.97 | 7.37

0.11 | 3.57 | 0.60 | 438 | 1.05 | 5.06 1.56 | 5.80 | 2.00 | 9.32

0.15 | 3.65 | 0.66 | 447 | 1.15 | 522 1.60 | 5.87 | 2.05 | 10.38

020 | 3.73 | 0.71 | 452 | 1.21 | 531 1.65 | 6.00 | 2.10 | 10.81

025 | 386 | 0.75 | 4.62 | 1.28 | 542 1.70 | 6.06 | 2.13 | 10.98

029 | 392 | 0.80 | 4.68 | 1.33 | 547 1.75 | 6.21 | 2.16 | 11.14

032 | 398 | 0.85 | 4.73 | 1.39 | 5.52 1.79 | 6.31 | 2.20 | 11.24

036 | 402 | 090 | 483 | 1.42 | 558 1.83 | 6.41 | 2.23 | 11.33

040 | 4.07 | 093 | 489 | 1.45 | 5.64 1.88 | 6.54 | 2.30 | 11.46

045 | 418 | 0.96 | 494 | 148 | 5.69 1.93 | 6.93 | 240 | 11.57

Po3paxyHok npoBoaaTb 3a nporpamoto SUPERQUAD abo:

2—
K, =K, —1
[LHT]H]
ae [L%7], [LH'] Ta [H'] - piBHOBaXHi KOHUeHTpauii An- i
MOHOAEMNPOTOHOBAHOI (POPM KWUCOTM Ta iOHIB rigporeHy B Touui
€KBiBa/eHTHOCTI. Cryry = 0.096 monb/n, pH,. = 9.33,
Viyy =2.021 M0, 3Biakm: [H] = 10™ = 4.68.107°monb/n,
[L7] =2.16-103 monb/n, [LH'] = 1.72 - 107 monb/n.
L] 6
[LHTH"]

(3a nitepaTypHuMu ganumm K, = 2.3 - 107°)
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pH 50] x = 2.021
12] 407 y=9.33
] e
10 f;' 301
8 4
. 207
ll’. ]
e | \
4< ’-/“ﬂ"'. 10 ./' .
™ a o] A B ey 6
00 05 10 15 20 25 5 5
V, Mn

Puc. 1.3. KpuBa TutpyBaHHs (@) Ta ii nepua noxigxa (6)

3aBpgaHHA 1. BusHaunTu KOHCTaHTH KUCNOTHOT
aucouiauii amiHooUTOBOI KMCOTU (MAiLMHY)
iy - H,NCH,COOH - y BOAHOMY PpO34YMUHIi MOXe

icCHyBaTW B Takux dopmax:
H,;N'CH,COOH == H,N'CH,COO™ +H*

H,L* HL
H,N*CH,COO~ = H,NCH,COO™ +H*
HL L

AKUM BiANOBIAaOTb KOHCTaHTU piBHOBarmu (KOHCTaHTH
KMCNOTHOI gncouiauii):
_[HT]HL]

[HL']

HIL]

a2 — [HL]

Meroauka THTpyBaHHS. [pUroTyBaHHA BUXIOHUX PO3UMHIB i
KaniébpyesaHHsa pH-meTpa onmncaHo Buwe. Motytote 20 mn 0.005 M
pPO34YMHY aMiHOOLTOBOI KMCNOTK (FAiUUHY), Y SSKOMY 3@ AOMNOMOIOoH0
KNO; cTBOptotoTb ioHHY cuny p = 0.1, gogatwote 2.5mn 0.1 M
po3unHy HNOs; ana nepeBefeHHs rAiuuHy y NMpOTOHOBaHy dopmy
(HoL™). OpepxaHuit po3umH TutpytoTb 0.1 M posumHom KOH.

at
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Po3paxyHOK KOHCTaHT KWC/OTHOI Amcouiauii  34iMcHIOTL  3a
[0rMoMOoroto KOMM'IOTEPHOI nporpammu SUPERQUAD. 3a
niTepaTtypHUMK AaHUMK pPKg =—lg K51 =2.412,

3aBaaHHA 2. BuM3HAUUMTM  KOHCTAHTU  KUCIOTHOI
auncouiauii eTmnengiaminy.

Monekyna etuneHgiamiHy, NH,CH,CH,NH,, (en), Moxe

NPUEAHYBATM IOHW rigporeHy, yTBOPKOUYM ABi KMCNOTHI dopmu

eTuneHpiamiHy enH® i enH3'. HaBemeHi Huxuye piBHOBarm
XapaKTepU3yrTbCs BigNoOBiAHNUMM KOHCTaHTaMm KUCNOTHOI
Ancouiauii Ky | Kgy, 6Ki € BaX/IMBOKO XapaKTEPUCTUKOH

eTuneHgiaMiHy gk niraHay i BUKOPUCTOBYHOTLCS MPU po3paxyHKax
KOHCTAHT CTIMKOCTI MOro KoMnekcis (3apsam Ans npocTtoTu He
BKa3aHo):

nH* = en+H* _ lenllH]
e + az [enH]
HI[H]
2+ — + + Ko = [en
enHs enH™ +H a1 [enH,]

Metoauka TturpyBaHHs. [oTytoTb 20 Mn 0.005 M po3unHy
eTunengiaMiny, y akoMy 3a gonomoroo KNOs CTBOPKOKOTbL iOHHY cuiy

w = 0.1, pgogatotb 3.0 M1 0.1 M po3umHy HNOs; ania nepeBeneHHs
eTuneHAiaMiHy y nNpoToHoBaHy opmy (enH§+). OpepxaHunii po3unH

TnTpytoTb 0.1 M po3umHoM KOH. Po3paxyHOK KOHCTaHT KWC/OTHOI
Avcouiauii  34iMCHIOTL 3@ AO0MOMOroK  KOMM'IOTEPHOI  NMporpamu
SUPERQUAD (aetanbHiwe aus. nigpo3a. 3.4.3). 3a nitepaTtypHMMHK
AaHnMU, pKg =-lg Ky =7.412, pKyo = —1g K5 =9.643 .
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? KOHTPOJIBHI
® | 3AIIUTAHHA

OcHo6HI nonAmMmsA KOOPOUHAUIHOT Ximii

1. Jlatu BU3HAUYeHHS MOHATTA KOOpJAWHAIlIliHA crionyka. Yu €
BIIMIHHICTh MiX KOOPAWHAI[IMHUMHU CIIOJYKAMHU 1 TOIBIHHUMU
coJIsIMu?

2. Sk MOXXHA BCTAHOBUTH CKJIaJ BHYTPINIHBOI ¥ 30BHINTHBOT
KOOpIuHAIiHOT cdepu AN KOMIUIEKCIB, IO MaloTh CKJaj
PtCl, -3NH, PtCl, -4NH, i PtCl, - 6NH, ?

3. V yoMy BiAMIHHICT, Yy XIMIYHI# TOBeAiHLI coJei
FeF,-3KF i  Fe,(S0O,),-K,SO,,  NiSO,-6NH, i
NiSO, -(NH,),S0,?

4. Maemo a8i com: CrCly-5NH; 1 CrCl,-6NH,. SIxka OynoBa

[UX COJIEH, SIKIIO BiJOMO, IO 3a JOMOMOTOI PO3YHHY HITpaTy
cpibisa 3 pO3UMHY OHOTO MOJISI OJTHI€T COJIl OCAIKYETHCS TPU MOJIS
XJIOpUay cpibia, a 3 pO34UHMHY 1HIIOT — TIIBKHU ABa?

5. PoszramyBaTu HaBeIEHI CIIONYKH B PSII Y Mipy 3pOCTaHHS
eJleKTpomnpoBigHocTi  ix posumHiB: K,PtCl,, PtCl,(NH,),,

PtCl,(NH,),, CoCl,(NH,),, CoCl(NH,),, CoClL(NH,),,
PtCl, (NH,),.

6. SIKi MOJIEKYJIM YM 10HH MOXYTh OyTH JliraHgaMu?

7. Ulo Take moHopHUI aTtom? Yn 00OB'SI3KOBO JIiTaH]l TOBUHEH
MAaTHu JOHOPHUM aTOM?

8. Io Take peHTaTHICTh Jiranay? UYm € mNpaBUIBHUM
TBEPJUKEHHS, 10 ACHTATHICTH JIITAaHIY MOPIBHIOE YUCITY JOHOPHHUX
aTOMIB, SIKi BXOJASITH IO HOTO CKIaIy?

9. HaBectm mpukimagy KOMIUIEKCIB i3 cynbdar- 1 cymbdit-
ioHaMH K JiraHgamu. Sk 3B'si3aHi Ii 10HM 13 LEHTPaIbHUM
atomoMm? fka ix JEHTaTHICTH?
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10. SIky meHTaTHICTH MOXXYTh MaTu Taki Jiranau: NCS™, N,H,,
NH,-CH,—~CH,-NH,, NH,—~(CH, ),~NH,, CN~?

11. 3a kX yMmMOB MoJieKysia a0o 10H MOXe OyTH MiCTKOBUM
niragaoM? HaBecTu npuKiIaan CIOIYK 13 MICTKOBUMU JIITaHIaMH.

12. SIkmii 10H MeTamy BXOIUTH JO CKJIagy TeMorio0iHy,
BiTaMiHy By, xnopodiny? fki cniibHI 0COOIUBOCTI B OYI0BI IIHX
KOMILJIEKCIB?

13. Hwxye HaBeneHO [Ba BHM3HAUYEHHS KOOpJMHALIIHOIO
yucna. SIke 3 HUX, Ha Balll NOIJIAA, € Oulbll nmpaBuiIbHUM? JlaTu
MOTHBOBAaHY BiJIITOBI/Ib.

* Uucno omiranmiB Oe3mocepeHbO 3B'A3aHUX 13 JaHHUM
[EHTPAJIbHUM aTOMOM HAa3UBAETHCS KOOPAMHAIIHHUM YHCIOM.

* Yucno  ©-3B'A3KiB, 3@  JIONOMOIOK  SIKMX  JHTaHIH
0e3rmocepelHbO 3B'SI3aHI 13 IEHTPAILHUM aTOMOM, HAa3HBA€THCS
KOOPJAMHAILIIHUM YHCIIOM.

14. Sk coiBBIIHOCSTHCS BEIMYMHA KOOPAWHAIIMAHOTO dYHCIA 1
gyucno JiraHAiB?  HaBectw mpuKimamm  KOMIDIEKCIB, y  SIKHX
KOOpJMHAIIIIHE YHCIO LEHTPAJbHOTO aToMma JOpiBHIOE 6, sKi y
BHYTpIIIHIN KOOpaAuHaLiKHii cdepi micTaTh 6, 5, 4, 3, 2, 1 niranau.

15. HaBectn i mpoaHasizyBaTH HE MEHIIE YOTUPHOX (DaKTOpIB,
0 BIUIMBAIOTh HA  BEJIMYMHY  KOOPIHMHAIIHHOTO  YHCla
LIEHTPaJIbHOTO aToMa?

16. Jlna sAKUX UEHTPAIbHUX aTOMIB €  XapaKTepHUMH
KoopauHaliiHi yncna 2 i 3? HaBectu npukiaau. SIky reoMeTpudny
KOH(Iryparito BOHM MOXYTb MaTH?

17. SIxi KoopAWHAINIMHI 4YHMClIa €  XapaKTepHUMH ISt
kobanbTy(I1l), mnatunau(Il), mratuau(IV)?

18. Yomy Oepumiii 1 Oop MaloTh KOOpAHMHAILINHI 4YHUCIa HE
oinbiie 4?7
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19. Yomy nnatuna(IV) yTBOprO€ OKTaeApuuyHI KOMIUJIEKCH, a
nnatuHa(ll) — kBaapartHi?

20. Jlns sSKMX 10HIB € XapaKTepHUMHU KOOPIWHALIINHHI Yrcia Oibiie
7? HaBecTu NMpUKJIQAA TAKMX KOMIUTIEKCIB?

21. Yomy B KOMIUIEKCAaX 13 HEWTpaJlbHUMH JIraHIaMu
KOOpJMHAIIIIfHE YHCIIO LIEHTPAIBHOTO aToMa 4acTo Oifblle, HIXK Y

KOMILIEKCax 3 aHiOHHMMHM Jiranaamu, Hanpuiian [Ni(NH,), 1>,
[NiCL,]*"?

22. Sk, Ha Baml MOTJSA, MAaOTh 3MIHIOBAaTHCh KOOPAMHAIINHI
qHcia OHOTUITHUX KoMILIeKCiB y pany P3E, 3 unm ne nos's3ano?

23. Bu  Xxouere  CHUHTE3yBaTH  KOMIUIEKCH  XJIOpUIY
kobanmpTy(Il) 3  mumermicynbhoOKCHUIIOM, (CH,;),SO 1
tpudeninpocoinokcunom, OP(CH;),. Ha sy BiAMIHHICTB Y iX
ckyiaail MoxkHa yekatu? Yomy?

24, Slxi nmiraHaW  CHOPHUSIIOTH YTBOPEHHIO KOMIUJIEKCIB 13
BUCOKMMH KOOPJAMHAIIIWHUMHM 4YHUCJIAMH, 3 HE3BHYANHUMU
CTyNEHSMH OKHCHEHHs IeHTpaibHoro aroma? HaBectu
MIPUKJIAJIU.

25. Sxi KOoOpOMHAIMHI TMOMePU MOXKYTh MaTh KOMIUIEKCH 3
KOOpAMHAIHUME uuciamu 4 1 67 SIki 3 HUX EHepreTHYHo
BUTIJTHIII 332 YMOBH, IO BCl JITaHAW OJHAKOBI? 3amporioHyBaTH
METOIH, 32 JOMOMOTOI0 SKMX MOKHA JTOBECTH, 1110 JaHUNA KOMILIEKC
Mae Ty Yd iHIIy OYZOBY.

I3omepia Koopounayiinux cnoaykK

1. Ha3Batu BimomMi BaM THUIIK i30Mepii KOOPIWHAIIHHUX
CTIONYK.

2. Ilpm warpiBanHi po3umHy xmuopugy miatuHu(Il) 3
TpuetuiadochiHOM onaepkKaimu MBI CHOAyKH (OLTy 1 JKOBTY).
XiMIYHUH aHaji3 ITOKa3aB, IO BOHU MAalOTh OJHAKOBHH ckjan: Pt

29



@ Po3gin nepwmii

38.8 %, Cl 14.1%, C 28.7%, P 12.4% H 6.02 %. Hanucatu
CTPYKTYpH1 (hOpPMYJIH 1 JaTH CHCTEMAaTHYHI Ha3BU 130MEPiB.

3. I3omepu 3B'SI3Ky BITHOCSTBCSA O CTPYKTYPHHX i30MepiB 4u
1o crepeoizomepi? JlaTh mosicHeHHS.

4. SIxi 3 niragAiB MOXYTh YTBOPIOBATH 130MepU 3B'SI3KY:
SCN~, S,0;, HS, NO,, NO;, SO;, SO; ? Bianosini
MOSICHUTH.

5. Slka OCHOBHA yMOBa yTBOPEHHS ONTHYHUX 130MEPiB?

6. IlosicHUTH MOHSTTS €HAHTIOMEp, paleMar, pamemizaiis.

7. Ckinbku  13oMmepiB MoxyTb Matu  [CoCl,(NH,),],
[CoCl,(en),]" ? Yu € cepen HUX OMTUYHI i30Mepu?

8. Hasectu bopmymu MO>KJIUBUX 130MepiB I E:
[Pt(SCN), (NH;), ].

9. Ik MOXyYTh JIraHAM PO3TAILIOBYBAaTHCh HABKOJIO LIEHTPAILHOTO
aToMa B KOMIUIEKCAX 3arajbHoro cknaaxy M(AB), 1 Mabed, ne AB —
OiseHTaTHMi JTiranm, a, b, ¢, d — MoHoxeHTaTHI Jiranmu. SIki i3oMepu
MOKHa Tepefn0aynTy ajsl TUIOCKOKBAApPATHUX 1 TeTpaeIpuyHUX
KOMIUIEKCIB?

10. Hanmcatu Bci MOXIMBI i30Mepu 1 JaTH iM Has3By 3a
MDKHApOAHOIO HOMEHKIATYPOIO:

CrCL;(NH,), CoCIC,0,(en), ZnFCI(H,0)(NH;)
Pt,Cl,(NH,), CrCl,; -6H,0 ZnF, (en)
CuPtCl,(NH,), CoClL,NO,(en), Ni(NO,),(en),

CoBI(NCS),(en), ~ Co,(NO,)((NH,),  [Co(NO,),(NH,),Py,]*

11. Hamucat BCi MOXJIUBI CTEpPEOi30MEpPH  3arajibHOTO
cragy Ma,b,c,, M(AA),, M(AA),b,, M(AB),, M(AA),bc,
ne a,b,c — mononenrarni, (AA) Ta (AB) — GimenTarHi Jiranam.
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2.1. METO/l BAJIEHTHUX 3B'sI3KIB

I[Jm MOSICHEHHsI ~ NPUPOAM  XIMIYHOIO  3BSI3KY B
KOOp,Z[I/IHaI_III/IHI/IX CrIoTyKax icHyI0Th pi3Hi Teopii. Tak, YTBOPEHH
KOMIUIEKCHUX 10HIB, IX T€OMETpU4YHy OyIoBy 1 MarHitHi
BJIACTUBOCTI ~ BIEpIIe OyJ0 TIOSICHEHO B MeEXaX MeToay
pajJeHTHUX 3B'a3kis (MB3). 3rizmo 3 MB3 komiiekcu
YTBOPIOIOTHCS 3a paxyHOK JIOHOPHO-aKIENTOPHOTO
(KOoOpIMHALIIHHOTO) 3B'A3KY 3a y4YacTi HEMOJUICHHX EJIEKTPOHHHUX
map JOHOPHOTO aToMa JraHAy 1 BUIBHHMX OpOiTanel EeHTPaIbHOTO
aroma. Jls MOsSICHEHHSI reoMeTpuyHoi OyoBu Komiuiekcis y MB3
BUKOPUCTOBYETHCSI TIOHATTS TpO TiOpuau3zaiiito opOitamer. Tak,

OKTaeJpuy4Ha KOH(Iryparist XapaKTepU3y€eThCS spd’ -
ri6pmu/13aui€}0 (Tak 3BaHi 30BHIIIHBOOPOITaIbHI KOMIUIEKCH):
BT () (110 (L1110
Ni2*, (
3 4 ap  ag

[Ni(NH;) >
ab0 d’sp’ -ribpuan3arieo (BHyTpiHIHI:OOp6iTaJ'II>Hi KOMII- JIEKCH):

3d

RITTTITD O CT T ™ g ) m

Co. (@) . QsplriGpnanis

[Co(NH,) >

[pu peanizauii sp’-ribpuausaiii yTBOPIOIOTbCS TeTpaeapHUHi
KOMIUIEKCH:
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3d 4s 4p 3d 4s  dp
AT [ (T 1 e~ [T i) R
(e Nl i SPriGpumsanis

A y BUNAAKy TJIOCKOKBAJPATHUX KOMIUIEKCIB MaeMo dsp’-
riopuau3anito:

3d 4s 4p 3d L 4s 4p!
MIIRTTTE [ C 1 T[RRI IR (] @Iﬁ]
N+ (3c°) { dsp? riGpuamsauis |
[Ni(CN),J?-

Y rtabn. 2.1 HaBeAeHO OCHOBHI THNM TiOpuam3amii, sKi
XapaKTepu3ylTh  YTBOPEHHS  NPAaBWIBHUX  KOOPIHMHALIHHHUX
TOJTiePIB.

Tabnuya 2.1. Halimomupeninr Tumm riopuan3amii

T'eomeTpist KoMIIEKCY . Tun
riopuansauii

ML,, niHiitHa sp.dp
ML; TUIOCKHH TPUKYTHHUK sp*, dp*
ML,, Terpaeap sp’, d’s
ML,, xBagpat dsp*
ML, kBaspaTHa mipamijga d&sp*, p’d’
MLs, TpukyTHa Oimipamina dsp’
ML, oktaenp &Isp’, sp’d’

MB3 pmae MOXIHMBICTH Mepea0auuTH MAarHiTHI BJIACTUBOCTI
KOOpAMHALIIHUX ~CIIOJYyK, OCKUIBKM B TepuIoMy HaOJIMKeHH1
MarHiTHI BJIACTUBOCTI BH3HAUYAIOTHCSA KUIBKICTIO HECHMapeHUX
€JIEKTPOHIB (1), a €eKTUBHUN MarHiTHHIA MOMEHT (y MarHeToHax

bopa) MoxHa oOWIHHTH 32 (GOPMYIOK o =n(n+2). 3

HABEJICHUX BUIIE CXEM BHJIHO, IO OKTAaeApH4YHI W TeTpaeapuyHi
cnonyku  Hikemo(Il) moBuHHI OyTH TapamMarHiTHUMH, a
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KOMIUIEKCH ~ HIKEJII0, 110 MAaloTh IUIOUMHHY OyJIoBy —
niamarHiTHUMH. Lle miATBepIKYEThCS €KCIepUMEHTalbHO. ToMy
B JIeAKMX BHIIQJKaX 3HAYCHHS MAarHITHOTO MOMEHTY MOXe
BKa3aTH 1 Ha OyJI0BY KOMIUIEKCY.

Buytpimmboop6itanei komruieken Co(IIl) — miamarniThi, 60 He
MaroTh "BUIbHUX" enekTpoHiB. Lle 100pe BUIHO 3 HaBEeIEHOI BUILE
CXEMH.

Ilpn yTBOpEHHI JOHOPHO-AKIENTOPHHUX 3B'SI3KIB YaCTillle JIraHI €
JIOHOPOM, @ LIEHTPAJIbHUI aTOM — aKLETOPOM €JIEKTPOHIB, IIPOTE MOXKE
CTIOCTEpIraTuch 1 OOEpHEHa KapTWHA, KOJIU JIOHOPOM EJIEKTPOHIB €
3alloBHEHA OpOITaTbh METaIy, a aKIeNTOPOM €JICKTPOHIB — OJNM3bKI 3a
SHeprielo BUIbHI aTOMHI 4M MoJseKyssipHi opOitani (MO) niranmy.
Takuil BapiaHT TOHOPHO-aKLIENTOPHOTO 3B'A3Ky HA3MBAIOTh T-AaTHB-
HUM 3BSI3KOM. Taki 3B'SI3KH YTBOPIOIOTHCS MK METaJlaMH, sSIKI MalOTh
OLbIIIe HIXK HATIOJIOBUHY 3arlOBHEHI d-0pOiTajti, 1 JOHOPHUMH aTOMaMU
TpeTboro i momanbimx nepioniB (P, S, As), ski MaiOTh BakaHTHI
opOitani (puc. 2.1), abo niraHgamu, 1O MarOTh HU3bKI 32 E€HEPTI€l0
He3anoBHeH1 T-aHTu3B's3yroui MO (CO, C,H,) (puc. 2.2). YTBOpeHHS Tt
-JaTUBHUX 3BSI3KIB BEIE€ [0 3HAYHOIO ITJIBUIIEHHS CTIMKOCTI
KOMIUIEKCIB 1 CripHsie CTa0ii3allii KOMIUIEKCIB 13 HU3BKUM CTYIEHEM
OKHCHEHHSI IIEHTPAJIHOTO aTOMa.

Bakanrna d_-op6itans

+

3anosHeHa d,_-opbitans
Puc. 2.1. YTBOpeHHS T-AATUBHOIO 3B'SI3KYy MiK 32II0BHEHOIO

d-opGiTannio Metajy i BakaHTHOIO 3d-opbiTaiio gocdopy
y ¢ochinoBHX KOMILIEKCAX
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Pnc. 2.2. YTBOpeHHS 3B'I3Ky MeTaJl — eTeH: JOHOPHO-aKIeNTOPHMIi
3B'A130K Mik 3anoBHeHOI0 T-MO eTeHy i BakaHTHOIO d-opOiTaniio
MeTaJy (a); T-JaTUBHUI 3B'SI30K Mi’kK 3alI0BHEHOI0 d-0p0iTaLIIo
MeTaJgy i BakanTHOI0 T'-MO eTeny ()

Henonikn MB3 nosnsaratots y TOMy, 110 BiH HE MOXKE TOSICHUTH
€JICKTPOHHI CMEKTPU KOMIUIEKCIB, a TaKOXK OyZ0BY KOMILJIEKCIB 13
JIEOKATI30BAaHUMH 3B'SI3KaMH TUITY ITUKJIOTICHTAIIEHTIB.

N
A
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3agayda 1. Yun MoxyTb 6epuniit i MarHin yTesoptoBaTm
OKTaenpuYHi KOMMneKkcun?

PO3B'A30K. YTBOpEHHS OKTaeApuU4YHUX KOMIMJEKCiB
BuMarae d’sp3-ribpuamsauii opbitTaneii LeHTpanbLHOro
ioHa mMeTany. EnekTpoHHa koHdirypauis Be?* - 2s5°2p°,
a efleKTpoHHa KoHdirypauis Mg?* - 3523p°3d°.
Ockinbkn 6epunin He Mae BaneHTHux d-opbitanen, TO
BiH He MOXe YTBOPIOBATM OKTaeApWYHi KOMMEKCHU, a
e TeTpaegpudHi, Hanpuknag [BeF4]2‘ 3 sp-
ribpuamsauicro. IoHn Mg?*  MoxyTb yTBOpIOBaTH
OKTaeApu4yHi  KOMMAEeKCH, Hanpuknag [Mg(HZO)G]Z*,
OCKi/IbKM BOHWM MatoTb BakKaHTHi d-opbitani, saki MOXyTb
6paTu yyacTb B yTBOPeHHi d*sp>-ribpuaHnx opbitanei.

3agava 2. Ym moxyTb ioHn Ni** yTBOpPIOBaTV BHYTPILUHBO-
opbiTanbHi OKTaeapuyHi Komnnekcm?
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Po3B'A30K. Ni°* Mae eneKkTpoHHY KOHdirypauito

A 3d%4s°4p°4d°. na posTawysBaHHA BOCbMW ENEKTPOHIB
NnoTpibHO He MeHwWe 40TMpbOX 3d-opbiTanei, omke BiH
MOXKe MaTu Nvwie ogHy BakaHTHy 3d-opbiTanb, a TOMy He
MOXe YTBOPIOBATM BHYTPILUHbOOPO6ITaNlbHMX KOMIMJIEKCIB 3
d’sp>-ribpuansauielo, a fuvwWe  30BHIHbOOP6ITaNbHI
OKTaeapu4Hi komnnekcn (ame. c. 33). OgHo4YacHa y4acTb
3d- i 4d-opbitaneit B yTBOpeHHi ribpuaHnx opbitanei
HEMOX/MBA, TOMY WO BOHM 3HAYHO PIi3HATbCA 3a
eHeprieto.

2.2. TEOPISA KPUCTAJIIYHOI'O IIOJIA

EneKTpOHHi CIIEKTPH KOMIUIEKCIB, a TaKOX iX MarHiTHi
BJIACTHBOCTI TOSICHWIA Teopiss kpucrtadidaoro mouasi (TKII),
sIKa € OJTHIEI0 3 HAUTIPOCTIIINX CYYaCHUX TEOPIH, IO MOSICHIOE OYI0BY
Ta JesKi BIACTUBOCTI KoopauHariiHux cronyk. Y TKII miranmm
pPO3TIIAAIOTECA  SIK TOYKOBI HETATWBHI 3apsay YW JIAIIONI, SIKi
BHACTIJIOK €JIEKTPOCTATUYHOI B3aeMOJii 3 d-OpOiTaisiMU MeTawiB
BHUKJIMKAIOTh iX posmieruieHHs. Takum unHom TKII BpaxoBye nwiie
ENIEKTPOHHY OYZOBY IEHTPATLHOTO aroMma. XapakTep pO3UICTUICHHS
opOiTayielt MeTary 3aJIKHUTh BiJl CHUMETPIi KOOPIUHAIIIHHOTO TIoJTiepa
(cuMeTpii KPUCTATIIYHOTO OIS, SIKE CTBOPIOIOTH JIITAH/AN). Y BUIAIKY
OKTaeJIPUYHUX KOMIUIEKCIB EHEeprist dxziy2 -1 a’z2 -opOirtaeit (3riHo 3

TEOPI€I0 IPYI L€ ABIYI BUPOUKEHI e, -OpOiTaii), sKi HalpasieHi Ha
xy e d

BUPOJUKCHI  1,,-0pOiTaii) 3HWKyeTbes. PisHMLS B eHeprii MIK

JHraHau, TiJBUILY€ETHCS, a eHepris d d,, -opOiraseii (Tpui

xz 7o

YTBOPCHUMHU  PI1BHAMU e o 1 t 28 Ha3MBa€TbHCA CHEPriex

po3menjeHHs: Kpucrtajiiunum mosem A, (puc. 2.3).
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Xapaktep pO3MICIUICHHS OpOiTaneil y MOJsIX HUXKY0I CHMETpii
MOJKHA BH3HAUUTH Ha OCHOBI Teopii rpym; Ha puc. 2.3 moKa3aHO
po3mieruieHHst opOiTaneit ans Terpaenpa, BUTATHYTOI Oimipaminy i
TUIOCKOTO KBaJpara.

dy2_2
dye vz - X
E d L XY B1g
x2—y2dz2 .- - Byg
d, d,,d, g, S
t2 N / S dz2 s
7 06Ag Atg Ay
0.4A; . B
N . Ao o %
A t 7 d L, ’ dzz
_0.6 At/,/ \\\ -0 Mo‘ﬁxy' Aig
p . By,
e
dXZ—yZ dzz t2g AN — <
T d,d
dydady, e d.d,.
E, T
Eg
TeTpacap BUILHUH iOH OKTaezp TeTparoHanbHa KBajpar
Oimipamina
T
d o, D,,

Puc. 2.3. Po3meniieHHs d-opditaneii y koMIuiekcax pisHoi cumeTpil

Enexmpouni cnexmpu Komniexcie

OnHe 3 OCHOBHUX JOCATHEHB Teopii kpuctaimigHoro mojst (TKII)
MOJIATaE B TOMY, IO BOHA TOSCHWIA TIOXO/KEHHS CIIEKTpIB
MOTJIMHAHHS KOOPAWHAIIIMHUX CHOIYK MEPEXiTHIX METAIIB y BUIUMIN
obnacTi, TOOTO MOSICHWIA KOJIp LMX KOMIUIEKCIB. BusBHIOCH, 110
EHepris PO3MICIUICHHA A, Y OKTAaeAPUYHUX KOMIUIEKCaX d-MeTalliB
MpUOIM3HO JTOPIBHIOE €HEprii elIeKTPOMAarHiTHOTO BUIIPOMIHIOBAHHS
ommpkoro YO, Y abo Bumumoro cpimia. ToMmy, NOTIMHAIOYN
CBITJIOBHii KBAHT 3 CHEPII€I0 /1Y, CICKTPOH I3 HIKHBOI 1, ,-0pOiTai

IEPEXO/IUTh HA BEPXHIO €,-0pOITallb, 1 B CICKTPOHHOMY CIIEKTPI MU
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CTIIOCTEPIraEMO CMYTy TIOTJIMHAHHS, $Ka BIAMOBINAE TIEPEXOITY
e, <1, (puc. 2.4). Taxi nepexoay Ha3MBAIOTHCS ¢—d-TIEPEXOJaMH 1
caMe BOHM B OLTBIIOCTI BUIAJIKIB BU3HAUAIOTH 3a0apBIICHHS CIIOIYK
nepexiguux Metanis. Hanpuknan, y cniextpi kommiekey [Ti(H,0),]**
TIEPEXOIly €, <—I,, BIIIOBIIAE CMyra MOIIMHAHHSA Y BUAUMIN 00macti
npu 20300 cM ', sKa 0OYMOBIIOE YepBOHO-(IANTKOBE 3a0apBICHHS
PO3YHMHIB, SKI MICTATH LIEW KOMITIEKC. Y JTaHOMY BHIIAJIKY BEJTMUUHY A
o MOYXHAa BCTAQHOBHUTH CIICKTPOCKOITIYHHUM METOJIOM, BHU3HAYHMBIIH
TIOJIOXKCHHSI CMYTH TIOTJIMHAHHS B EJICKTPOHHOMY CIIEKTpPI KOMILIEKCY

[Ti(H,0),]"" . Sk Buano 3 puc. 2.4, Besunna A, = 20300 cm .
A

0.6
0.4+

0.21

T T T

28 24 20 16 v- 10°cm’

Puc. 2.4. EfleKTPOHHUI cleKTp morauHanus [Ti(H,0)e*"

Takuii migXin € CrpaBeIMBUAM JIAIIC JUISI KOMIUICKCIB, Y SIKHX
LCHTPAIIBHI aToM Mae KOHDiryparito d . Ko reHTpanbHmil ioH
Mae J1Ba a00 OUIbIIE €NEKTPOHIB, CIIEKTP YCKIAIHIOETHCS, TOMY IO
eHepris opOiTaneil 3aJeKuTh HE JIMIIE BiJ] CUMETpIi TOJIs, ane 1 Bij
eHeprii MDKEJIEKTPOHHOTO BIAIITOBXYBaHHA. EJIEKTPOHHI CIIEKTPH
0araToeneKTpOHHUX aTOMiIB OyAyTh PO3TIISIATHUCS B PO3L. S.

BemmumHa  posmiervieHHs  d-opOitalield y  KPUCTATIYHOMY IO
3aJISKUTP BiJl IPUPOJIH JIiraHiB. J{OCTiPKEHHS €JICKTPOHHUX CIICKTPIB
TIOTJIMHAHHS JIO3BOJIMIT PO3MICTUTH JIITaH/IU 32 CHJIOK KPUCTATIIYHOTO
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MoJisi, $KE BOHU CTBOPIOKOTh, Y pAld, SKUA HA3UBAETHCA
CHEeKTPOXiMiYHUM pAAOM:

I" Br SCN” CI” FF OH™ H,0 NCS™ Py NH, en NO,” CN" CO

Enepris posmenienHs KpucTamiyauM noneM Ag = 10 Dq

[Monoxenns cmyru B ECIL, em™!

TakuMm 4yrHOM, 3aMiHA JIraHTy CIAOKOTo IMOJsi B KOOPAMHAIINAHIN
cdepl KOMIUIEKCY JIraHaoM OUTBII CHIIBHOTO oM OyJe MPUBOAWUTH
710 3CYBY CMYTH IOTJIMHAHHS Y BUCOKOUYACTOTHY (KOPOTKOXBUIIbOBY)
oOmacTp. Tak, HAPHUKIIAA, TIPH MiBUINEHH] KOHIIEHTPAIIii MPUIUHY B
cucremi Cu(NO,),—Py—H,O B eNeKTpOHHHUX CIIEKTPaX MOTJIMHAHHS
(ECII) cnioctepiraerbesi BACOKOYACTOTHHUM (KOPOTKOXBUIILOBUI) 3CYB
CMYTH TIOTJIMHAHHS, L0 CBIAYMTH MPO TOCTYNOBY 3aMiHY MOJIEKYJ
BOJIM B aKBAKOMIUIEKCI Ha MOJICKYJIH MIPUANHY, KU CTBOPIOE OLTBII
CHJIbHE T10JIe JIraHiB (puc. 2.5), a TOMy CHepris PO3LICIUICHHS €,- 1

l,,"OpOiTaNeii y KOMIUIEKCaX 13 MIPUIMHOM Ollblia, HDK B

AKBaKOMILICKCAX.
A
0.6

0.41 3

2
0.2

\

400 500 600 700 800 A, HM

Puc. 2.5. EfeKTpOHHi cieKTpH BOIHUX po34uHiB Cu(NO;), (1)
i oro cymiueii i3 mipuauHOM NpH MOJLHOMY CHiBBiZHOIIEHH]
Cu:Py-1:4(2)il1:8(@3)

3HayeHHs €Heprii po3IIEeIUIeHH A, 3aIeKUTh TaKOX BiA 3apsty
LEHTPAILHOTO aroMa Ta HOro TOJIOKEHHS B TIEPIOJMYHIA CHUCTEMI:
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SHEpris PO3INCIUICHHs 30UThIyeThcss mpuOmm3Ho Ha 50% mpu
30UTBIICHHI 3apsijly LEHTPAIbHOIO i0HA HA OJUHHMINO, A TAKOX IpU
nepexoni Bif 3d- 1o 4d-meraniB. Tak, HaPUKIIAI, CMyTH OTTUHAHHS

B eIEKTPOHHMX CHeKTpax akpakommiekcis [Cr(H,0),]*" i

[Mn(H,0),]*" 3naxonareess BigmosigHo B obmacti 14000 cM™' i

20000cm ', xoya 1i iOHM MarOTh OJHAKOBY  EIEKTPOHHY
KOH(Irypaito d'. 36iIbIeH s eHepril pO3IIEIICHHS TS METaB 4d-
1 S5d-psmy npuUBOIUTH 0 3MIIIEHHS CMYT TOIJIMHAHHA d—d-Tiepe-
XOIB 13 BHIUMOI B YNbTpadioleTOBy 00NaCTh, TOMY OLIBIIICTb
CHONYK IIMX METalliB, Ha BiIMiHY Bia 3d-metaniB, 0e30apBHI abo
MalOTh KOBTE 3a0apBIICHHS.

3apaya 3. Slkuit i3 HaBedeHUX HWX4Ye KOMMIEeKCiB MaE
N XKOBTE, SIKUIA 3eNeHe, a $SKUN CUHE 3abapBneHHs:

[Co(H,0)61*", [Co(NH3)s]%*, [CoFs1® ? Yomy?

Po3B'A30K. 3rigHO 3i CNeKTpoxiMiYHMM psSAOM aMOHiak

A cepen AaHux niraHAaiB CTBOPIOE HalcunbHiwe none (A, -
Halbinble), a dTopma-ioH — Halicnabuwe (A, — HaliMeHLLe).
YuM 6Binblue 3HaUYeHHS A,, TUM 6ifblla YacToTa NOr/IMHAHHSA
CBiTna i TWMM MeHWwa 4acTtoTa BigbuToro CBiTNA, sKe
BM3Ha4yae 3abapBrneHHs KoMmrnekcy. HarmeHwy 4acroty
Ma€E »>KOBTe CBiT/I0, a Hambinbwy - cuHE. OTXe,
aMmiHokoMmmniekc  6yae  Matm  xoBTe  3abapBreHHs,
aKBaKOMMNEKC - 3esieHe, a (PTOPMAHWNI KOMMIIEKC — CUHE
3abapBfieHHs.

Enepcia cmaéinizauii kpucmaniunum nonem.
Macznimni enacmueocmi KOMNIEKCi6

Ak TKII mnosicHoe yTBOpPEHHS XIMIYHOTO 3B'SI3Ky B
KOMIUIEKCHUX 10Hax? 3a paxyHOK TOro, WO €HEPris fy,-

opbitaneil oktaeapuyHoro kommiekcy Ha 0.4A, HHXKYE Bif
eHeprii opOitaneil BIIBHOTO 10HA, MPU YTBOPEHHI KOMIUIEKCY
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OTPUMYEMO BUTpall B €HEPTii Ha BEJIUYUHY, KA HA3UBAETHCS
eHeprisi crabinizanmii kpucramiyunum mnoaem (ECKII) (nus.

puc. 2.3). ina koudirypanii (£,,)"(e,)”
ECKII = (-0.4x + 0.6y)A,. (2.1)
Takum umnom, ECKII € wmiporo Burpamy B eHeprii mnpu
YTBOPEHHI KOMILIEKCY.

3amoBHEeHHsT  opOiTaneil B OKTAaeOpPHUUHUX  KOMIUIEKCAaxX
IOYMHAETBCS 3 HIDKHBOTO [y, -piBHS 1 3IIACHIOETHCS 3TITHO 3

npasunoM XyHa, To0To 3d -ioHH MaroTh KOHIrypaio (tzg)1 ,d-
ionn — KoHirypamiio (f,,)°, d’-ionn — xoudiryparito (te) -
3nauenns ECKII mist nux ioHiB — (—0.4x)A, (Tabm. 2.2).

Tabruys 2.2. Eneprii cTadinizanii kpucTaadiuHuM moaem
s 3d-meragis

ECKII (oxTaenp, ECKII (oxTaenp, ECKII
cjadke mosie) CHJIBHE T10J1€) (TeTpaeap)

| Ca Ti | (e)°(en)”  0A | (%€  O0A, | (°(1)°  0A,

d" Mpuxnan

d TP VY (e —0.4A, | (the)'(e)° —0.44A, | (€)'(1)°  —0.6A,
& |V (h)(e)°  —0.8A, | (2)(e))° —0.8A, | (e)'(t)° —1.24,
@OV (00%e)° —1.2A, | () (€)° —1.2A, | (€)%(1)!  —0.8A,
d' | CPMDY | ()% (e)! —0.6A, | (he)'(e)’ —1.6A, | (€)%(1)* —0.4A,

& | Mn®Fe' | (1) (e,)’ 0A, | (e)(e))° —2.0A, | (e)’(t)° 0A,
d* | Fe',Co™ | (h)'(e) —04A, | ()°(e)” —24A, | ()(t)’ 0.6,
d | Co* (L) (er)”  —0.8A, | (1)(e)" —1.8A, | (e)'(t)’ —1.2A,
d&* | Nitt (L)(er)”  —12A, | (1)°(er) —12A, | (e)' (1) -0.8A,
& | Cu* (1)°(e)’ 0.6, | (1e)’(er)’ —0.6A, | ()'(t)° —0.4A,
d°| Cu', Zn" | (1p)%e,)" 0A, | (o)’(e)* 04, | (&)'(t)° 0A,

Jns d -ioniB BuHMKaE aJIbTEpHATUBA:
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1. HerBepTnil €NEKTPOH MOCIA€ HIXKIMIA 32 CHEPII€IO £, , -PIBEHB,
III0 MOYKJIUBO 32 PaXyHOK CHApIOBAHHs €JIEKTPOHIB (puc. 2.6 a); npu
[[FOMY BHHHKA€ KYJIOHIBCbKE BIAIITOBXYBAaHHS, $KE HAa3UBaIOTh
enepricw cnapoBanns (P). Kommiekc i3 koHpirypariieto (z‘zg)4
Oyne Matu 3rigHo 3 ¢opmynoro (2.1) ECKII = —1.6A,. ¥V upomy
BUNAIKy KOMIUIEKC Ma€ J[Ba HECTAPEHUX ENEKTPOHH 1 3HAYECHHS

MAarHiTHOTO MOMEHTY W =+/2(2+2) =2.8 uy (puc. 2.6 a).

2. YerBepTHil €NEKTPOH 3aiiMae BHILYy 3a CHEPIi€l0 e, -

opOiTank, aje nmpu NbOMY TpebOa BUTPATUTH JOJIATKOBY €HEPTii0
A, TOpiBHAHO 3 mepumuM BumnajakoMm (puc. 2.6 6). Kommekc
oyme MaTH koH}irypariro (t,,)'(e,)',
ECKII= (-0.4) - 3+0.6=-0.6 A, . Kinbkicte HeCIapeHux

€JIEKTPOHIB JIOPIBHIOE 4; L =/4(4+2) =49 ;.

— — & 4—— €y

a+ s
\~\ t \\\\
a %_ —1_ _1_ 29 6 + by
CHUJIbHE 110JI€, HU3bKOCIIHOBUI crabke 1moje, BUCOKOCTIiHOBHI
KkomIieke (n =2, p= 2.8 py) kommieke (n =4, u= 4.9 ug)

Puc. 2.6. EnekrponHa 0y10Ba OKTaeIpHYHIX KOMILIEKCIB
JUIS1 BUNIA/IKY CHJIBHOTO (@) i ci1adkoro (6) moJiiB

Takum 4WHOM, A7 10HIB 3 EIEKTPOHHOI KOH(]Irypari€eio d
MOJKJIMBO ICHYBaHHS JBOX THIIIB KOMIUIEKCIB — BUCOKOCIIHOBHX 1
HU3bKOCIIHOBUX. AHAJIOT1YHA KapTUHA CIIOCTEPIraeThes 1 ISl 10HIB
. . . 7
13 KoH(iryparismMu d—d'.

ko Ay < P (BHmagok caadkoro moJsi), TO EIEKTPOHY
CHEPreTUYHO OUIBLI BUTIAHO MOCICTH BULLLY €, -0pOiTalb, a Ko A,

> P (BHmagoK CHJIBHOrO MOJsi), TO €JICKTPOH Oyae 3aiimaTu
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HIDKYY 1), -0pOiTanb. TakuM 4YMHOM, y BHIQJKy CJIaOKOro MOJs

YTBOPIOIOTHCSI BUCOKOCITIHOBI, @ Yy BHIQJKYy CHJIBHOTO TOJS —
HU3BKOCIIHOBI KOMIUTEKCH. [T OKTaeIpUIHNX KOMILUIEKCIB METaJIiB
i3 koHbirypauiero d mpu n = 1-3 i 810 OHATTS HU3BKOCIIHOBHIA i
BUCOKOCITIHOBUII HE B)KMBAIOTHCS, TOMY IO BOHH YTBOPIOIOTh
KOMIUIEKCH  jquwie oaHoro tumy. 3HadenHs ECKII  ans
HU3BKOCIIHOBUX 1 BHCOKOCIIHOBHUX OKTACAPHUYHHX KOMIUIEKCIB
HaBeJeHO B Tal. 2.2.

[CHYIOTH T€BHI 3aKOHOMIPHOCTI, 1110 JAIOTh 3MOT'Y Mepea0aunTH,
AKI KOMIUIEKCH OyAyTh YTBOPIOBATUCh — BHCOKOCIIIHOBI 4H
HU3bKOCITIHOBI:

* Hu3bKOCHIHOBI  OKTaeApPWYHI KOMIUIEKCHM METaliB, fK
IIPAaBUJIO, YTBOPIOIOTHCS 3 JIIFAHJAMHU AyKe CHIIBHOTO IO0JIs, TAKUMU
gk CN™, CO, NO,.

= Jlna 3d-metaniB i3 JraHgamMu CIa0KOro ITOJS, TAKUMH SIK
Hal", OH ", H,0, NCS™, 3aBXIu yTBOPIOIOTHCSI BUCOKOCIIIHOBI
KOMILJIEKCH.

= Kowmmnekcu 4d- 1 5d-meraniB yTBOPIOIOTh HHU3BKOCHIHOBI
OKTaeIpUYHI KOMIUIEKCH HE3aJeKHO BiJl MPUPOAH JIraHAIB, TOMY
[0 SHEPTis PO3MICIUICHHS A, JUTst HUX puOn3Ho Ha 50 % OunbIna,
HIXK 119 3d-aHanoris.

= FEnepris cnaproBanHs (P) 3amexuth Big eIeKTPOHHOL
KOH(piryparmii i0oHIB MeTamiB, s KoHpiryparmii d’ BoHa MeHa,
OCKIIBKU TIOBHICTIO 3allOBHEHA (tzg)6 -opbiTanb € eHepreTUYHo

BHUTITHOIO, a I KoHpirypartii d - s3HauHO Ginblua yepes
EHepreTHYHy BHTIJHICTh HAIMOJOBUHY 3allOBHEHUX (lzg)3(eg)2—

opOitaneii. ToMy 10HM MeTamiB 13 KOH}ITYpaIli€ro d , HammpuKIam
2+ 3+ . . .
Mn' , Fe' , 3Ha4HO pialIe YTBOPIOIOTh HU3BKOCIIIHOB1 KOMIIJIEKCH.
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3agava 4. BuMiptoBaHHA MarHiTHOI CNPUAHATIMBOCTI ANs
N OKTaegpuyHoro Kommnekcy wmadraHy(Il) ganm  3HauyeHHs
n=5.9 g . Slka enekTpoHHa KOHIrypauis LIboro KOMmaekcy?

Po3B'A30K. EnexkTpoHHa KoHdirypauis Mn®" — 3d°. Ans
Takoi  KOHQirypauii y Bunagky cnabkoro nons
YTBOPIOKOTLCS BUCOKOCTIIHOBI KOMMIEKCH (tyy)°(85) , sIKi
MalTb N'STb HecrnapeHuMX EeNeKkTpPoHiB, a Yy BUMNaAKy
CWBHOIO MoNs — HU3bKOCMIHOBI KOMMJIeKCH (tzg)5, AKi

>

MaloTb OANH HECMapeHUiA eNIeKTPOH:

TR ——

&b - a s
- ! —
. ¢
dhb g A b
ciabKe molie, BACOKOCIIHOBUH CHUIIBbHE T10JI€, HU3bKOCITIHOBHIMA
Kommieke (n =5, p=15.9 pup) xommekc (n =1, u= 1.7 pg)

Po3paxoBaHi MarHiTHi MOMEHTWM Ans HWUX  PpiBHI
BiANoBiAHO 5.9 1 1.73 pg. TakUM YMHOM, BU3HAYEHUN
€KCNepMMEHTasIbHO MarHiTHMN MOMEHT BKa3yeE, LWo
AOaHUN KOMMJIeKC — BUCOKOcCMiHOBUM (cnabke none) i

Mae KOHdIrypaLito (ty,)°(e,)”.

Posmreruiennss  opOitaneit a1 TeTpaeapUYHUX KOMIUIEKCIB Mae
OOCpHEHUI BUTJISI IO PO3IICIUICHHS B OKTaCAPHMYHMX KOMILIEKCAX
(puc. 2.3); eHepris pO3IICIVICHHS B TETPacAPUIHOMY TIOJI (A;) MEHIIa:
A, = 4/9A,. Tomy TeTpaeapuyHi KOMIUIEKCH € BHUCOKOCHIHOBUMH
(cmabke momne). 3naueHHss ECKII mms TerpaeqpryHUX KOMIUIEKCIB
HaBeleHO B TaOi. 2.2. YTBOpPEHHS TETpacApUYHUX KOMIUIEKCIB €
XapaKTepHUM, SIK TPaBWIO, IS 10HIB M 3 alUIoJIraHIaMHU,
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Hanpuknan [Co(NCS), ], [NiCl, >, a00 3 00'eMHUMH HeHTpaTbHIMH
JiraHzamy, TakuMH K TpudeHUIpochiHOKCHI,  HaNpHKIaja
[MCI, (OPPh,),], ne M — aBO3apsiiHUI 10H METAITY.

Hns ioniB metaniB Ni(Il), Pd(I), Pt(I), Au(IIl), Rh(I), ski
MaroTh KOH(Irypariiro de XapaKTepPHUM YTBOPEHHSI HU3bKOCIIIHOBUX
TUIOCKOKBazpaTHUX KomIuiekciB  (Dg, cumetpist). Kondiryparis
LIEHTPAJILHOTO aTOMa B IIbOMY BHIIAIKy — (eg)4(b2g)2(alg)2(b1g)0
(puc. 2.3). TlopiBHSIHO 3 OKTaeAPUUYHUMH KOMILIEKCAMHU d -Metaris

KBaJ[paTHI KOMIUIEKCH JOJAaTKOBO CTaOLTI3YIOThCS  BHACHIOK
PO3TAIIYBAaHHS EJCKTPOHIB HAa OUIBII HU3BbKIA 3a CHEPIi€l0 a, -

opOitani, MpoTe YTBOPIOBATUCH TaKi KOMILUIEKCH MOXYTh JIHIIE Yy
BUNaaky cuiabHOro mnoist (P < A), Komu CTBOPIOIOTBCS CIIPUSTIMBI
€HEepPreTUYHI YMOBH JIJIs CIAPIOBAHHS €JIEKTPOHIB.

Teopema Ana — Tenepa
Komnnexcu, ochosnuti cmarn sKux 8upoOdicenuti, € HeCmitikumu i
Ooechopmyiomvpcsi mak, woo NKeidysamu ye 8UPOONCeH s i 0ocsemu
guepauty 6 eHepeii. Tak, HampuKiIaj, OKTaeApUYHI d -xomrIekcn
kynpymy(Il) op6GitaspHO ABIYI BHPODKEHI, TOMY IO HECHapeHHH
€JIEKTPOH MOXe 3aiiMaTi abo dxz—yz -, abo d22 -opOiTanb, SKi MaIOTh

OJIHAKOBY €HEprito. 3HATH BHUPOKEHHS MOJKHA, HANpUKIaf, IpU
nedopmariii OkTaeApa B TETparoHaNbHy OimipamMigy, NPHYOMY
HallyacTillie yTBOPIOEThCA BUAOBXKEHa Oimipamiga. I[lpu mpomy
BHPOIIKEHa KoHbirypanis (,,)°(e,)’ mepexomuts y KoHirypartiro

(eq ) (b, g ) (a, g (b, < ) i B pe3y/bTaTi JOCATAETHLCSA BUIPAI B €HEprii

(puc. 2.7).
Haii6inpmri gedopmariii KOMIIJIEKCIB CIIOCTEPITalOThCs MPHU
BUPOJDKCHHI e, -opOiTasnei, ski HampasieHi Ha siranau. Ilpu
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BUPOJDKEHHI 1,,-0pOiTaneii nedopmauii KOMIUIEKCIB € 3HAYHO
MEHIINMH.

Teopema fna—Tenepa n03BosisiE€ mependauYUTH TEOMETPUUHY

KOH(ITyparito KOMIUIEKCIB. Tak, MpaBMIbHI OKTASIPUIHI KOMIUICKCH

. . . 3 . .
MOYTb YTBOPIOBATHCh JUIs 10HIB MeTaliB 3 d', d', d’ (BHCOKOCITIHOBI),
. . .40 .

(um3pKOCTiHOBI), d° 1 d'" eNEeKTPOHHIMU 0GONOHKAMH, SIKi MArOTh

: : : : 3 0. 3 2, 6 0,

BIJIMIOBITHO KOH(Irypariiro (1hg)(eg) s (Lg) (eg)"; (fhg) (eg);

(t,,)'(e,) i (tzg)6(eg)4. Ie, manpuknan, kommiekcu Ti*, Cr**

Ni*", BucokocminoBi Mn*" , Himsbkocninosi Co’" Too.

e b A )
Wy L., tPTEE
a1g( 72

‘ﬂ' bag ( %’% &y (d,; d,,)
oy 1y 1 0 '
%%eu d,) LA - by (d,,)

Oj(okraenp) Dyy(Butsirnyra Oimipamina)  O,(oktaeap) Dy,(ctucHyTa Gimipamina)

Puc. 2.7. Jedopmanisn kommiexciB kynpymy(Il) sik nposiB eexty SIna — Tesrepa

3agaua 5. Kopuctytouncb Teopemoto AHa — Tenepa,
N nepenbadunTn CTpyKTypy [Cr(H20)6]2+

Po3B'A30K. Cr’* Mae enekTpoHHy KoHdirypauio d*.
A AkBakoMmnaekcn 3d-MeTaniB BUCOKOCMIHOBI, TOMY LUO
BoAa € niraHAoM cnabkoro nons. EnekTpoHHa
KOH@irypauis BmcokocniHOBUX komnnekcie xpomy(II) y
BMMNAAKY YTBOPEHHS OKTaeApUYHMX KOMMJIEeKCiB NOBUHHA

6YT (ty)°(e,)'. PiBeHb e, Ans TaKoi KoHdirypauii
BUPOMKEHUIN, OTKE aKBaKOMMNeKC XpoMy Mae 6yTu
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TeTparoHanbHo pgedopmoBaHuM, 60 came BHaCIAOK
TeTparoHanbHoOi AedopMauii 3HIMAETbCS BUPOAXEHHS

€y ~PiBHSl.  TakvM 4WHOM, [Cr(H20)6]2+ 6yne m™matm
CTPYKTYpPY BWAOBXeHOi b6inipaMian 3 eneKTpoOHHO
KOHdirypauieto ioHa MeTany (e,)*(byg)'(@i)"(b1y)° .
3agava 6. EnextpoHHuii cnektp Ti**  npunucytoTsb
N OAHOMY €/IeKTPOHHOMY Nepexoay €y < t,,, MpoTe cMyra

Ha puc. 2.4 - acMMeTpuYHa. MosAcHUTH ue,
KOpUCTYUYnCb Teopemoto AHa — Tenepa.

Po3B'A30K. Ti** mae enekTpoHHy KoHdirypauio di. Y
BUNaZKY MPaBUIbHOrO OKTaeApPUYHOro KOMMIEKCY OCHOB-

HUA CTaH (t29)1 BUPOAXEHUN, TOMY KOMMJIEKCH TP €

>

AedopMOBaHNMMN, XO4Y | 3HAYHO MEHLIE, HiIXK KOMMIEKCH 3
BUPOLXXEHUM €, -piBHEM. Take BUPOAXKEHHS MOXHa

3HATU Npu  TeTparoHanbHin gedopmadii  (CTUCHeHa
binipamiga); KapTUHY PO3WENJIEHHS eHepreTUuYHux

piBHIB HaBeaeHo Ha puc. 2.7. OCHOBHWIA CTaH — (bzg)1; B
eNeKTPOHHOMY  CNeKTpi  MOXAWMBI  Tpu  nepexoam:

bog <= €4, byg < byg, 1 byg <~ a4y, $Ki He po3aineHi, a
NvWe  CrpUUYUHAIOTD  aCUMETPUYHY opMy CcnekTpa
NOrINHAHHA.

2.3. TEOPIA IMOJIA JIITAHAIB

FOJIOBHI/Iﬁ Henoiik TKII B ToMy, 110 BOHa HE BpaxoBY€e IPHUPOAN
JIra"gy Ta KOBAJICHTHICTh 3B'3KIB y KOMIUIEKCI i TOMy HE MOXe
MOSICHUTH, HANPUKIIAJ, TOJIOXKEHHS JIraHIiB y CIEKTPOXIMiYHOMY
psily, YTBOPEHHs T-KOMIUJIEKCIB, MPUPOJIY CIEKTPIB HNEPEHECEHHs
3apsy. Lleit Hemonik BiACYTHIN y Teopii moas airanais (TILJ),
sIka BUKOPUCTOBYE Teopito MO 1 MOsSICHEHHS XapaKTepy XIMIYHOTO
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3B'SI3KY B KOMILIEKCAX.

Y=Cyfy 0,

MO KOMIUIEKCY YTBOPIOIOTBCA TpU
nepeKprBaHHi aTOMHUX opOitaneld (AO) meTany 1 BIANOBIAHUX 32
cUMeTpiero JiHIMHUX KoMmOiHamii AO miranmy. MO MaroTh BHTIIS
Ksagpar

Koe(ilieHTy

XapaKTepU3ye
opOitansax miragay. Cxemy MO 11 OKTaeIpUYHOTO KOMIUICKCY,

E

Ciy
BIpOTiJHICTh 3HAXOMKEHHs eekTpoHa Ha AO MeTaly, a ¢, — Ha
YTBOPEHOTO JIMIIIE 32 paXyHOK G-3B'sI3KiB, 300pa’keHO Ha puc. 2.8.

AO MO
ioHa meTany

AO
/' t*lu “‘-

niraHais

\
[}
\
[}
[

\
[}
\
[
[}
\

\
_*_eg N
~ . + oA

4s \ “h’// A‘\)\“\ \

sofp 44 Bo-A 4

\
\

zg ‘\‘\

Puc. 2.8. MO B okTaeapnyHOMYy KOMILIeKci 0e3 T-3B'A3KiB
Ockinbku 3anoBHeHI AO JIiraHIiB HIDKYI 32 €HEPri€lo, TO BOHU
BHOCATh 3HAYHO OIIBIIMI BHECOK Y MICTh 3B's3ytounx MO
KOMIUIEKCY (cf > cfl); 12 eneKTpoHIB JIiraHAIB 3aceisA0Th caMe IIi
opOitani. B anTH3B's3ytoui opOiTalli, HaBMAKW, OUTBIINA BHECOK
BHOCATh AO MeTany (c;, >c;). ToMy IIpH eeKTPOHHUX HepexoIax

31 3B'3yI0YMX HA aHTH3B'A3yr0ui opOiTaimi (pakTHYHO BiAOyBa€ThCS
NIEPEHECEHHs €JIeKTPOHIB 13 Jiranay Ha Metan. CrekTpu, ki npu
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IBOMY CIIOCTEpITatoThCs, HA3UBAIOTHCS CHeKTpamu
nepeHeceHHs 3apuay.

[TapameTrp posmerieHHss y kpuctaimigHomy moii A, B TILI
BIIMOBiIa€  PI3HUII B EHEPrii MiX BHUIIOK 3aHHATOIO
MonekysipHoto opoitaumo (B3MO) 1 Hmwkyoro BakantHoo MO.
Enepris  posmieruienHs A, 1 TONOXKEHHS  JIraHmiB y
CIIEKTPOXIMIYHOMY DSy 3aJ€KUTh BiJ KOBAJEHTHOCTI G-3B'SI3KiB
M-L: 4yum OinbIl KOBaJCHTHI G-3B'SI3KH, THM OUIbIIA €HEPris
pO3IIETUICHHsST OpOiTaleil 1 TUM MpaBille JiraHj 3HAXOAUTHCS Y
CTIEKTPOXIMIYHOMY PSAY.

SIKmo miraHa, KpiM O-3B'SI3KiB, YTBOPIOE T-3B'SI3KM JIOHOPHO-
aKIENTOPHOrO THILy, TO L€ MPUBOAMTH JO 3MEHIIEHHS A, (puc.
2.9 a). YTBOpeHHS T-AAaTUBHOTO 3B'A3Ky BeA€ /A0 30UIbLICHHS
napameTpa po3IIeIVICHHS KpUcTamyHuM mosieM (puc. 2.9 6). Tomy
JITaH[H, sIKI MOKYTh OyTH aKIENTOpPaMH €JIEKTPOHIB 1 yTBOPIOBATH
T-TATUBHI 3B'S3KH € JIiraHAaMH CHJIBHOTO TOJs. TakuMm YHHOM,
MOJIOKEHHSI JIFaHIB y CHEKTPOXIMIYHOMY DSy BH3HAYA€THCA IX
3JIATHICTIO 10 YTBOPEHHS TT-3B'SI3KiB TOTO UM 1HIIOTO TUITY:

301/IbIIIEHHS AO

Y

TT-JIOHOPHI G-JIOHOPHI JIiraHIH T-aKIENTOPHI
JiraHau 6e3 T-3B'A3Ky Jiranan
TunoBuMu npeCTaBHUKAMU T-JOHOPHUX JITaHJIB € rajoreHii-

10HM, a TaKOX JITaHIU, Y IKUX JOHOPHUM aTOMOM € OKcureH. Jlo
JITaHAIB T-aKIENTOPHOTO TUITY Halexarth IiaHia-ioH, CO, eTeH i
fioro romomoru. XapaKTepHOI OCOOJIHMBICTIO T-aKIENTOPHUX
JraHAiB € YTBOPEHHS HU3bKOCIIHOBUX KOMIUIEKCIB, a TaKOX
cTabini3anis HU3bKUX CTyNEHEeH OKUCHEHHS METaJiB.
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4ac¢ m-¢a'jceo ¢ m-¢a'yceli &*aaidy
Puc. 2.9. BniiuB ©-3B'sI3KiB HA €HEPTil0 PO3IIENJIEHHS A,
(a) m-goHOpHUIT JTiraHa 3MEHILYE PO3IICTIICHHS;
(6) m-akuenTOpHUIL JiraH 301IbIIy€e PO3LICTIICHHS

BuzHaueHHS MOJI0KEHHS JIIraHaAy y CeKTPOXiMiuHOMY
psily 3a e1eKTPOHHUMH CHEKTPaMM MOTJIMHAHHS
KoMILIeKciB ko0aabTy(11I)

_ MpurotyBatM BOAHI PO3YMHU KOMIIEKCIB
kobanbTy(III) 3aranbHoro cknagy [Co(NH;)sL], A4e

L=NH;, CI", H,O, NO3, NO3, i 3anucatu iX eNeKTpPOoHHi

CNeKTpU nornuHaHHa B obnacti 12000-35000 cm™t.
[MOACHUTM  MpUUYMHY  3CYBY CMyr y ChekTpax
MOrIMHAHHA | 3a X MOJIOXEHHAM BCTAHOBUTU Micue

niraHay L y cnekTpoxiMiyHOMY psaay.
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7 KOHTPOJIBHI
< | BAITUTAHHA

1. SIx ™Merom BaJNEHTHUX 3B'A3KIB TIOSCHIOE yTBOPEHHS
KOMIUIEKCIiB?

2. Sxuilt THn TiOpuoM3alii € XapakTepHUM s KOMIUIEKCIB 13
TeTpaepUIHOIO, TUIOCKOKBAIPaTHOIO i OKTaeIpUYHOIO
KoH(piryparmiero. HaBectn nBa mpuKIaan KOMIUIEKCIB IJIsi KOXKHOTO
tuny Tribpuamsanii, 300pa3uBIIM  PO3MOALT  EJNEKTPOHIB  3a
opOiTansimMu.

3. YoMy B KOMIUIEKCAX OCPHIIIF0 KOOPAMHAIIMHE YUCIIO 3aBXKIN
JOpiBHIOE 4, TOAI SIK y MAarHilo MmepeBaXHO — 67 YkazaTh THII
riopuauzariii opOiTanei X METaJliB y iX KOMIUICKCaX.

4. Slxi came d-opOitani (d,,,d,,...) BUKOPUCTOBYIOTh METAIIH

[IPY YTBOPEHHI IJIOCKOKBAIPATHHUX, TETPACAPUUIHUX KOMILIECKCIB?
5. JIns  OKTaempuuHUX  KOMIUIEKCIB  TUN  TiOpuam3arii
BaJCHTHUX opOiTaneil samucyioTh sk d’sp’ abo sp’d”. Um

BIIPI3HAIOTHCS 1M1 JBa 3amucu? SIKIo Tak, TO B 4YOMY MIK HUMHU
pisHuna? HaBecTw mNpUKIaAd KOMIUIGKCIB 13 [HMH THIIAMH
ribpuansarii.

6. Illo Take 30BHIMIHBOOPOITATEHI W BHYTPIIIHHOOPOITATIBHI
KOMIUIeKCH? Y YoMy TpOSBISIETBCS  BIAMIHHICT y  iX
BJIACTUBOCTSAX ?

7. Illo Take T-AaTUBHI 3B'SI3KH, SKUA MEXaHI3M iX YTBOPECHHS?
Jnst SIKMX LIEHTpPaJbHUX aTOMIB 1 SIKMX JITAHIB € XapaKTepHUM
YTBOPEHHS T-JJATUBHUX 3B'SI3KiB?

8. Ski ocHoBHi Hemoniku MB3 mis xapaktepucTuku OyIOBH
KOMIUIEKCIB?

9. CdopmyntoBaTu OCHOBHI MOJOXKEHHS TEOPii KPUCTAIIYHOTO
OJIs1.
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10. Yomy B TeTpaenpu4HUX KOMILUIEKCAX EHEPTis PIBHIB f, 1

¢, Mae O0epHeHy MOPIBHSIHO 3 OKTaeAPUYHMMH KOMIUICKCAMH

MOCIITOBHICTH?

11. Vka3ati He MeHIIe YOTUPHOX (DaKTOpIB, SIKI BIUIMBAIOTH HA
BEJIMUMHY PO3IICTICHHS Y KPUCTATIYHOMY TTOJII.

12. 1 nikens(Il), 1 mmaruna(ll) mMarOTh OIHAKOBY ENEKTPOHHY
KOH(irypauito. Sk ToAi MOXKHA MOSCHUTH TOH (DaKT, 10 KOMIUICKCH
IUIATHHY, SK MPABWIO, € JlaMarHiTHUMH, a KOMIUIEKCH HIKEII0 —
yacTilie mapaMarditHi?

13. YUuM BHM3HAYAETHCS MEXa MIXK CHJIBHUM 1 CIA0OKHMM IIOJIEM,
AKi (pakTOpU BIUIMBAIOTH HA HET?

14. TlosicHUTH TIOJOXEHHS JITAHIIB y CHEKTPOXIMIYHOMY psy,
BUXOJISIYM 3 1X 3IATHOCTI YTBOPIOBATH TT-3B'SI3KH.

N3A,ZIA gl

3agaya 1. 3a [J0MoMorold MeToAy BafleHTHUX 3B'A3KIB

MOSICHUTM YTBOPEHHS KOMMJIEKCIB: [Fe(HZO)G]2+ ,
[Cr(NH3)6]®*,  [Co(NO2)s1®",  [Ag(NH3).1",  [PtCI,]1*,
[NiCl 1% .

3agada 2. BukopucTtoBytoun MB3, MOSICHUTU iCHYBaHHS
BWUCOKOCMIHOBUX i HWU3bKOCMNIHOBMX KOMNeKCiB
kobanbTy(III) i maHrany(II) i po3paxyBaTu TeOpPETUYHI
3HAYeHHS X CNiIHOBUX MArHiTHUX MOMEHTIB.

3agava 3. Bukopuctosytoum npasuio  Cigxsika,
BKasaTu XiMiyHi dopMynu kapboHinis MaHraHy, depymy,
kKobanbTy i Hikento.

3agada 4. ToACHUTW, YOMY CTIWKICTb  KOMMJEeKCy
[AgPPh;]" Buwa, Hix [AgNPh;]"?
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_ YHacnigok BiHOBJIEHHS K5[Ni(CN), ]

aManbraMor HaTpilo YTBOPIOETbCA JAiaMarHiTHa Ccroayka 3
emnipuyHoto ¢dopmynoto K,[Ni(CN);]. MosscHUTM 1i MOXAnBY

6ynosy.

_ Bigomo, WO eHeprig po3WensieHHA 3a5eXuTb
Bil NpUpOAN LLeHTpasnibHOro atoMma i niraHAais.

a) Akui i3 KoMnekciB Mae bifblue 3Ha4YeHHA A: [Co(CN)6]3’
um [Co(NH3)*", [PACI,]* um [PtCI,1%, [Co(NH3)g]*" um
[CoFs*~, [VCI,° um [CoCl,]*, [Pt,]*" um [PtCI, >,
[Co(H20)6]2+ um [Co(H20)6]3+? Bianosiab NosCHUTK.

6) Po3TawyBaT HaBeAeHi HMXYE KOMMMIEKCK B pad Yy Mipy
3pOCTaHH4 eHeprii po3LwensieHHs: [Co(NH3)6]3+ ,
[CONCS)41*", [Ir(NH5)61%", [RN(NH3)61%" .

B) YoMy komnniekcn nnatmHU(II) yTBOPHOIOTL MNepeBaXkHO
MJIOCKOKBaApaTHI  KOMMJIEKCM, a KOMMeKCHM Hikenwn -
OKTaeapuyHiI?

Bagada 7. Huwxuye HaBeAEHO 3HAuYeHHs edeKTUBHUX

MarHiTHUX MOMEHTIB [AesKMX KOMMNEeKCiB nepexigHux
MeTanie. BcTaHOBUTK, UM BIAHOCATbLCA BOHWM A0 4uCNa
BWUCOKOCMIHOBUX abo HU3bKOCMIHOBUX,
BHYTpilWWHbOOP6iTaNbHMX  abo  30BHIiWHbOOPOHITaNnbHMUX.
Onucatn enekTpOHHI KOHdirypauii, ki BignosigaloTb

BMOpaHin BaMu Knacudikauii i 3HAUYEHHAM MarHiTHUX
MOMEHTIB.
Hed Hed
1) [Cr(dipy);]** 33 | 9) [Fe(phen),]** 25
2) [Mn(CN)(]* 1.8 | 10) [CoF >~ 43
3) [Mn(CN)T* 32 | 11) [Co(NO,)1* 1.8




4) [Mn(NCS)]* 6.1 | 12) [CoCly]* 4.7
5) [Mn(acac);]° 5.0 [13) [Co(NH;)¢]*" 0
6) [Fe(en);]** 5.5 | 14) [Co(NH;)4]** 5.0
7) [Fe(dipy)s |+ 0 | 15) [Ni(CO),]’ 0
8) [FeF, > 6.0 | 16) [Ni(CN),]* 0

Bapjaya 8. PostawyBaTM HaBedeHi HIDKUE KOMMIEKCH
kKo6anbTy B psA Yy Mipy 3pOCTaHHSi YaCTOTW MOr/IMHAHHSA B iX

enekTpoHHmMx  criektpax:  [Co(NH3)s¥",  [Co(H,0)s]*",
[Co(NO,)s1%", [CoFs]®", [Co(en)s]*" .

_ MosiCHUTM, YoMy  ONAKUTHWIA  PO34YMH
cynbdaty kynpymy(Il) y KOHUEHTpPOBaHi CONSAHIA KNCAOTI
HabyBae 3eneHoro 3abapsneHHsa? [lepeabauntn 3cCyB
CMYIrM MOrNIMHAHHA B E€NEeKTPOHHUX CrekTpax cynbdarty
KYNpyMy B CONISTHOKUCNMX PO34YMHAX i pO34nHi aMOHiaKy.

Bagaya 10. Mertan yTBOpIOE OKTaeApWUuHi KOMMIEKCH
cknagy [ML7?* i [ML"1?*. Mepwwuit i3 HUX Mae diankose
3abapBneHHs. Slke 3abapBneHHs MOXe MaTW Apyruii KoMn-
NneKc, SKWo Biaomo, wo niraHa L” crteBoptoe 6inbw cnabke
none, Hix L'?

_ Komnnekc [Cr(H,0)q]1?* - diankosuii, a

koMnnekc [Crlq]?* - 3eneHwii. Yn moxe niraHa L 6ytn a)
uiaHig-ioHoM, 6) xnopua-ioHOM?

_ MokasaTn cxeMaTU4HO po3LLensieHHs opbiTanei
y KpucTaniyHomy roni ana komrnekcy [Ni(en);]Cl, . AKi MarHiTHi
B/1IaCTUBOCTiI MOXXHa nepeadaynTi Ansi LbOro KOMraeKcy?

_ Ak y Teopii KpucTaniyHoro rnons

MOSICHIOETLCS YTBOPEHHS AiaMarHiTHMX i napaMarHiTHUX
komnnekcie depymy(II)?
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_ MosCHNUTM, 4YOMY OKTaeApUYHi KOMMNEKCH
xpoMmy(III) matoTb 6/1M3bKi 3@ 3HAYEHHSM MArHiTHi MOMeH-

TU He3anexHo Big npupoau niraHay, ToAi SIK MarHiTHI
BNACTUBOCTI OKTaeApuYHUX KoMmnnekciB kobanbTy(III)
3asexaTb Bi4 npupoan niraHAais.

_ Aki KOMIJ1eKCH Hikento(II) €

HM3bKOCAiHOBMMK? A aky  6ygoBy  MOXyTb  Matm
BMCOKOCMIHOBI KoMriekcu Hikento (II)? CnpobyunTte

nepea6aunTu MarHiTHi BnactveocTi koMnnekcy [NiL,]1%~ (L -

MOHOAEHTaTHMN niraHAa). Sk BOHWM 6yayTb 3anexaTtn Big
npupoau niraHay?

_ Hwxue HaBeaeHo TennoTtu rigpatauii AH (npwm
25°C) i BennUMHM po3LEnIeHHs B OKTaeApWYHOMY MONi
niraHaiB ons Aesikux ABOBaNeHTHUX MeTanie. [obyaysaTtu
rpadik 3anexHocTi AH Big uncna d-enekTpoHiB. BusHauntn
eHeprito ctabinizauii B noni niraHais B oanHMUAX A, A
PI3HMX BMCOKOCMIHOBMX KoOHdirypauii (sin d npo d),
NOSICHUTM 3aranbHe 36inblleHHA Tennotu rigpatauii (AH) i
HasIBHICTb ABOX MakKCMMYMiB Ha OAEpXaHili KpUBIM.

Ion mMetany —AH, kxaji/moib A, em™!
Ca* 590 0
v 664 12600
Cr2* 668 13900
MnZ2* 654 7800
Fe** 680 10400
Co?t 697 9300
Ni2t 716 8500
Cu?* 717 12600
Zn** 701 0

_ MakpouMKNiYHUIA NiraHa, SAKUA Mae 4yoTupwm
JOHOPHI aTOMK, YTBOPIOE 3 MepxsiopaToM HiKeso AiaMarHiT-
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HUA KOMMJIEKC YEepBOHOro KOJIbOpy, a 3 TiouiaHaTOM
HIKeN — napaMarHiTHMN KOMNAekc 61akKNTHOro KOJbopy.
flka 6yaoBa LMX KOMMNeKciB?

3agada 18. [lodCHUTM NpPUUYMHY PIi3HUX 3Ha4YeHb
MarHiTHOro MOMEeHTY A1 KOMMJIEKCIB MaHraHy:

[Mn(CN)]*"  p=1.8pg
[MN(CN)]°>~ pn=32pg
[MN(NCS)s]* n=6.1u

3apaya 19. Bigomo, wo ioHn Co?* i Mn?* foCKMTb YacTo

YyTBOPKOOTb TeTpaeApuyHi KOMMNEeKCH, a Ansa iOHIB Ni2*
TeTpaeapuyHa KoH@irypauis 3yCTpi4aeTbCa 3HAYHO pigLue.
MosicHntn ui daktn, Buxoasum 3 TKI1. Bukopucratu
3Ha4yeHHsa ECKI, HaBeaeHi B Tabn. 2.2.

3apayda 20. MNobynysaTu AiarpaMu eHepreTMYHMX piBHIB
i mokasaTu, sIKk 3HIMaeTbCs BUPOAXEHHS 3d-opbiTanen B
OKTaeapu4HOMY i TeTpaeapun4YHOMY nonsax. BukopucraTtu ui
eHepreTuYHi diarpamm i nokasaTtn, K 3aceneHi opbitani B
Takux BMNaakKax:

d*, okTaeapuyHe none, HM3bKOCMIHOBUI KOMMNEKC;
d®, TeTpaeapuyHe none, BUCOKOCMIHOBUI KOMMIEKC;
d®, nnockokBaapaTHe none;

d’, okTaeapuyHe none, BUCOKOCMIHOBUI KOMMEKC.
3agayda 21. [ns KoMmnjekciB sIkMx iOHiB MeTanis
MOXHa 4YeKaTu NMpaBUSIbHUX OKTaeAPUYHUX KOMIMNEKCIB:
Cr(III), Mn(III), Mn(II), Co(II), Co(III), Ni(II), Cu(II)?
JaTn NossICHEeHHA.

3agava 22. dkuii TMn gedopmaulii KOOpAWHAUINHOIO
nonieapa MOXHa YeKaTuM AN OKTaeApUYHUX CrOosyK
TutaHy(III), BaHaaio(IV)?

3agava 23. Y 4yoMy pisHMUSA MK JliraHAaMn CUSbHOMO
nons i niraHgamm cnabkoro nons? YoMy xnopua-ioH €
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niraHaom cnabkoro nons, ToAi SiK HelTpasbHa Monekyna
aMOHiaKy — niraHAoOM KpUCTanivyHoOro nonsi cepenHboi cunu,
a HenongapHa monekyna C,Hy4 — niraHAoM cunbHOro nons?

3agava 24. dki opbitani uUeHTpasbHOro artoma B
OKTaeApUYHUX KOMMJeKCcax MOXyTb O6paTm y4yacTb B
YTBOPEHHi T-3B'A3KiB? SK BMJIMBAE YTBOPEHHS AOHOPHO-
aKLEeNTOpHUX TT-3B'A3KiB Ha CTIMKICTb KOMMJ/IEKCIiB?
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K omnnexcoyTsopenhs B posunki [ML,, ]

3.1. CTYIIIHYACTHUM XAPAKTEP
KOMIIVIEKCOYTBOPEHHS B PO3YHNHI

STBOpeHHﬂ KOMIUIEKCIB Y PO3YMHI MOXHAa B 3arajbHOMY

BUIAJIKYy NPEJCTABUTHU TaK:
M+ nL = ML,. (3.1)
s piBHOBara XapakTepU3YEThCS 3arajlbHOI) KOHCTAHTOIO
YTBOpeHHS (cTiHKOCTI) KOMMIJIEKCY:
= ol (3.2)
©IMILY '
YTBOpeHHs KOMIUIEKCIB Ta IX IUCOLIallis MariTh MEPEBaXKHO
cTymiH4acTMi  xapakrep. Ilpy  mpoMy  KoXXHa  crajis
XapaKTEPU3YEThCS CTYNiHYACTOKW KOHCTAHTOK YTBOPEHHS
(cTilikocTi):

M+L = ML K, =ML (3.3)
[M][L]
ML+L == ML, K, = MLa] (3.4)
[ML][L]
ML+L_‘ML ......... o )
(R N VTON 18 G-2)

SIk mpaBWJIO, CTYMIHYACTI KOHCTAQHTU 3MEHIIYIOTBCA B PSILy
K, >K, >K;>..>K,. AHomauii B 1iif 3a€KHOCTI BKa3ylOTh Ha

3MiHy B OyJOBi KOMILJIEKCIB. 3arajibHa 1 CTYMiHYaCTi KOHCTaHTH
YTBOPEHHS TIOB's13aH1 MiX CO0O0I0 TPOCTHUMH PIBHSHHSIMH:

[ML]
=K, = ,
SEVITTS

(3.6)
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v o . IML,]
Bz _Kl Kz [M] [L]2 > (3-7)
Bn - Kl KZ n [M][L]n (38)

HaBeneni koHCTaHTH Ha3WBarOThCS KoOHIEHTpauidHumu. {00
olepkKaTH TEPMOJIWHAMIYHI ~ KOHCTAHTHU, TOTPIOHO  3aMiCTh
KOHIIEHTpallli BUKOPUCTOBYBAaTH aKTUBHOCTI 10HIB @; = fC, ne f —
Koe(iIlieHT aKTUBHOCTI, SIKUI 3BHYAaHO MEHIIE OUHUIIL. Toi:

_ Au,
By aa (3.9)

BaxnuBicTh TEpMOAMHAMIYHUX KOHCTAHT CTIHKOCTI B TOMY,
110 BOHU IOB's13aH1 3 BUIbHOIO eHeprieto ['10ca piBHIHHAMU:

AG=-RTln B, i AG=-RTIn K. (3.10)

Takum YMHOM, 3HAIOYM KOHCTAHTH CTIHKOCTi, MOYKHA PO3paxyBaTh
AG, a 3BijAcM W  EHTAIBMII0O Ta  EHTPOIII  pEeaKIii
KOMIUIGKCOYTBOPEHHSI. AJle OCKUIbKM BHM3HauaTH KOe(]illieHTH
aKTUBHOCTI ~ JIOCHTh B&XKO, TO, SK TPaBWIO, BH3HAYAIOTh
KOHLIGHTpAI[iiHI KOHCTAaHTU CTilKoCTi. [Ipy 1bOMY JOCTIKEHHS
BelyTh NpU TMOCTIMHIA 10HHIA cuil po3uuHy. JlIsi CTBOpEHHS
MOCTIMHOI 10HHOT CHJIM JI0 PO3YMHIB JOAAIOTh IHEPTHUN ETIEKTPOIIT
(Haiuactime HiTpar abo mepxsopar HaTpito). JlocmiHKeHHs
PEKOMEHIYEThCSI TIPOBOJIUTH TPU 10HHIN cuii, mo popiBaioe 0.1, Ta
temmeparypi 25 °C.

Panime cTiHKICTP KOMILUIEKCIB XapakTepu3yBaiacs TaKOXK
KOHCTaHTaMU HECTIMKOCTI (aucomiamii), a KOXHa CTafdls
JUCOIialli] KOMIUIEKCY — CTYMIHYaCTOI KOHCTAHTOIO HCOLIAIlii:

[ML,,J[L]

MLn = Mn71+L K&n :W’ (311)
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[ML][L]

ML, == ML+L K, =———; 3.12

2 + 22 [ML,] ( )
[M][L]

— K, =—7. 3.13

ML M+L a1 [ML] ( )

3aranpHa  KOHCTaHTa  JUCOIIaIii  JOPIBHIOE  JTOOYTKY
CTYMIHYACTHX KOHCTAHT:
K,=K, -K,,-...K, (3.14)
Koncrantu pamcormiamii (3aranpHa 1 CTymiHYacTi) OOEpHEHO
MPOMOPIIiHI BIAMOBIIHUM KOHCTaHTaM cTiiikocti: K, =1/f.

n e

3Hal0YM KOHCTAHTH CTIMKOCTI KOMIUIEKCIB, MOXKHA IPOBOIUTU

PO3paxyHOK PIBHOBXHMX KOHIICHTPAIlIM JIITAHIIB, 10HIB METAJIB,
pi3HEX (POpM KOMIUIEKCIB Y PO3UYHHI.

3apayva 3.1. O6buncnutu KOHLEeHTpauii iOHIB

N [Co(NH;3)s]®" Ta [Co(NH;)s1°* y 0.01 M posumHi coni

[Co(NH;)s1Cl;, BBaxatouu, Wo Aucouiauia BiabysBaeTbcs

nepeBaXxHoO 3a MepLlok cTagieto (CTyniHYyacTa KOHCTaHTa
cTivikocTi Kg = 2.5 - 10%).

A Po3B'A30K. [Co(NH;)s]®" == [Co(NH;)s]1>"+NH,

3+
5= [CO(N|3-|+3)6 ] :25104;
[Co(NH;)57]-[NH;]

[Co(NH3)2"1=x; [NH3]= X ; [Co(NH;)3"1=0.01-x ;
0.01-x

Ko == =25.10%; x = 6.32 - 10™* Monb/n;

[Co(NH;)3"1=9.37-10" monb/n.

3agava 3.2. YTBOpeHHS  OpOMIAHUX  KOMMJIEKCIB
N KaaMilo XapaKTepusyeTbCs norapmdMamMm CTyniH4acTmX

KOHCTaHT YTBOPEHHHA lgK;=1.56, lgK, =0.54,
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lgK; =0.06, IgK,=0.37. SK MOXHa MNOACHUTU, YOMY
Ky >K3?

CTPYKTYpHUMK  3MiHaMu. BigoMo, WO akBakKoMMieKkcu
KagMilo €  OKTaeApuUYHMMWU.  YTBOPEHHS  BpoMigHMX
KOMMJIEKCIB  3A4IMCHIOETbCS 3@  PaxyHOK  BUTICHEHHS
KOOpAMHOBaHMX  Monekyn  Bogn  6pomig-ioHamm 3

YTBOPEHHSIM  OKTaeapuuHux komnnekcis [CdBr(H,0)s]",

A Po3B'A30K. Taka aHomanis Moxe 6yTu o06ymoBneHa

[CdBr,(H,0),], [CdBr3(H,O);]". BXOAXEHHA Yy BHYTPILUHIO
cchepy ueTBepToro ioHa 6poMy Bege [0 YTBOPEHHS
TEeTpaeapu4YHOro KOMIMEKCY — MIUHIWOro 3a nornepeaHin
OKTaeapUYHUN:
[CdBr3(H,0);] +Br = [CdBr4]2‘+3H20.

o pedi, ue o3Hayae, WO MNOPIBHOBATU MILHICTb KOMM-
NIeKCiB MOXHa Nnulwle ToAi, KO € BMNEBHEHICTb, WO BCi
BOHM MaloTb ogHakoBy 6yaoBy (yci, Hanpuknaa, okTaen-
PUYHI 4K BCi TeTpaeapuyHi).

SIKIIO BiZOMI KOHCTAHTH CTIiHKOCTI KOMINIEKCIB, KOHCTAaHTH
auconianii JiraifiB (SKIIO JIraHau € cJa0KUMU KUCIOTaMu) Ta
3arajpHi KOHIEHTpalii MeTamny 1 Jiraiay, TO TPOBOIUTH
PO3paxyHOK MpOIECiB KOMIUIEKCOYTBOPEHHSI B PO3YMHI MOJKHA
3a JOMOMOIOI0 KOMM'IOTEpHOI mporpamu Species. OcTaHHS
N03BOJIIE  BM3HayaTH po3nofin: 1) pizHux ¢Gopm Jirasais
3anexxHo BiJ pH po3uuny 1 2) pisHUX HOPM KOMILIEKCIB 3aJI€KHO
Big pH po3uuny (mpu 3amaHiii 3arajbHii KOHIEHTpAIlii MeTamy 1
JIrafay), 4d 3aJie)KHO BIJ 3arajbHOI KOHIIEHTpAIlli JIraHiay B
po3unHi (mpu noctitHOMY 3HaueHHi pH).
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IIPAKTHYHI POEOTH

Bueuenns po3znodiny xomnnexcie
3A1eHCHO 810 3a2anbHOI KOHWeHmpayil Kizanoie
ma pH 3a 0onomozoro npozpamu Species

lMpakTu4yHa pobota 1. [obyayBatn giarpammu
posnoginy ¢opmMm B 0.01 M po3unHi MasOHOBOI
| kucnotn, HOOCCH,COOH (H,L) 3anexHo Bia pH

 PO3UMHY.

JaHa KucnoTa XapakKTepusyeTbCA [ABOMa KOHCTaHTaMu
ioHi3auii (amcouiauii): IgK,; =5.0, IgK, =2.7..

Ona po3paxyHKy po3noginy pisHux dopMm niraHgy Ta
nobyaoBu BiANOBIAHOI Aiarpamu, Micna 3aBaHTaXXEHHS Mporpamm
Species y cepegosuwi Windows, BUKOHaTK TaKi onepaduii:

1. Y MeHlo File Bnbpatn komaHay New, WO BUKIMYE MOSBY
CiTKM ANg iHTEpaKTUBHOIro BBOAY.

2. Y nigMeH1o CiTKM Reactants y 4apyHuUi, e HanMcaHo CNoBO
Ligand, HappyKyBaTu NOBEpX HbOro cnoso Malonic.

3. HaTucHyTM Ha 4apyHKy AONns BBEAEHHS KOHLUeHTpauii Ta
Beectn 10.0 (10 mMmonb).

4. NepenTn Ao NiagMeHIO Constants.

5. HaTUCHYTM Ha 4apyHKYy Ans nepwoi KOHCTaAHTM Ta
Beectn 5.0 (lgK;).

6. HaTucHyTn Ha 4yapyHKy nia cnoBoM Malonic Ta BBectn 1,
nig cnoeoM hydrogen — Takox 1. Lle ctexiomeTpuyHi koedilieHTH
ans HL; nopsgok ix BBoAdy Bignosigae d¢opmi 3anucy LH,
OCKinbkM 3i cneuudikn nporpamyBaHHS TrigporeH Mae 6yTtu
OCTaHHIM.

7. HatucHytTn Ha Add Constant Ta AoAaTu APYry KOHCTaAHTY.
3BEepHYTU yBary, o nporpama Species BMMarae
BMKOPUCTAHHS MOBHUX (HE CTyMNiHYaCTUX) KOHCTAHT Amcouiauii
abo crinkocti (IgB), Ae PB,=K;-K, abo Igp, =lgK;+IgK;.
Beectn BennumHu 7.7, 1, 2 y Tpu BiANOBIAHI YapyHKku. 7.7 -
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ue BenmuumHa IgP, (To6TtOo IgK,;+IlgKy,), a 1 1@ 2 - Uue
cTexioMeTpuuHi koediuieHTn ang LH,(H,L).

8. HatncHytm Ha pH Ta Bumbpatm HeobxigHui gianasoH pH
(Hanpuknag, Big 2 Ao 8) WNAXOM BUAINEHHS BEIMYMHM, KA NOT-
pibHa. Micnsa uboro HaTUCHYTK Ha Calculate.

9. HapewTi, HaTUCHYTU Ha Graphs A8 oAep>XaHHS KPUBUX
po3nogainy (puc. 3.1).

100+ HL- £

80" H,L

% 4acTUHOK
o] =y (=)}
. 2.2

o

L%}
o
I

5
pH

Puc. 3.1. liarpama po3noainy ¢opM icHyBaHHS
MasnoHoBoi kuciaotu (H,L) 3anexno Bin pH

YBeneHi Ta po3paxoBaHi AaHi MoXxyTb 6yTn 36epexeHi Ha gucky
nig 3agaHMM BaMW IMEHEM LWNSXOM HATUCKaHHSA Ha 6nakuTHy
IKOHKY i3 306pa)keHHsM guckeTu. Mpu LubOMy 3anncyeTbcs dann i3
po3wmnpeHHam .SPC (Hanpuknag, MALONIC.SPC), skuin moxe 6ytn
NpoYMTaHUi nuwe nporpamoto Species. [ns 36epexeHHs gaHux y
dopmati ASCII 3 wMeTowo noganbwoi 06pobkm gaHux i3
BUKOPUCTAHHAM iHWKX rpadiyHMX Ta MaTeMaTUYHUX MporpaM
(Hanpuknag, ORIGIN), noTpibHO 3aliTM B MeHO Output Ta BKasaTu
6axaHni dopmaT 36epexeHHsa pe3ynbTaTiB (Y MacoBMX 4acTkax,
abCconoTHMX BeMMUMHaxX KOHUeHTpauin abo B norapudMidyHmx
BeMYKMHax).
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[MpakTu4yHa poboTa 2. [lobyayBaTM Aiarpamu
po3noainy dopm KOMMeKCiB HiKeno 3
aMiHOOLTOBOK KWUC/IOTOK 3anexHo Big pH po3uunHy.

Po3paxyHOK po3noginy 4acTMHOK Yy CUCTeMax MeTasn — JliraHsg
notpebye aoaaTkoBoi iHpopMauii B Tabnuui BBoay:

1. Jogatm cMMBOM MeTany Ta MOro KOHUEHTpauilo B MiAMEHIO
Reactants.

2. MNigMeHio Constants Mae BMillyBaTW BenMYMHK IgB AN BCiX

ICHYOUMX KOMMJEKCIB AaHOro MeTany 3 AaHWM NiraHAoM Ta iX CTexio-
METPUYHI KoedilieHTV A0AATKOBO A0 KOHCTAHT Aucouiadii niraHay,
npo ki roeopunocs Bulle. To6To Tpeba BBECTU BENUNHU KOHCTAHT
cTinkocti komnnekcis (lgp, =563, Igp, =10.40, Igp, =13.85),
KOHCTaHT Aucouiauii niraHay (lgp,;=9.64, IgB, =12.04 ) Ta ioHHOroO
nobyTtky Boam 13.79 (npu p = 0.1). Tabnuus BBOAY KOHCTaHT Ta
cTexioMeTpuyHuX KoedilieHTiB Ma€ Takun BUIMISA:

Lg beta Ni Ligand Hydrogen
Aa 5.63 1 1 0
Bb 10.40 1 2 0
Ce 13.85 1 3 0
Dd 9.64 0 1 1
Ee 12.04 0 | 2
Ff 13.79 0 0 -1

3. HatucHyt™ Ha pH Ta Bubpatun gianasoH pH Big 4 o 11. Mic-
g UbOro HaTUCHYTU Ha Calculate.

4. HaTuCHyTM Ha Graphs Onsd oAepXXaHHsI KpUBUX pPoO3Moainy
(puc. 3.2) Ta 3anucatn Ha anck dann 3 oaepXXaHnMu pesynbTaTtamu.

MMpakTu4yHa pobora 3. Mobyaysatn pgiarpammu
po3noAiny riapoKCOKOMM/IEKCIiB asfIlOMiHIl0 B CUCTEMI
AP* - H,0 3anexHo Big pH.

AKWO B CUCTEMiI MOXYTb YTBOpHOBaTUCbL oOcCaan, TO Ans

OdEepXaHHS KPpUBUX pO3MN0AiNly KOMMAEKCiB HeobXigHO 3HaTu
TakoX A06yTOK pO34YMHHOCTI ocaay. Tak, y 3afaHin cucremi
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MOXe YTBOpIHOBaTUCb o0Ocaj rigpokcuay antomiHito  Al(OH); .

OCTaHHIn [goCUTb MOraHo poO3UYMHAETbCS npu pH 5-7. Y
cepepoBuwax 3 6inblWw BMCOKMM 3HayeHHAM pH ocag moumHae
PO3UYMHATUCS 3aBASKM YTBOPEHHK KOMIMIEKCHMX YaCTUHOK

Al(OH), . Mpn pH <5 AI(OH); pO3UYMHAETLCA 3aBASAKN YTBOPEHHIO
akBaioHis AP,  rigpokcoyacTvHok  AI(OH)?*,  Al(OH)}

ONiroMepHMX 4YacTMHOK Al;(OH);", Al (OH)5;. [Ans Toro, wob6
npeacTtaBuUTU Ui NMpouecu Ha giarpamax po3noginy, HeobxigHo
BBECTM BiAMOBIAHI KOHCTAHTU rigponiszy Ta A06yTOK pO34YMHHOCTI
Al(OH); .

_ Ni2*

0 T 1 T I b T
4 5 6 7 pH8 9 10 N

Puc. 3.2. liarpama po3noaily KoMILIeKciB cucTeMi Ni?* - IJIinuH
(HL) - Bona 3anexno Big pH npu cnippinnomenni Ni: HL=1:3

1. Tabnuus Reactants NOBWMHHA BMilWlyBaTWU TiIbKM OAWH
peareHT — Al. H BUK/IHOYAETLCA 3@ YMOBYAHHSAM.

2. Tabnnus Constants Ma€ BMiwyBaTu KOMNOHeHTM Al Ta H. Y
Tabnuui rigpokcokoMnaekcu nojarTbCa AK  H_, 4acTuUHKM,

Hanpuknag Al;(OH), npeactasngawTe Ak AlH_,. KoHcTaHTh
cTiikocti  (Igp) ANa  rigpoKCOKOMMNEKCiB  MOXyTb  6yTu
nepesefeHi B KOHCTaHTM Ana  H_, KOMMEKCiB LWIAXOM
BigHIMAHHS  BEJINYUHU lgK, =-14.0 (npu p = 0):
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l9*B, =lgB,—n - lgK, . BignoBiaHi BennuMHM Ig*p;=-4.95;
Ig*B, =-10.55; Ig*PB; =-17.25; Ig*B,=—22.85; Ig*B3,4 =—-13.94;
9% B1332 =—98.7 .

3. Y TpetboMy nigMeHio Solubility Data BBecTn A06yTOK
po3unmHHocTi  AlH_;, BenuumHa, dKy noTpibHO BBecTU
(Ilg*AP=10), Bianosiaae peakuii M(OH), +nH* =M"* +nH,0, ansa
akoi Ig*OP =1g AP -n-IgK,, .

4. 3apatn nobyaosy rpadiky po3noainy B giana3oHi pH Big 3
po 10. 3 opgepxaHoi giarpamu (puc. 3.3) BMAHO, WO ocaA
yTBOpIOETbCS 6m3bko pH = 5.2, a npu nigBuweHHi pH
npubnnsHo go 8.0 ocag NOYMHAE PO3UYNHSTUCS.

100+ Ala(OH)3; Al(OH),
A3
80

604

% Al

401

209 Al(0H Al(OH),

0 L) I T T I I )
3 4 5 GDH 7 8 9 10

Puc. 3.3. liarpama po3noainy ¢opM icHyBaHHs a/1lOMiHiI0
B cucremi A — H,0 3anexuo Bix pH

3.2. PAKTOPH, SAKI BINIUBAIOTbH
HA CTIMKICTh KOMILJIEKCIB Y PO3UMHI

CTiﬁKiCTL KOMIUIEKCIB y PO34MHI 3aJIeKUTh B Oararbox
(dakTopiB: CTYMEHS OKHCHEHHS, pajiyca ¥ eNeKTpOHHOI OyJoBU
IICHTPATIHHOTO aTOMa; TIPUPOJIN TOHOPHHUX aTOMIB JITaHY, iX KUTHKOCTI
i B3a€MHOTO PO3MIILLEHHS, TPUPOAM PO3YMHHHKA. byno 3pobieHo
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Oarato crpo0® BCTAHOBHTH KOPEISIli MK KOHCTAaHTAMU CTIMKOCTI U
BJIACTUBOCTSIMH LIEHTPAJILHOTO 10Ha MeTalny 1 Jyira"fiB. OnHiero 3
TaKHUX CIPoO € Teopist JKOPCTKUX 1 MSIKMX KUCIIOT Ta OCHOB IlipcoHa.
byno mokazaHo, 110 MeTanu 1 JraHad, 3aJeKHO BiJl €IeKTPOHHOI
KoH(iryparii Metaiy i JJOHOPHOTO aToMa JIraHmy, MOXKHA TIOMITHTH
Ha TPU OCHOBHI I'pyIH, SKi HaBeJeHO B Talm. 3.1. YV mexax KOKHOI
TPYIH CIIOCTEPIraroThCs MEBHI TEHCHIIIT Y 3MiHI KOHCTaHT CTIHKOCTI
KOMILJIEKCIB.

Tabnuya 3.1. Knacudikauisa metanis i Jiranais sk Kucjaor
Ta ocHoB JIbloica

Koperki | Ipomixni M'siki
MeTanu
Li"",Na'"", K", Be’", Mg**, | Fe*", Co™", Ni*", Cu'’, Ag", Au'’, T1",
Ca2+, Sr2+, Mn2+, A13+, Ga3+, Cu2+, Zl’l2+, Pb2+, T13+, Hg”, Hg2+, Cd2+,
In’*, 8¢’ La’", Cr'", Co™, | Sn™', Sb’", Bi*" Pd*’, Pt*", Pt*
F e3+” Ti4+’, Zr4+: Hf4+: U ’ Rh3+,, I ’ ’ ’ ’
Jiranamn
H,O,0H , F, CI, ROH, R,0, | CsHsN, C4HsNH,, R,S, RSH, SCN, PR;,
SO; ", CO;",NOj;, POy, Br, Ny, NO;,502~ | P(OR);, I, CO, GHy
NH;, RNH,
Tenaennii y 3mini crifikocTi koMnaekcis
F>Cl>Br>1 F<Cl<Br<I
O>>S>Se>Te - O<<S~Se~Te
N>>P>As>Sb N <<P>As>Sb

Meramu 3 ns°np® 06ONOHKAMU MalOTh HU3bKY MONSPH30BHICTH i

Hanexath 10 '“KopcTkux" kucior Jlptoica. BoHM  yTBOpHOIOTBH
KOMIUIEKCH 3 TepeBaXkatouMM BKJIAZOM 10HHOI CKJIaaoBoi. Tomy
OUTBLIY CTIHKICTh MAIOTh KOMIUIEKCH ">KOPCTKHMX' METalliB 13 OUIbII
€JIEKTPOHETaTUBHUMH JIIraHIaMH (JIOHOpHI aToMu (TOp, OKCHTEH,
HITpPOTEH), SKi Ha3WBaIOTHCS '">KopcTkumu" ocHoBamHu Jlbroica. Jlims
TaKMX METAJIB CTIMKICTh KOMIUIEKCIB 30UIBIIY€ETHCS 31 3pOCTAHHIM
3apsiay 1 3MEHILEHHSAM Pajiiyca HEeHTPAIBHOTO aToMa.
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Metamu 3 ns*np°nd'® 060710HKaMH XapaKTepHU3yIOThCS BHCOKOIO

MOJIAPU30BHICTIO; X Ha3MBaIOTh "M'sskuMu'" kuciotamu JIstoica. Jlis
KOMIUIEKCIB "M'sIKuX" MeTalliB 3HAaYHUIN BKJIQJ B €HEPril0 3B'S3KY
BHOCHTH KOBaJICHTHAa CKJIajoBa. ToMy Il MeTaaW yTBOPIOIOTH
OUTBII CTIMKI KOMIUIEKCH 3 "M'sKUMHU'" JliraHgaMu (JOHOPHI aTOMH
cipka, ¢ocdop, Hom), SKi MAIOTh MEHIIY EJIICKTPOHETATHUBHICTH 1
OB CXWJIbHI 10 YTBOPEHHS KOBAJICHTHUX 3B'A3KiB. Metanu 3
HeZ00yTIOBaHUMH d-000JIOHKaMH HAJIEKATh J0 MPOMIKHOTO KJIacy
1IN HUX MOXYTh CIIOCTEpIiraTHCh pPi3HI TEHIEHIIi y 3MiHi
KOHCTAHT CTIHKOCTI KOMIUICKCIB.

KoHcTranTtn crTifikocTi 0araTb0X KOMILIEKCIB KOPETIOITh 31
3HAYCHHSMHU €Heprii cradimizamii KpUCTaTiyHUM moyieM. Tak,
HaIlpUKIaJ, CTIAKICTh HHU3BKOCHIHOBUX KOMIUICKCIB  JIaHOTO
[EHTPAJILHOTO 10HA BWIIA 33 BUCOKOCIIHOBI, IO KOPENO€ 3i
3HaueHHsIMU ECKII. CTiiiKicTh BHCOKOCIIHOBUX KOMIUIEKCIB 3d-
METaJIIB 3 HITPOTEH- 1 OKCUTCHBMICHUMHU JIITaHJIaMH 3MIHIOETHCS B
Tak 3BaHOMY psi IpBinra — Binbsamca:

Mn** < Fe** < Co** < Ni** <Cu*" > Zn*

Ileit pso 30iraeTbcsi, 3a BHUHATKOM 10HAa KYyNpymy, 3
po3paxoaanmu 3HadeHHssME ECKII (tabm. 2.2). Bucoky cTilKicTh
koMruiekciB Kynpymy(Il) oOyMOBIIEHO TOAATKOBOIO CTAOLII3AIlIEID
TETparoHaJbHO J1e(OPMOBAHUX KOMIUIEKCIB 32 PAaXyHOK €QeKTy
Ana — Tenepa (puc. 2.7).

Xenamnuii ma maxkpoyuxiiunuil egrexm.
IIpasuno yuxnie
XenaTHi KOMITJIEKCH MalOTh OUIBII BUCOKY CTIHKICTh IOPIBHSIHO 3
KOMIDIEKCAaMH 3 MOHOJEHTATHHMH JIiFaHAaMH 3 OIHAKOBHMH
JIOHOPHUMH aToMaMH. lle Tak 3BaHMN xesaTHHil edeKT, SKUU
KUTBKICHO OIIHIOETHCS SIK PI3HUII JIOrapu(MiB KOHCTaHT CTIHKOCTI
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komruiekciB M(L-L) 1 ML,, ne (L-L) — 6igenraraumii nirang (tada.
3.2). ll1o6 mosicHUTH XenaTHUM eQeKT, pO3TrIITHEMO PIBHOBAry:
[Co(NH,),]**+3en == [Co(en),]’"+6NH,.

KoxHa MoJsiekyna eTWICHIIaMiHy 3aMillye JBI MOJEKYJIH
aMOHiaKy, TOMY YHCIO YacTHMHOK Yy peakliiHii cymimri
301IBIIYETHCS, @ OTXKE EHTPOIis CUCTEMHU 3pocTae, To0To AS >0.
3MiHa eHTabMii B I peakilii He3HayHa, TOMY 110 €HEPTisl MeCTH
3B'3kiB Co-N y kommtekcax [Co(NH;),I** i [Co(en),]*
O6mu3pka. ToMy MOXKHAa NPUNHATH, M0 EHTATBMIMHUN QakTOp
BHOCHUTh HEBEIWKHM BKJIaJ Yy 3MiHY BUIbHOI €Heprii peaxirii
(AH = 0):

AG = AH°—TAS® ~ —TAS® (3.15)

Ockimeku AS >0, T0 AG 3MEHIIY€ETRCS 1, OTXKE, BIIMOBIAHO JO

piBHsHHSA (3.10) KOHCTaHTH CTIMKOCTI XEJIATHUX KOMIUIEKCIB TOBUHHI
301bIIyBaTUCH (TAbM. 3.2).

Crnin 3a3HayuTH, 10 XeNaTHUH e(eKT MNpOSABIAEThCA He
3aBkau. Hampukiaza, KOMIUIEKCH apreHTyMy 3 aMOHIaKOM MaroTh
OLTbIIY CTIMKICTh, HIDK KOMIUIEKCH 3 eTwieHAiamiHom. lle
MOB'S3aHO 3 THUM, IO JJIsI OAHO3ApPSIHUX LEHTPAJIbHUX aTOMIB
HalXapaKTepHININM € KOOpJHWHAIIHEe YHCIIO 2 3 JiHIHHUM
po3mimieHHsM nBox JiranmiB: NH, -Ag—NH,, tomi sax mis
eTWICHIIaMIHY € XapaKTepHUM 3aMUKAHHS ITUKITY.

Tabauys 3.2. CTidKICTb TeSIKUX KOMILIEKCIiB MeTaJliB

Kommniexc Ig B Komnuexc Ig B
[Ni(NH;),]*" 7.9 [Ni(en),]* 13.8
[Ni(NH;)e]*" 8.7 [Ni(en);]* 18.1
[Cd(NH;),]*" 7.4 [Cd(en),]* 10.2
[NiPy,]*" 2.8 [Ni(dipy)]* 7.0
[CuPy,]*" 6.0 [Cu(dipy),]”" | 14.2
[Cu(en),]* 20.0 [Cu(pn),]** 16.9
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I Al(acac), 1223 | Fe(acac), 1262 |

MakpouukIiIiyHi KOMIIJIEKCH MaloTh 3HA4HO BHILY CTiHKICTh
MOPIBHSHO HE JIMIIE 3 MOHOJEHTATHUMHU JITraHAaMHu 3
aHAJIOTIYHUMHU JOHOPHHMH aTOMaMHM, aje ¥ 13 MONiJeHTaTHUMU
XETaTHUMU JIraHlaMy, 3BUYalHO, SKIIO paiyC 1 eJIeKTPOHHA
OyZIoBa IEHTPAJIBHOTO 10Ha BIAMNOBia€ TEOMETPUYHUM 1
€JICKTPOHHUM XapaKTePUCTUKAM MAaKPOLMKIY. 3a aHaJori€l 3
XENaTHUM €(EeKTOM TaKe 3POCTaHHS CTIHKOCTI MaKpOIMKIIYHHX
KOMIUICKCIB JIICTAI0 Ha3By MakpouukJgiunmoro edexrty. Tak,
HaIPUKJIaJ, KOHCTAHTH CTIMKOCTI aMiHOKOMILJIEKCIB MPH MEePeXo/Ii
BiJl MOHOJICHTATHMX a00 XeJIaTHUX aMiHIB JI0 MaKpOIHMKIIYHUX
3pocTae Ha 5—10 mopsaKiB:

2+ B
m NH NH

NH NH
oIS
NH, NH, w

lgp=138 lgp=222

D

JleTanpHiIe MaKpOUUKIIYHI KOMIUIEKCH PO3TJISHYTO B ITIIPO3L.
4.3.

CTIHKICTh KOMIUIEKCIB 3aJIKUTh BT CTEpUIHHUX (HAKTOPIB,
HANpUKIaZ, BOHA 3MEHILYETHCS 32 HASBHOCTI 3aMICHHKIB Ouis
JIOHOPHOTO aTroMma JraHmy, a TaKOX B KUIBKOCTI IMKIIB, SIKi
YTBOPIOE TAaHWUH JITaH/I, HATIPUKIIA:

/_\N

H,0.  OH, H0 NH; NH,, NH
Cu_ Cu -Cu
HN  NH, HN  NH HN  NH
/ S N/
lgp=10.7 lgp=15.9 lg B=20.5
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J.LO.YUyraeB BCTaHOBUB, IO Il XEJATHUX KOMIIJIEKCIB
BOXJIMBUM (aKTOpOM € po3Mmip uukiay. HaifOinbmry cTilKicTbh
MaloTh M'STUYWIEHHI IUKIH, OCKUIBKM, SIK MOKa3ajlu PO3PaxyHKH,
BOHM CTEPUYHO HEHANpy’KeHi, TOOTO MalOTh T€OMETPUYHO BUTIAHY
OynoBy. Tak, moOpe BimOMi MiI[HI KOMITIEKCH, IO YTBOPIOIOTH
eTWICH/IIaM1H, TUMETHIITIIIOKCUM, 2.2'- MU pUIni Ta 6araTo iHIIUX
JraHaiB, U0 MPU KOOpAUHALIT (POPMYIOTh I'SITUWIEHH] [IUKIIH:

OH--O
NH, NH, H,C N/ \N CH,
[ )4 j =\ ./ ji
N Ni
/
NH, NH; N =N
H,C \ 3
0O..HO

CTIHKMMH € TaKOXX IIECTHWICHHI XeJIaTHI KOMIUIEKCH, 0COOJIMBO,
KOJIM JIraH]{ MICTHTh KOH'FOTOBAaHY CHCTEMY 3B'S3KiB, SIK, HAIIPUKIIA],
y B-IMKETOHATHUX KOMILTEKCAX:

R R

VY 1pbOoMy BHIAAKY YTBOPIOIOTHCS IJIOCKI IIECTUYIEHHI LUKIIH,
TOJI SK LMKIW, II0 HE MAalOTh CHCTEMM KOH'IOTOBaHUX 3B'S3KIB,
HEIUIOCKI Ta 1X CTIMKICTh JIeM0 HWXKYa BiJ AaHAJOTIYHUX
N'SITHYWICHHUX UUKTIB (Tabm. 3.2). TpuuieHHi, YOTUPUWICHH] IIUKIN
3ri;Ho 3 mpaBwioM UYyraeBa € CTEPUYHO HAIMPYKEHUMH 1
HECTIMKMMHU. YHACHIZOK IBOro 0araTo CIHOJYK, IO MAarTh JiBa 1
OLUTBIIIE TOTEHITINHUX JOHOPHUX aTOMIB, HE YTBOPIOIOThH ITUKIIYHUX
crionyk. TUMoBMMHU TipukiagaMu € rigpasun NH,—NH, i ceyoBuHa

OC(NH,), , Kl B peakIisix KOMILJIEKCOYTBOPEHHsS BeAyThb cebe sK

MOHOJIGHTaTHI JITaHAM, OCKUIbKM YTBOPEHHS TPUWICHHUX 1
YOTUPUWICHHUX IUKJIIB € HEBUT1THUM.
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[IpoTe B meskux BUNagKaxX MOTPIOHO BPaxOBYBATH HE JIUIIE
reoMeTpuyHi (akTopu, ane 1 MNPUPOAYy JOHOPHUX aTOMIB
mirannaiB. Tak, YOTUPUYICHHI IUKIM JyXKe HaNpyXeHi W
MOBUHHI OYyTH HECTIHKUMH, TPOTE BiAOMO OaraTo MpOTHIICKHUX
npukiaaniB. OcoO6aMBO CTIMKI YOTUPUWICHHI UKW YTBOPIOIOTH
nieTminuTiokapoamar- 1 nietTmwiautiopochiHaT-10HHA 3
MeTajaMH, M0 MaloTh 18-eleKTpoHHY abo OJIU3bKY A0 HUX
000TOHKH, SIKi 37aTHI OyTHU TOHOpPaMU €EeKTPOHIB:

R S S R S O
N N v RO B\ A/
N C/M\D NQ /P\C MU
R s” s R rRo” 8" s

OR

R

I[i xoMmIulekcH cTaOUTI3yIOTbCS 3a PaxyHOK YTBOPEHHS Ti-
JaTUBHUX 3B'SI3KIB MDK 10HOM MeTaly 1 JOHOPHUMHU aTOMaMH
CIpKH, IO MalOTh BakaHTHI d-opOitani. Kpim Toro, y xomruiekcax
BiOyBaeThCsl Oe3nmocepeHsl B3a€EMOMIsl MK METaJOM 1 aTOMOM
JTaHy METANOIUKIY (kapboHoM abo ¢ochopom), 10 TPUBOIAHUTH
710 TOJATKOBOI cTad1Ii3aIli1 KOMIUIEKCIB.

3.3. KIHETUKA PEAKIIN
KOMIIVIEKCOYTBOPEHHSA

BaraTo peaKIliii KOMIUICKCOYTBOPCHHSI OCHOBAHO Ha PEAKIIisIX
0OMiHYy JIiTaH/IiB, HATTPUKIIA;
[Ni(H,0),]*" + 6NH, == [Ni(NH),]*" + 6H,0
[PtC1,]* +Py == [PtCI,Py] +CI
[CoCI(NH,),]** +H,0 == [Co(H,0)(NH,),]**+Cl-
MoxnuBicTe  Tiepediry TakMX peakilidi BH3HAYA€ThCS  SIK
TEPMOIUHAMIYHUMH, TaK i KIHETUIHUMHU (hakTopamu.
TepMmoauHaMika MPOIECIB KOMILICKCOYTBOPCHHS XapaKTePU3YEThCs

KOHCTaHTaMH CTIHKOCTI KOMIUIEKCIB. 3 TEPMOJMHAMIYHOTO TOTIISAY
KOMIUIEKCH XapaKTepU3YIOThCs SK CTIHKI UM HECTIMKI 3aJIEKHO BiJl
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BEJIMYMHA KOHCTAHT CTIHKOCTI. OcTaHHI [al0Th MOXIIUBICTh
BU3HAUUTH TPHUHIUIIOBY MOIIMBICTh Tepediry JaHoi peakuii
KOMILIIEKCOYTBOPEHHSI. [Tpote HE MEHIII Ba)XJIUBOIO
XapaKTepUCTUKOIO TaKUX PEaKIIiil € iX MBUAKICTD, IKa BU3HAYAETHCS
KOHCTAHTOIO IIBUAKOCTI M TOKa3y€ HACKIIbKU WBUOKO 6 CcucmeMi
docsaeaemuvcs cman pienosazu. Tax, nanpuxian, s Co(II), Pt(IV),
a takox Pt(Il) Bimomo Garato i3omepiB. Lle 00yMOBIEHO BHCOKOIO
CTIMKICTIO BHYTPIIIHBOI cdepu 1 Malow MIBUAKICTIO peakiii
BHYTpilIHbOCPepHOrOo OOMIHY JiraHmiB ans 1ux ioHiB. [ns
KOMIUIEKCIB METaJiB, y SKUX peakilii oOMiHy JIraHIiB MPOXOJSATh
MIBUKO, BUIUTMTA BCl MOXKJIUBI 130MEpPH HEMOXXIIUBO, TOMY IO B
PO3UMHI Ty’Ke IIBUAKO JOCSITAaeThCs CTaH PIBHOBAry, 1 B pe3yJbTaTi
peakiiii 3aMileHHs JIraHIiB yTBOPIOETHCS, SIK MPaBHJIO, JIMIIE
OJIUH, TEPMOIMHAMIYHO HAMCTIAKIIINI KOMILIEKC.

Kommiekcn, y sKkux OOMIH JIraHIiB MPOXOIUTH IIBUIKO,
Ha3MBAIOThCS mabiapuumu. Komiuiekcw, isl SIKUX peakuii
MIPOXOJATH TOBUIFHO 200 MPAKTHYHO HE MPOXOJSATh, HA3UBAIOTHCS
iHepTHUMH.

He ™oxHa 3MinlyBaTu MOHATTS cmiukuti 1 Hecmiukui 3
MOHITTSAMH [HepmHutl 1 1abinvHui. JIabiIbHICT — 1€ KIHETUIHHIA
napameTp, a CTIHKICTh — TEPMOAMHAMIYHUN 1 MK HHMH HEMae
npsiMOi 3aJIeKHOCTI. TepMOAMHAMIYHO CTiiiKI KOMIUIEKCH MOXYTh
OyTH sK 1HEpTHMMH, TaK 1 JjabimpHUMH. Hanmpuxman, miaHigHi
KOMIUIEKCH HIKEII JyXe€ CTIiKI, TpOTe XapaKTepU3YHOThCS
BHCOKOIO IMIBHIKICTIO OOMiHY JIiraHfiB, TOOTO € IaOiTbHUMHU.
Kommekcu [Fe(H,0),]*" i [Cr(H,0),]"" Gmusbki 3a crilikicTro,
pOTe KOMITIEKC (epyMy JIAOUIBHHUMA 1 JISTKO BCTYIA€ B peakilii
0o0MiHYy, a aKBaKOMILJIEKC XpOMY — IHEPTHUH 1 3aMIHUTH MOJIEKYJIIH
BOJIM y BHYTPIIIHIA KOOpAMHALIHHIN chepi XpoMy Ha iHIII JiraHIu
JIOCUTH BaKKO. KOHCTaHTH MIBUAKOCTI peakiiid oOMiHy JliraHaiB 3a
y4acTi IMX 10HIB  BIAPI3HAIOTBCA Ha  KUIbKAa  TOPSIIKIB.
XapakTepHUM TPHUKIAIOM HEBIAMOBITHOCTI MiX KOHCTAaHTaMU
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CTIMKOCTI Ta IHEPTHICTIO KOMIUIEKCIB € TaKOX aIlUJIOKOMILICKCH
rwtatuHU(1l). CTiMKICTh A1 HUX 3pOCTA€ B pAAY:
[PtC1,]° < [PtBr,]* <[Ptl,]* < [Pt(CN),]*

[Ipote B 1bOMY 3K HampsMi 3pOCTa€ 1 IIBHUIKICTh pPEaKIii
3aMIIICHHs1 JIITaHJiB, TOOTO 3pOCTae JaOUIBHICTh KOMILJICKCIB
(3MEHIIYETHCS IHEPTHICTB).

JIJ1a XapakTepUCTUKH PEAKIIIA 3aMIITICHHS JIIFaH 1B BAKJTUBO 3HATH
ix MexaHi3M. PO3pi3HSAIOTE TpU OCHOBHI MEXaHI3MM peakIii
3aMIICHHS JIraH/iB: JUCOIIIATUBHUH, KU MO3HAYAIOTh JIiTeporo D,
acoIliaTUBHUN — A 1 MEXaHi3M CUHXPOHHOT0 00MiHy — L.

AuconiatuBHuii Mexanizm (D) Jgomyckac yTBOPEHHS
MPOMDKHOTO aKTHBHOTO KOMIUIEKCY 3 MEHIIUM KOOPIUHAIIMHUM
YHCIIOM, HIXK Y BUXITHOT'O KOMILJICKCY':

[Co(NH,),]1**=[Co(NH,),]**+ NH, (noBinsHO)

Jani BuTbHE MiCIle B KOOpAWHAIIKAHIA cdepl mocigae 1HIIHI
JITaHI:

[Co(NH,),]**+ Py =[Co(NH,),Py]** (mye mmsumko)

JIiMITYIO4OI0 CTaI€I0 TIPOIECY 3aMIIlEHHS B JAHOMY BHIIQJKY €
mepiia CTajis [AWCOIlaIii KOMIUIEKCY; IIBUAKICTh peaklii €
MPONOPIIIHOI0 KOHIIEHTpallii YTBOPIOBAHOTO KOMILIEKCY, TOOTO JaHa
PEAaKIIis € PEAKITIEI0 TIEPIIIOTO TIOPSIIKY :

v =k[Co(NH,);"]

Peakiiii mucomiaTUBHOTO 3aMIlICHHS OLIbII  XapaKTepHI IS
OKTaeIPHIHHUX KOMILJICKCIB; YHACHIJIOK JIMCOIIIaTHBHOTO
BIJIILIETIJICHHS JIiraHAy B KOOPAHMHAIMHIN cepi 3BUILHIETHCS MicIe
JUISL IHIIIOTO JITaHTy.

3rifHO 3 acoumiaTMuBHMM MexaHizMoMm (A) 3aMillleHHA
JraHaiB y KoopauHaliiHiA cdepi BigOyBaeTbcs uepe3 CTaiio
MPUEAHAHHS JOJATKOBOTO JIraHIy ¥ YTBOPEHHS MPOMIXKHOTO
KOMIUICKCY 3 OUIBIIUM KOOPIWHAILIHHUM YHCIOM IIEHTPAILHOTO
aroma. Llg cramis € JIMITYIO4OI0 1 TakMM YWHOM BH3HAYaE
IIBHJIKICTB TIPOLIECY:
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[PAC1,]*"+1" —[PdC1,I]*" (moBinbHO)
YTBOpeHUH NPOMDKHHIA KOMIUIEKC IIBUAKO TEPEXOAUTh Yy
cTabubHY hopmy:
[PAC1,IT" — [PACLI]* +Cl™ (mBnmKo)
3aranpHa peakiiist 0OMiHY JITaHIiB BUPAKAETbCS PIBHSIHHAM:
[PACI,]* +1" — [PdCLI]* +Cl
1 € peakmiero apyroro mopsaky. LIBuakicTe Takoi peakiiii
BU3HAYAETHCH SIK V = k[PdCli‘][I‘] .

Peakiii, siki BimOyBarOThCS 3a acOLIATUBHUM MEXaHI3MOM, € OLIbII
XapaKTepHUMHU 7SI TUIOCKOKBAJPATHUX KOMIUIEKCIB, IO IOB'S3aHO 3
HAsBHICTIO BUTHHOTO MICISl JUISi KOOpPJAWHAIII JOJATKOBOTO JITaHIY.
[IBUAKICTh TAKMX pEAKIII 3aJIEKUTh HE TUTHKH BT IPUPOJIN BUXITHOTO
KOMIUIEKCY, ajie 1 MpUpoy BXIIHOTO JiraHmy. Hampukian, mBHIKicTh
peakiiiii 3aMillleHHs y IUIOCKOKBaJpaTHUX KoMIlekcax Pt** i Pd**
3QJIOKHO BiJl TIPUPOAM BXIJHOTO JraHmy 30UTBLIYETHCS B PSIy:
H,0<Cl' <I" <CN", CO.

I[Ipu wmexanizmi cuuxponnoro o6miny (I) peakuis

BiZIOYBAETHCS 32 TAKOIO CXEMOIO:
ML, X+Y —>X.ML,..Y >ML,Y+X.

Binmennenns miraHgy 1 TpHEIHAHHS HOBOTO BiIOYyBa€eThCs
Maii’Ke OJIHOYAaCHO 4epe3 YTBOPEHHS aKTUBOBAHOTO KOMILIEKCY, a
HE peajbHOr0 MPOMDKHOTO TMPOAYKTY, SKHH MOXe OyTH
3apeecTpOBAaHUM THUM UM IHIIUM METOJOM. 3ajie’KHO BiJ TOTO, sIKa
CTalisl BUIEpPEKAI0Ya, PO3PI3HAIOTH CHHXPOHHO-AMCOLIATUBHUMA
(l;) 1 cuHXpoHHO-acouiaTuBHUK ([4) MexaHi3mMu. MexaHizM
CUHXPOHHOTO OOMIHY XapakTepHHM nnsi 0OaraTboX peakuii
OKTaeJpUYHUX KOMIUIEKCIB. EHepreTwuni mnpodiai peaxiii i3
PI3HUMU TUTIAMU MEXaH13MiB 300pakeHo Ha puc. 3.4.

Oco0rBO BeNHKe 3HAYCHHS MAIOTh JTOCIIKEHHST KIHETUKHU PEaKIlin
3aMiIIeHHs] MOJIEKYJI BOAM B aKBAKOMILIEKCAX, TOMY IO B PEAKIisIX
CHHTE3y KOMIUIEKCIB Y PO3YMHAX MM HAifyacTillle MaeMO CIIPaBy HE 3
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BUIGHFIMH KaTiOHAMH METalliB, a 3 iX akBakomiuiekcamu. Ha puc. 3.5.
TMOKA3aHO HIBUJKICTH OOMIHY MOJIEKYJT BOJIM B aKBAKOMILIEKCAX JIESKHMX
MeTaliB. YHACHIIOK YHCIEHHHX JIOCII/PKEHb OyJIO BCTaHOBIEHO, IO
MIBUKICTh pEakilii OOMiHy JITaHIiB B OKTACIPHUYHMX KOMIUIEKCAX —
[M(H,0),]""+L ->[M(H,0);L]"" +H,0 — mano abo 30BciM He
3aIeKUTh BiJl TMPUPOJM BXIMHOTO JIraHIy 1 € MPAaKTUYHO TAaKOK XK
CaMOIO SIK IIIBUJIKICTh OOMiHY MOJIEKYJT BOJI B aKBAKOMILIEKCAX.

G XM.Y G X.M.Y G X-M-Y

X-M,Y X-M.Y X-M.Y

p XM-Y |5 XM-Y g XM-Y

Puc. 3.4. Eneprernyni npodini peakuiii, siki Bin0yBanTbcs 3a MeXaHi3MOM:
JMCOLIIaTUBHUM (), CHHXpOHHOr0 00MiHy (0), aconiaTUBHUM (8)

+

Li*Na" K'Rb'Cs
~

Be g Ca|Sr a
A 2
+ + + + 2+
cr’ Ir|13 zn*cd* Hg
+ 2+ 2+ + +
Ni> CoFe”'mMn®  cu’
. . . . o3 T
4 2 _ _ -8 _
108 102 10° 1o 107 107° 10 10"% ¢

Puc. 3.5. HIBuakicTb 00MiHy M0OJIeKY.J1 BOOU B AKBAKOMILJIEKCax

Sk BuHO 3 prC. 3.5, aKBAKOMIUIEKCH MEPEBAKHOI OUTBIIIOCTI METAIB €
nalimbHuMu. [HepTHUMU € jmine akBakomiuiekcn xpomy(Ill), a Takox
poniro(Ill), ipuniro(Ill) 1 pyreniro(Ill). 3aranpHoi Teopii, sika Morma ©
MOSICHIIA KIHETWYHI BJIACTHUBOCTI THMX YW IHIIMX KOMIUIEKCIB, HEMAe,
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IPOTE BCTAHOBJICHO TEBHI 3aKOHOMIPHOCTI 3MIHM KOHCTAHT IIBHIKOCTI
PeaKIIii.

Kommiekcu 10HIB JIy’)KHHX 1 JIy>)KHO3EMEJIbHUX MeETanliB (s-
METaJM) 3aBKAd JIaOUThHI, NPUIOMY JIAOUTHHICTH 3pOCTaEe  3i
30UTBIIIEHHSIM pajiiyca 10Ha; Cepe/T 10HIB 13 OJM3BKUMH PajilycaMu OUTBIIT
JIAOUTGHUMU € Ti, IO MAlOTh MEHIIHH 3apsiJL. Taka X 3aJeXHICTb
7mabiTbHOCTI KOMIUIEKCIB BiJ pazuyca 10HIB CHOCTEPIraeThCs A
PIIKO3EME/EHIX METAliB i METANB 3 ENEKTPOHHOI OGONOHKOI d'
(Zl’l2+, d2+, Hg2+).

VY psny d-metaniB OJHO3HAYHUX 3aJ€KHOCTEH BIJ pajlyciB
10HIB He icHYE. [IpoTe € meBHUI B3a€MO3B'130K MIXK JIAO1TBHICTIO
1 eIEKTPOHHOIO OyJ0BOIO ITUX 10HIB:

» KoMutekcH 3d-MeTamiB 3 eleKTPOHHOI0 KoHbiryparieio d’ i
d" — nabineHi; 0OMiH TiraHmiB y HEX BiIOYBa€ThCS TEPEBAXKHO 3a
IUCOLIATUBHUM MEXaHI3MOM.

= KoMIUIEKCH MeTalliB 3 eJIeKTPOHHOIO KOH(blrypaLueIo &id, axi
MaroTh HaH61any eHepruo cTabuTi3alil y KpPUCTATIYHOMY MO, SIK
NPaBHJIO, JOCUTH iHepTHI. [IpuuoMy npu 301IbIIEHHI HOMEpa MePioy
IHEpTHICTb KOMILIEKCIB 30UTBIIYETHCS, HaNpHUKIA:
Ni(IT) < Pd(II) << Pt(I).

® BHCOKOCTIHOBI OKTaeApu4yHI KOMIUIEKCH METAB 3 d-d
€JIEKTPOHHUMH OOOJOHKaMH — JIaOlIbHI, a HU3BKOCIIIHOBI MalOTh
JOCUTh BUCOKY IHEPTHICTh, II0 B METOJAl KPUCTATIYHOTO MOJIS
MOB'S3YIOTh 13 BEIMKUM 3HAUYEHHSM e€Heprii crabimzamii A,.
XapakTepHUl MPUKIIAJT — HU3bKOCTIHOBI KoMIuiekcH kKooanbTy(I11).
Came 3 ix iHepTHiCTIO MOB'SI3aHO MOKJIMBICTh CHUHTE3y 0OaraTbox
reOMEeTPUYHUX 130MepiB 1 CTepeo130MeplB

= Kommiekcu Metams 3 d i d eleKTpoHHOW KOHGIrypariero

(manpuknan, Cr**,Cu*') MaloThb BHCOKY aOiTbHICTh, OCKITBKH

BHacCNIOK edekty SHa — Ternepa B HUX € MOCTa0IeHNM 3B'S30K 13 JBOMA
aKClaIbHUMH  JIIraHAaMu, [0 copuse repediry  peakmiii  3a
JIACOLIATUBHAM MEXAHI3MOM.
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= J[ns OKTaeqpUYHUX KOMIUIEKCIB MOKHA B IIIIOMY Tepea0auuTi
iX KIHETHMYHI BJIACTUBOCTi, KOPHCTYIOUMCh METOJIOM BaJICHTHUX
3B'I3KiB. 30BHINIHROOPOITAJbHI KOMILUIEKCH, TOOTO KOMIUIGKCH 3
sp’d’-ribpuamzaiielo, a TakoXK  BHYTPIlIHBOOPOITATBHI  (d'sp -
riOpuM3aLis) KOMIUIGKCH 3 d -, d- a6o d -KOH(QITypaIli€ro 10HIB
MeTasiB Haifuactime € nabGinpHMMM. IX 7aGinbHICTE HOB'A3aHA 3
HAsBHICTIO  BakKaHTHHUX  opOitajmeid  Meramy, SKi ~ MOXYTb
BUKOPHUCTOBYBATUCH Il KOOPJAMHALIlI CbOMOTO JIIFAaHAY W YTBOPEHHS
MPOMDKHOTO KOMIUIEKCY Y BHUMAAKYy, KOJIH peakili 3aMilleHHs
BiZIOyBaIOTHCS 3a acoLIaTUBHUM MEXAHI3MOM.
BayTpimmHboOpOiTanbHi  (HU3BKOCIIHOBI) ~ KOMIUIEKCH — JUIS
enexrponHnx koudirypauiit d—d’ (Cr**, Co’*, Fe*) He MaroTh
BaKaHTHUX d-opOiTaiieli 1 mepeBa)KHO € IHEPTHUMHU.

= Peaxmii oOMiHy JIiraHAiB JUIs IIOCKOKBAJIPATHUX KOMIUICKCIB
BiZIOYBAIOTHCS MaiKe 3aBXKIU 3a ACOI[IATUBHUM MEXaHI3MOM, YOMY
CrpHsie HHM3bKAa BEIMYMHA KOOpIMHAIiiHOrO uucna. Hampukmag,
YTBOPEHHSI KBaJIPaTHUX KOMIUICKCIB € XapaktepHuM st ioHiB Ni(Il),

ta Pt(Il). [IpoTe KOMIUIEKCH HIKENIO € Ja0uTbHIMH, OcKiTbkn Ni(11)

CXWIBHUI TakoX /0 YTBOPEHHS CIOMYK 13 KOOpIUHALIHHUMU
guciaamMu 5 1 6, a komruiekcu Pt(II) — iHEpTHI, OCKIIBKU Ui Hel
KOoOpAMHaLiitHe yncio 4 € HaiixapakrepHimuM. Tomy peakiiii oOMiHy
JraHzaiB y HUX BigOyBalOThCS B 10°-10’ pa3iB MOBUIBHIIIE, HIK IS
komrutekciB  Hikemo(I[). Mabyte dYepe3 Te OLIBIICTH pOOIT i3
KIHETUKHA Ta MEXaHI3My peakiiii 3aMillleHHS Y IJIOCKOKBAIpaTHUX
KOMIUIEKCaX BUKOHAHO CaMe JJIsl KOMIUIEKCIB TUIATHHH.

JAnst mocimi/pKeHHsT KIHETHKH Ti€l 9M 1HIIO1 peakii i BU3HaYeHHS i
IIBUIKOCTI HEOOX1THO 3HATH 3MiHY KOHIICHTpaIlii Xo4a 0 OJHOTO i3
peareHTiB ab0 MPOAYKTIB peakiii 3 dYacoMm. [[ns BU3HAUYCHHS
KOHIICHTpALlli PEUYOBHH 3aCTOCOBYIOTH XIMIYHI Ta (Pi3UKO-XiMiuHi
METOAM aHami3y. 3 XIMIYHUX METOJMIB HAWUMOIUPEHIITUMU €
o0'emui meroau. Ilpu 3acrocyBaHHi (i3UKO-XIMIYHMX METOIB
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aHalizy BUMIPIOIOTH 3MiHY B 4Yaci fkoi-HeOyap (Pi3udHOI
BIACTHBOCTI ~ CHCTEMH,  HANpPUKIAJ  ONTHYHOI  TYCTHHH,
€JICKTPOIPOBITHOCTI, MOKa3HUKA 3aJIOMJICHHSI TOIIIO.

Peakuii oOMiHy JsirasaiB, KIHETHKY SKHX BHBYAIOTh 13
3aCTOCYBaHHSAM XIMIYHHUX a00 (Pi3UKO-XIMIYHUX METOJIIB aHAIi3y,
MaroTh BiAMOBIJAaTH MEBHUM BUMOTAM: a) IIBUJKICTh peakilii Mae
3HAXOJUTHCS B TIEBHHX MeEXKaX, OCKUIbKH peakIli, 110
nepediraroTh AyXe MBHIKO a00 IyKe MOBIIBHO, € HE 3pyUYHUMHU
JUISL  aHANITHYHUX  [iIel; 0) KOHICHTpAIilo  1HANKATOPHOI
PEYOBUHHU HEOOX1THO BUMIPIOBATH IIPOCTUM 1 IIBUIAKUM METOAOM;
B) KOHILIGHTpAIlid JOCHi)KYyBaHOI PEYOBHHHM IIiJl 4YaC BUMIPIOBaHb
HE MOBUHHA CYTTEBO 3MIHIOBATHUCH.

Haiixpaie 3a10BOJIBHSIOTH ITAM BUMOTaM, a TOMY 1 HalO1IbIIIe
JTOCIIDKEHUMHA €  peakilii 3aMillleHHs  MOJIEKYJOK  BOAM
AIUJONITaHIB Y KIHETUYHO IHEPTHUX KoMrulekcax koOambTy(IIl) i
xpomy(Ill). Taxi peakmii Ha3MBArOTHCS pEAKI[iSIMU aKBaTallii.
PesynbpTatu mocnimKeHHS KIHETHUKU Peakiliii akBartallii J03BOJSIOTh
BH3HAYUTH TIEPEBAKHI MEXaHI3MH iX Tiepeoiry:

[ML.X]"™ +H,0 == [ML,H,0]"""+X".

JIyis BUBYEHHSI KIHETHKHM TakKoi peakilii TOTYyIOTh CEPIF0 BOJHUX
PO3YMHIB KOOPJWHAIIMHOT CHOJMYKH 3aJaHOl KOHIICHTparii Ta
MOMIMIAOTH X J0 TEPMOCTATY, JIe MATPUMYIOTh TICBHY TeMIIEpaTypy
3 TounicTio 10 * 0.1 °C. Uepes piBHi IPOMIKKHM Yacy OIHY 3 IPOBIPOK
JICTAlOTh 13 TEPMOCTAaTy, MIBHAKO '"3aMOPOXKYIOTh piBHOBary"
(HampuKJIaA, y TOCYIUHI 3 KpPUTOK0) Ta TMICHA OXOJIOJLKEHHS
BU3HAYAIOTh Y PO3YMHI KOHLIEHTPALIO aluIoiranay X, BUTICHEHOTO
3 BHYTPIIIHKOI chepu komiiekcy. OTpumaHi eKCriepUMEHTAIBHI JaHi
MO>KHa 00pOOUTH 3a JOTIOMOTO0 PIBHSIHHS

In|1-$0 |2 ke (3.16)
CO
ne C, — XoHIeHTpamis Jiragay X (MOJb/JI), BHTICHEHOTO 3

BHYTpIIIHBOI cdepu KOMIUIEKCY B MoOMeHT dvacy ¢ (c¢); C, —
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MMOYAaTKOBA KOHIICHTpAIlisi KOMIUIEKCY (MOJIb/II); kK — KOHCTaHTa
WBKMAKOCTI peakiii (¢ ). SIkmo 3anexHicTs In (l -C, / C0)= —kt Mae
JMHIMHAA XapakTep, TO II€ O3Haudae, IO peakilis akBaraiii, ska
JOCTIIKYEThCS, OMICYETHCS PIBHSHHSM IMEPIIOTO TOPSAKY.

Jy>ke BaKITMBE 3HAUCHHS MAIOTh JOCIIDKCHHS BIUTUBY 10HHOI CHUTH
pO34MHY, HEBOAHMX J00aBOK, TeMIepaTypud Ha Tmepelir peakiiit
akBararii. SIk mpaBuio, J00aBKa HEBOTHOTO PO3YMHHHKA, 37ATHOTO
3MIIITyBaTHCS 3 BOAOIO, TIOMITHO BIUTMBA€E HA MIBUIKICTD PEAKIIii.

BuB4eHHST KIHETHKHM peakIid akBaramii TpH  Ppi3HUX
TeMmepatypax Ja€ MOXJIUBICTh OTPUMATH TEPMOJIUHAMIYHI
XapaKTepUCTUKN [HX peakmid. Hampukiam, 13 3a1eXHOCTI
Ink—1/T M™MoXxHa BH3HAYWTH EHEPTil0 aKTHUBAIli peakilii,
OCKUIPKM KOHCTAaHTa MIBHJKOCTI peakiii k 3B's3aHa 3 €HEPricro
aktusauii £, (JIx - Mmonp ') piBHAHHAM ApeHiyca:

lnkzlnko—ﬁ, (3.17)
RT
ne k, — mepeneKCnoHeHinaui ¢daktop; R — yHIBepcaJibHa ra3oBa
crana, mo aopiBHioe 8.31 JIx - MoJb | - K. 3Hatoun BEJIMUUHY F,,
MO’KHA PO3paxyBaTH 3HaueHHs eHTpornii aktuBaiii AS™ (JIx - Moab
1, RLI)

AS*:R(lnk—ln kJ}%, (3.18)

ne ky — crana bonbiivana; i — crana [1nanka.
D Mpuknap. BuBueHHS LWBMAKOCTI Npouecy aksaTauii
yumc-[CoCINO,(en),]" noTeHUiOMETpUYHMM MeTOAOM [16].

Peaknis akBaTanii JaHOTO KOMILUIEKCY OMHCYETHCS TaKUM
PIBHSHHSM:

[CoCINO, (en),]*+H,0 == [Co(H,0)NO, (en),]**+CI".
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Jlisi BUKOHAHHS POOOTH HABaXXKy KOMIUIEKCY PO3UMHSIOTH Y
MiHIMaJbHOMY 00'eMi BOJM 32 KIMHATHOI TeMIepaTypH, IOAAI0Th
HEOOXiHY KUTBKICTh a30THOI KHCJIOTH JJISl 3aM00ITaHHS JIy>)KHOMY
rigpomnizy (pH = 4.5), sikio notpibHo, TO OpraHiyHUN POZUYNHHUK i
po3uuH po30aBiA0Th Bojo0 1m0 250 mu. IloTtim y mpoOipku 3
npunuTihpoBaHUMH  MPOOKAMHU  BiIOMPAIOTh 13 BUTOTOBIEHOTO
po3uuHy 7-9 mpo6 (mo 25 M) i BMINIYIOTH iX y TEpPMOCTArT,
MIATPUMYIOUHM 3a/aHy Temiiepatypy 3 TouHicTio +0.1 °C. Yepes
neBHi npoMikkH yacy (10-20 xB) mpoOipku 3 PO3YHMHOM IO OJHIN
BHMAIOTh 13 TEPMOCTATa 1 BMIIIYIOTh JJI1 OXOJOKEHHS B TOCY/T
13 kpurozo. ITicis oxonopKkeHHs MPOO PO3UUHU AHATI3YIOTb.

KomnrieHnTpartiito BUTICHEHUX 13 BHYTPIIIHBOI Cepu XIOPHII-I0HIB
BU3HAYAIOTh MOTEHLIOMETPUYHAM TUTPYBAHHSAM HITPATOM apreHTyMy.
3 II€F0 METOI0 BUKOPHUCTOBYETHCS EJICKTPOJIITHUHA KOMIpKa, 1€ SIK
IHIUKAaTOpHUI OepyTh CPiIOHMI €NeKTPOJ, a K €JIEKTPO. MOPIBHIHHS
— KajoMenbHHUU enekTpon. EPC BUMIPIOIOTH 32 JIOTIOMOTOIO
notenmiomerpa. s Toro, mob cTpuOOK MOTEHIIaTy B €KBIBAJICHTHIN
TouIlll OyB OUIBII YITKUM, TIEpe] TUTPYBAHHIM JI0 MPOOH JOAAIOThH
piBHHII 00'eM alleTOHy, IO CIOBUIBHIOE peakilito akBaTaiii. [Ipm
BHU3HAYCHHI KOHIICHTpAIIll XJIOPHUI-IOHIB, BUTICHEHHUX 13 BHYTPILITHBOI
cdepu, HEOOXITHO BPaXxOBYBaTH KOHLIEHTPAIIO 30BHIIIHBOCHEPHHX
XJIOPUI-10HIB.

o0 mocrmiauTH BIUIMB TMOYATKOBOI KOHIIEHTpALli KOMIUIEKCY Ha
KIHETUKY peaKIIii 3aMillIeHHs 10Ha XJIOPY B KOMIUIEKCI TOTYIOTh TPH Cepii
PO3UMHIB 13 3araJbHUMU KOHLIEHTpAIUSIMUA KOMILIEKCY: 1-10° Mo/,
5-10° Mo/, 2.5+ 10" mons/1. Y KosKHi i3 WX Cepiii BU3HAYAETHCS
KOHIIEHTpaLlil BUTICHEHUX 10HIB XjJopy C; y MOMEHT yacy /.
3HaOuM TOYAaTKOBY KOHLEHTpauito komiuiekcy C,, OyayoTh
rpadiuny 3anexHictb In(1-C,/C))= f(t) (puc.3.6). Bona e
JHIMHOIO, HE 3aJICKUTH BiJl TOYATKOBOI KOHIICHTpAIlli KOMIUIEKCY,
a 11e O3Hayae, 110 JlaHa PeakKIlis akBaTallii 3aJJOBIILHO OMUCYETHCS
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PIBHSHHSIM MEPIIOTO TOPSIIKY.

JlocnipkeHO BIUIMB HAa PEAKIII0 akBaTalii J00aBOK aleToHy i
meranony (1040 mac. %) mus S - 10° M PO3YMHIB KOMILIEKCY. Sk
BUJTHO 3 puC. 3.7, MIBUAKICTh PeaKilii akBaTaIlii MOMITHO 3MEHIITYEThCS
y TPHUCYTHOCTI HEBOAHHUX H00ABOK, OCOOJMBO CHJIBHO CIHOBLIBHIOE
pEaKIliio J0aBaHHs areToHy. [Ipy mboMy MOpsIOK peakiiii BiIHOCHO
KOHIICHTpAIlii KOMITIEKCY 3aJTUIIA€THCS HE3MIHHHM.

Jnsi  BOMHO-OPTaHIYHMX PO3YMHIB BUBYCHO TEMIIEPaTypHY
3QJICKHICTh MIBHIKOCTI peakmii aksatamii B intepsami 20-40 °C.
Opnepxxani gaHi HaBeaeHO B Ta0. 3.3. BeTaHoBieHO, 1110 TemMreparypHa
3QJIOKHICTh KOHCTaHTH IIBHUAKOCTI PEAKIli 3aJ0BUIGHO OIHCYETHCS
piBassHHsIM Apeniyca. Ha puc. 3.8 300pakeHO Tpadik 3aeKHOCTI
mBHAKOCTI peakilii akBartamii yuc-[CoCINO,(en),]" y mpucyTHOCTI
(40 mac. %) arieToHy Bij TEMIIEpaTypH.

OTpumaHi KIHETHYHI pPE3yJbTaTH OOPOOJIEHO 3a JOMOMOTOIO
METOJly HAWMEHIIWX KBaJpaTiB, IO O3BOJIMIO pO3PaAXyBaTH
napameTpu PIBHSIHHS ApeHniyca (eneprito aKTHUBAIlli,
NepeeKCIIOHeHIIHHUI (DaKkTop), a TaKoXK po3paxyBaTh EHTPOIil

axktuBarii (3.17, 3.18). Pe3ynbpratn po3paxyHKiB HaBeJIEHO B TaOJI.
3.4.

Tabauys 3.3. TemnepaTypHa 3aje:xHicTs peakuii akBarauii 0.01 M po3unny
uuc—[CoClNOz(en)ZFy BOJHO-OPraHiYHMX PO3YUHAX

Opraniuna Macosa k-10°, ¢ npu, °C

n00aBKa qacTka, % 20 25 30 35 40
Meranon 40 1.38 2.67 4.89 8.68 15.20
AnieToH 40 0.93 1.79 331 5.89 11.20
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Puc. 3.6. KmeTmca pealcuu aKBaTaiii BOHOT0 PO3YHHY
uuc-[CoClNOz(en)z] npn 25°C: KOHILEeHTpAaIlis KOMHJIEKcy JIOpiBHIOE:
m-1-10%e-5-1071ix-2.5-10" mons/n

In (1 = C¢/ Co)
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Puc. 3.7. Kinernka peakuii aksartauii 0.01 M po3zunny yuc-[CoCINO,(en),|" npu 25 °C
y npucyTtHocTi 40 % anetony (1) i 40 % meranoay (2)

Igk-10°
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0.8
34 1T 10°

Puc. 3.8. TemneparypHa 3aj1eskHicTh IIBUAKOCTI peakuii akBaTamii
yuc-[CoCINO,(en),]* (y mpucytHocti 40 % auerony)




Tabnuys 3.4. Kinernuni pe3yabsTaTu st peakuii akartamii 0.01 M po3unny
yuc-[CoCINO,(en),]" y BOHO-OPraHiYHHX PO3UMHAX

Opraniyna MacoBa Konuenrtpauis 5 1 E AS”,
o k-107, ¢ @ -1
nod0aBKa yacTka,% BOJIH, MOJIB/J1 kJlx/mons | Ak - Moab - K

10 49.1 7.65 — —

20 42.9 5.80 — —
MeTanoa

30 37.0 4.17 - -

40 31.2 2.67 21.840.2 —35.1

10 49.2 7.13 — —

20 43.1 5.02 — —
Aneron

30 37.1 3.08 - -

40 31.2 1.79 22.5+0.4 -28.9

JIABOPATOPHI POBOTH

— JlocmimkenHs: KiHeTMKH peakniii akBaTamii
Uuc-[CoCINO,(en),]* cieKTpogoTOMETPUIHUM MeToaoM [17]

Akwo KiHeTU4Ha peakuis CYMpOBOAXYETbCHA 3MiHOI
3abapBfieHHS pO34YMHY, TO, BUMIPIOKOYM MOr0 OMTUYHY [YCTUHY,
MOXHa crocrepiraTy 3a 3MiHOK KOHUeHTpauii iHAMKATOPHOI
pPEYOBUHMU i3 YACOM.

Ha noyaTtky po60oTn NoTpibHO AOCMIANTM CNEKTPX MNOrfIMHAHHS
BOAHOIO i BOAHO-aueToHoBoro (1 : 1) po3umHiB KoOMMANeKcy i npo-
AYKTY Moro akeaTauii y Bnammin i YO obnactax. NepekoHaTuChb,
Wo y BOAHOMY i BOAHO-ALETOHOBOMY pO34YMHaX CMNEeKTpU He
BiAAPiI3HAOTECHA, TO6GTO Yy BOAHO-aUETOHOBOMY pO3YMHI, AK i Yy
BOAi, BiAOYBAETbLCS MpoLEC 3aMilleHHS X/I0puA-ioHa MOJEKYNoo
BOAM, @ HEe OpraHiyHoro po3ymHHMKaA. BuHauntn pobouy
OOBXWHY XBUNi, TO6TO AOBXMHY XBWJi, 3a SIKOi 3MiHa MOISIPHOIO
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KoediuieHTa nornnMHaHHA y npoueci akBaTtauii € HanbinbLoto.

Ona  pocnigXxeHHs  BR/IMBY  KOHLUEHTpaLUili  KOMMJeKcy Ha
WBMAKICTb peakuii npurotysatm Tpu cepii BOAHUX PO34UYMHIB i3
KOHLeHTpaLuissM1 BMXiAHOrO KoMMekcy: 3 - 10‘2, 1-102i2.5 10
3 monb/n (BoAy MonepesHbO BUTpUMaTW B TepmocTaTi npu 25 °C
npotsarom 30 xB). [OMICTUTM PO34YMHN B TEPMOCTATOBAHY KIOBETY
i BUMIpATH 3MiHY ONTUYHOI ryCTUHU pO34MHIB Ha
cnekTpodoTtomeTpi Npu A = 540 HM yepe3 TaKi NPOMIKKKM 4Yacy:
0, 10, 20, 30, 40, 50, 60, 70, 80, 90 xB. KOHCTaHTY LWBWNAKOCTI
peakuii akBaTaulii kK BU3Ha4atoTb i3 piBHAHHS:

Ao=An _yy (3.19)
A—A,

ne Ap — noyaTkoBa ONTUYHa ryCcTUHa; A: — ONTUYHA ryCTMHA B

In

MOMEHT yYacy t; A, — KiHUeBa ONTUYHA ryCcTUHa nicns 3aKiH4YeHHS
peakuii aksaTauii. BCTaHOBUTM, uUM BMAMBAE KOHLEHTpauis
KOMMIEKCY Ha WBKAKICTb akBaTauii yuc-[CoCINO,(en),]" .

Jocniantn BNAMB aueTOHY Ha LWBWAKICTb peakuii akBaTtauii. [4ns
LbOro NpMroTyBaTM BaroBMM MeTOAOM BOAHO-ALETOHOBI CyMillli:

BOJI, T 22.5 20.0 17.5 15.0

alleToH, T 2.5 5.0 7.5 10.0
ButpumaTu ix y TepmoctaTi npu 25 °C npotarom 30 xB, Bcunatu
HaBaXkKy KOMMieKcy (2.5-107* monb), nepemiwaTu no
PO34YMHEHHS KpUCTanis, Micns 4oro MOMICTUTM B TepMOCTaTOBaHy
KIOBETY | BWUMIpATM 3MiHY OMTUYHOI TYCTMHM PO34YMHY Ha

cnektpodoTomeTpi npn A = 540 HM 4yepe3 0, 10, 20, 30, 40, 50,
60, 70, 80, 90 xs.

AHanoriyHo nocniantu KiHETUKY akBaTauii ymc-
[CoCINO,(en),]* 3a TemnepaTyp 20, 30 i 40 °C npu KoHUeHTpauii
komnnekcy 0.01 monb/n. BusHaumTM BNAMB TemnepaTtypu Ha
WBMAKICTb  akBaTauii komnnekcy. [MobyayeBatm  rpadidHy
3anexHicte Ink—f(1/T) i 3a piBHAHHAM ApeHiyca po3paxysaTu
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€Heprilo 1 eHTponito akTuBauii.

) E ; JladopaTopHa po6oTa 2
- Jociimkenns KineTuku akBataifii yuc-[CrCly(en),]Cl
w NMOTEeHHiOMeTPUYHUM MeToa0M [18]
Y po3uunHi yuc-[CrCl,(en),]Cl BiabyBaloTbCa Taki NepeTBOPEHHS:
[CrCl,(en), ]+ 2H,0 =[CrCl(en), (H,0)]*" +
+CI™ +H,0 =[Cr(en),(H,0),1% +2CI-
KoHueHTpauito ioHiB xnopy [CI'], SKi yTBOpKOKOTbCS BHACMAOK

peakuii akBaTaLii, MOXXKHa BU3HAYUTU MNOTEHLIOMETPUYHUM METOLOM.
[Ons upboro BMMIpIOKOTbL MOTEHLUian XJ0pPCpPibHOro enekTpoaa, SIKUM
nomiwatoTb y po3unH coni  yuc-[CrCly(en),]Cl. Sk enekTpos

NOPIBHSAHHS  BWMKOPUCTOBYKOTb  KasIOMeSIbHUIA  eNeKkTpoa, SIKWUi
3aHYPIOKOTb Y PO34YMH X/10puay Kanildo 3 TOYHO BU3HAYEHOIO
KOHUEHTpauieln. Sk npoMikHMIA BukopuctoBytoTb 0.1 M po3umH
HNOs;. 3a Jgonomorod nOTEHUIOMeTpa BUMIPIOKOTb MNoTeHuian
€/1eKTPOXiMIiYHOro slaHuora:

Ag | AgCl, [CrCly(en),]CI | HNO; | KCI, Hg,Cl, | Hg

i pO3paxoBYKTb KOHUEHTpaUito iOHIB XN0Oopy B PO34YMHI Luc-
[CrCl,(en),]Cl y AaHM MOMEHT Yacy 3a PiBHAHHSAM:

ﬂ.m [CI_]KOMI'I
F o [Cl
Ae [Cl loun — KOHLUEHTpauis X1opua-ioHiB y AaHW MOMEHT uvacy,

I

[CI"]; — KOHUeHTpauis xnopua-ioHiB ctaHaapTHOro po3unHy KCl.
KoHCTaHTa WBNAKOCTI peakuii po3paxoBY€ETbLCS 3a OPMY/I0H0:
k:i-ln [CrCly(en),]s )
t  [CrCly(en),]}
Je k - KOHCTaHTa wWwBMAKOCTi peakuii (c!); t - vac 3 nouaTtky
pocnigy (c); [CrCly(en),]Cl - BuxigHa KOHLEHTpauis KoMnaekcy

(Monb/n); [CrCly(en),]{ — KOHLEHTpaLlisi KOMMIEKCY B MOMEHT yacy
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(t). ByaytoTb rpadik 3anexHocTi In[CrCly(en),]{ BiA t, 3 sKkoro

BMU3HAYalOTb KOHCTAHTY LWBMAKOCTI peakLiii.

ONns BWUKOHAHHSA 3aBAAHHS TFOTYHOTb PO34YMH KOMMJIEKCY TOYHO
BM3Ha4yeHoi KoHueHTpauii (0.001-0.01 monb/n), ANs 4Yoro B3ATY
Ha aHaniTUYHMX Tepesax po3paxoBaHy HaBaXKy KOMMAEKCY
PO34YMHSIOTb Y BOAI B MipHin konbi Ha 100 mn, NnpMyYoMy B MOMEHT
JojaBaHHA BOAM BKOYAlOTb CEKyHAOMip. Po3unH  Bigpasy
MepeHocsaTb A0 TEepMOCTAaTOBAHOI KOMIpKM i3 XNOpPCPiOGHMM
€N1eKTpoAOoM i NpoTArom 2 rog yepes kKoxHi 10 xB BuMiptotoTb EPC.
PesynbTati BUMipOBaHb 3aHOCSATb A0 €/IeKTPOHHOI Tabn. Excel
(tabn. 3.5) i npoBoAATb pPO3paxyHKM KOHCTAHTWU LUBWUAKOCTI
peakuii.

AHanoriyHi BMMipn npoBoaaTb 3a TemnepaTtyp 20, 30, 40 i
50 °C i o6umncntoloTb 3a piBHAHHSAM ApeHiyca eHeprito akTusauii i
nepeaeKkCnoHeHUinHni dhakTop.

Tabnuys 3.5. Pe3yabTaTh 10CTiIZKEHHST KIHETHKH
peakuii akBaTauii yuc-[CrCly(en),]Cl

A B C D E
1 Yac3 TOYATKY EPC,B [CI'], [CrCly(en),]Cl, K !
peakuii, XB MOJIb/JI MOJIb/JI
2 0
3 10
4 20

3.4. EKCIIEPUMEHTAJIBHI METOAU
BU3HAYEHHA CKJIALY I CTIMKOCTI
KOMIIJIEKCIB Y PO3YHHI

KOMHJ‘ICKCOYTBOpeHHﬂ BUKJIIMKAE 3MIHH JesKuX (i3uKo-
XIMIYHUX XapaKTEPUCTHK PO3UMHIB. BuMmiproroun 3MmiHy TOro uu
IHIIOTO TapaMeTpa CHUCTEMH, MOYKHA pO3PaxOBYBaTH CKIQa i
KOHCTaHTH YTBOPEHHS KOMIUIEKCIB. 3aleXHO BiX TOro, sKa
BJIACTHBICTh CHUCTEMH BUMIPIOETHCS, EKCHEPHUMEHTATIbHI METOIH
JOCIIJKEHHSI PeaKIliii KOMIUIEKCOYTBOPEHHS MOIUIAIOTECA Ha
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CeKTpohOTOMETPUYHI,  MOTCHI[IOMETPHUYHI,  MosIporpadivdni
TOIIO. bBiNmpIIicTh TpPOBENEHMX HA CBOTOMHI JOCHIIKEHb Y
po3uMHAaxX  BUKOHaHO  MerojamMu  pH-moreHmiomerpii i
cnekrpodoTomerpii. I[IpoTe ocTaHHIM dYacoM yce dYacTimie
BUKOPHCTOBYIOTBCSl TaKOXK TakKi METOAHM, K Kamopumerpis, SIMP,
EIIP i cnexTpockomis koMmOiHatiiiHoro po3citoBanus (KP).

[pubmuzno  mo  70-x  pp. MarematuyHa  oOpoOka
eKCIIEpUMEHTAIbHUX ~ Pe3yJbTaTiB  MPOBOJIWIACH  TpadiuHUMH
METOJAMHU 3 BUKOPUCTAHHIM JIOTIOMIXHUX byHKIiI
(migpo3n. 3.4.1). IIpore 3 po3BUTKOM KOMM'IOTEPHOI TEXHIKM Oyiu
PO3po0IIeHI METOIM YUCENbHOT 0OPOOKH EKCTIEPUMEHTAIBHUX JTaHUX,
SKi OCHOBaHI Ha METOJI HaWMEHIIMX KBaJApaTiB, 1 B3aram He
noTpe0yIoTb BUKOPUCTAHHS JIOMIOMDKHUX (YHKUIA 1 3HaHHS
rpagiuyHUX ~ METOAIB  po3paxyHKy. IIpore  HeogHOpa30BO
Bi3HAYAIOCH, IO JOCIIIHHUKH MAlOTh BOJIOMITH LIUMHM METOIAMH 1
BMITH MPOBOJUTH TONEpenHiii rpadidyHuii aHami3 MpoLEciB
KOMIJIEKCOYTBOPEHHSI B CHUCTeMi, 100 3amolirtu rpyoum
NOMWJIKaM, SKIi  MOXYTh  BUHHKaTH TpU  MEXaHIYHOMY
BUKOPHUCTAHHI KOMIT'FOTEPHUX METO/IIB PO3PAXYHKY.

3.4.1. HaiipaxymBimi ¢pyHnkuii,
10 XapaKTepHU3yIOTh KOMILIEKCOYTBOPEHHS B PO34YHHI

Jns  po3paxyHKiB ~ KOHCTaHT  CTIMKOCTI  KOMIUICKCIiB
BUKOPHUCTOBYIOTh Pi3HI IOMOMDKHI (YHKINl, a came: dQyHKmito
B'eppyma (n), ¢dynkuiro @poneyca (D), MONbHY YacTKy KOMIUIEKCY
(o). i dyHKIIT MOXKHAa BUKOPHUCTOBYBATH JIMIIIE B pa3l YTBOPEHHS
B PO3UMHI OJHOSAEPHUX KOMIUIEKCiB. Llg ymoBa, sk mpaBuiio,
JIETKO JIOCATAETHCS TIPH TOCTIKEHH] p030aBIICHUX PO3YHHIB.

®dyukuis B'eppyma (Ppynxyis ymeopenns):
CL — [L]

Cy

ﬁ:

(3.20)
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ne 7 —1e CepelHE KOOPAMHAIIIMHE 4YHCIIO, SIKE BU3HAYAETHCS
BIZTHOIIIEHHSM KOHIICHTpAIlii 3B'SI3aHOT0 B KOMIUIEKC JraHmy o
3arajgbHOI KOHIIEHTpAllli 10HIB METaly.

OyHKIIS 7 MOXE 3MIHIOBAaTHCh BiJ HYJs, KOJU KOMII-
JIEKCOYTBOPEHHSI  BIJACYTHE, 1O MAaKCHMAaJIbHO  MOJKJIIUBOTO
koopauHaiiitHoro yucia (N). Bona moB'si3aHa 3 KOHCTaHTaMu
CTIMKOCTI TAKMMH CITIBB1IHOIIIEHHSIMU:

N
_ IML]+2[ML,]+...+N[ML,] _ Zi[ML;] 621)
[M]+[ML]+[ML, ] +.... 4 [MLy] +§[MLJ’ ’
i=1
= _Bi[L]+2B[L] + ... +i2[3i[L]‘+ ..... +I\hIIBN[L]N, (3.22)
1+B,[L]+B,[L] +.....+ By[L]
ne: C, — 3araiabHa KOHIICHTpAIlisl JIraHmy; C, — 3arajbHa
KOHLIeHTpanis Metanry; [ML;] — piBHOBa)XHa KOHLIEHTpALIis

komiuiekcy ML;; [L] — piBHOBaXkKHa KOHLIEHTpALlisl JiraHy. Sk BUIHO
3 piBasHES (3.22), n = f([L]). KpuBa, mo Bupaxkae 3aIeKHICTH
n = f(Ig[L]), Ha3uBaeTbCS KPUBOIO YTBOpEHHs cucteMu (puc. 3.9,
3.10).

3 KpHBOI YTBOPEHHS MO)KHA BH3HAUUTH CTYMIHYACTI KOHCTaHTU
CTIMKOCTI KOMIUIeKCiB. J[si BH3HA4YeHHS HAOMKEHUX 3HAYCHb
KOHCTaHT JOMYCKaroTh, MO Mpu n=7n—0.5 y po3uuHi ICHYIOTH Y
piBHOBa3i juine jBa Komiuiekcu: ML, , i ML,, a KoHIeHTparis
HIIIMX KOMIUIEKCIB € HE3HAYHOK 1 HE0 MOXKHa 3HEXTyBatu. Toml
3HAYEHHsl CTYMIHYacTOi KOHCTaHTH CTIHKOCTI MOXKHA OOYMCIIUTH 32
dhopmysioro:

Kk, = Mbi] _ 1 , (3.23)

[ML, ;] [L], -7 os
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TOOTO CTymiHYacTa KOHCTaHTa CTIMKOCTI JIOPIBHIOE —OJMHUII,
NOJUICHIM Ha PIBHOBA)XHY KOHLIEHTPALIIO JIraHiy, sika BiJIOBiTae
Toukam 3 7 = 0.5, 1.5, 2.5 Too.

n
44

3,

05 10 15 20 -lg[Py]

Puc. 3.9. Kpupa yreopenns cucremn NiZ* — Py — H,0

=]

4~thQ

~0-0.
11 @\%\D\
o~

16 20 24 -Ig[SeCN]

Puc. 3.10. Kpua yreopenns cucremu NiZ* — NCSe™ — IM®A

3Ha4YeHHs KOHCTAaHT YTBOPEHHS MOXXHAa YTOUHUTH TpadiuHuM
metogoM (meton Poccoti). Ilicas HecknagHMX MEepeTBOPEHb
piBHSHHSA (3.22) 01EePKUMO:

n+(n —1)[LIB, +(n -2)[L]B, +...+(n —N) [L]NBN =0.(3.24)
PiBusinns (3.24) MokHA pO3B'sA3aTH BITHOCHO fi:

" =P, +?_—§[L]B2 +... (3.25)
-n

n

(1-m)[L]
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SAkmo Tenmep mnoOyayBatu rpadik 3anexHocTi 1 /(1 —

n) [L]=f2-n)-[L]/(1-n), To P, Oyme dYHCETHHO

JOPIBHIOBATH BiPi3Ky Ha OC1 OpJIMHAT, @ TAHTCHC KyTa HAXMITY ITi€l
GbyHKIIIT 1acTh 3HAaYCHHS [3,.

Po3s's3yroun piBHsHHS (3.24) BigHOCHO B, B3, ..., Pn, MOXKHA
aHAJIOTIYHO 3HAWTH BIAMOBIIHI KOHCTaHTH. ['padiku, BUKOPUCTaH1
JUIA 3HAXOJDKEHHSI 3arajlbHUX KOHCTAaHT YTBOPEHHS 3a UM
METOJIOM, IOKa3aHo Ha puc. 3.11, ne HaBeneHO pe3yJbTaTH
JOCIIJUKCHHSI ~ CENICHOIlaHATHUX  KOMJIEKCIB  KOOalmbTy B
auMeTHI(hopMaMi/i.

al(1 - A)[L]
4000

3000
2000 >

1000+ a

0 5 10 15 20 25 30 35 40
[L}(2 - n)/(1—n)- 107

AL @A) + B,(A— 1)L —-7) - 10°

1.2 (4
°

1.1

1.0

0.91

0.81 6

0 10 20 30 40 50 60
LB -A)(2-n)- 10°

Puc. 3.11. T'pacdiune Busnauenns Py i B, (a); B3 i P4 () cesreHOniaHATHUX KOMIUIEKCIB
ko0anbTy(Il) B tuMeTHIIdopMamini
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@DyHKII0 YTBOPEHHS BHMKOPUCTOBYIOTh JJsl  BH3HAYCHHS
KOHCTaHT CTIHKOCTI B TOMY BHIAAKy, KOIM B PO3YHUHI
eKCIIEPUMEHTAIbHO MO)KHA BU3HAUUTH PIBHOBAXKHY KOHIIEHTPAIIiO
miragay. SIKIO K KCHEPHUMEHTAIbHO BJAETHCS  BU3HAUUTHU
pPIBHOB@)KHY  KOHLIGHTpALlll0 1OHIB MeTally, TO HaHKpalie
CKOPHCTATUCS JUIA PO3PaxXyHKYy KOHCTAHT CTIMKOCTI ¢yHKumi€cw
®poneyca (®), sSKa BUPKAETHCS BIJIHOIICHHSAM 3arajbHOI
KOHIICHTpAIlii MeTalry 10 PIBHOBa)KHOI KOHILIEHTpALlil BUIPHUX 10HIB
MeTainy:

_Cu
M]

Oynkmito  DpoHeyca Ha3UBAIOTh TaKOXK  (YHKYIEIO — 3aKOMN-
Jniexcosanocmi. BoHa MOYKe 3MIHIOBAaTHCh BiJ] OMMHHULI (TIPX BiICYTHOCTI
KOMIUIEKCOYTBOPEHHS) 10 Oy[b-SIKOTO IO3UTHBHOIO 4ucna. Yum
CTIMKIMMKA KOMILIEKC, THM MCHIIIC 3Ha4eHHS [M], omke, THM OLIbIIe
3HaueHHs O. Bemmunna (yskiii @ 3B'13aHa 3 KOHCTAHTAMHU CTIHKOCTI
KOMIUIEKCIB BUPA30M:

® =1+p,[L]+B,[L] +---+B,[L]". (3.27)
Konuenrtpauiss BilbHUX 10HIB MeTanmy [M] mnpu mnoctiiinii
3arajbHid  KoHIEHTpamii wmeramy C,, 3MEHIIYBaTUMETbCA 31

(3.26)

3pOCTaHHSIM KOHIEHTpauii miranmy. Omxke, ¢yskois D 3i
30UTBIICHHSAM KOHIICHTpAIlli JIraay 3pocTtaTuMe. SIKIo BiZoMo
¢yukimiro @, TO KOHCTAHTH CTIHKOCTI MOXKYTh OyTH OOYMCIIEHI 3a
MetoaoMm Jlenena. PiBasaas (3.27) MOXKHA epenucaTH Tak:

-1
8 —E—BﬁBz[L]--- (3.28)

[pu rpadiuniii ekcrpanomsii GpyHkuii F; Ha HyJIbOBY KOHIEHTpALIIO
Jrafay OTpUMYIOTh 3HaueHHA [3; (puc. 3.12 ). 3nHaifmoBmm J3,
00YHCITIOITh PyHKIIIO F):

_ Fi _Bl —
F,= o B, +Ps[L] (3.29)
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abo
— o-1- 51 [L]
©LP
[Tpu excrpanossimii GyHKIT 7, Ha HYJIbOBY KOHIICHTPAIIIO JIIraHIy
MaTUMeMO 3Ha4eHHs [3,. AHAOTTYHO OyayroTh PyHKLIT F3 Fy ... F,1 TIpH
EKCTparoJsillii iX Ha HyJIbOBY KOHIIGHTpAIIO JIraHay MICTalOTh
3HaueHHs P, Py ... B, DysHkuis F,=f[L]) id HaHCKIAAHIIIOTO
komiiekcy ML, Mae xapaktep HpsiMOi, MapajeabHol 10 ocl adcuuc.
VYei iHun ¢yHkii ;= fA[L]) BUpakaroTbCsi IpAMUMHU 200 KPUBUMH, SIK1
MaloTh HaxwJI 10 oci abctwce (puc. 3.12).

(3.30)

F, F, .
6004 200 Y.
o
4001 1501 /
v
5
2004 100 S
0 ! 50 D’O’Oﬂ(f 0
00 05 10 15 20I[SCNJ 05 1.0 15 2.0[SCNI
F, F,
1251 651
1001 601 © o o
751 55/ o
50 g 50/ 2
05 1.0 15 2.0 [SCNJ” 05 10 15 20[SCN]

Puc. 3.12. I'padiune Buznavenns B, By, By iPy
1015 [CA(NCS),]* meToaom Jlenena

SIKIIO € MOXKITMBICTh BHU3HAUYUTH KOHILIEHTPALIIO TOTO YH iHIIOTO
KOMIUIEKCY, TO 3pYYHO KOPUCTYBAaTHUCh BEJIMYMHOIO MOJIBHOI YacTKU
JTAaHOTO KOMIUIEKCY. MoJabpHa 4YacTka kommiaekcy ML, (a,)
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XapaKTepU3y€e BITHOUICHHS PIBHOBAXHOI KOHIICHTpAIll J1aHOTO
KOMIUIEKCY JI0 3arajibHOi KOHIICHTPAIIIl i0Ha METAITy B PO3YHHI.
- U\éﬂ (3.31)
M
Benwuuna o, MOXXe 3MIHIOBaTUCh BiJ HYJIS, SKIIO B CHCTEMI
JaHUW KOMIUIEKC HE YTBOPIOETHCS, 10 OJMHUII MPHU ICHYBaHHI B
PO34YHWHI TUIBKH OJTHOTO KOMIUIEKCY. MoJbHA YacTKa KOMILICKCY
3B'13aHA 3 KOHCTAHTAMHU CTIHKOCTI PIBHSHHSAM:

n
o, = PulL] | (3.32)
1+B1[L]+B2[L] +"'+Bn[L]

3aneXHO Bi OAEpPKAHMX EKCIIEPUMEHTAIbHUX JaHuX IS
PO3paxyHKy KOHCTAHT CTIHKOCTI BHUKOPHUCTOBYIOTH Ty YH IHIIY
JOTOMIKHY (YHKIO. SKII0 KOHCTaHTH CTIMKOCTI BioMi, TO
MOKHa pO3paxyBaTH KOHIICHTPAI[II0 KOXKHOTO KOMIUICKCY, SKHIA
YTBOPIOETBCS Yy CKJIAAHIA piBHOBaXHINH cucrteMi. Opepikai
pE3yJIbTATH TONAIOTHCS Y BUIIISIII TPadidHOT 3aJIeKHOCTI MOJIBHOT
YaCTKU JJAHOTO KOMITJICKCY 3aJIeKHO BiJl KOHIICHTpALIi Jiranay npu
noctiitHoMy 3HaueHHi pH, abo Bix pH npu mocTiiiHiil KOHIIEHTpaIii

miranny (puc. 3.13, 3.14).

a
1.0} 1
Ca?* 2 , 13
Cdci2
cdcl,

0.5f cdcCr* : cdel; 12
11

|

I

H |
-1 0 1 Ig[Cr]

Puc. 3.13. Poznoain komiuiekcis y cucremi Cd** — CI™3a/1e5kH0
Bil KOHIeHTpauii xJopux ioHiB [2]
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oL 2+
CuG

0.8

04

s 1 1 L 1

2 4 6 8 pH

Puc. 3.14. Po3noais komMmiekciB y cucremi Cu2+2— aminoonrosa kucjora (HG)
. . +
3ajie:xHo Bin pH; konuenTpauia Cu™ = 0.005 moun/i,
amiHoonToBoi kKucjaoTu — 0.01 Moab/a

3.4.2. CnekTpo(poTOMETPUIHHI METO

Jly’xe d9acTo KOMIUIGKCOYTBOPEHHSI CYIPOBOKYETHCS  3MIHOO
3a0apBJIEHHSI PO3YMHIB, a OTXKE 1 1X ENIEKTPOHHUX CIEKTPIB, OCOOIMBO
KOJM peakiii BiOyBarOTbCS 3a y4yacTl 10HIB NEPEeXiTHUX MeETaliB.
JlocmipKyroun  €JIeKTPOHHI  CTIEKTPY TIOTJIMHAHHS PO3YMHIB, MOYKHA
BHBYATH sIK Oy/I0OBY KOMIUIEKCIB (PO31. 5), TaK 1 CKJIaJ] Ta KOHCTAHTH iX
YTBOPEHHS B PO3UMHI.

J11s1 3amucy eNeKTPOHHUX CIEKTPIB BUKOPUCTOBYIOTH IIPOMHCIIOBI
CHEKTPO(POTOMETPH, SKI BHUIYCKAIOTHCS JCKUIbKOMa CBITOBUMH
(bipMaMu 1 T03BOJISIIOTH TIPAIIOBATH B JIiana3oHi JOBXUH XBUIb 200—
900 am (6mmxHs Y@ 1 BuauMa o01acTh), a Takox y OmmkHiA [Y-
o0macTi. EnekTpoHHI CrIeKTpH 3alMHUCYIOTh Y KOOpJAWHATAX ONTHYHA
ryctuHa (4) — AoBXKWHA XBUJi, (A, HM), a00 ONTHYHA TyCTUHA —
XBHIIBOBE 9iCi0 (V, M ) (mB. puc. 3.15 i 3.16). JoBxKuHa XBHi
W XBUIIBOBE YUCJIO MOB'SI3aHI MK COOOK CHIBBIIHOLIEHHSIM: V
(M) = 1/A (cm).

VY cnekTpooTOMETPHIHOMY METO/II ONTHUYHA TyCTUHA PO3UHHY (A4)
€ TOJIOBHUM TapaMeTpoM 1 TOB'A3aHa 3 KOHILIEHTPALIE€I0 DPEUYOBHUHU
piBusiHHSIM Byrepa — JlambGepra — bepa:

A=¢C-I, (3.33)
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ne C — KOHIIEHTpaIlisl peY4OBUHHU, MOJIb/JT; [ — TOBIIIMHA IIAPy PO3YHHY,

CM; € — MOJSIpHUH Koe]ilieHT cBiTIonorauHanHsA. Lle ocHoBHE
PIBHSIHHS, Ha SIKOMY OCHOBaHi Bci (hOTOMETpUYHI METOH. SIK BUIHO 3
piBHsHHSA (3.33), MOIApHUI KOEDILIEHT CBITIONOTTIMHAHHS YUCETBHO
JOPIBHIOE ONTUYHIN rycTrH] | M po3unHy npy TOBIIMHI mapy B 1 cM.

Momsipauii  koedillieHT — CBITJIONOIJIMHAHHSA €  XapaKTepH3ye
BJIACTHBOCTI PEUOBMHH 1 HE 3aJISKUThH Bil 00'€eMy pO3UUHY, TOBIIMHH
mapy Ta IHTCHCHBHOCTI OCBITJICHHsS. 3HaueHHS € B 00iacTi
MaKCHMMyMy CMYyTH TOTJIMHAHHS JJIsI PI3HUX 3a0apBIICHHX CIOIYK
CWJIbHO BIIPI3HAIOThCA. Tak, HANpUKIAA, CMYIW IOTJIMHAHHS Y
CTEKTpaxX OKTACIPUIHUX KOMIUIEKCIB 3d-meTaiiB, oOyMoBiIeH1 d—d-
MepexoJ]aMu, CIIOCTEPIraloThCs y BUAMMIN AUTSHIN CHEKTpa 1 MaloTh
HI3bKI 3HaueHHs €~ 0—10. Ing cymimeil nekinbkox 3abapBIIeHHX
CTIONYK, SIKI HE B3aEMOJIIOTh M COOOIO, BUKOHY€ETHCSI aIUTHBHICTh
OIITUYHOI T'YCTUHHU:

Ay =A+A,+ A4, +..+4,, (3.34)
A, =(€,C +¢,C, +e,C,+...+¢,C,) L. (3.35)
CriekTpohoTOMETpUYHE JIOCITIKEHHS peakitii

KOMIUICKCOYTBOPEHHSI B PO3YHHI TIOYMHAETHCS 3 JIOCIIHKEHHS CIIEKTPIB
MOTTIMHAHHSA. SIK TpaBWIIO, 3alHCYIOTh CIEKTPH TOTJIMHAHHS COJi
MeTally, JIraHdy Ta iX CyMilIei, B3ITHX y Pi3HUX CITiBBiIHOIICHHSX.
OpneprkaHi CIIEKTpU Kpaile MPeACTaBIsATH B KoopauHatax €= f (L)
abo €— f (V). IIpu KOMIUIEKCOYTBOPEHHI ONTUYHA TYCTUHA PO3YNHY
COJIi MeTally Yy IPUCYTHOCTI JliraHty 30iibryeTses (puc. 3.15). ¥V pasi
YTBOPEHHSI KOMIUIEKCIB Y CIEKTpi MOTJIMHAHHS MOXYTb 3'SIBUTHCS 1
HOBI cMyTH niorfuHaHHs (puc. 3.16). Yce e 1ae€ MOXXITUBICTh 3pOOUTH
MoTiepeIHi BUCHOBKUA TIPO YTBOPEHHS KOMIUIGKCIB y PO3UMHI
BU3HAYUTH JIOBKUHY XBWJII, TIPU SIKIA Oy MTOCIIKYBAaTUCh TIPOIIEC
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KOMIUIEKCOYTBOpEHHsI ~ (TOOTO ~ JOBXHHY  XBWJ, 3a  SKOi
CBITJIOTIOTJIMHAHHS KOMILIEKCY € MAaKCUMAJTBHIM ).

I[Ipu  cnexTpodOoTOMETPUYHUX BHUMIPIOBAHHIX  HEOOX1THO
migOupaTH KOHIEHTPALII0 PO3YHMHIB 1 TOBIIMHY KIOBETH TaKUM
YUHOM, 100 TpPaHUYHI 3HAYEHHS ONTUYHOI T'YCTUHU 3MiHIOBAIHCH
npubau3no Big 0.1 nmo 1.5. BumiproBaHHs ONTUYHOI TYCTHHH
uHukue 0.1 1 Bume 1.5 Bege 10 301IbIIEHHS TOXUOKH BUMIPIOBAHHS.

€ A
1200+
5 0.6 ;
1000+
4
800+ 04
600+
400+ 2 0.2
200+ ] 5
, ; : 0.0+—= ‘ : ; : U
400 500 600 A, (Hw) 24 2 20 18 16V 10", cMm
Puc. 3.15. Cuexrpu noriimHanus Bogaux Puc. 3.16. CneKkTpu norjamHaHHA
po3unHiB (pH = 1), 10 MicTATH: CIMPTOBHUX PO3YHUHIB, IO MiCTATH:
5107 m/n Fe(NO;);, i KSCN: 1 - 107 M/ CoCl, i Tinpasum GeH30MHOT KHCTOTH:
0(1),5-10*(2),1-10° (3), 0(1),1-102%(2),1.5-1072(3),
15-10° @)i2- 107 (5) Mors/n 2-102(4)i5- 1072 (5) Mons/n
JUis  IBOKOMIIOHEHTHHX cHUcTeM (10H MeTalay — JIraHn)

CHEKTPO(OTOMETPUYHI JOCTI/PKEHHS TPOBOASTHCS ISl cepiid
pPO3YWHIB, y SKHX TI€BHUM YHHOM 3MIHIOIOTBCA 3arajibHi
KoHIEeHTpauli koMmnoHeHtiB C, 1 (uu) C,,. 3aexHO BiJl COCOOY
3MIHM KOHIEHTpAIiil  pO3pi3HAIOTh Taki EKCIIePHUMEHTAIbHI
METOMKH:

1. Merox Octpomucnencskoro —Koba abo MeTox i30MONSIpHUX
cepiii (3MiHIOIOTHCS criBBigHOMmEHHsT C, /C,, 3a MOCTIMHOI CyMapHOi
koHnueHrpatii C, +C,,);
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2. MeTton cCTEXiOMETPUYHOrO pPO30aBIeHHS (32 TOCTIHHOTO
criBBigHomeHHs1 C, /C,, 3MIHIOIOTH 3arajibHy KoHlUeHTpauio C, i

Cy);

3. Meton MOJNSIpHHX BITHOIIEHB (3arajbHa KOHIICHTpAIIlST METaTy
C,, —mocTiifiHa, a KOHLIeHTpawis Jirauay C, 3MIHIOEThCS, a00 HAaBMAKH
3anoctiiiHoi C, 3miHIO€eThCS C), );

4. Meton BiAMoBiIHUX po3unHIB (MeTon B'eppyma).

Memoo iz3omonapuux cepiii
(memoo Ocmpomucnencokozo — Koba)

Meton OctpomucneHcbkoro — XKoba 6a3zyeTbcs Ha BUMIpIOBaHHI
ONTUYHOI TYCTHHH 130MOJIAPHOI cepii po3umHiB. 1100 mpurorysatu
130MOJISIPHY CEpil0, PO3YMHU 3MIIIYIOTh TakK, MO0 CITiBBiTHOMICHHS
MeTaj — JIIraH JUIs Pi3HUX PO3YHHIB OyJIO pi3HEe, a cyMapHa MOJIsIpHA
KOHIIGHTpallisi MeTaiy 1 Jiranny Oyma ognakoBa: C, +C,, = const.
[MpakTyHO 1€ 3MIHCHIOETBCS B TaKWil CMOCIO: TOTYIOTh BHXIZHI
PO3YMHH JIraHIy 1 COMi MeTaly, SKi MaloTh OJHAKOBY KOHIICHTPAIIi0
Ta 10HHY CWJIy, TICIS 4YOro 3MIIIYIOTh iX Y PI3HHX 00'€eMHHX
criBBigHOMIeHHX (1:9,2:8,3:7 1 T. 1.) TaK, mo6 cymapHuii 00'eM
3anuiaBcsd  MOCTIMHUM. ONTHYHY TYCTHUHY 130MOJISApPHOI — cepil
PO3UYMHIB BUMIPIOIOTh TIPH JOBXHHAX XBHJIb, BHOpAHUX Ha ITiJICTaBI
JOCIIJDKCHHSI CTEKTPIB TOTJMHAHHSA po3uMHiB. [licias BU3HAYCHHS
ONTUYHOI TYCTMHH OJICP)KaHUX PO3YHMHIB OyAyIOTh Jiarpamy CTaHy:
ONTHYHA TycTuHA — ckiana (puc. 3.17). Skmo He TITbKKU KOMILIEKC,
ajyie 1 po3YMH JITaHTy 1 BUXIJHOI COJMI METally IMOTJIMHAIOTH CBITIIO,
TOJIl HAa OC1 OPJMHAT BIIKJIAAIOTh HE CKCIIEPUMEHTAIBHO OTPHMAHE
3HAYEHHsI 3arajgbHOi ONTHYHOI TYCTHHH, a 3TAHO 3 PiBHSHHIM (3.34)
PI3HUITIO:

AA=A3ar_AL_AM’
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ne A, 1 A, — onTHYHA T'YCTHHA PO3YMHIB JIIraHAy 1 COJl MeTaly,
SKi MalOTh KOHIIEHTpAIlilo, IO JOPIBHIOE iX KOHIICHTpAIli Yy
BIJIOBIAHOMY PO34HHI 130MOJISIPHO] cepli.

[TonoxeHHs MaKCUMyMy Ha KPHUBIHA HE 3aJI€XKHUTh BiJl CTIMKOCTI
KOMIUIEKCY, a JHIIe BiA HOoro ckiaay. SKIIO B cUCTEMi MpH
B3aeMOJIii 0e30apBHUX KOMIIOHEHTIB YTBOPIOETHCS Juule OOUH
KOMNJeKC 1 peaKilisi KOMIUIEKCOYTBOPEHHS OMTUCYEThCS PIBHIHHSAM

nM+mL = M, L (3.36)

n—m?>
TO TUISIXOM HECKIaJHUX MaTeMaTHYHHX PO3PAaxXyHKIB MOXKHA
MOKA3aTH, 0 JJIs1 130MOJISIPHOI cepii PO3UMHIB Ha KPUBIH 3aJI€KHOCTI
ONTMYHA TYCTHHA — KOHIIGHTpAIlisi MakCUMyM Oyze BiANOBiIaTH
CMIiBBiTHOIIIEHHIO KOMIIOHEHTIB:
m_ 1L (337)
n  [M]

Takum 4YMHOM, MakKcHUMallbHa KOHIIEHTpAlisi KOMIUIEKCY
JOCATAETHCS TP CIIBBIAHOIIEHHI KOMIIOHEHTIB 71/71 1 BIANOBiga€e
MOJIOKEHHIO MAaKCUMYMy Ha KPHBii ONITUYHA TYCTHHA — CKJIa/I.

Hiarpamun 4 (AA) — ckmang [y cepii 130MOJSPHUX PO3UHHIB
MOXKYTh MaTH pi3HYy (OpPMY 3aJI€KHO BiJl CTIMKOCTI KOMITIEKCY. Y THX
BUTIAJIKaX, KOJIM YTBOPIOETHCS Ty’Ke CTIHKUI KOMILIEKC, Tpadik siBIsiE
co0010 /1B JiHIi1, SIKI MEPETUHAIOTHCA Y Toull x = m/n (puc. 3.17 a).
SK1o y cuctemi yTBOPIOETHCS OAMH KOMIUIEKC CEPEeAHbOI CTIMKOCTI,
TO Ha Jiarpami ONTHYHA TYCTMHA — CKJIJ PI3KOTO TEpesioMy He
criocrepiraetbes (puc. 3.17 6). Y 1bOMy BHIIAAKY CKJIaJ] KOMIUIEKCY
BU3HAYAIOTh EKCTPATIOJIIIMHIM METO/IOM: 4epe3 TMOYaTKOBI TOYKH
(M 1 L) o60x rilok KpuBOi MPOBOJATH AOTHYHI, IPOJIOBKYIOUH iX 10
B3a€MHOTO TIEPETHHY.

3a3Ha4MMoO, 110 METOJI 130MOJISIPHUX CEepii CIiJl 3aCTOCOBYBAaTH
JIMIIE IS SIKICHOT XapaKTEePUCTUKHU PeaKiliii KOMIUIEKCOYTBOPEHHSI.
binpui-mMeHIn HaiHI pe3yabTaTh LIMM METOJIOM MOXHA OJIepKaTH B
pa3i yTBOpEHHS B PO3YHMHI OJHOTO, JO TOrO  '"MPOCTImOro",
KOMIUIEKCY. 3BUYAMHO, 71 PO3LIUPEHHS MOXIMBOCTEN IHOTO

102



K omnnexcoyTsopenhs B posunki [ML,, ]

METO/ly BHBYAIOTH 130MOJISIPHI cepii MpU JEKIIBKOX 3arajbHUX
KOHIIEHTpAIlIIX KOMIIOHEHTIB peakilii, BUMIPIOIOYH ONTUYHY
T'YCTHHY PO3YMHIB P JICKIJIBKOX JIOBKUHAX XBHIIb.

A A
Ao

X

M L M L
a 6

Puc. 3.17. 3ajexHicTh ONTHYHOI I'YCTHHH i30MOJIAPHUX cepiif po34uHIB,

Y IKHX YTBOPIOIOThCS CTilikumii (@) i cepeaHboi criiikocTi (6) KoMIIeKCH
SKmo y pO3uMHI YTBOPIOETHCA OJIWH HE YK€ CTIMKHMA
KOMIIJIEKC, TO 3a JaHUMH JOCHIHKEHHS 130MOJISIpHOI cepii MO)KHa
po3paxyBaTh HaONIKEHE 3HAYCHHS WOTO KOHCTAHTU CTIHKOCTI.

3nauenHs A, (puc. 3.17) mokasye, skoro morja 6 OyTH ONTHYHA
IyCTHHA PO3YMHY 32 BIJICYTHOCTI aucomiamii KoMIuiekcy. OnTnany
TYCTUHY B TOYIll MaKCUMyMy €KCIIEPUMEHTaJbHOI KpPHUBOI
NO3HaYMMO OyKBOIO A, , 3arajlbHy KOHIEHTpauito merany — C,,,

miranny — C, . Toni KOHIEHTpaLlls KOMIUIEKCY JOPIBHIOE

C, A
[ML]= ==, (3.38)

0
a pIBHOBa)KHA KOHIICHTpallisl MeTaly —

Cy A, — Cy - (4)—4,) . (3.39)
4, A4,
PiBHOBa)KHY KOHIIEHTPALIIO JIITAaHIY B IIbOMY BUIAJKY MOKHA
po3paxysartu 3a HopMyII0r0

[M]=C)y, =[ML]=C,, -

[L]=C, ~ML]= ¢, — e - G =G
AO AO

Koncranra criiikocti komruiekcy ML nopiBHIOE

(3.40)
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p= ML (3.41)
[M]-[L]

BukopucroBytoun piBHsHHS (3.38)+(3.40) 1 miacraBisouYH

BIJINIOBITHI 3HAYEHHS B PiBHICTH (3.41), oTprMaemMo:
- 4, A, |
(Ao _Ax)'(CL A4, = Cy 'Ax)

PiBHsiHHs (3.42) 103BOJISIE OLIIHUTH 3HAYEHHS KOHCTAHTH CTIMKOCTI
KOMITJIEKCY 32 JaHUMH MeTony i3oMoisipHuxX cepiid. [le pa3
MIKPECTNMO, 10 METOJ 130MOJIIPHUX cepiii Mae psii oOMEKeHb i
HOro 3acTOCyBaHHS CHiJl PO3IJISLIATU SK TOMNEpPEeTHE TOCHTIIKEHHS
PEaKIliii KOMIIEKCOYTBOPEHHS Jitiide 01l CUcmem, 0e YmEOopPHEMbCsl
"ooun" xomnaexc.

Jlnst mpUroTyBaHHs PO34MHIB Kpallle BUKOPUCTOBYBATH HITpaTH abo
MIePXJIOPATH METAJTIB, OCKUIBKH XJIOPHIH 1 CyIIb(aTh 0ararb0x METaiB,
YacTO JIUCOIIIOIOTh HE MOBHICTIO, IO YCKJIAJHIOE B3aEMOI0 MK
KaTiOHOM Ta JIOCHTI/PKYBaHUM JITaHIOM, 1 MOXE TIPUBOJUTHU JIO0 TIOSIBH
Ha KPHMBUX BIACTUBICTh — CKJIAJ BHUIMAJKOBHX MAaKCUMYMIB 4YH
MiHIMYMiB.

Sxmio mirang € c1abKoK KUCIOTOI0, TO TIOJOXKEHHS eKCTPEMYMY
3asiexkuTh Biag pH po3umny. Ontumanbae 3Ha4eHHS pH yTBOpeHHs
KOMIUTEKCY Ma€ OyTH BCTAHOBJICGHO TOIEPETHBO 1 MOro MOTPiOHO
30epiratu mpu NPUTOTYBAaHHI cepii pO3uuHIB. SIK MpaBuio, Is
[IbOTO BUKOPUCTOBYIOTH Oy(epHi pO3UMHH, TpH BUOOPI SKHX
HEOOXIHO CIIJKYBaTH, MO0 IX KOMIIOHEHTH HE YTBOPIOBAIU
KOMILJIEKCIB 13 AOCHIPKyBaHUMHU 10HAMHU METAJIB.

Jlanuif MeTO HEe MOXHA BUKOPHCTOBYBATH, KOJIU 3HAYCHHS m/N

(3.42)

>3, 60 pu MOJIAPHUX CITIBBIIHOIICHHAX, Hanpukiaag 4:116: 1,
MaKCUMYM CBITJIONOTIHHAHHS Oye 3HaxoauTuch npu m/n = 0.800,
1 0.857 BignomimHo. Lli 3HaueHHs € nyxe OMU3BKUMU U TOMY
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noxubka BuMipioBaHb B 1-3 % MoOXke NpPU3BECTU A0 CYTTEBUX
MOMMJIOK y BU3HAYCHHI MOJISIPHUX CITiBBITHOIICHb.

YMOBa TpO YTBOPEHHS JIMIIE OJHOTO KOMIUIGKCY B CHCTEMI
BUKOHYETBCSI PIJIKO, 110 3HAYHO OOMEXKYe MOXKIHBOCTI METOMY; Y
BUIAJKY CTYMIHYACTOTO KOMIUICKCOYTBOPEHHSI METOJ| 130MOJISIPHUX
cepiii, Ik MpaBUII0, MPU3BOAUTH 0 XUOHUX pe3ynbTariB. [Iporte iHOAI
NpU TIEBHUX CHIPHATIMBHX YMOBAaX MOXKHA OIIHUTH 1 CTYMiHYACTi
KOHCTaHTH CTiMKOCTi. Hampuknaza, SKIIO B CHCTEMI YTBOPIOETHCS
KiJIbKa KOMIUIEKCIB, SIKi MAlOTh Pi3Hi 00JIaCTi MOTIMHAHHSA, TO MOYKHA
BCTAHOBUTH 1X CKJIaJl, BUBYAIOYM 130MOJISIPHY CEpII0 PO3YMHIB TIPH
PI3HHX TOBKHHAX XBUJIb.

Mpuknag 1. BusHaueHHsa ckiaay i KOHCTAHT gucouiauii
D TiowiaHaTHUX KOMMMEeKCIiB KobanbTy B cucrTemi
Co(NO;), —KSCN - aueToH - BoJAa.

TiomianatHi kommiekcn koOaneTy(Il) y BomHOMY po3umHi
MaJIOCTiiiKi, —TpoTe iX  CTIHKICTh  3HAYHO  3pOCTa€E y
CJ1a0KOCOBbBATYIOUMX OpraHiuHuX PO34YMHHHUKAX. Tomy
JOCITIDKEHHST TIPOIIeCY KOMIUIEKCOYTBOPEHHSI B CHCTeMi OyIo
NPOBEICHO Y  BOAHO-aLIETOHOBHX  po3uMHax  (00'eMHe
criBBigHOMmEHHS 1 : 1).

Jnst BuOOpY IOBXMHM XBWI, TpHU sKid Oyne NIpPOBOAWTHUCH
JOCIIDKEHHS, 3alUCYIOTh €JIEKTPOHHI CIEKTPU MOIIMHAHHS PO3UUHY
HiTpary kobamety (C,, = 0.02 wMomp/m), a Takox cymimen

Co(NO,), —KSCN 3a pi3HUX MOJBHHX CHiBBIIHONICHb Yy BHUIMMIH
obmnacri (puc. 3.18). [lnst onepkaHHS PO3YHMHIB y I'ATh MIpHUX KOJIO Ha
25 mi BHOcATH 110 1 M1 0.5 M pozunny Co(NO,),, mo 2.5 mn1 1 M
po3urHy NaNO,; (a1 ctBopeHHs 1oHHOI cwm p = 0.1), a motim
nopatote O mr; 0.5wm (1:1); 1.OMm (1:2); 1.5mm (1:3) 1 2.0 M
(1:4) 1 M pozunny KSCN . Jlami BHOCSATH 10 KOXKHOT Konou 12.5 mi
aleToHy 1 o0'eM JOBOAATH BOAOID 10 MITKA. ONTHYHY TYCTHUHY
pO34MHIB BUMIpIOIOTh 4epe3 30 XB micis iX NPHUTOTYBaHHS IpH
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TOBIIMHI TIoTJIMHAto4oro mapy /=1cm (konou 1-3) 1 [=0.1cm
(xo6u 4 1 5). Jlo KioBeTH TMOPIBHSHHSA BHOCATH BOJHO-AlIETOHOBY
cymim (1 : 1).

31 CHeKTpiB BUIIHO, IO MOJIOKEHHS MAKCUMYMIB CBITJIONIOTIMHAHHS B
CHUCTEMI 3aJICKUTHL BiJl CIIIBBIJIHOIIEHHS BHXIOHMX KOMIIOHEHTIB, IO
CBIYUTH MPO CTYMIHYACTHI XapaKTep KOMITIEKCOYTBOPEHHS B PO3UMHI.
TiowianaTHI KOMIUIEKCH KOOAIbTY PI3HOTO CKJIATy MarOTh MaKCUMyMH
TIOTJIMHAHHS B PI3HUX JUISHKAX CIIEKTPA, 1110 Ia€ MOKJIMBICTh BU3HAYATH
CKJIaJ] KOMIUIEKCIB, JOCILDKYIOUM 130MOJISIPHY CEpIl0 MpU PI3HUX
TOBKWHAX XBWJIb, a caMe Tipu A = 530, 580 1 640 am.

[30MoOIIsIpHY Cepil0 pO34YMHIB TOTYIOTH 3MIIIYBAaHHIM Y PI3HHUX
cuniBBigHomeHHsax 0.05 M Bomno-aneroHoBux (1:1) po3umHiB
Co(NO;), 1 KSCN 3a He3miHHOro cymapHoro o0'eMy. OnNTHUHY

TYCTHHY 130MOJISIpHOI cepii BuUMIproOTh dYepe3 30 xB  mmicis
3NMMBaHHS BHUXIJHUX PO3YUHIB TMPU BKA3aHUX BUIIIE JTOBXKUHAX
xBWIil. s GBIl TOYHOTO BUCHOBKY IPO CKIIAJ KOMIUIEKCIB, SIKi
YTBOPIOIOTHCS Y PO3UMHI, HEOOX1THO IO 3HAUEHHS! ONTUYHOI I'YCTUHU
13omomsipHoi  cepii  (mpu 530 HM)  BHECTHM  TIONpPaBKH  Ha
CBITJIONIOTJIMHAHHS PO3YMHY HITpaTy KoOaibTy. JIsl IIbOro B KIOBETY
MOPIBHSAHHSA ~ BHOCATH  BOAHO-alleToOHOBI  po3umHu  Co(NO,),
BIJITIOBITHOT KOHIICHTPAITi.

Ha ocHOBI onepkaHMX EKCIIEPUMEHTATbHUX JaHUX OyIyrOTh
JiarpaMu ONTHYHA TYCTHHA — CKJIaJ po3uuHy. 3 puc. 3.19 BumHO, 1110
npu A=530HM MakCUMyM TIOTJIMHAHHS BKa3y€ Ha YTBOPEHHS
komiuiekey ckimagy 1:1 [Co(NCS)]", a mpu A=580HM — Ha
yrBOpeHHs1 KoMmiuiekcy ckmanxy 1:2 [Co(NCS),]. Ilpu 650 um
TIOTTIMHAHHSL OOYMOBIFOETHCSI TIEPEBXHO KOMIUIEKcoM ckramy 1 :4,
[Co(NCS), T .

BukopuctoBytoun miarpamy AA — ckimax (A =530 HM), MOXKHa
po3paxyBaTH  HaOMKEHE  3HAUYEHHS  KOHCTAHTH  CTIMKOCTI
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Hainpocrimoro komiuiekcy [Co(NCS)]" B areroHi 3a ¢opmyiior
(3.42). Onepskano B, =3.7 - 10",

A

1.0+ 5

0.8
0.6
0.41 4

0.2+ 1

400 500 600 700 %, HM

Puc. 3.18. CiieKTpH NOIIMHAHHS BOXHO-aETOHOBHX PO3UHHIB, 0 MicTATH: 2 - 107
MOoIB/1T Co(NOs), i KSCN: 0 (1), 2 - 1072 (2), 4- 102 (3), 6 - 107 (4)
i8- 102 Mo/ (5); [=1cm(1-3),/=0.1cm (4, 5)

A 3
1.21 2
0.8
0.4
0 25 50 75 100

2
Co”", MonbHUX %

Puc. 3.19. 3aiexHicTh ONTUYHOI IYCTHHHU i30MOJISIPHOT
cepii po3unHiB Co(NOs), — KSCN Bia 10BKHHH XBUJIi:
A =5308M (1), A =580 um (2), A = 640 um (3)
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Memoo cmexiomempuunozo po3oasieHns
(memoo Komaps)

Leit MeTon BUKOPUCTOBYETbCS B TOMY BHIAJKY, KOJIM CKJIa
KOMIUJIEKCY BIAOMHMHA 1 B PO3UMHI YTBOPIOETHCSI OIMH KOMILIEKC
IIPOCTOro CKiIamy, Hampukiaag ML abo ML,. Ilpumyctumo, mo B
PO34rHI yTBOprOEThCs KoMIuieke ML, . [t po3paxyHKy KOHCTaHTH
CTIHKOCTI KOMIUIEKCY TOTYIOTh JIEKUIbKa PO3YHMHIB CTEXIOMETPUYHOTO
ckyany 3 pizHumu 3HaueHHsmu C,, 1 C, =n-C,, (T00TO 3 NOCTITHUM
cmiBBigHomeHHsiM C, /C,,) Ta BUMIPIOIOTh iX ONTHYHI T'yCTHUHH.
BumiproBaHHs ONTHYHOI T'YCTHHM HEOOXiTHO TPOBOJUTH B
omHakoBUX ymoBax (pH po3umHy, MOBXHMHA XBWII, TOBIIMHA IHapy,
TeMIIepaTypa, ioHHa CHUJIA).

Hexaii B omHOMy 3 pO3UMHIB 3arajbHa KOHIIGHTpALsl MeTaly
nopiBatoe C, miragy — n-C,,y npyromy — C, Ta n-C,, a ONTHYHI
TYyCTHHU — BIANOBINHO 4, Ta A,. JInd KOXHOro 3 JBOX PO3UYMHIB
MOXHA 3aIKcaTu:

A4 =¢-1-[ML,], A,=¢-1-[ML,]", (3.43)
[L,]=nC, —-n[ML,]', [L,]=nC,-n[ML,]", (3.44)
[M]=C -[ML,], [M,]=C,~[ML,I", (3.45)
ne | — rtoBmumHa mapy (cm); [M,] Ta [M,] — piBHOBaXHI
KOHIeHTpauli 1oHiB Metany, [L,], [L,] — piBHOBaxHI
KOHIeHTpanii iranmy, [ML,] ta [ML,]" — xoHueHTparmii
YTBOPEHUX KOMIUICKCIB BIJIMOBIIHO Yy TMEPIIOMY Ta Jpyromy
pO3YMHAX.

KoHcTaHTy CTIMKOCTI KOMIUIEKCY Il KOKHOTO 3 PO3YHHIB
MOJKHA 3aIHCaTH TaK:

g - IML,J _ 48"
ML (4 ) -0 8]
l-€

l-&

, (3.46)
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Bn _ [MLn]" — A2(1'8)71 ) (347)

n n
[M,][L,] (CZ_AZJ.(”CZ_”AZJ
[-€ [-€
Sxmo npupiBHATH TMpaBi yacTuHU piBHAHB (3.46) 1 (3.47), TO
HICJIS psy TIEPETBOPEHb MOXKHA OZICPYKATH BHpPa3 IS PO3PAXYHKY
MOJIIPHOTO KOoe(illieHTa MOTJIMHAHHS KOMIUIEKCY:

n+l — n+l
€12 :%' 2111:1/? gz nﬁ . (3.48)
1 \/_2 T2 1

AHAJIOTIYHO PO3PAaXOBYIOTh 3HAYECHHS € IS HIIUX TMap PO3YMHIB
(Harpuknan, €,,, €, ;, €_; TOIIO) 1 3HAXOAATH HOTrO CepeHe
3HAYEHHI, SIKE MOTIM MiACTABISIOTH Y PiBHAHHS (3.46) U1 pO3paxyHKyY
KOHCTAHTH CTIMKOCTI KOMILIEKCY.

HaBeneni Buime CHIiBBIJHONICHHS € CIPABEUIMBAMH  JIS
BUIMAJKy, KOJM B PO3YMHI YTBOPIOETHCS OJMH 3a0apBIICHUIA
komiuiekc ML, 13 6e30apBHUX KOMIIOHEHTIB M Ta L, npudyomy L
— aHIOH CWIBHOI KHCIOTH. SIKImI0 B JaHid o01acTi CIHekTpa
MOTJIMHAE HE JIMIIE KOMIUIEKC, ajie 1 Cilib MeTaly, TO KOHIIEHTPAIi0
KOMIUIEKCY, HalpHUKIaa IS MEpIIoro PO3UMHY, pO3PaxOBYIOTh 3a
dbopmyII0I0:

A-C,, -l-¢€
ML, ]=—"1—% "2 (3.49)
l‘(Sl_Sz)
ne € — MOJApHHH Koe(DIi€eHT TMOTJIWHAHHA BHXITHOI COJIl
MeTany.

Memoo monapuux gionouiens

Ilpu  cnekTpoOTOMETPHYHMX  NOCHIDKCHHSX  HaiJacTimie
BHUBYAIOTh Cepii PO3YMHIB 13 TOCTIHHOIO KOHIICHTPAIIEID METay-
KOMIUIEKCOYTBOpIOBaYa 1 3MIHHOIO KOHIICHTpAIl€l0 JITraHay (MeTon
MOJISIDHHMX BIJHOIIICHB). BHUBUYEHHS TakuX cepid Ja€ MOXKIUBICTB
MOBHIIIIE OXapaKTePU3yBaTH CTYIIHYACTE KOMIUICKCOYTBOPEHHS B
PO3YHHI.
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OTpumani pe3yJbTaTH 300paXxyloTh Yy BUIJIAL JlarpaMud B
KOOpJMHATaX  ONTHYHA TyCTHMHAa  (MOJSIpHUH  KoeilieHT
CBITJIONIOTJIMHAHHS) — 3arajbHa KOHIIEHTpAIlis Jiranay. Skmo He
TUIBKH KOMIUIEKC, ajie i OOMH 13 BUXIOHHUX KOMIIOHEHTIB MAalOTh
3a0apBIICHHS, TO B 3HAYCHHSI A OCHOBHOI cepii BHOCSTH BiIOBIIHI
MIOTIPABKH 1 Oyy10Th Aiarpamy AA — KOHIEHTpalis Jirasmuy.

BusHadeHHs CKJaaAy KOMIJeKciB. 3aJIe)KHO BiJl TOTO, sKi
KOMIUTEKCH YTBOPIOIOTHCSA B po3uuHi, miarpamMu A(AA, €) — ckiian

HailuacTime MaroTh BHIVIA SIK MokazaHo Ha puc. 3.20. Ilpum
YTBOPEHHI KOMIUIEKCY 3 BHCOKOKO CTIHWKICTIO iarpama sBJISIE
coboro 1B1 mpsmi, mo nepetuHaroTbes (puc. 3.20 a). BignomenHs
C,/C,,, 1o BIINOBiA€ TOUIl NEPETHHY, MOXKE BKa3yBaTH Ha CKJIA
komiutekcy. [1[o6 mepekoHaTHcst y 1IbOMY, CIiI JOCTIIATH JCKUTbKA
cepiil pO3UMHIB, IO PI3HATHCSA KOHIEHTPALISIME COJIi MeTary. SIKio
NPU IFOMY TOYKA MIEPETUHY HE 3MIHIOE CBOTO MOJIOKEHHS, TO MOXKHA
pOOUTH BUCHOBOK ITPO CKJIaa KoMIUIekcy (puc. 3.20 a).

A A A
Ay
Ay
Ay
4] 8
C, C, C,

Puc. 3.20. 3miHa oNTHYHOI TYCTHHU PO3YMHIB
3 MOCTii{HOI0 KOHLEHTPALi€}0 MeTAIy Ta 3MiHHOIO JIITaH1y

Sxmo BiAMOBiAHA JiarpaMa HE MICTHTh YITKOTO TEpesioMy, a
IUTABHO TMEPEXOJUTh y TOPU3OHTANbHY NpPSMY, SK MPaBWIO HpU
3Ha4HOMY HaaMmipi jirasgy (puc. 3.20 6), TO CKiIaa KOMILUIEKCY
MOXXHa BH3HAYUTH TpadiuHo (memod 3cy8y  pigHosacu).
[Tpunyctumo, mo y po34MHI YTBOPIOEThCS Kommuiekc ML, 3

KOHCTAHTOK CTIMKOCTI
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B = [ML, ]
n - n
[M][L]

[To3HayuMO ONTUYHY TYCTHHY, 3@ $IKOI JIOCATAa€TbCS IIOBHE
3B'A3yBaHHS  LEHTpaJbHOro ioHa B  Komiwiekc  [ML,]

(3.50)

(ropu3oHTanbHa JAUIAHKa KpuBoi, puc. 3.206), uepes 4,, a
ONTUYHY T'YCTHHY B KOXKHIN Toulll KpuBoi A = f(C,) —4epe3 A, .
Toxi KOHIIEHTpallis yTBOPEHOTO KOMIUIEKCY B KOXKHIM TOYII KPUBOI
JOP1BHIOE

A

[ML,]=C,, - —=, (3.51)
AO
ne C, — 3arajgbHa KOHIICHTpaIlis MeTalxy. PiBHOBaxHY
KOHIIEHTpPALII0 METaly MOKHA BU3HAYUTH 31 CHiBBITHOLICHHS:
A A —A
M]=C,y ~[ML, 1= C,, =€, -5 = ¢, A2 3:52)

0 0
[MigcraBnsiroun 3HaueHHst [ML, ] 1 [M] y Bupa3 ansi KOHCTaHTH

crifikocri (3.50), onepkumo:

y
A 3.53
b= i (3.53)
abo
lg—  —lg[L]+1gB,. (3.54)
AO_Ax

X
A4,-A4
PiBHOBaykKHY KOHLICHTpAIIIIO JIITaHly BU3HAYAIOTb 32 PIBHAHHSM:

) Cu4, _ n(C 4, -Cy4,) (3.55)
AO AO
Sxmo B cepii MOCTiiHA KOHLEHTpalis MeTaly Mana, a
KOHIISHTpAIIIS JITaHIy B JICKUIbKA pa3iB MEPEBUIY€E KOHIICHTPAIIIIO

SAx BumHO 3 piBHSHHA (3.54), Ig € ¢ynkmiero lg[L].

X

[L]1=C, =n[ML]=C, —n
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10Ha MeTally, TO 3MiHa pIBHOB@)XHOI KOHIIGHTpAIlli JiraHmy y
npolieci peakiii KOMIUIEKCOYTBOPEHHS MMPAKTUYHO HE BIUIMBA€E Ha
pe3yabTaTé 00POOKH EKCIIEPUMEHTABHIX JaHUX, OCKUTBKH MOXKHA
npuitaaty, o C, —a[ML,]= C,. Otxe, npu nodyaoBi rpadidHoi
3anexxHocti  (3.47)  3aMicTh  pPIBHOB@XXHOI  KOHLEHTpauii
BUKOPHUCTOBYIOTh 3arayibHy (nuB. puc. 3.21). Skmo 3a meBHOi
KOHLEHTpALi JIIraHAy B PO3YMHI YTBOPIOETHCSA OJUH KOMILIEKC, TO

. A .

3anexHicTh lg——— f(lgC,) Oyne MaTtu BUIJSA TPIMOI,

A, - A

TaHI'eHC KyTa HaXWJIy SIKOi JIOPIBHIOE 7, @ BIPI30K HAa OC1 OpJAUHAT
9HCENILHO JIOpPiBHIOE 1g[3.

X

A

X

g

lg C,
Puc. 3.21. I'padiuHe BU3HAYEHHS CKJIAAY KOMILIEKCY
Bu3sHayeHHs KOHCTAHTH CTifikocTi kommiaekciB. SKiIo Ha
KpuBiii A= f(C,) nAocsraeTbcs TOPU3OHTANbHA MUISHKA, a B

PO34YMHI YTBOPIOETHCS OIMH KOMILUIEKC, TO HAOIMKEHE 3HAYCHHS
KOHCTAHTH CTIMKOCTI MOYKHA OJIepKaTH, IOMYCTHBIIH, IO IMPH
A=054, nonoBuHa MeTaly 3B'A3aHa B KoMIUIeKc. Toxi

[M]=[ML, ], orxe:

B = [ML,] 1

TOMIL) Lt
Taxkum 9YMHOM, 3HAIOYH 7 1 PIBHOBOKHY KOHIIEHTPAIIIIO JIITaHTY,

sKa BU3HadaeTbcad 3a rpagikom (puc.3.206) npu A4, =0.54,,

(3.56)
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MOXXHa pO3paxyBaTH HAOJMKEHE 3HAYCHHS KOHCTAHTH CTIMKOCTI
KOMILIEKCY.

VY Bumaaky, koinu Ha KpuBii A= f(C,) He 1gocAraeThcs
HacuieHHsa (puc. 3.22 @), KOHCTaHTy CTIMKOCTI HAaMIPOCTILIOTO
KOMIUIGKCY MOJYKHA BH3HAYHTH TAaKUM YUHOM. JlOCIIKYIOTh
IOUISHKY KpUBOI, € KOHIIGHTpAIlisl JIraHay € HEBEIUKOIO.
[To3Haunmo KoOHIEHTpalio Kommiekcy ML uepes C,. Sxmo

kommiekc ML — wmanoctifikuii, MoxkHa npuitHatu [L]~C,;
piBHOBaXkHa KOHIIeHTpawis metany [M]=C,, —C, , TOxi:
po ML _ G (3.57)
[M][L] (CM - CK)CL
A A

o

3 : a : 1
c, ¢C/ C, Cuw Cu Cy

Puc. 3.22. 3mina onTHYHOI I'YCTHHH PO34MHIB 32 NOCTIHOI KOHIIEHTPALIT
MeTtauy (a) i nocriiiHol KoHUeHTpaUii Jiranay (6)

Jns Bu3HaueHHs KoHueHTpauii kommiekcy (Cy) Bi3bMeMO
OyIb-sIKI JBa PO3UMHHU cepil 13 3araJbHUMHU KOHIEHTpALiIMU
mirauny C; 1 C; (3nauenns C,, — mocriiine). Bigmosinui
3HAYCHHS  KOHIIGHTpaliid  3a0apBICHOTO  KOMIUIEKCY,  SIKUH
YTBOPHUBCS B MEPLIOMY 1 IpyroMy po3unHax, mNo3HauumMo uepe3 Cj
1 Cy , a 3HAUCHHS ONTUYHOI I'yCTHMHU — A, 1 A,. BigmosigHo 1o
piBHsHB (3.57) 111 IBOX PO3UYMHIB Cepii MOYKHA 3aMKCaTH:

Cy B Cy
(Cy ~CC,  (Cyy —ChC,
Sxmo C; > C; , 10

(3.58)
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14
A4 _Ck
!
4, Cy
3HAUEHHS BEIMYMHU p BH3HAYAIOTH EKCIIEPMMEHTAILHO; BOHO

=p, abo Cy =pCy . (3.59)

BIJIMOBia€ 30UIBIICHHIO ONTUYHOI TYCTHMHH TPHU TEPEeXOJi Bij
MepIioro po3urHy Ao apyroro. Iliacrasnstoun B piBHSHHS (3.58)
samictb Cj #oro 3HayeHHs i3 (3.59), micns HeckIagHHX

EPETBOPEHD OACPIKUMO:

_C,(C] =pC))
- opC -Gy
Po3paxyBaBmm BennunHy Cj, MOXHa BHU3HAYUTH KOHCTAHTY

Ci

(3.60)

CTIHKOCTI KOMILJIEKCY:
!
oo G
’ r
(CM - CK )CL
SIKIo AOCHIAUTH 3aJE€KHICTh ONTUYHOI TYCTHHH PO3YMHY Bif
KOHLeHTpalii Metany npu C, =const (puc.3.22 6), TO KOHCTaHTY

(3.61)

CTIMKOCTI KOMITJIEKCY MOKHA PO3paxyBaTu 3a (GopMyiorw:

Bz—c’i —, e (3.62)
(CL - CK)CM
cp =Sy = PC) (3.63)
p(Cy —Cyp)

3a ymoBu, mo Cj, >> C,, .

D Mpuknag 2. BusHa4yeHHs cknaay Ta KOHCTaHTU CTiAKOCTI
NEepOKCUAHOIO KOMIMIEKCY TUTaHy B KMC/IOMY CEpeaoBULL.

VY kucnomy posuuHi TMTaH(IV) yTBOPIOE 3 MEPOKCHAOM TiAPOTeHY
KOMIUIEKC >KOBTOro Kombopy. Jlns BuOopy poOodoi obmacTi
BUMIPIOBAaHHSI ONTHYHOI TYCTHMHHM PO3YHMHIB 3aIlMCYIOTh CIIEKTPU
MOTJIMHAHHSL BOJHUX PO3YMHIB BUXIIHMX KOMIIOHGHTIB 32 PI3HHX
MonpHUX chiBBimHOmeHs Ti(SO,),: H,0,=1:05; 1:1 1 1:2.

114



K omnnexcoyTsopenhs B posunki [ML,, ]

Buximsi poswmmm: 2-10°M H,0, i 2-10° M Ti(SO,),,
BUrOoTOBJIEHMH Ha SH po3umHi H,SO,. YV Tpu MipHHX NpOOIpKH
06'emom 10 M1 BHOCATE 110 2 Mt 2- 10° M posunny Ti(SO,),, a noTim
monaroTh 1 vt 2 Mo 14wt 2 - 10°M po3unny H,O, Ta noBomAars 110
mitku 1 M H,SO,. OntuuHy rycTuHY pO3YMHIB BUMIPIOIOTH Yepe3

30xB micns iX MPUTOTYBaHHSA IPU TOBIIMHI MOTIMHAIOYOTO Iapy
[=1cm. Sk BumHO 3 puc. 3.23, MakCUMyM CMYTU HOIJIMHAHHS
3HAXOIUThECI B o0Onacti ~ 400 HM 1 He 3aJIEKUTh BiJ CIIIBBIIHOIIEHHS
KOMIIOHEHTIB.

Jlst BUKOHAHHS 3aBJaHHS Y MipHI KOJIOHW Ha 25 MJI BHOCSITh 1O
2.5 v 0.01 M po3uuny Ti(SO,), Ta 0.25, 0.5, 0.75, 1.0, 1.25, 2.5,

5.017.5 v 0.01 M pozunny H,O,. O6'eM po3uuHy ITOBOIATH JI0
MiTku | M pozumnom H,SO,. Kouuenrtpamis Ti(SO,), B
OJIep’)KaHUX pO3UYMHAX JIOpiBHIOE 1 - 10" Mons/i. OnTtuyny
TYCTHHY BUMIPIOIOTH depe3 30 XB miclig NpUroTyBaHHS PO3YHHIB
npu A =400 HM Ta TOBIIMHI OrIMHaKYoro mapy 1 cm. Oxepikani
eKCIIEpUMEHTaIbHI pe3yibTaTH HaBeAeHO B Tabm. 3.6 1 Ha
puc. 3.24 (4, = 0.650).

[ToOGynyBaBmu 3anmexHicth (3.54), BU3HA4AIOTh, 11O B JaHId
cHCTeMi YTBOPIOETbCA KomIuiekc ckimaxy 1:1 (puc. 3.25). 3
TUISTHKA KpUBOi A — CHzOz (puc. 3.24), ne KOHIEHTpAIls JIraHmy

Majna, po3paxoBylTh 3a piBHAHHAMH (3.60) Ta (3.61)
KOHLICHTPALIl0 KOMIUIEKCY Ta BHM3HAYalOTh MOTO0 KOHCTaHTY
cTiikocTi. Pe3ynbraT po3paxyHKy HaBeneHO B Ta0I. 3.6.
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€ 3 A
0.6
600-
400, 0.4
1
200+ 0.2
300 400 500 A, HM T2 3 4 Cu-10*
Puc. 3.23. CnexTpu norjauHaHHs Puc. 3.24. 3mina onTHYHOI ryCTHHH
MEePOKCHIHOI0 KOMILIEKCY THTaHy npu  cucremH Ti(SO,4), - H,0,—- H,O npu
CHiBBiTHOIIEHHSAX nocTiiiHii koHuenTpauii Ti(SO,),
Ti(SO4), : H;0,1:05(1),1:1(2) (1-107 moan/n) (I =1 cm)

i1:23); Cryso,), =4-10" Mmoas/n

Tabnuys 3.6. Bu3HavyeHHs] KOHCTAHTH CTil{KOCTi MEPOKCHITHOTO
KOMILIEKCY THTaHY MeTOJ0M 3CYBY PiBHOBAaru

00IM | Cyoo, A,
A g C -Ig c. .10t -1073
H,0p om0 x & “H02 Ay-A, | ¥ By
0.25 1-10* ] 0.074 |  4.000 0.893 242 3.2
0.50 2-10%]0.125 | 3.704 0.630 2.22 29
0.75 3-10% ] 0.179 | 3.523 0.420 2.36 3.1
1.00 4-10%1] 0235 | 3.398 0.255
1.25 5-10% 1 0.289 | 3.301
2.50 1-10° | 0.499 | 3.000
5.00 2-10° ] 0.623 | 2.699
3 CcepeaHE
7.50 3-10° | 0.651 | 2.523 X
B=3-10
900 3.6-10° | 0.655 | 2.444
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—Ig Ax
0.81 Ay — Ay
0.6
0.4
0.2
0.0 : : : :

32 34 36 38 40 -IgCuy,

Puc. 3.25. BcraHoB/1eHHS 41 CJIa KOOPAHHOBAHUX
girangis aas cucremu Ti(SOy4), - H,0, - H,0

Memoo gionogionux pozuunie (memoo b'eppyma)

VY tomy Bumaaky, konmu Ha kpuBii 4= f(C,) (C,, =const) He
JOCATAETHCS CTAIOCTI ONTHYHOI TYCTHHH, JJIs1 0OpOOKU pe3yJbTaTiB
JNOCHIPKEHHS. ~ KOMIUIEKCOYTBOPEHHSI Y  pO34YMHI  MOXKHA
BUKOPUCTOBYBaTH  CHEKTPOMOTOMETPUYHUI  BapiaHT METOIY
B'eppyma, Tak 3BaHWl MeTOA BIAMOBIAHMX po3uuHiB. [lix
BIJIMIOBITHIMH PO3YMIIOTh TaKi PO3YUHH, Y SIKUX KOHIIEHTpAIil
BUXIJHUX KOMIIOHEHTIB Pi3Hi, a 3HaueHHs (PyHKIIi YTBOpPEHHS 71 ,
PIBHOB@)XHOI KOHIIEHTparii Jjiranay [L], ysSBHOTO MOJISIPHOTO
Koe(illieHTa CBITIIONOTIMHAHHS € — OJHAKOBI.

Jlst BUOOpY BIZMOBITHUX PO3YMHIB TOTYIOTH JIB1 CEPil PO3UMHIB,
y SKHX KOHIIGHTpAIlisl METaly MOCTiiiHa, a KOHIIEHTpALlisl JiraHmay
noctynoBo 3poctae. [Ipu 1bOMYy KOHLIEHTpallis MeTaly Yy JBOX
cepisix BIAPI3HAETHCS MK c00010 y 2—3 pasu. ONTHUHY TYCTHHY
BCIX PO3YMHIB IIUX CEPiii BUMIPIOIOTH MPHU TIEBHIN JTOBKWHI XBHJIL,
BUOpaHiil Ha OCHOBI BHUBYEHHS CHEKTPIB IMOTJIMHAHHS BUXITHHX
KOMITOHEHTIB 1 iX cyMimieli. ¥ BCIX pO3uMHAax, M0 BUBYAOTHCA,
MIATPUMYEThCS TIOCTiIHA 10HHA CWJIa 1 KUCIOTHICTH. [loTiM yist
pPO34YMHIB 000X cepiii PO3PaxOBYIOTh 3HAYECHHS YSIBHOTO MOJISIPHOTO
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KoedillieHTa cBiTIONoraMHaHHA € 3a (opmyroro (3.33) i OynyroTh
rpadiuHy 3aJeXHICTh € BIJ 3arajJbHOi KOHIEHTpamlii JiraHmy.
ToykamM 3 OOHAKOBMM 3HAYEHHSIM £ BIAMOBIZAIOTH BIAIOBIIHI
pO34MHU, IS AKHX 3a Tpadikom 3HaxomsaTh 3HaueHHs C;, 1 C]
npu ganux C,, 1 C;, (puc.3.26). PiBHOBaXXHY KOHIICHTpAIIIO
niraaay [L] 1 7 MokHa po3paxyBaTH, BUKOPHCTOBYIOUH (DYHKITiO
B'eppyma. /st 1BOX OyIb-sIKUX PO3YMHIB MOKHA 3AIHCATH:

R L0 (3.64)
Ch

2:@ (3.65)
Cu

OckibKU U1t BIONOBIAHUX po3uWHIB 7, =n,, [L]'=[L]", To,
po3B'szaBmu  piBHAHHA (3.64) 1 (3.65) BigHOCcHO [L] um 7,

3HAXOANUMO:
[L]= CME,? :gM “ (3.66)
M M
7 =% (3.67)
M M

3naueHHs BenuyuH [L] 1 7 A7 BiANOBIAHUX PO3YUHIB MOXKHA
BU3HAYUTHU U 1HIIUM CHOCOOOM. 3 LIi€I0 METOIO TOTYIOTh 5—6 cepiit
13 pI3HUMH, aJIe MOCTIMHUMH KOHLEHTpaLiIMHU MeTaly 1 OyayloTh
U KOXKHOT cepii 3anexHicTh € = f(C,). g KOXKHOro 3HaYeHHS
€ 3HAaxXONATh BIANOBIAHI 3HAYEHHS 3arajbHOi KOHIIEHTpAIil
miranny C, 1 motim Oynayrors 3anexsicte C, = f(C,,).
OTtpuMytoTh  Jekibka mpsMux. Ilpy 1bOMy piBHOBa)kHa
KOHIIEHTpAILlis JTIraHIy BU3HAYAETHCSA K BIAPI30K HA OpJIMHATI, a 71
YUCENHHO JOPIBHIOE TAHTEHCY KyTa HAXWIy ITi€l mpsMmoi 10 oci
abcIucC BiIMOBIIHO 3 PIBHAHHAM
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Cr=n C, +[L]. (3.68)

€ C i = 0.049 monb/n
3.0 >?/
251 /./../. T

s C'\i = 0.098 monb/n
2.0 /'/‘
1.51 ././/
o
109 /
./'.('/

0.5

02 04 06 08 10 12 14 Cpy

Puc. 3.26. 3anexuicTs € Bix KoHUeHTpamii
nipn}mny i cucreMu Ni(NO;),— Py - H,O
Opepxani 3HadeHHss 7 1 [L] BHKOPHUCTOBYIOTH Jami st
noOyA0BU KPUBOi yTBOPEHHS, 32 SKOIO PO3PAXOBYIOTH CTYIIHYACTI
KOHCTaHTH CTiiikocTi (nuB. migpo3a. 3.4.1, puc. 3.1113.12).
CnekTpodoToMeTprUIHHIA BapiaHT METOly B'eppyma
3aCTOCOBYIOTH y TOMY BHIMAJKY, KOJH KOMILJICKCOYTBOPCHHS B
pPO34MHI BiIOYBA€ThCA CTYMIHYACTO 3 YTBOPEHHSM MOHOSJIEPHHUX,
HE JIy’Ke CTINKHX KOMIUICKCIB.
D Mpuknaa 3. BusHauyeHHs cknagy i CTyniHYacTuXx
KOHCTaHT CTIKOCTi KOMMJIEKCIB HiKeno 3 MipuaMHoM y
BOAI.
Po6oTy mouMHAaOTH 3 JOCIHIJKEHHS CIHEKTPIB MOTIMHAHHS
cucreMu Ni(NO,), — mipuauH — Boga. Y H'ATh MIpPHHX KOJO

06'emoM 25 ma BHOCATH 110 5 M1 0.1 M poszumny HCI, 5 ma 5 M
po3unny KCl, 3 ma 0.4 M po3unny Ni(NO;),, a MOTIM 10Aa0Th
0; 3; 6; 9; 12mn 0.4 M po3unny nipuauny. O6'eM TOBOAATH
BOJOI0 10 MiTKU. CHEeKTpu MOIVIMHAHHSA 3alUCYIOTh IpHU
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TOBIIMHI TorjauHatrouoro mapy / = 1 cm. KroBeta mopiBHSHHS
MicTuTh Boay. Ilomanblie nocniJXeHHS KOMIIEKCOYTBOPEHHS
MPOBOJSATh 32 JIOBXHUHU XBHWJIl, SKa BIJAIMOBIJA€ TMOTIUHAHHIO
HaNWBUIIIOTO KOMILIEKCY.

Jis BUKOHAHHA 3aBJAaHHS TOTYIOTH JBI Cepii PO3YMHIB 13
MOCTIHHOIO, ajne pi3Ho KoHmeHTpauiero Ni(NO;), 0.049 monn/n
(C;)10.098 monb/n (CY; ) 1 3MIHHOFO, aJie OTHAKOBOIO KOHLICHTPAIIIEI0
mipuamy, (Cp,) (muB. Tabn. 3.7). OntuyHy TyCTUHY PO3YMHIB
BUMIpIOIOTH 4yepe3 30 xB micisd iX mpurotyBaHHA npu A = 560 HM i

TOBIIMHI CBITJIONOTIMHAIOYOTO mmapy /=1 cM 1 OyAyroTh 3aJI€KHOCTI
YSIBHOTO MOJISIPHOTO KOe(illieHTa TIOTJIMHAHHS BiJ KOHIICHTpAIl

mipuInHy Uit 000X cepiil po3umHiB (puc. 3.26). 3a kpuBow € —Cy,
st cepii i3 Cy; = 0.049 monb/n (kanmiOpyBaibHA KpHBa) BU3HAYAIOTh
sHayeHHs Cj, IS BIANOBIAHONO pO34mMHY (TOOTO pO3YMHY 3

OZHAKOBMM 3HAQYeHHAM €, IO Ma€ KOHIICHTPAIIO HIKeIFo
0.098 mons/n (muB. puc. 3.26). OnepkaHi pe3yiabTaTH HaBEICHO B
Tabn. 3.7. PiBHOBaxHy KOHLEHTpauito mipuauHy [Py] Ta #n

o0uuncIoTh 3a hopmynamu (3.66) ta (3.67).
3a nanumu T1abm. 3.7 OyayroTh KpUBY yTBOpeHHs (pHc. 3.27), 3 siKoi

BUAHO, IO 7 OJS CHUCTEMH Ni** —Py—-H,0 nabmmxaetscs 10 4.
OTxe, y pO34HHI 10HU HIKENIO 3 MOJICKYJIaMU TPUAWHY YTBOPIOIOTH
xommutekeu Bif [NiPy]** no [NiPy,]*". 3 kpuBoi yTBOpeHHs MOKHA
3HAWTH HAOMKEH] 3HAYEHHS CTYMIHYACTUX KOHCTAHT CTIMKOCTI, sIKi
00EpHEHO TPOMOPIIiifHI PIBHOBAXHUM KOHIICHTPAIlSIM  JITaHIy
(K, =1/[L]) mpu n =0.5, 1.5, 2.5 1 3.5 (3.23). Oneprxani 3HAYEHHS
KOHCTAHT CTIMKOCTI YTOUHIOIOTH rpadiyauM meronoMm Poccoti (auB.
miaposn. 3.4.1).

Tabnuysa 3.7. O6unciaennst 71 ta [Py] mis cucremu Ni(NOs), — Py — H,O
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C'py, M g C'py, M n [Pyl, M -lg [Py]
0.025 0.306 0.044 0.34 0.0059 2.23
0.050 0.469 0.080 0.61 0.020 1.70
0.075 0.633 0.117 0.86 0.033 1.48
0.100 0.793 0.152 1.06 0.048 1.32
0.150 1.103 0.222 1.47 0.078 1.11
0.200 1.368 0.287 1.77 0.114 0.94
0.250 1.592 0.348 2.00 0.151 0.82
0.300 1.786 0.410 2.24 0.189 0.72
0.350 1.938 0.470 2.45 0.230 0.64
0.400 2.060 0.525 2.55 0.276 0.56
0.500 2.260 0.640 2.86 0.360 0.44
0.600 2.430 0.750 3.06 0.450 0.35
0.800 2.685 0.962 3.30 0.640 0.20
1.00 2.840 1.170 3.47 0.820 0.09
1.20 2.960 1385 3.77 1.00 0.0
n

4

34

2

14

\-\-

00 05 10 15 20 -g[Py]

Puc. 3.27. Kpusa yrBopeHHs cucremMu Ni(NOs), - Py - H,O

3.4.3. IloreHuioMeTpUYHMI MeTO

Sk yxe 3a3Ha4YaNoCh, I KUTbKICHOI XapaKTEPUCTUKU PEaKIii
KOMIUIEKCOYTBOPEHHS TMMOTPIOHO BHU3HAYMTH KOHIECHTPAIIO Y
po3urHi Xo4a © OJHOrO 3 TPbOX KOMIIOHEHTIB: PIBHOBAXHY
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KOHIICHTPALIIF0 METaIy, JTiraHIy ad0 KOMILIEKCY.

OnHUM 13 METO/1iB BU3HAUCHHS PIBHOBAXKHOI KOHIICHTpAIlll MEeTaTy
€ TIOTEHIIIOMETPIsl, IKa 0a3yeThCSI HA BUMIPIOBAHHI €JIEKTPOXIMIYHOTO
MOTEHIIAly METAIYHOTO eJIeKTposa (IHIUKATOPHUN  EJIeKTPO.
MEPUIOTO POAY), SIKUM BUHUKAE HAa MeXi METal — PO3YMH COJi
MeTany. BennunHa moTeHuUiany JUIs Takoro eNeKTpoja 3B's3aHa 3
aKTUBHICTIO 10HIB MeTally piBHSHHAM HepHcra:

E=E° +¥ln oy (3.69)
e E° — CTaHJAPTHHUH MOTeHIian, F — uncino Papanaes, n — YUCIO
€JIEKTPOHIB, SIKI OEepyTh ydacTh y peakilii, a¢,, — aKTUBHICTb 10HIB
MeTaniB. Y po30aBleHUX PO3YMHAX TNPH IOCTIMHIA 10HHIN CHII
3aMICTh aKTUBHOCTI MOXHa KOPHCTYBATHCS KOHIICHTPAIIIEIO 10HIB
MeTany. SIKIIo mepeBecTd HaTypaslbHUN Jorapudm y JecsITKOBHM,
TO JJiA cTaHaapTHoi Temneparypu 298 K onepxxumo:

0.059 4 1M1 (3.70)
n

TakuMm 4MHOM, BU3HAYMBIIY MOTEHIIIa] METATIYHOTO EJIEKTPO/Ia,
MO>KHa PO3paxyBaTy PIBHOBAKHY KOHILIEHTpALIII0 METAITY:

0
1g[Mn+]: (E_E )-n )

0.059
l'onoBHa BUMoOra 10 METalIYHUX ENEKTPOIIB — iX OOOPOTHICTb,
TOOTO 3MaTHICTh 3MIHIOBATH IOTEHINIAT BIAMOBITHO 1O PIBHIHHS
HepHucra. 1o BUMory He 3a70BOJIbHSE OUTBIIICTh METAIB, TOBEPXHS
SAKAX TIOKPUTAa OKCHIHOIO IUTIBKOIO, HAMPHKJIAL ATIOMIiHIM, Xpom,
3ami30, MomiOneH. Tomy MpH TOTEHIIOMETPUYHMX JOCHTIHKEHHSX
3aMIiCTh  METATIYHUX €JEeKTPOMAIB IIUPOKO BHUKOPUCTOBYIOTHCS
amasbraMu, HanpuKiIaJ MUHKY, KaJMif0, TaJlit0, CBUHIIIO, 1HIIIO TOIIIO.

Cepen MeTamiYHUX €JIEKTPO/IiB HAMKPAILMMU € CPiOHi.

[ToTenttian iHAUKATOPHOTO €JIEKTPOa BU3HAYAIOTh, SIK MPABHIIO,
BIIHOCHO elleKTpojaa mopiBHAHHA. OcTaHHIM Halyacrime €

E=E’+

(3.71)
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KaJOMEJIBHUN YM XJIOP-CPIOHHMU EJNEKTPOJH, TMOTCHINAT SKHX
BiloMHi (cTaHAApPTHI enekTpoan). KOHTakT enekTpoia mopiBHIHHS
3 JIOCIIPKYBaHUM PO3YMHOM 3IIMCHIOIOTH HE Oe3mocepenHbo, a
4yepe3 COJIbOBUM MICTOK, SIKHH sIBJIsi€ COOOI0 PO3YMH HITpaty abo
XJIOpUIY TY>KHOTO MeTaly, 10HHa CHJIa SKOTO JOPIBHIOE 10HHIM
CHJI1 IOCITIKYBaHOTO po3uuHy (puc. 3.28):

M | M™, L| Tipomixunit posams | KCl,,,., Hg,Cl, | Hg

Hac?

VAV YA YA A Y AN/
Puc. 3.28. Cxema e1eKTpOXiMiYyHOrO0 JIaHLIOTa:
1 — xanoMeJbHHUN eJIeKTPO, 2 — IPOMIKHHI PO3UHH

(0.1 M pozun KNOj ), 3 — conboBuit MicTok, 4 — po6ounii po34uH
(cinp MeTasy — JIiranm), 5 — iHAUKATOPHUHN €JIeKTPO.

[Ipu mocnikeHHI TaKUX €IEKTPOXIMIYHMX JIAHIIIOTIB CIIOYATKY
BUMIPIOIOTh TOTEHINAN IHIMKATOPHOTO €JIEKTPOJa y pPIBHOBa3i 3
PO3UMHOM COJi MeETaldy BiZOMOi KOHIIGHTpalii 1 3a piBHSIHHAM
Hepucra (3.70) s3Haxonats 3HauenHs E°. Jlani BUMIpIOIOTEH
MoTeHIian £ IHAMKATOPHOTO  €JIEeKTpojJa 3a Toi  camoi
KOHIICHTpaIlii IIEHTPaJIbHOTO 10HA, ajie MPH PI3HUX KOHIICHTPAIlisIX
Jirasay ¥ oOYMCIIOIOTH PIBHOBAXKHY KOHIICHTPALIIO 10HIB MeTalty
B KO’)KHOMY pO34HHi 3a piBHAHHSM (3.71).

Bu3HaunBIIM piIBHOBaKHY KOHIICHTPAIIIIO METAITY, JISTKO 3HAUTH
¢yukuito dPponeyca (3.26), OCKUIbKM 3arajbHa KOHIECHTpALIis
MeTally 3aBXK/IH € BiJIOMOIO.
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Enextpoayu NOpIBHSAHHS CIIy’KaTh €TaJOHaMM, BIJHOCHO SKHX
BUMIPIOIOTh TOTEHIIaN I1HIUKATOPHOTro enekrpona. CreniaabHO
BUTOTOBJIEHI CTaHAAPTHI €JEKTPOJM TOPIBHSAHHSA MAarTh TOYHO
BU3HAYEHI 3HAUYEHHS IIOTEHIIANIB, $KI HE 3MIHIOIOTH CBOIO
BEJIMYMHY TPHU MPOXOHKEHHI €IeKTpUUHOro cTpymy. Lle mossossie
BUKOPHUCTOBYBATH iX y MpsAMii MOTEHIIOMETpii, KOIH HEOOXiTHO
BH3HA4YaTH aOCOJIIOTHE 3HAYEHHS TOTCHINAy 1HIUKATOPHOTO
€JIEKTPO/ia, a HE TUIbKM MOro 3MiHy y Hpolleci TUTpyBaHHS. Yci
eJIEKTPOAM MOPIBHSAHHS € eNEKTPOIaMH JIPYTOro posy.

HaiimommpeHimmM € HacHYCHWH KaJoMeJbHHil €eJeKTPOo]
(puc. 3.28). KonuenTpariis 10HIB XJOpPY B HAaCHUYEHOMY PO3UHMHI
XJIOpUly KaJlifo TOCTifiHAa, a OT)Ke 1 MOTEeHIIaJd KaJlOMEeIbHOTO
€JIEKTPOJA TEX € MOCTINHUM 1 BU3HAYAETHCS PIBHAHHSIM:

E,=E’-0.058Ig[CI]. (3.72)

Jl1si BUTOTOBJIEHHS TaKOro €JEeKTpoJa € HeoOXITHHUMM 4YHCTa
pTyTh, Kaomensb (Hg,Cl,) Ta Xjaopun Kamio.

[Ilo6 npuroryBaTd xJaopcpiouuii  emexkTpox, CpiOHY
MPOBOJIOKY 3aHYPIOIOTh Y HACHUEHUI PO3YMH XJIOPUIY Kalito, SIKMA
MICTHTh HEBEJIMKY KIJIBKICTh XJopumy apreHtymy. Llle kpare cpioHy
NPOBOJIOKY ~ TIONEPEIHBO 3aHYPUTH B  PO3TOIUICHUH  XJIOpHUJ
apreHTyMmy. Ilicisi OXOJOMKEHHS Ha eNEeKTPOAl  3aJUIIA€THCS
PIBHOMIpHHMI IIap XJOPHIY apreHTyMmy, SKuid 100pe MpOBOIUTH
€JIEKTPUYHUM CTPYM.

Jns  TOTeHUIOMETPUYHUX  JOCHI[DKEHb  MOXHA  TaKoX
BUKOPHCTOBYBAaTH KOHIIEHTpAIiHI JIAHIIOTM 1HIIOTO TUIY (pHC.
3.29), Hanpukian:

Ag|Ag+| KNO, (mpomixH#i po3urH) | Ag", L | Ag
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77

Puc. 3.29. Cxema ejieKTpOXiMi4HOI0 JIAaHUIOTA:
1 — po3unH MOpiBHAHHSA, 2 — IPOMDKHHUI PO3uHH, 3 — poboUHil po3unH

(AgNO; — nirann), 4 — conboBHii MIiCTOK, 5 — cpibHi enexTpoau

EPC Taxoro naniiora mpu 298 K nopiBHroe:
£ 0.059lg Cy _ 0.059
n [Mn+]
@ynkmito  PpoHeyca B IbOMY BHUNAAKy BH3HAYAIOTh 3a
PIBHSHHSIM:

lg®. (3.73)

_E-n
0.059
BmnauuBim  ¢yskmito  @dpoHeyca, po3paxyHOK —CKIamy 1
CTYIIHYACTUX KOHCTAHT CTIHKOCTI KOMILIEKCIB MPOBOJIATE 32 METOJIOM
Jlenena (puc. 3.12, mimpo3n. 3.4.1). Jlns po3paxyHKIB 32 METOJIOM
Jlenena moTpiOHO 3HATH TAKOX PIBHOBAXKHY KOHLICHTPALIIO JITaHIY,
SIKy BU3HAYalOTh 32 (hOPMYJIOIO:
[L1=C, —n(C,, ~[M]). (3.75)

lg @ (3.74)

D Mpuknag 4. [ocniaXxeHHs TiouiaHaTHUX KOMMJEKCIB
KaaMmito y sBoai metogom JleaeHa.

BuxigauMu po3umHaM# MpU JOCHIDKCHHSIX OyJIM Mepxjopar
kaamito  Cd(ClO,), -6H,0 1 Tiouianar Hatpito. loHHY cuiy
MIATPUMYBAIM  CTAJOK 32 JIOMIOMOTOI0 TIEpXJiopaTy HATPilo.
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BumiproBanus nposoxuau npu temmeparypi 20 °C. Konuenrparis
nepxJopaTy Kaamito B cepii po3unHiB gopiHioBasia 0.005 mons/i, a
koHrentpauis NaNCS 3mintoBanack Bix 0.027 mo 1.08 mons/mn. Sk
IHIMKATOPHUIM ~ €JeKTPOJ BUKOPUCTOBYBaM 3%-HYy aMalibramy
KaJMil0, SIK €JIeKTPOJ TMOpPIBHSIHHSA — HACHYEHHH KaJlOMEeIbHHUN
enektpon. 3a piBHIHHAM (3.71) Oyno BH3HAYEHO PIBHOBAXHY
KOHIICHTpAIlil0 10HIB KaaMmito, a 3a (3.26) — ¢yskmiro PpoHeyca.
Pesynprat 1mx mocmimkeHb, o0poOneHi 3a metomom Jlenena,
HaBeneHo B Tabnm. 3.8 1 Ha puc. 3.12, 3 sgKUX BHUIHO, IO B
TUMETHII()OPMAMITHOMY PO3YMHI YTBOPIOIOTHCS KOMIUIEKCH BiJl
CdSCN™ 1o Cd(SCN)i_. ExcTpanonsiieto rpadikiB, HaBeACHUX Ha
puc. 3.12, Ha HyJbOBY KOHIICHTpAIliF0 TIOIllaHAT-I0OHa 3HAWJIEHO
3arajibHi KOHCTAHTH CTIHKOCTI KOMIUIEKCIB: ;=1 103, B=3" 104,
B;=2-10° ;=5 10",

O6pobky MOTEHI[IOMETPUYHUX JOCITIIKEHB MOXHAa
3IACHIOBATH TakoX MeTojoM b'eppyma, nociiakyrouu BiINOBIAHI
po3uunu. Haragaemo, 1m0 BiAMOBIAHUMH HAa3UBAIOTh TaKi PO3UHMHH,
y SIKUX 3arajbHi KOHIIEHTpAI[ll KOMIIOHEHTIB € PI3HUMHM, & 3HAUCHHSI
GyHKIIT YTBOPEHHSI 77 1 pIBHOBa)KHOI KOHIEHTpalii giranay [L] —
olHaKoBUMHU. [l 1BOX cepid pO3UYMHIB MOKHA OOYUCIHUTH
¢bynkii @poneyca (auB. miaposm. 3.4.1):

®, =1+B,[L']+B,[L]*+...+B,[L'T", (3.76)
@, =1+B,[L"]+B,[L"*+...+B,[L"]". (3.77)
Ockinbku By, B, ..., Bn  Bemmumum cram, a [L']=[L"] (3a

BU3HAYEHHSIM), TO JUIS BIATIOBITHUX po3urHIB @) = D,

Tabnuys 3.8. Pe3yibTaTH NOTEHHIOMETPHUYHOTO
nociigkeHns cucremu Cd(ClOy), — NaNCS — IM®A

Crancss E.B [Cd*] d-1 F; F, F3-10°%|F,-107°

MOJIb/J

— —0.684 0.005 — — — —

126



0.027 | -0.728 | 1.53-10* | 31.6 1.8-10° [48-10*| 0.9 -
0.054 | —0.750 | 2.69-10° | 185 42-10° |73-10*| 0.9 -
0.081 | —0.766 | 7.58-10° | 659 93-10° | 1.2-10°| 1.2 -
0.108 | —0.777 | 3.17-10° | 1575 1.7-10* | 1.7-10° | 1.5 -
0.135 | —0.787 | 1.44-10° |3.47-10°| 2.9-10* |23-10°| 1.7 -
0.169 | —0.798 | 6.03-10" | 8.3-10°| 5.4-10* |3.4-10°| 2.0 -
0.202 | —0.806 | 3.20- 107 | 1.56- 10*| 8.4-10* |44-10°| 2.2 —
0.236 | —0.813 | 1.84-107 |2.72-10* 13-10° |58-10°| 2.5 | 25
0.270 | —0.821 | 9.77-10° |5.12-10% 2.1-10° | 82-10°| 3.1 | 4.5
0.338 | —0.832 | 4.09-10° | 1.22-10°| 3.8-10° | 1.2-10°| 3.7 | 5.4
0.405 | —0.840 | 2.17-10° | 2.3-10°| 6.0-10° | 1.6-10°| 4.0 | 5.1
0423 | —0.847 | 125-10° | 4.0-10°| 89-10° |2.0-10°| 43 | 5.0
0.540 | —0.853 | 9.72-107 | 6.4-10°| 1.2-10°|2.4-10°| 45 | 48
0.675 | —0.864 | 3.25-107 | 1.5-10° 2.3-10°|3.6-10° 54 | 52
0.810 | —0.873 | 1.60-107 | 3.1-10° 4.0-10°|5.1-10° 64 | 5.7
0.945 | —0.880 |9.19-10"| 55-10° 59-10°|64-10°| 6.8 | 5.3
1.08 | —0.886 [5.70-10""| 8.8-10° 83-10°|7.8-10°] 7.3 | 5.0

Hlo6 3HaiiTH BIANOBIAHI PO3YMHM, AOCIIIKYIOTH JIBI cepil
PO3UHMHIB 13 PI3HUMH, aJie MOCTIHHUMH KOHLEHTpALIsIMU MeTaly 1
3MIHHOIO KOHIEHTpALI€I0 Jirauay i OyayroTh rpadiku 3ai1eKHOCTI
¢bynkuii @poneyca (D) Big 3aranpHOi KOHILIEHTpALl Jiranay (puc.
3.30). I3 rpadikiB, sk mokazaHo Ha puc. 3.30, 3HaXOATh 3HAUCHHS
3arajlbHUX KOHLEHTpALiil JiraHay Juid BIANOBIAHUX PO3UYMHIB, a
nmotiM 3a Gopmysiamu (3.66) 1 (3.67) 0OUHCTIOIOTh 3HAYCHHS 71 1
[L] 1 OynyroTb KpHBY YTBOPEHHS, 3 SIKOI 3HaXOATh HAOIMXKEHI

3HAYEHHS CTYMIHYACTUX KOHCTAHT CTIHKOCTI (AuB. migposm. 3.4.1).

D ; AoCnifXeHHA KOMMNEKCIB apreHTyMmy 3

nipnamHom metoaom b'eppyma.

Jocmipkeni ABl cepii pO3YHMHIB 13 TIOCTIMHOIO KOHIIEHTPAIIEIO
HITpaTy —apreHtymy, o gopisaioe 0.002 mons/n  (C,,) Ta
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0.006 monb/nt (C},) 13pOCTaOYOI0 KOHIEHTpALi€r mipuauty (Cp, =
0.003-0.045 mons/;m). ¥V posumnHax 3a gomomorono  NaClO,

miaTpuMyBanack crana 1oHHa cwia  (uw=0.1). Ilicngs wporo
BUMIpIOBAIN EPC KOHIIEHTPALIIHOTO JIQHITIOTa:
Ag | AgNO, | KNO, | AgNO;,Py | Ag, 3a pisusaEsvM  (3.74)

obuucmoBany 3HaueHHs 1g @ 1 OymyBanu 3anexHicth 1g @ — Cp, st

000X cepii BIANOBIIHUX po3unHiB (puc. 3.31). 3a kpusoio 1g @ - C,,
mis cepii i3 (C),) = =0.002 mons/n  (xamOpyBanbHa KpuBa)
BU3HAYaI 3HadeHHs Cy, . VISl BUIIOBIIHOTO PO3YMHY (3 OJHAKOBUM
sHaueHHsaM 1g @ ) 3 C}, = 0.006 MOIB/J1, sIKe 3HAXO/MIIH SIK TTOKA3aHO
Ha puc.3.30. Jlam 3a piBHsaHsIMU (3.660) 1 (3.67) oOumcmroBaIH
3HaueHHs 77 1 [Py]. Pe3ynbratu oburcieHns HaBeaeHo B Ta0u. 3.9. 3a
OJIEp’)KaHUMHU JTAHUMHU OyJi0 OOYIOBaHO KPUBY YTBOPEHHS CHCTEMH
Ag"—Py—H,0. Sk 6aunmo 3 puc. 3.31, QyHKIls 77 HAOIMKAETBCS
1o 2. OTxe, MOXKHa 3pOOUTH BHCHOBOK IPO YTBOPEHHS B PO3UMHI
nBOX KomIuiekciB [AgPy "] ta [AgPy;]".

Jlorapugmu CTyMiHYaCTHX KOHCTAHT CTIMKOCTI, 3HAN/ICH] 32 KPHBOIO
yrBopenHd npu n = 05 Ta 1.5: lgK, =224; IgK, = 1.87,
lgB, =lg K, +1g K,=4.11. 3aranbHa KOHCTaHTa CTIHKOCTI KOMILIEKCY
[AgPy,]" B,=123"10"

Tabnuys 3.9. Pe3yibTaTH NOTEHNIOMETPHYHOTO I0CiT)KEHHSI
cucremMu AgNO;- Py - H,0
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OP)* C‘”Py ﬁ [Py] _lg [Py]
0.003 0.004 0.27 0.0025 2.60
0.004 0.0055 0.37 0.0032 2.49
0.006 0.0070 0.50 0.0040 2.40




0.005 0.0083 0.57 0.0048 2.32
0.009 0.0122 0.80 0.0074 2.13
0.011 0.0150 1.00 0.0090 2.05
0.014 0.0190 1.25 0.0115 1.94
0.017 0.0225 1.37 0.0142 1.85
0.022 0.0280 1.50 0.0190 1.72
0.025 0.0315 1.62 0.0219 1.66
0.032 0.0390 1.75 0.0350 1.46
0.045 0.0525 1.88 0.0412 1.38
g & Cag = 0.002 morb/n i \
2.0+ 161 \-\-
1.59
R~ e ~0.006 womsin 121
1.01 0.81
0.5 i i
: 3 0.4
Gy Chy ' \‘\‘\-
0.01 0.02 0.03 004 Gy 14 16 18 20 22 24 26
-lg [Py]
Puc. 3.30. 3anexuicts Ig @ Bix Puc. 3.31. KpuBa yTBOopeHHst
KOHUEHTpail mipuauny nis cucremu AgNO;- Py - H,O

cucreMu AgNO;- Py - H,O

SIK1o CTIAKICTh KOMIUIEKCIB JOCHTh BHUCOKA, TO MPU 3HAYHOMY
HQUIMIIKY JITaHAy MOXXHA BBAKATH, IO B PO3YHHI YTBOPIOETHCS
OJMH MOHOsZICpHUI KOMIUTeKC ML, :

M+nL =[ML, ]
1 PaKTUYHO BC1 10HA METAJTY 3B'3aHi B KOMIUIEKC, TOOTO KOHIICHTPAITiO
KOMIUICKCY MOKHA TPUHHSTH PIBHOIO 3araiibHiii KOHIIGHTpAIlii 10HIB
merary [ML,]=C,,, a piBHOBXHy KOHIICHTpAIIO JIraHIy
[L]=C, —n[ML,]~C,. Tomi 3 BuUpa3y i KOHCTAQHTHU CTIMKOCTI
komiuiekcy [ML, | onepsxumo:
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ML C
ML, g " a6o0 Su—p .cr. (3.78)
[M] [M]

o6 3HalTH CKiIajg KOMIUIEKCY, OyIyroTh rpadik 3aiekHOCTi
C . .
lgmM]z flgC,. TaHreHc KyTa HaxXWily OJEpKaHOI MPIMOI
YHCeNbHO JIOPIBHIOE 71, @ HA OCl OpAMHAT MpsiMa BiJACIKae BiAPI3OK
yucenbHO piBHUMA 1gP,. bBiibmn TouHe 3HAaYeHHs 3arajbHOI
KOHCTAHTH CTIHKOCTI YTBOPEHOT'O KOMILJIEKCY MOKHA BU3HAUUTH 32

bopMyII010
Cy

_ (3.79)
[MI(C, —n[ML, ])

B=

3.4.4. pH-noTeHioMmeTpuYHUI MeTO

Haityacrime ans goCaiKEHHS peakiiii KOMIUIEKCOYTBOPEHHS,
AKl BKJIIOYAIOTh MPOTOJNITUYHI PIBHOBAru, 3aCTOCOBYIOTh METOJ
pH-merpuunoTo THTpYBaHHS. 1le 00yMOBIIEHO THM, 0 B Cy4acHUX
pH-meTpax sK  IHOUKATOPHUN  E€NEKTPOJA  BUKOPUCTOBYIOTH
BHUCOKOSIKICHI CKJISIHI €JIEKTPOJU, SIKI JO3BOJIAIOTH 3 BHCOKOIO
touHicTio (£0.001 omguHMIE) BUMIproBaTH BenunHy pH po3uuHiB.
TomMy DOTEeHIIOMETPUYHUI METOJ, TMOPIBHAHO 3  IHIIUMH
METOJAaMM, JA€ MOJXKJIMBICT, BU3HAYAaTH KOHCTAHTU CTIHKOCTI 3
HANOIBIIOI TOYHICTIO.

Y  pH-norenmiomeTpii a7  BU3HAUYEHHS AKTHBHOCTI  10HIB
rigporeHy (BumiptoBaHHS pH) BHKOPUCTOBYIOTH TaK 3BaHUUN
CKJSIHMH  €JEKTpOJ, SKUU HaJeKUTh J1I0 MeMOpPpaHHHX
enexkTpomiB. st ofepikaHHS CKIISTHOTO €NIEKTPO/Aa J0 OJHOTO KiHIIS
BIJIKpUTOI CKIITHOT TPYyOKH MPUMNAIOIOTh CKIISIHY IUTIBKY (MeMOpaHy)
31 CHEIIaTbHOTO COPTY CKJIA TOBIIMHOIO B JICKUTbKA COTUX MUTIMETpa
a00 BUAYBAIOTh Ha KiHIII TPYOKHU KYJbKY 3 TOHKHMH CTiHKaMu. J[7st
i€l METH 3aCTOCOBYIOThH JIETKOIUIABKE CKIIO, JI0 CKJIaay SKOTO
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BXOJUTh 72 % KpeMmHI€BOI KUCIOTH, 6 % okcuay Kaibiio Ta 22 %
OKCHIy HaTpito. Y cepeauHy TPYOKM HAJIMBAIOTh CTaHIApTHHIA
po3unH kucnotu, Hampukian 0.1 M pozunn HCIl, Ta 3aHyproloTh
Ty SIKU-HEOYTh CTaHAAPTHUHI €JIEeKTPO/I, HaIpUKJIaJ]
xJopcpiOumid. [{yis 3aXucTy BiJ| MOLIKOPKEHb OJICPKAHUM EJIEKTPO.T
BMIIIYIOTh Y CEPEIMHY BIAKPUTOI 3HU3Y CKJISIHOI TOBCTOCTIHHOI
TPyOKH, SKYy 3aHYpPIOIOTH Yy JOCHIDKyBaHWA po3urH. OcTaHHIH
3'€IHYIOTh  EJEeKTPOJITUYHUM  KIIOYeM 31  CTaHJapTHUM
KaJIOMEJIBHUM €JIEKTPOJIOM 1 OTPUMYIOTH JIAHITIOT

Ag|AgCl| 0.IM HCI | ckno | H | KCI

Moro mist monsrae Yy BUHUKHEHHI PI3HUIN MMOTEHIIATIB MK TOHKOIO
CKJISTHOIO TUTIBKOKO (MEMOpAHOI0) Ta BOJHMMH PO3YMHAMH 3 TIEBHOIO
KOHIICHTpAII€0 (aKTUBHICTIO) TIIPOTCHHUX 10HIB. 3aJIeKHICTh PI3HUIT
MOTEHIIIATIB BiJl aKTMBHOCTI 10HIB TIAPOTEHY B PO34MHI OOYMOBIICHA X
(dy3i€r0 y CKIIO.

CkusiHMM enexTpon 103Bosie BuMipioBaTH pH B Mexax Bix 0 1o
12—-13 omuuunb. EnekTpon HEYYTIMBHA 1O PI3HUX TOMIIIOK Yy
po3uuHi (KpiM 10HIB (QTOpPY), HOrO MOXHA BUKOPUCTOBYBATH IS
BUMIprOoBaHHS pH y po3umHax, sKi MICTATh CHJIbHI OKMCHHKH Ta
BI[HOBHMKHM, a TaKOX KaTiOHM pI3HUX MeTaniB. PiBHOBara Mix
€JIEKTPOJIOM Ta PO3UMHOM BCTAHOBIIOETHCS JIy>KE HIBUAKO.

HoBwuii CkystHMI €NEeKTpOoJ HEOOXiHO Tepell BUKOPUCTAHHSIM
BUTpUMATH JAeskuil yac y Boai adbo y 0.01 M pozunni HCI. Ilpu
IbOMY 10HHM HATpIIO, SKI € y CKII, MEePeXoiaTh 0 PO3YMHY, a iX
Miclle 3aliMaloTh 10HU TiAporeHy 3 po3uuny. Ilepen po6ororo pH-
METp KanmiOpyloTh 3a JONOMOTOI0 CTaHJApTHUX OydepHHxX
po3unHiB (qUB. TabopaTopHa podoTa 2 10 po3a. 1).

st maTemMaTHdHOI OOpPOOKHM E€KCIIEpPUMEHTAIbHUX PE3yJIbTaTiB
ICHye psI CydacHUX KOMMI'IOTEPHHX MPOrpaM, HaNpUKIIaJ,
SUPERQUAD, HYPERQUAD, MINIQUAD, Scogs, ski
JI03BOJISIIOTh MOJIETIIOBATH PIBHOBArd, TOOTO pO3paxoBYBAaTHU CKJIA]

Hac |
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1 KOHCTAHTH CTIHKOCTI KOMIUJIEKCIB, 1[0 YTBOPIOIOTHCS B PO3UMHI.
IIpore IS PO3yMiHHS XIMiYHO{ CyTi MPOIIECiB
KOMIIJIEKCOYTBOPEHHS CIIiI IOYMHATH JAOCIHI/PKEHHS 3 HAOIMKEHUX
rpadgiyHIX METOMIB PO3PaXyHKYy KOHCTAHT CTIMKOCTI KOMILIEKCIB.
HabnuxeHi 3Ha4eHHS CTYMIHYACTUX KOHCTaHT CTIMKOCTI MOTIM
YTOYHIOIOTHCS 3 BUKOPUCTAHHAM KOMIT'FOTEPHUX MTPOTrpaMm.

Mpuknag 6. [ocnigxkeHHs KOMMNEKCOYTBOPEHHS B
D cucremi Ni(NO3), —en—H,0 METoAOM pH-
MOTEHLIOMETPUYHOIO TUTPYBaHHS.
Y po3umni comeit Hikemo(Il), mo MicTATh eTWICHIIaMIH,
BiJI0OYBAIOTHCS TaKi MPOIIECH:

[Nien]
i 2+ = Nien?" K =——— 3.80
Ni™" +en Nien 1 [Ni][en] ( )
. o [Nien, |
Nien®* +en == Nien; ) :m (3.81)
[Nien, ]
ion 2t = Nien2" K,=———2"— 3.82
Nien;" +en Nien; * = [Nien, J[en] (3.82)
HI][H
enH2" == enH' +H" K, = LentiiH] (3.83)
[enH, ]
H
enH® == en+H" K, = LenliH] (3.84)
[enH]

ne enH"i enH3" — 1Bi npoToHOBaHi (opMH eTHIEHIIaMIHY (Y BUpa3ax
JUIsL KOHCTAHT PIBHOBAard 3apsiiv I MPOCTOTH HE BKa3yloThes); K,
K, 1 K; — cTyniH4acTi KOHCTaHTH CTIMKOCTI BIIIOBITHUX KOMILIEKCIB,
K, 1 K, — KOHCTaHTH KHCJIOTHOI ycowianii erwienaiaminy K, 1 K,
BIIMOBIAHO. METOMKY BU3HAYEHHS IIUX KOHCTAHT OIMMCAHO B po31. 1.
MeTtoanka BHKOHaHHA po6oru. [Ipu Bu3HAueHHI HAO-

JWKCHUX 3HAYeHb KOHCTAHT CTIMKOCTI KOMIUICKCIB HIKEIIO 3
ETUJICHIaMIHOM 3aMICTh MOTEHIIIOMETPUYHOTO TUTPYBAHHS MOJKHA
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NPOBOAWTH BUMipioBaHHs pH y cepii Hamepen BHTOTOBIEHHX
pPO3UMHIB 13 TMOCTIMHOI  KOHIEHTpAI€I0  HITpaTy  HIKENIIo
(0.025 momnp/1) 1 pI3HOKO KOHIIGHTpAIli€0 eTwieHAiaMiny. s
OJICp)KaHHA TaKMX PO3YMHIB B 12 MIpHHUX KOJIOOYOK Ha 25 Mi
BHOCATE 10 Smin 0.125M pozunny Ni(NO;),, 12.5m1 0.1 M
pozunny HCI, 0.5mn1 5SM KNO, a1 cTBOpEeHHs 10HHOI cuiH, a
takok 1o 1-7ma 0.5M pozuuHy eTwieHAiaMiHy, po30aBisIOTH
BOAOI O MITKM 1 BuMipooioTh pH Ha monepeaHbo
BifkanmiopoBanomy pH-metpi.

Po3paxynok  ¢yHkmii yTBopeHHs i  piBHOBa’KkHOI

KoHHeHTpanii  ermaenaiaminmy. 3aranbHa  KOHIEHTpaIlis
ETUJICH/IIaMIHY JTOPIBHIOE
C,, =[en]+[enH"]+[enH} ]+ 7 Cyr, (3.85)

ne C,, 1 C,, — 3arajubHi KOHIICHTpallii eTHICHIIaMiHy 1 MeTamy. 3
piBHsHHSA (3.85) Maemo:
Cen — ([en]+[enH" ] +[enH3"])
Cy '
Jlist oOyI0BY KPHMBOi YTBOPEHHS MOTPIOHO 3HAWTH 3HAYCHHS 7 Ta
[en]. YBememo aBi qOMOMiKHI (DYHKIIIT oL TA no

+

ﬁ:

(3.86)

B [en]
[en]+[enH"]+[enH,”"] .
To6T0 0 XapakTepu3ye MOJIBHY YacTKy BIJIBHOTO ETHIICHIIaMiHy B
po3unHi. Skmo mincraBute B piBHAHHA (3.87) 3HaueHHs [en],

(3.87)

[enH"] i [enH"], BUpaskeHi yepe3 KOHCTAHTH KMCJIOTHOI IMCOIALii
erwieHaiaMiny K, i K (IuB. BHUILE), TO MICIs JACSKUX MEPETBOPEHD
OZIEPXKUMO BUpa3:
o = i 1 . (3.88)
I+K,[H [+ K,KH"]
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TakuM 4YMHOM, 3HAIOYM KOHCTAHTH KHMCJIOTHOI Jucoriarii
eTHJICHAIaMIHy, 3 eKCINEpPUMEHTATbHUX JaHUX MOXKHA 3HAWTH
3HAYEHHS OL.

JHpyra monomikHa (PyHKITis ﬁH XapaKTEPU3ye CepeaHE YUCIIO

+

MIPOTOHIB HAa OJHY MOJIEKYJy ETHICHAIaMIiHY:

___fenH'J+%enti) G MM
" [en]+[enH ]+ [enH3'] [en]+[enH ]+[enH'] (3.89)
K,H ]+ 2[H'T

C[H'P+K,[H ]+ K K,
TakuMm 4YMHOM, Ui KOXKHOTO pO3UMHY cepii MOXKHa

eKCIIEpUMEHTAJIbHO 3HAWTH ﬁH+. 3 piBasgaHs  (3.89) MOXHa

3aIcaTu:

C ., —[H"]

[en]+[enH"]+[enH} ] = 1 (3.90)

H+
Sxmo miacraBuMo 1€ 3HayeHHs y piBHAHHA (3.86), TO
0JIEPKUMO:
C . —[H"]
N « S
en —_
n M (3.91)
n= . .
Cy
PiBHOBaXXHY KOHIICHTpAIIIIO JITaHIy [en] 3HAXOIATH 13 PIBHIHB
(3.87) ta (3.90):

o(C . —[H"])
[en]=—H — — (3.92)
H+
Pesynbrat  3aHOCATH B elleKTpoHHY Tabmmimto  Excel
(tabm. 3.10), mpoBOASATH PO3paXyHKH 1 OYIyIOTh KPUBY YTBOPECHHS,

TOOTO 3aNeXkHICTh 1 = f(—1g[en]).

Tabnuya 3.10. Po3paxyHOK JaHUX JJ15 NO0OYA0BH KPHUBOI
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YTBOpEHHSI KOMILIEeKCiB y cucremi Ni** — en — H,0

S|

[en] | -lg[en]

=
Q

Vet | Cen | PH | [H']

Y t1abn. 3.11 1 wHa puc. 3.32 HaBeAeHO IS TPHUKIATY
pe3yiabTaTH PO3PaxXyHKY CTYMIHYACTHX KOHCTAHT CTIMKOCTI ISt
JaHoi cucteMd (YMOBU €KCHEPUMEHTY BIAPI3HSJIUCH BiJ
HaBeJeHUX BuUIe). HaOmmwkeHi 3HAYEHHS  CTYIIHYACTHUX
KOHCTAHT CTIHKOCTI BH3HAYAIHCh 32 (JOPMYJIOK (IMB. IIAPO3I.
3.4.1):

_ [Nien,] 1
" [Nien,_][en] [en], 7 os

3HaueHHs [en] BU3HAYAIM B TOUYKaX, sKi BiAnoBigaroTs 7 = 0.5,
1.5 1 2.5 (puc. 3.32). Onepxanmu: lgK, = 7.72, IgK, = 6.34,
IlgK, =4.54.

Po3spaxyHok  cTymiH4acTHX  KOHCTAHT  CTiiikocTi 3
BUKOpHUCTAHHAM Komn'loTtepHoi mnporpamm SUPERQUAD.
CydacHi KOMI'IOTEpHI MpOrpaMH Uil PO3PAaXyHKY KOHCTAHT
CTIHKOCTI KOMIUIEKCIB 3a pe3yJbTaTaMHd TOTEHIIIOMETPUIHOTO
TUTPYBaHHS BUKOPUCTOBYIOTh, SIK MPaBHUJIO, ITE€pamiiiHI MeTOan
PO3paxyHKy KOHCTAHT i3 CHCTEMH PiBHSIHb MAaCOBOTO OaJIaHCY.

Cu=[M]+3p B IMP [HY L] (3.93)
C =[L] +37 By [MP [HIY [L]  (3.94)
Cy = [H+] +2 q- qur [M]p [H]q [L]r (3-95)
e poMpHL ] (3.96)
AT IMPIRILY |
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Tabnuys 3.11. Pesyabratn pH-noTeHioMeTpHYHOr0 A0CTiI)KEHHsI CHCTEMH

Ni**~en - H,0
Cen Cni pH EH+ n o —lg [en]

0.1310 | 0.09924 5.18 1.99 032 | 993.-10° 8.01
0.1534 | 0.09902 5.36 1.99 0.54 | 2.26-10" 7.65
0.1910 | 0.09863 5.62 1.98 0.93 | 7.50-107 7.13
0.2376 | 0.09815 5.95 1.96 140 | 3.29-10° 6.48
0.2379 | 0.09815 5.94 1.96 140 | 3.18-10° 6.50
0.2837 | 0.09767 6.33 1.91 1.86 | 1.81-107° 5.73
0.3289 | 0.09720 6.75 1.79 226 | 1.07-10* 4.94
0.3751 | 0.09672 7.10 1.62 2.65 | 421-10* 4.30
0.4182 | 0.09628 7.46 1.41 293 | 152-10° 3.68

n

3<

2_

1

0 T — T T -

3 4 5 6 7 8 -lg[en]
Puc. 3.32. Kpusa yrBopenns cucremu Ni(NO;) — en — H,O

Bigomumu BemMuMHAMH € BUX1THUMA 00'€M pO3UMHY 1 HOTO 3MiHA
y Tpoleci TUTPYBaHHs, 3arajbHi KOHLEHTpAIli peareHriB,
pIBHOBaXHAa KOHIIEHTpalis NpoToHiB (pH), mo BUMIpIOETbCS B
KOXKHIM TOYIll THUTPYBAaHHSA, a TAKOXK KOHCTAHTH JIHCOITiamii
JTaHIiB, $Ki, SIK TIPaBWIO, BU3HAYAIOTHCS B IONEPETHHOMY
eKCIIepUMEHTI (IuB. m1abopaTopHi podotu a0 po3a. 1). OO0paxyHKy,
TaKUM YHUHOM, ITJISTaloTh HEBIZOMI BEJIMYMHH, TOOTO KOHCTaHTHU
CTIHKOCTI yTBOPEHHX KOMILIEKCIB.
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ANTOpPUTMHU MPOTpPaM BUKOPHUCTOBYIOTH MIHIMI3AIIIIO PI3HHUII MK
EKCIIEPUMEHTaJIbHUMH Ta pO3PaxOBaHUMH 3HaueHHAMH pH sk
KpuTepiii  HampsMky  itepamiii. IIpo  sKicTh  OTpUMaHHX
pPO3paxyHKOBHX JaHHX CBIMYUTh HH3bKE 3HaueHHs (akTopa
PO301KHOCTI.

Haiicknaanimoro npobiaeMoro mpu po3paxyHKy KOHCTAHT CTIHKOCTI
KOMIUTCKCIB € BHOIp aJIeKBATHOI MOJIENIi KOMIUICKCOYTBOPEHHS, TOOTO
nepenOaueHHsT BCIX MPOLIECIB, SIKI MOXYTh BiIOyBaTtucs B 3adaHiil
cucteMi. J[is BITHOCHO MPOCTHX CHCTEM, Y SIKHX YTBOPIOIOTBCS TBA-TPH
TUMM KOMIUIEKCIB, BHCHOBOK IPO KUIBKICTh Ta CKJIAJ YTBOPEHUX
KOMITJIGKCHUX YaCTHHOK, TOOTO BHOIp MOJEN, SK IMPABHJIO, MOYKHA
3pOOUTH JIMIIIE HA OCHOBI MOTEHI[IOMETPUYHUX JIaHHX.

Y cucremax i3 YHCIOM YTBOPEHHX KOMIUICKCHUX YaCTHHOK
YOTUPU 1 OLIBIIE HEPIIKO BUHHUKAIOTH MPOOJEMH 3 BH3HAYCHHSIM
KUTBKOCTI Ta CKJIQJYy KOMIUICKCIB Ta 3HAXO/DKECHHSIM aJIeKBATHOL
MO/JIeNli KOMIUIEKCOYTBOPEHHS. TparuistoThCcs CHUTYallll, KOIU 1Bl 4YH
Oinble MoJenel BUSBISIOTHCS TPHUHATHUMHU. Y TakoOMYy BHITIKY
3pOOHUTH BHCHOBOK, sIKa 3 MOJENEH aJeKBaTHO OMHCYE XIMIUHHIA
npoleC Ha OCHOBI JAHMX TMOTEHIIOMETpil, HEeMOXimBO. Jlms
oJiep>KaHHs OJTHO3HAYHOI BIJMOBIAlI € HEOOXITHUM 3aTydyeHHS 1HIINX
(bi3UKO-XIMIYHIX METOIIB, 32 SIKUMH MOYXHAa POOWUTH BHCHOBOK IIPO
OynoBy kommiekcHux yactuHok (EITP, ECII, SMP, wmac-
CHEKTPOCKOITiST Ta 1iH.). XodYa IIOTEHIIIOMETPiS € HAWTOYHIIINM
METO/IOM BU3HAUEHHS KOHCTAHT CTIMKOCTI, 11 pe3ylbTaTé HE NAr0Th
BiZloMOCTel TIpo OyJOBYy KOMIUICKCIB, TOMY Y BHIAIKY CKIAIHHUX
CHCTEM  3aBXAW  TOTPIOHO  MIATBEP/UKYBATH  pE3yJbTaTH
MOTEHIIIOMETPUIHUX PO3PaXyHKIB IHIIUMH METOIaMH JOCITIIPKSHHS.

Mpuknaa 7. Po3paxyHOK CTyMNiHYacTUX  KOHCTaHT
CTINKOCTI B CWUCTEMiI HiTpaT Hikent - TrAiuMH 3a
nporpamoto SUPERQUAD.
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MeToanka BUKOHAHHSA Po060TH. SIK BHUXITHI PEYOBHUHHU
BUKOpUCTOBYIOTh 0.025 M po3unn Ni(NO,),, 0.025M po3uun
rminuay (HGly), 0.5 M po3unn KNO,, 0.1 M po3zunn HNO,,
0.1 M po3zuun KOH.

l'otyemo 25mn  pos3unmHy, sxuid  mictutb  Ni(NO,),
(0.0025 momw/n) i HGly (0.005 moute/m). [t 1ibOr0 Y MipHY KOJIOY
Ha 25 Ma BHocaTh 2.5 ma po3unHy Ni(NO;),, 7.5 mn po3uuny
rninuay, Swia pozunHy KNO,; (i1 nocTiiiHOi 10HHOT CHIIH
p =0.1), 1.5 ma pozunny HNO; (117151 TOBHOT'O IPOTOHYBAHHS BCiX
YacTOK y pO34MHi), 1 po30aBIsAlOTh BOAOK 10 MITKU. OneprkaHuit
pPO3YMH TUTPYIOTh NpPU MOCTITHOMY MEpeMillyBaHHI PO3UYHHOM
KOH, 3amucyrounm 3HaueHHs pH po3dmHy 3alekHO Bing 00'eMy
noganoro ayry. OcranHii nogaroth 3 kpokoMm 0.1 mu. Bennuuny
[OH] po3paxoByIOTh 3a (OPMYIIOI0 [OH]:[HL*’ ne I — ioHHUH
n00yTok Boau. [pu ¢ =25°C I=10"

Buoip Moaeai KOMIIJIEKCOYTBOPEHHH. Huxue
MepepaxoBaHO KOMIUIEKCH, SIKIi MOXYTh YTBOPIOBAaTHChH y MAaHIii
CUCTEMI, i1 HaBEIEHO BUpa3u JJIS BIAMOBIIHUX KOHCTAHT CTIMKOCTI
(mporpama SUPERQUAD po3paxoBye 3Hau€HHs HE CTYIiHYACTHX,
a 3arajlbHUX KOHCTaHT CTIMKOCTI KOMIUIEKCIB [3;, B2, B3):

[NiL*]
2+ — Nil* +H* S S 3.97
Ni** +HL == NiL' +H By INEI[HL] (3.97)
. . [NiL, ]
2+ — + + = 3908
Ni** +2HL == NiL; +2H B, (NI J[HLT (3.98)
. . [NiL;]
2+ - + =31 3.99
Ni** +3HL == NiL, +3H Bs NI JHLT (3.99)
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Kpim Toro, y pnaHiii cucTteMi MOJIGKYJIH TJIIHUHY MOXYTh
iCHyBaTH B Takux (hopmax:

[H][L"]
= I + =Kp=—7"— 3.100
HL L +H Bs = Kp2 (HL] ( )
- [H'J[L]
HL" = L +2H" =K,1- Kp=—""—, 3.101
2 BS al a2 [H2L+] ( )
ne Py 1 Ps — MOBHI KOHCTaHTW jucomiamii mTminuay. [Ipu

po3paxyHKax BUKOPUCTAHO B1JIOMI 3 JTepaTypu 3HaueHHs pK, =
24121 pK,, = 9.643, Tob10 1gP, =9.643 1 IgB, = pK, +pK,, =
12.055.

IMopsinox  po3paxynkiB. Hmkye  HaBeIeHO  NpUKIAT
pO3paxyHKy, SKHH BHKOHAaHWUN IS TaKUX KOHICHTpaLid Yy
II0YaTKOBOMY PO3YMHI: Coav = 0.1034 moinb/1,

C, = 0.3356 mons/n.  KoHmeHTpamiss ~ THTpaHTy (NaOH)

= 0.2454 monw/n. [louatkoBuit 00'eM pPo3unMHY OOpPiBHIOE 47 M,
Kpok TUTpyBaHHs — 0.02 mi1.

1. ITicns 3amycKy mporpaMu BBECTH HasBy (aitny maHux nigly.sup
(paitmn maHMX, 10 BUKOPUCTOBYIOThCs Tiporpamoro SUPERQUAD,
MatoTh poswmmpeHHs .SUP). B ycix BuIaakax peKOMEHIyeThCs
BUKOPHUCTOBYBatu K ImabiaonHuit .SUP aiin sxorocs panire
MIPOBEJICHOTO PO3PAXYHKY.

2. Yeiiitn B MeHI0 Enter Editor /uis o4aTKy BBOAY JMaHUX. Y
HOBOMY MEHIO, IO 3'IBUThCS, yBiiiTH B koMaHy Edit Data File.

3. Jlami BBeCTH JaHi B TakoMy MOPSAKY: (BBiJ 3A1MCHIOETHCA
IUSIXOM TEepPEeMIIIEHHsT Kypcopy Ha BIATOBIAHE OJIAKMTHE TIOJIE,
HicJIg 4Oro HaTHCKaeThesi Enter 1 mo4YMHAEeThes ApyKyBaHHS. Jlims
3aKiHYE€HHS BBOJY B JaHOMY TIOJIi 3HOBY HATUCHYTHU Enter).

[Tepmma cTropinka BBOAY:
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Title — BBecTn poboyy Ha3By ekcnepumeHTy, Hanpuknag "Ni—

Gly titration"
Max Iterations 25
(MakcumanbHe Yncno iTepauin)
Total number of Reactants 3
(3aranbHa KinbKiCTb peareHTiB, y AaHomy Bunaaky 3: H, Ni, L).
Weights 0
(Baroea cxema)
Temperature (°C) 25.0
Reactant 1 Nickel
Reactant 2 Glycine
Reactant 3 Proton

Jlns mepexomy 0 penaryBaHHS JPYTrol CTOPIHKHA BBOAY HATUCHYTH
Page down. Ha 1iif cropinmi tpeba BBectu Bimomi (g, 1 1gBs) ta
ouikyBani (lgf,,lgPB, 1 1gP;) BenuumHm norapumiB KOHCTAHT
CTIMKOCTI JJI BCIX YAaCTHHOK, SIKI MOXKYTb iCHYBAaTH B JIOCIIJDKYBaHii
CHCTEMI, a TAKOXK BIIMOBIIHI CTeXioMeTpHyHi KoediuieHTH. B ocTanHii
KOJIOHIII Tpeba BKa3aTh, 4yu Oyje yTOUHIOBATHUCS KOXKHA 13 3aJaHuX
KOHCTaHT (Refine), 4 BOHA 3AJMIIATHECS (PIKCOBAHOIO BEIUYHHOIO
(Constant). 3po3ymino, 1m0 B JaHOMY pPO3paxyHKy OyayTh
YTOYHIOBATHCS JIUITIE KOHCTAHTH CTIMKOCTI KOMIUIEKCIB, Y TOHM 4ac sK
KOHCTaHTH JMCOLIalii JraHgy Ta 10HHMHA J00yTOK BOIU OyIyTb
yBeICHI sIK cTam BenmuuuHW. Tabmums 3.12 € pekoMeHI0BaHOH
(bopMOIO TaOMHIII BXITHUX JaHHX.

VY nepmmx TphOX pAAKaX YBEIACHO O008LIbHI 6elUdUHU I TPHOX
OYIKyBaHUX KoMIUlekcHUX yacTuHOK (NiL, NiL, Ta NiL;). 3BicHo,

BEIMYMHU KOHCTAaHT, SIKi TependavyaroThCs, MOTPIOHO BBOIUTH,
OOMIPKOBYIOUH X MOXJIMBY BEJIMYMHY (SIK TIPAaBUJIO, Ha TIiICTaBi
MOPIBHSIHHS 3 aHAJIOTTYHUMH KOHCTAHTaMHM JIJIsl PAHIIIE JTOCIIHKEHUX
cucteM). SIKIO BBECTH HepeaibHI BEMUUMHH a00 BETUYMHHM, SKi HE
MaroTh (Gi3UYHOTO 3MicTy, Hanpukian lg B, <lgf,, To mporpama He
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JIOCATHE 301KHOCTI M pO3paxyHOK MepepBeThesl. SIK ouiKyBaHI MOXKHA
BBOJUTH 3HaueHHsa f,, B, 1 5, olepxaHl HaOIKEHUMHU

rpaiYHUMH METOIaMH.

Tabnuya 3.12. JIpyra cropinka BUXiTHHX JaHUX

5.600 1 1 0 Refine
10.300 1 2 0 Refine
13.700 1 3 0 Refine

9.643 0 1 1 Constant
12.055 0 1 2 Constant

-13.690 0 0 -1 Constant

VY 4yerBeproMy Ta M'ATOMY pSIKax YBOAATH IIOBHI KOHCTAHTH
mucomiarii  miraHmy (IgP, =9.643 T1a 1gfB, =12.055), sxi He
YTOUHIOIOTECS. Y IIOCTOMY PSIKY BKa3aHH 10HHUHA JOOYTOK BOJU
mpu pu=0.1.

Jlst mepexo/ry Ha TPETIO CTOPIHKY BBOJY HEOOXITHO HATUCHYTH
Page down. J[ani BBOASTHCS TaKi JaHi:

Number of Reactants in this titr 3
Number of Electrodes in this titr 1

Y HacTymHUX TpPhOX PAAKAX YBOMITH KUIBKOCTI PEAKTUBIB
(MMOJIB):

Tabnuys 3.13. TpeTs cTopiHKa BXiTHUX JaHHX

0.103400 | Constant 0.0 Constant
0 0.335600 | Constant 0.0 Constant
0 0.758400 | Constant —0.245400 | Refine
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VY TperTiii KOJIOHII BKa3aHa 3arajibHa KOHIICHTpAIlisl peaKTaHTIB y
MOYaTKOBOMY PO3YMHI, a B I'ATIii — KOHLIEHTpallis peaKTaHTy, II0
NOJA€ThCS, TOOTO TUTPaHTY (OCKUIBKM 1€ Jyr, TO HOro
KOHIICHTpAIlil BBOJWUTHCS HAMPOTH NPOTOHY 31 3HAKOM MIHYC).
3ayBakuMoO, IO 3arajbHa KOHIIEHTpAIllsl TPOTOHIB BKJIOYAE
MIPOTOHH, 110 OXOJATS 13 Jiranay ta gogaHoi HNO,.

Hactymauii psigok BMimye aaHi Tpo TMOYAaTKOBUM 00'eM

(47.00 mn) Ta cTaHgapTHY NOXUOKYy HpU BHU3HAYEHH1 00'eMy
(0.3 mkn):

Conlonb.Titr? Initial Vol. Error in Vol increment

Ne 47.000 0.00030

B ocraHHBOMY psiIKY BKa3ylOTh OIMHUII, Y SIKHX BUMIPIOETHCS
3MiHa noteHuiany (uB a6o pH), kubkicts enexrponis (1), peareHt,
3MiHa KOHIIEHTpalii $SKOTO0 BHUMIPIOEThCS (MPOTOH), a TaKOX
koedimienTn nepepaxyHky norenmiany (mV) B ogununi pH (£, Ta
oE), siKi BBOISITH y BHUNAIKY, KOJU TPOBOAMIIOCS TIOTIEPEIHE
npeuusiiHe kaniopyBaHHsa pH-MeTpy HUIIXOM TUTPYBaHHS CUIBHOT
KHCJIOTH CUJIBHUM JIyTOM:

mV/pH Elec Reactant Ezero Sigma E
pH 1 Proton 0.0 0.0017

Jani HatucHeHHsSM Page Down mepexoasTh 10 BBOJY KpHUBOi
TUTPYBAHHS: y TEPIIii KOJOHII BBOJIATH JOJaHUI 00'eM, y IpyTiid —
pH, y Tpertiil KOJOHII BKa3ylOTh, UM CIil KO)KHY KOHKPETHY TOYKY
BKJIIOYAaTH B PO3PAXYHOK (Ha MOJAIBIIMX CTAIAX YTOYHEHHS MOXHA
BUKIIIOYATH 3 MACUBY TOYKH, SIKI CIIPUUUHSAIOTH HAWOLIBIII TTOXHUOKN).

4. Ilicns 3akiHYeHHS BBOJAY HaTHCHEHHsIM Escape Ta Return to
SUPERQUAD noBepTarOThCs 10 TOJIOBHOT'O MEHIO.

5. Hamouatky po3paxyHKy TpebGa B TOJOBHOMY MEHIO BHOpaTu
croci0 mpeAcTaBleHHs pe3yJbTaTiB IIUIIXOM HaTUCHEHHS Enter Ha
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BIJIMOBIAHY YapyHKY (Screen — Ha nucruie, Disk Fill — Ha sxopcTkuid
JHCK a00 THCKeTy, Printer — Ha IpuHTED).

JInst oTpUMaHHS MPOTOKOJbHOTO (hailry Result BuOparu Disk Fill
Result. J{ami mporpama 3arpocuTh YMCEIbHUN TTapaMeTp PiBHSI BUBOY
nmaauX (Big 1 10 9, pekoMeH10BaHO 4).

6. PesynpTatu po3paxyHKy, npeacrtaBieHi y ¢aiimi Result,
BKJTIOYAIOTh TEPEeJIiK MOYaTKOBUX JaHWX, XiJI YTOYHEHHs (3MiHa
nmapaMeTpiB O 3aBEPIICHHIO KOXKHOTO ITepaIliifHOTO IHKITY),
KIHLEBI BENMYMHHU MApaMeTpiB, M0 MiAJSArald YTOYHEHHIO, 31
CTaHIAAPTHUMH BIIXWJICHHIMH. Y KiHIII (aiily HaBOAATbCS rpadiku
posnoniny nOXUOOK PHeyen — PHpgsp» @ TAKOXK Alarpama posnoxisy

KOMIIJICKCHUX YaCTHUHOK 3aJICKHO Bi,[[ pH .

CKCII

Y pesynprari po3paxyHky 3a mporpamoro SUPERQUAD
OTPUMAHO BEJIMYMHU KOHCTAHT CTIMKOCTI Jjsi cucTeMu Ni —
TJIIAH:

lg B;(NiL) 5.630(5)
lg B, (NiL,) 10.397(13)
lg B3 (NiL;) 13.846(42)
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[ML,,] Po3zpin Tpertii

JIABOPATOPHI PObOTH

JlabopaTtopHa podoTa 1
ﬁ [ BusHauyeHHs CKJIAAy i KOHCTAHTH CTiliKOCTI TiOLiAHATHOrO
\3" koMmiuiekcey (pepymy(IIT) mpu pH = 1 meTonamu
w i30MoJISIpHOI cepii i 3cyBY piBHOBaru y BOAHOMY pO34HHi Ta
meTooM Komaps y cnmproBomy po3umnHi

Binomo, wo B cucrtemi Fe(NO;3); —~-KSCN-H,O  MOXyTb

yTBOptOBaTUCA KOMMNJIeKCH pi3HOro cknagy. Obnactb
OOMIHYBaHHA TOro 4uM iHWOrO0 KOMMJEeKCy 3anexuTte Big pH
po3unHy, KoHuUeHTpauin Fe(NOjz); i KSCN Ta iX MOnbHOro

CNiBBIAHOLLIEHHS.

3a AOMOMOrol MeToay i3oMonApHUX cepiin Yy AaHilh cucTtemi
MOXHa BW3HAYUTU CKAa4 HAWMPOCTIWMX KoOMMNaekcis. [Ans
BU3HAYeHHS MaKCUMyMy CBITNIOMOrIMHAHHA KoMMneKkcy
[Fe(NCS)X]3‘X, AKWA  yTBOPKETbCA npun pH = 1, cno4aTky
3annCcyloTb CNEKTPU MNOMIMHAHHA BUXIAHUX KOMMOHEHTIB, a
Takox ix cymiwen (puc. 3.15). 9K BUAHO 3 PUCYHKY, MOJSIOXEHHS
MaKCUMYMYy CBITNIONOMNMHAHHSA He 3a5eXWTb Bif CNiBBigHOLWIEHHS
KOMMOHEHTIB i 3HaxoamTbcs npu A = 460 HM, TO6TO B AaHil
CUCTEMi YTBOPHOETLCS OANH KOMMJIEKC.

[na BU3HauveHHSa cknagy kKoMmnsekcy npu pH = 1 roTtytoTb
i3OMONSIPHY Cepitd PO34YMHIB i3 CYMapHOK KOHUEHTpaUi€ew
Fe(NO;); i KSCN 0.004 monb/n. BuxigHi po3ymHu conen i3
KoHueHTpauieto 0.01 Monb/n rotytoTs Ha 0.1 M po3uunHi HNO; .
Po3unHu Fe(NO;); i KSCN (o6'emm BkasaHo B Tabn. 3.14)

3anuBatoTb Yy MipHi kKonbwu Ha 25 Mn Ta A0BOASTL OO0 MITKM
0.1 H po3ynHOM HNO; . ONTUYHY FYCTUHY OAEepPXXaHWX PO3YMHIB
BUMiptooTb npu A = 460, 450 i 470 HM 4yepe3 60 xB nicng
3/IMBaHHSA po34unHiB (/ = 1 cM). Pe3ynbTaTu 3aHocaTb y Tabs.
3.14. Y nporpami Excel 6yaytoTb rpadikm 3anexXHOCTi ONTUYHOI
rYCTUHM Bid CKNagy PO34YMHY AN KOXHOI AOBXWHW XBUNi 1 3a
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NONOXEHHAM  MaKCUMMYMy  CBIiTNONOFMIWHAHHSA  BMU3HA4awTb
cknaa komnnekcy. 3a gopmynow (3.42) po3paxoBYHOTb
KOHCTaHTY CTiMKOCTi 0Aep>XaHOro KOMMaeKcy.

Tabnuys 3.14. OnTHYHA rycTHHA i30MOJIsIpHO] cepii po3unHiB Fe(NOs); —

KSCN - H,0
KinbkicTb, M OnTHYyHa rycTHHA NP A, HM
Fe(NO3); KSCN HNO; 450 460 470
1 9 15
2 8 15
3 7 15
4 6 15
5 5 15
6 4 15
7 3 15
8 2 15
9 1 15

Ona BM3HAYEHHSI KOHCTAHTU CTIMKOCTI LbOro KOMMJEKCY
METOAOM 3CyBY piBHOBarm Yy LWWICTb MipHUX Konb6 Ha 25 mn
HanueatoTb No 5 Mn 0.5 H po3unHy HNO;, 2 Mn 4 - 1073 M po3umnHy

KSCN, a notiMm pogatote 1, 2, 3, 4, 5, 6 mn 0.03 M po3unHy
Fe(NOj);. O6'eMn po3uMHiB A0BOAATL BOAOK A0 MIiTKU. Yepes
20 xB nicns 3MBaHHSA BUXIAHMX KOMIMOHEHTIB BUMIPIOKOTb ONTUYHY
rYyCTUHY po34mHiB npu A = 460 HM Ta TOBLMHI MOrAMHAKYOro
wapy 1 cM. OgepxaHi ekcnepuMeHTasnbHi AaHi 3aHOCATb y Tabn.

3.15 i 6yayloTb rpadik 3anexHOCTi OMNTUYHOI TYyCTUHM BIg
3aranbHoi KoHuUeHTpauii Fe**. MoTiM nonapHo 6epyTb pO34MHU
cepii Cf, i Cf,, 5K BKasaHo Ha puc. 3.22 6, BM3Ha4alTb

BiAHOLWLIEHHS ONTUYHMX FYCTUH UMX po3unHiB (3.59), 3a dopmynoto
(3.63) po3paxoBylOTb KOHLEHTpaLilo komnnekcy [Fe(NCS)?*, a
notimM 3a cdopmynoto (3.62) — NOro KOHCTaHTY CcTinkocTi. Mobyaosy
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rpadikis i BCi po3paxyHKM MpPOBOAATb B €NeKTPOHHMX Tabnuusx
Excel.

Tabnuysa 3.15. @opma esrekTpoHHOI Tadauni Excel ayis1 Bu3HaYeHHS
KOHCTaHTH CTilikocTi KomIuiekcy [Fe(NCS)|? MeTo10M 3cyBy piBHOBarm

KinbkicTs C
Fe(NOs);, M1 Fe

5 A P Cx B

Ona po3paxyHKy KOHCTaHTU CTIiMKOCTI LbOro KOMMEeKCy 3a
Metopom Komapsa sukopuctoByoTb 0.01 M po3unH Fe(NO;);,

AKUM rotytoTb Ha 0.1 H po3uunHi HNO;, a Takox BogHuin 0.01 M

po3unH KSCN. Y 4yotupu MipHi konbu Ha 25 mMn BHOCATbL no 1;
0.75; 0.5 ta 0.3 Mmn Fe(NO;3); Ta KSCN i goBoaaTb A0 MIiTKM

eTaHosoM. Bigpa3y nicng npurotyBaHHS PO34YMHIB BUMIPHOKOTL iX
ONTUYHY FYCTUHY NMpU A = 460 HM i TOBLMHI NOrMIMHAOYOro Wwapy
[ =1cM. OpepxaHi pe3ynbTaTh 3aHOCATb B ENEeKTPOHHY
Tabn. 3.16 i pO3paxoBYOTb MONSpHI KoedilieHTH
CBITNIONOMIMHAHHA KOMMAEKCY A/ KiJIbKOX Mnap po34uHiB 3a
dopmynoto (3.48) Ta, BMKOPUCTOBYIOUM iX CepeAHE 3HAYEHHS,
pO3paxoBylOTb KOHCTAHTY Aucouiauii koMmnnaekcy 3a ¢opMmyoto
(3.47). NOpIiBHATU KOHCTAHTU CTIMKOCTI KOMMNJEKCIB y BOAi Ta
€TaHoJi M MOSACHUTU BiAMIHY B X 3Ha4YeHHi.

Tabnuysa 3.16. Bu3aHaAaYeHHSI KOHCTAHTH AUCONIANil KOMILIEKCY [Fe(NCS)]** 3a
MetoaoM Komaps

Cr - 10%, monn/n | Csen™ - 10°, Monn/n Aseo Eeep B
0.40 0.40
0.30 0.30
0.20 0.20
0.12 0.12
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K omnnexcoyTsopenhs B posunki [ML,, ]

~ JlaGoparopua pobora 2
E | BusHaveHHs ckaaay i CTymiHYaCTHX KOHCTAHT
& cTifikocTi TiOHIAHATHUX KOMILJIEKCIB KOOAJIBLTY
Y BOIHO-211eTOHOBHMX PO3YMHAX

B3aemopia  kobanbTy(II) 3  TiouiaHaT-ioHaMM  NPOXOAUTL
CTYMiHYaCTO 3 YTBOPEHHSIM KOMIM/IEKCIB [Co(NCS),,]Z‘” (n=1-4). 8

BUAHO 3 puc. 3.18, MakCcMMyMu MOMIMIHaHHA PO34YMHIB 3 Pi3HUM
MONbHUM cniBBigHoWweHHAM Co(NO;), i KSCN 3mMiwytotbcs B 6ik

6inblUMX AOBXWH XBWUJb Y Mipy 36iNblUEHHS KOHLEHTpaLii TiouiaHaT-
ioHiB. Tak, HaWNpOCTIWMA KOMMAEKC, SKWA YTBOPIOETLCA NpU
MOJSIbHOMY CriBBigHOWeEHHI 1 : 1, XapaKTepusyeTbCd MaKCMMYMOM
ceiTnonornuHaHHa npu 530 HM, a npu cniBBigHOWeEHHI 1: 4 -
650 HM.

dna BMKOHAHHA 3aBaaHHA HeobxigHo mMatm 0.5M i 0.25 M
po3unHn Co(NOj3),, 1 M po3unH KSCN, 2 M po3umH KNO; y Bogi
Ta aueToH. o6 BM3HAUMTU KOHCTAHTY CTIAKOCTI HammMpoCTioro
komnnekcy [Co(NCS)]*, roTytoTb ABi cepii pO34MHIB Y MipHUX KO-
6ax Ha 25 Mn, y aki HanMBaloThb:

1) 2.5 mn 0.5 M po3umHy Co(NO;),, i 0.5, 0.75, 1.0, 1.25,
1.50, 1.75, 2.0 i 2.5 1M po3umHy KSCN, no 2.5mMn 2 M
po3unHy KNOs (ans CTBOpeHHS iOHHOI cmnun), 12.5 mMn aueToHy
Ta AOBOAATbL BOAOK A0 25 mn;

2)5.0 mn 0.5 M po3unHy Co(NO;), i Taki > KifbKOCTI
po3umHiB KSCN Ta iHLWMX KOMMOHEHTIB, K Yy nepLuil cepil.

ONTUYHY ryCTUHY PO34MHIB BUMIpIOIOTL Yepe3d 30 xB nicng ix
npurotyBaHHa npu A = 530 HM i TOBWMWHI CBITAONOrMMHAKYOro
wapy [ = 2 cM. Y KIOBETY NOPIBHAHHS NMOMIlLAal0Tb BOAY.

Ha oCHOBi OTpMMaHMX 3Ha4yeHb OMTMYHOI FYCTMHW PO34YMHIB
(tabn. 3.17) po3paxoByKOTb YSABHUIA MOAAPHUIA KOeilieHT
nornuHaHHa g i &, i 6yaylTe ana obox cepin rpadiyHy

3aNleXHicTb & - CSCN_. BukopucTtoBytoun rpadik ans nepuoi
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cepii Ak kanibpyBanbHWIA, BU3HaA4YalTb 3Ha4YeHHS CgCN_ ans
BiAMOBIAHOIrO pPO34YMHY APYroi cepii, K NokasaHo Ha puc. 3.26.
3a dopmynamm (3.66), (3.67) BM3HaA4YawTb pPiBHOBAaXHY
KOHUEHTpauilo niraHay i cepegHE KoopAWHaUiMHe 4yucno ans
BiAMOBIAHMX poO34YMHiB. Ha OCHOBI oaepXaHWX 3HauyeHb n i
[SCN] 6yayloTb KpuBY YTBOpPEHHS, 3a PpiBHAHHAM (3.23)

pO3paxoBylOTb HabnumxeHe 3HAYEHHS KOHCTaHTU  CTINKOCTI
HaMMNpOCTIWOro TiouiaHaTHOro KoMmnaekcy kobanbTy y BOAHO-
aueTOHOBOMY pPO34MHI B;. 3a niTepaTypHUMN JaHuMu B = 76.

Tabnuys 3.17. Pe3ynbTaTi BU3HAYEHHSI KOHCTAHTH CTillKoOCTi
KoMmILIekcy [Co(NCS)]" y BOAHO-aLETOHOBOMY PO3UHHi

Mepma cepisn Jpyra cepist
CC02+ =0.05 moun/n CC02+ = 0.1 moutn/n m [SCN | —lg [SCN]
sen- | & sen- | A | B2 | Cgen-
0.02 0.02
0.03 0.03
0.1 0.1

Ons BU3HAUYEHHS CTYMiHYaCTUX KOHCTAHT CTINKOCTI B2, B3, Ba
roTylTb ABi HOBi cepii po3umnHiB y MipHUX Konbax Ha 25 mn, y
AKi HaNMBaloTb:

1) 0.5 mn 0.25 M po3unHy Co(NO;),, 1.0, 1.25, 1.50, 2.0,
2.5, 3.5 Mmn 1 M po3unHy KSCN, no 2.5 mn 2 M po3umHy KNO;,

12.5 mMn ayeToHy Ta 4oBOAATb BOAOK A0 25 Mn;
2) 1.0 mn 0.25 M po3umHy Co(NO;), i Taki » caMi KinbKOCTi

po34nHiB KSCN Ta iHWKNX KOMMNOHEHTIB, SIK Y NepLwin cepil.
ONTUYHY TFYCTUHY pPO34UMHIB nNpu A = 650 HM | TOBLMHI
csiTnonornuHat4doro wapy 0.3 cM BuMiptotoTb Yepe3 30 xB nicns
3/INBAHHSA BUXIAHUX KOMMOHEHTIB. llicns uboro 6yaytoTb KpUBI
3anexHocTi € - Cgoy AN obox cepit po3umHis (Tabn. 3.18).
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Monanbwy 06pobKy pe3ynbTaTiB MNPOBOASATb, $SK OMNUWCAHO B
nepLwin 4YacTuHi gaHoi poboTu.

3 opepxaHoi KpMBOiI YTBOPEHHSI BM3HadaloTb HabAMXKeHi
3HAYEHHS CTYNiHYaCTUX KOHCTAHT CTIMKOCTI KOMMNeKkcie By, Ps i
Bs. TMMobymoBy rpadikiB i BCi po3paxyHKM NpoBoAsATb B
enekTpoHHmMx Tabnmnusax Excel.

Tabnuys 3.18. {ani n1js BU3HAYEHHS] CTYMIHYACTHX KOHCTAHT
crifikocti (B2, B3, B4) TiomiaHATHHUX KOMIJIEKCIB KOOAIBTY
Y BOTHO-alETOHOBUX PO3YHHAX

Tlepma cepist JIpyra cepist
CCo“ =0.005 moub/n CCOZJr =0.01 moab/a 7 [SCN | —Ig [SCN]
Coen-| A & |[Cgon-| 4 | B2 | Coox-
0.04 0.04
0.05 0.05
0.14 0.14

* BusnauyeHHsA ckiIagy i cTYNiIHYACTHX KOHCTAHT CTilKOCTI
koMmiiekciB kynpymy(1I) 3 mipuaunom y Boxi

CnouaTky 3HiIMaKTb CrneKTpu MOr/INHAHHA CcuUCcTeMHU
Cu(NO3), —-Py—-H,O npu Ppi3HUX MONbHUX CMiBBiAHOLEHHAX

OCHOBHMX KOMMOHEHTIB i Ha ix OcHOBi BubupawTb poboui
3HAYEHHS AO0BXUH XBuUnb (puc. 3.33).

Y MipHux konbouykax Ha 25 Mn rotywoTb ABi cepii po3uunHiB i3
MOCTINHO, ane pi3HOK KOHUEHTpauieto HiTpaty Kynpymy 0.01 i
0.02 Monb/n i KOHUEeHTpaUieo NipuanHy, sika 3miHtoeTbesa Big 0.005
00 0.15 monb/n. Y KOXHY KoN6ouKy A0Aat0Tb TaKOX TaKy KiNbKiCTb
HiTpaTy Kanito, wob ioHHa cuna po3uunHy popisHioBana 0.1. Yepes
30 xB nicns NpUroTyBaHHA pPO34YMHIB BUMIPIOKOTb X OMNTUYHY
ryCTUHY npw BMBpaHIin 3i CNeKTpiB NOMTMHAHHSA AOBXWUHI XBUJI.
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Ana obox cepiii ByaytoTb 3anexHictb € — Cp, i 3 OAEPX)aHUX

rpacdikiB po3paxoBylOTb 3HAYeHHSA QYHKUII YTBOPEHHA n i
pPiBHOBa)XHOI KOHUEHTpauii niraHgy [Py], sk onucaHo y npuknagi 3
(puc. 3.26, 3.27). [fani 6yayoTb KpuBY YTBOPEHHs, TOb6TO
3anexHictb n —f(-Ig [Py]), ana cuctemmn Cu(NO;), —Py-H,O, 3
AKOI 3HaXoAsATb HabNMXKEHiI 3HaueHHS CTYMiHYaCTUX KOHCTaHT
cTinkocTti komnnekcis kynpymy(II) 3 nipyuanHoMm, ki 0bepHeHo
NpPONOpLUiNHi piBHOBaXHUM KOHUEHTpauism niraHay npu n = 0.5,
1.5, 2.5 i 3.5 (3.23). OpgepxaHi 3HAYeHHS KOHCTAHT CTilKOCTI
YTOYHIOKTLCA rpadiyHMM mMeTtogoM PoccoTi (ame. nigposa. 3.4.1).
MobyaoBy rpadikiB i BCi po3paxyHKM MpOBOAATb B €/IeKTPOHHUX
Tabnuyax Excel.

A

0.6-

0.5+
0.4+ 3
0.3+
0.2+
0.1+ 1

0-— T T : .
400 500 600 700 800 A, HM

Puc. 3.33. CniekTpu NOIJIMHAHHS BOAHUX PO3YHHIB, IO MIiCTATH:
0.01 mons/1 Cu(NO3)3, 1 Py: 0.02 mouns/i (1), 0.05 moms/a (2),
0.1 mons/n (3) (n=0.1)

Tabnuya 3.19. lani njas BU3HAYEHHS CTYyMiHYACTHX KOHCTAHT
crilikocTi kommiaekciB kynpymy(Il) 3 nipuagunom

Iepma cepist Jpyra cepist
' _ " _ —_
Ccult = 0.01 Mot/ CCu2+ =0.02 MoJib/J n [Py] _1g [Py]
C i)y Ay €, Ci)y Ay € Cﬂy
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E ~  JlabopaTopHa pobora 4
. Bu3sHaveHHS CKJIAQy i KOHCTAHTH CTIHKOCTI
w KOMILJIEKCY apreHTyMy B cucTeMi AgNO; - KI - H,O
NOTeHiOMeTPUYHUM METOA0M

Y npobipkax Ha 10 M roTylTb CEPil0 PO3YMHIB i3 MOCTINHO
KOHUeHTpauieto Hitpaty apreHtymy (0.01 monb/n) i 3MiHHOLO
KOoHUeHTpauielo noamay kanito (0.90, 0.95, 1.00, 1.10, 1.20 i
1.30 monb/n). MocTiHy ioHHY cuny (L = 1.6) CTBOPHOOTL 3a
Aornomorot  HiTpaty Kanito. CknagalTb  eeKTPOXiMiuyHui
NaHUor, K rnokasaHo Ha puc. 3.28:

Ag | AgNO5,KI | KNO; | KCl,ye, Hg,Cl, | Hg

Cnouatky npu 25 °C BUMIpolOTb €NeKTPOoAHUA NoTeHLUian E cpib-
HOi nMnacTuHKKY, 3aHypeHoi B 0.01 M po3umH AgNO; npwu
BiACYTHOCTI  ioama-ioHis. BenuumHy E°  pospaxoByloTb  3a
PIBHAHHSAM:

E°= E - 0.059 Ig 0.01.

MOTiM y pO34UMH, WO MICTUTb HITpaT apreHTyMmy, Ao4atoTb Pi3Hi
KiNbKOCTI  Moamay Kanito, BuMipioloTb EPC  naHulora Ta
pO3paxoBYIOTb PIBHOBaXXHY KOHUEHTpaLUilo iOHIB apreHTyMmy 3a
dopmynoto:

. _(E-E°)
Ig[Ag"] 0059 " (3.102)

OpepxxaHi paHi 3aHOCATb B €neKTpoHHy Tabnuut Excel i
NpoBOASATb HEObXiaHI po3paxyHku (Tabn. 3.20).

Ons BCiX pO34MHIB AaHOI CUCTEMM piBHOBaXXHa KOHLEHTpauis
ioHiB apreHTyMy [Ag'] HM3bKa, @ OTXKe NPaKTUYHO BCi iOHM apreH-
TYMy B PO34MHi 3B'siI3aHi B KOMMNEKC:

Ag® +nl” =[Agl,]'™".

ToMy MOXHa BBaxaTW, WO PpiBHOBaXHa KOHLUeHTpauis

MnoaMgHMX  KOMIMJIEKCIB  apreHTyMy  [OPIBHIOE  3arasbHil

KOHUEeHTpauil apreHtymy: [AgIZ,’”]:CAg+. Ockinbkn 3aranbHa
KOHLUeHTpauis nogma-ioHa Habarato 6inblwa Big KoHUeHTpauii
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KOMMNJeKcy, TO [I‘]zCl_. ToMy Ans 3Haxo4XKeHHSA cKknagy

KOMMNEKCY, KU YTBOPKETLCA B PO34MHi, 6yayemo rpadidny
C

3anexHictb Ig ﬁ—lg C/— (3.78) i 3a TaHreHCOM KyTa Haxuny
g

[0 ocCi abcumc 3HaXoAMMO BENMUYUHY KOOPAWHALIMHOIO 4uncna n.
Biapizok, SKkui BiacCikae npsMa Ha oci opauHaT, NpubamM3HO
AopiBHIOE Ig B,. BinbWw TOYHE 3HAYEHHS 3aranbHOI KOHCTaHTU
CTIMKOCTI pO3paxoByKTb A1 KOXHOro po34mHy cepii 3a
dopmynoto:

Sy — (3.103)
[Ag")C, -nC, .)

n

Tabnuys 3.20. ®opma esiekTporHoi Taduui Excel st 06podku
pe3yJabTaTiB NOTEHIIOMETPHYHOTO TOCTiKEHHS CHCTEMHU
AgNO; - KI - H,0

C
Cxi, MOTB/T | Epgiagt, B | [Ag"], Mosb/a Ig [ A;ﬁ] B
0.9
0.95
1.30

BuzHaueHHs1 CKJIay KOMILIEKCIB apreHTyMy B cuctemi AgNO;—
NH;-H,0 mnoTeHUioOMeTPHYHMM MeTOAOM i Ppo3paxyBaHHsA
CTYNMIHYACTHX KOHCTAHT cTiiikocTi MeTooM Jlenena

SK BUXigHI po3unHu BukopuctosytoTb 0.01 M BogHUN pPO34MH
AgNO;, 1M BoaHi po3umHun NH; Ta KNO;. CknagatoTtb

naHuoXokK (puc. 3.29):
Ag | AgNO3, NH; | KNO3 | AgNO,, | Ag

I
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Ona pobotn 6epyTb CTakaHumkm Ha 50 Mmn. Y nepwuin i3 Hux
HanmeaoTb 10 mn 0.01 M po3umHy AgNO;, 2.5Mn1 1 M po3unHy

KNO; Ta 12.5Mn Boau. PO34MH 3acCTOCOBYIOTb $SK OAWH i3

HaniBenieMeHTiB. K ApYyruiA HaniBeleMeHT BUKOPUCTOBYIOTb Cepito
po3umHiB, wo Mictatb 10 Man 0.01 M po3unHy AgNOs, 2.5mMn 1 M
po3unHy KNO3 Ta pi3Hi KinbkocTi 1 M po3umHy NH;: 1, 2, 3,5, 7, 8,
10 mn. Yci 06'eMn po3umHiB cepii 4OBOASATL A0 3aranbHOro o06'emy 25
MN BoAow. BuMiptooTe EPC ofepXXaHoro TakMM YMHOM JaHLKOXKKaA
npw 25 °C. JaHi 3aHOCSTb B €NeKTPOoHHY Tabnuuto Excel (Tabn. 3.21).
OcKiflbkM KOHLIEHTpaLis aMOHiaky B PO34uMHi 3HA4yHO 6inblua, Hix
KOHLIEHTpaL|ia HITpaTy apreHTyMy, To MoXXHa NpuiHATK [NH;] ~ CiHj -

Tabnuys 3.21. ®opma enexTponHoi Tadiuui Excel 1ist 06pooku
Pe3yJabTaTiB MOTEHI[iOMeTPUYHOI0 AOCTIIKEHHS CHCTEeMHU
AgNO; — NH; - H,0 3a meToaom Jlenena
A B C D F G H
Cnn, ~[NH3]

EPC,B (1)) F, B: P, B2
MOJIb/J1

Ha ocHoBi BMMIipsiHOI BeNnUnMHM EPC KOHLIEHTPAUINHMX eNneMeHTIB
3a piBHAHHAM (3.74) po3paxoByloTb QyHKUito PpoHeyca (D) Ta
BM3Ha4YaloTb 3a MeToaoM JleaeHa cknag i KOHCTAHTU  CTIMKOCTI
aMOHiaKaTiB apreHTyMy, sik onmcaHo B nigposa. 3.4.1. Yci HeobxiaHi
po3paxyHKu i nobyaosy rpadikis npoBoasTb Yy Tabnamuax Excel.

JlabopaTtopHa po6oTa 6
_ BuznauyeHHsI ckiIaqy KOMILJIEKCIB apreHTYMY B CHCTeMi
E || AgNO;-NH; - H,O noTeHIlioMeTPUYHUM METO/I0M
,& i po3paxyBaHHA CTYNiHYACTHX KOHCTAHT CTIKOCTI
3a meToaoM B'eppyma
[Ons BMKOHaHHSA 3aBaaHHs B 10-Tu MipHMX konbax Ha 25 mn
roTyloTb  ABi  Cepii  pO34YMHIB i3 MOCTIMHOK  3arasbHOK
KOHLUeHTpauiclo aprentymy 1-1072 i 3.1073 Monb/n i 3MiHHOW0
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amoHiaky (5-1073-5.107% monb/n). [ocTiiHy iOHHY cuay
(u=0.1) nigTpUMYIOTb pPO34YNHOM KNOs. CknagatoTtb
KOHLEHTpauinHNIA eneMeHT:

Ag | AgNO; | KNO, | AgNO3,NH; | Ag

Ha ocHoBi BuMiptoBaHb EPC KOHUEHTpaUiliHMX efieMeHTiB 3a
piBHSAHHAM (3.74) po3paxoBylOTb 3Ha4deHHs dyHKUii ®poHeyca i
OyaytoTb  rpadiuHy 3anexHicte Ig® - Cyy, AN 06ox cepiu

po3unHiB. BukopuctoBytoum rpadik ana  nepwoi cepii Ak
KanibpyBanbHWIA, BW3HAYalOTb KOHLUEHTpPaUild aMOHiaKy Aans
BiANOBIAHOrO PO34YMHY ApYroi cepii C,QHs , TO6TO Ty KOHUEHTpaLuito,

3a dKkoi dyHKuUis @®poHeyca ansa obox cepin Mae opHakose
3HayeHHs (amB. puc. 3.30). 3a dopmynammn (3.66) i (3.67)
po3paxoByoTb BennumHn ni [NH;]. Ha OCHOBiI OoTpMMaHuxX AaHuX

OyayloTb KpMBY YTBOPEHHS i BM3HAyalTb CTYMiHYACTi KOHCTaHTU
CTIMKOCTi aMiHHMX KOMIIEKCIB apreHTymy (AauB. npuknag 5). Yci
HeobXigHi po3paxyHku i Nnobynosy rpadikie NpoBoasATb y Tabnunusax
Excel (Tabn. 3.22).

Tabnuys 3.22. Pe3yabTaTH NOTEHIiOMETPUIHOTO T0CTiKEHHS
cucremu AgNO;— NH; - H,O

Iepma cepist Jpyra cepist
CAg* =0.001 MoJB/1t CAg* =0.003 Mob/1t m [Py] | —Ig [Py]
Cpy |EPC,B|Ig®, | Cpy |EPC,B| Ig®, | Cpy
0.005 0.005
0.006 0.006
0.05 0.05

JlabopaTopHa poGoTa 7
ﬁH BuBueHHsI mpolecy CTYMHYACTOI0 KOMILIEKCOYTBOPEHHSI B
U1l cmcremi xynpym(Il) — riimumH (aMiHOONTOBAa KHCJIOTAa) 32
w MeToaoM pH-IOTeHLiOMETPUYHOI0 TUTPYBAHHS. Y TOYHEHHS
3HAYEHHS CTYMiHYACTHUX KOHCTAHT CTiHKOCTi KOMILIEKCIB 3a
nporpamoio SUPERQUAD
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Y cuctemi Hitpat kynpymy(II) - amiHoouTtoBa kucnota (HL)
BinbyBalTbCA TaKi npouecu:

[CuL™]

Cu?* +HL == CuL" +H" Kij=—p—— (3.104)
u + u + 1 [Cu2+][HL]
[Cul,]
CuL™ +HL = CuL, +H" Ky=——"-"—""_ 3.105
uL™ + uL, + 2 [CuL]*[HL] ( )
H*J[HL
L == HL+H* Ky = A 1AL (3.106)
HoL']
_ HL]
HL == L +H* K,=—"—= 3.107
+ 4 [HL] ( )
ne Kz i K4 — KOHCTa@HTM KWCNOTHOI Aucouiauii aMiHOOUTOBOI

kncnotm Kz; i Kz» BignoBigHO. MeToAMKY BM3HAUYEHHS LUX
KOHCTaHT onucaHo B po3a. 1.

MeToauMKa BWMKOHaHHSA po6oTu. fK BuXigHi pedoBUHU
BukopuctosytloTb 0.025M  po3umH Cu(NO;),, 0.025M po3umH

rniguHy, 0.5 M po3unH KNO;, 0.1 M po3unH HNO;, 0.1 M po3uuH
KOH .
Y MipHy KOnby Ha 25 Mn BHocATb 2.5 Mn po3umHy Cu(NO;),, 5 Mn

pO34MHY FAiunHY, 5 MA po3umHy KNO; (41 NOoCTiHOI iOHHOI cnnn
p = 0.1), 1.5 mn po3unHy HNO; (419 NOBHOMO MPOTOHYBaHHSA BCiX

YacToK Y PO34MHi) 1 po36aBNAOTL BOAOK A0 MITKU. OaepxaHui
PO34MH TUTPYIOTb po3umHOM KOH, 3anucytoum 3HaueHHs1 pH po3unHy
3anexHo Big 06'eMmy gogaHoro nyry. OCTaHHiM g0AaloTb 3 KPOKOM

0.1 mn. BennumHy [OH™] po3paxoBytoTb 3a OpPMYNo0 [HI_*]' nel-

iOHHMI no6yToK Boam. Mpu t = 25°C T = 107,
NMpoBeaeHHA po3paxyHKiB. 3arasibHa KOHUeHTpauis
rNiUnMHY B PO3YMHi AOPIBHIOE CYyMi N'ATU KOHUEHTpaUii:
C, =[L"]1+[HL] +[H,L]+ [ML] + 2[ML,]. (3.108)
OcKinbkn n — cepegHE 4YUCNO MOJIEKYN NiraHay, 3B'A3aHuX 3
OAHMM aTOMOM MeTasly, MOro 3Ha4YeHHS MOXKHa 3anucaTu Tak:
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—_ MLI+2ML,]

3.109
c, ( )

CykynHuiA po3B'a30K piBHAHb (3.108) Tta (3.109) aae:
C, =[L]1+MHL]+[H,L'] + n Cy, . (3.110)

MigpctaBnsaoum piBHAHHA (3.106) Ta (3.107) B piBHAHHA
(3.110), oTpMMyeEMO:

R (o T (o e
C =[L1+ KoK, + K, +nCy, (3.111)
3BiAKN:
yq HT HTP
C -ILI1++ )
= Ko  KoKs' (3.112)
C.

Ons po3paxyHKy [L”] BMKOPUCTOBYIOTb hOpMyny:
_ C, +[HNO3]+[KOH]-[H"]+[OH"]

(3.113)
H] N 2H'P?

(L]

Ky, KK,
Je PpiBHOBaXkHa KOHLEHTpaLis [HNO3] =Cijnos +2C) - dopmyny

(3.113) MoxxHa ogepxaT B Takmin croci6. KoHUEeHTpauito BiflbHMX Ta
3B'SI3aHMX iOHIB BOAHIO B PO34MHI MOXKHa 3anmcaTtn ABoMa criocobamm:

CH+ =[H"]+[HL] + 2[H,L"]+[OH"] (3.114)
Ta
C+ =CL +[HNO3]-[KOH]. (3.115)
3icTaBneHHs piBHAHb (3.114) Ta (3.115) pae:
CH+ =C_ +[HNO;]-[KOH] +[OH]-[H"]. (3.116)

MigcraBnsitoun piBHaHHA (3.106) Ta (3.107) B piBHAHHS (3.116),

oaepXunmMo Bunpas (3.113). SAKWo no3Ha4nTM CMMBOIOM Q BMpa3
[H']  [H']?
Q=1+ -24+2-°, (3.117)
K, KK,

Ta CMMBOJIOM P BUpas
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po H 2]

— (3.118)
Ky KK,
dopmMynu ans po3paxyHky n Ta [L] npuiMaloTb NPOCTILUMA BUrNSA:
T Nl = S (3.119)
Cu
L= C, +[HNO3]+[K’(3H]—[H ]1+[OH7] . (3.120)

Pe3ynbTtaty po3paxyHKy 3aHocATb y Tabn. 3.23. 3a gaHumu
Tabnnui 6yayloTb KpUBY YTBOPEHHS, @ 3@ HeK 3HaxoAdaTb Kj Ta
K> npn n=0.51i 1.5 BianosigHo.

Tabnuys 3.23. Po3paxyHOK AaHUX ISl TOOY/10BH KPHBOI yTBOPEHHS
KoMILIeKciB y cuctemi Cu — amiHOONTOBa KHCI0TA (TJIHIMH)

N | V(KOH) | pH | [H'] | [OH]| C, |[KOH]| C;, | P o | n L | pL

Po3paxoBaHi 3 KpuBOi YTBOPEHHS HabAMXKEHiI 3Ha4YeHHS
KOHCTaHT CTINKOCTi BMKOPUCTaTW AN PO3paxyHKy 3araabHux
KOHCT@HT CTIMKOCTIi KOMMNEeKCiB KynpyMy 3 TrfiUMHOM 3a
nporpamoio SUPERQUAD.

3a oJepXaHWMU pe3ynbTaTaMy po3paxyHKiB 3a A0MNOMOrow
nporpamu Species nobyaysatu aiarpamy po3noainy
KOMMNIEKCHUX YaCTUHOK Y CUCTeMi HiTpaT Kynpymy - TrfiunH
3anexHo Big pH po3uunHy.
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? KOHTPOJIBHI
® | BAIIHTAHHA

1. Criiikicts xommuekcis Fe’*, Ti*", U*" 3menmyerscs B psmy
niraggis F~ >Cl" >Br  >I", a gma iomis Cu®, Hg?, Pt*
CTIHKICTh KOMIUIEKCIB y IIbOMY K Sy JIraHmiB 301UIbLIYETHCS.
[osicHUTH IPUYMHYU TaKUX 3aJICKHOCTEH.

2. Slkum ymHOM cTepuyHi (aKTOpU BIUIMBAIOTh HA CTIMKICTh
KOMILIEKCIB?

3. ¥V yomy mpuYMHA XEJATHOTO 1 MAKPOIUKIIYHOTO e(eKTiB?

4. Y sKoMy HampsMKy, Ha Ball TOTJsAA, Oyae 3MillyBaTHUCh
piBHOBara B HaBEJICHUX HWXUE mporecax. Homy?

[Cu(NH,;),]" +en =  [Cu(en)]" +2NH,

~

[Ag(NH,),]" +en — [Ag(en)]” +2NH,

~

[Cu(NH,),]* +2en =  [Cu(en),]*" +4NH,

5. YoMy KoMILIeKCH MeTaTiB 3 edta Ta IHIIMMH KOMIIJICKCOHAMU
MalOTh BHCOKY CTiHKICTh?

6. Ha3BiTh OCHOBHI MEXaHI3MU pPEaKIliii 3aMilIeHHS JITaHIiB.
SxuM € HaWBIPOTIAHIIIMI MEXaHI3M PEaKIIiii:

[PAC1,]* +1" =[PdCL,I]* +CI
[CoCINO, (en),]"+H,0 == [Co(H,0)NO,(en),]* +CI"?

7. lloscHuTH  TPUYHMHY  30LIBIICHHS  E€JIEKTPOIPOBIAHOCTI
BogHOro po3uuHy [CoCI(NH,),]Cl, 3 wacom Big ~250 no
~ 400 Om "+ cM* - Monb '

8. Jlns sikoro 3 KOMIUIEKCIB peakiii oOMiHy JiramiB OyayTh
BimOyBaTucs 3 OUIBIIOI  MIBUIKICTIO: [CoCl(NH3)5]3+ Eo7i

[CONO,(NH,);]**, [Co(CN)(J* um [Ni(CN),]*", [Cr(H,0),]" un
[Fe(H,0),1*" ? Yomy?
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9. Uomy koMmIuieKkcH 3d-meTaniB € OinbIn JIAOUTBHUMH, HIK
KOMIUTIeKCH 4d- 1 Sd-meTaniB?

10. Bu mna"yeTre  TpPOBECTH  JOCHIKEHHS  MPOIEeCy
KOMILUIEKCOYTBOPEHHSI B CHCTEMi METOJOM 130MOJISIPHHUX Cepii.
SAxuM YMHOM MOXHA TIEPEKOHATHCS, IO B JaHIA CHUCTeMI
YTBOPIOETHCS KOMILIIEKC JIUIIIE OJTHOTO CKIaay?

11. o take dynkmis b'eppyma i pynkiis OpoHeyca 1 B AKUX
BUIAJIKaxX Ta Y 1HIIA (PYHKIISI BUKOPUCTOBYETHCS AJI1 PO3PAXYHKY
KOHCTAHT CTIHKOCTI KOMILIEKCIB?

12. TlepeBakHa OUTBIIICTh OMyOJIIKOBAaHMX 3a OCTaHHI IT'STh
POKIB pOOIT 3 JOCHIDKEHHS HPOLECIB KOMILJIEKCOYTBOPEHHS B
pPO3UMHI 3 BHUKOPHCTAaHHSIM KOMIT'IOTEPHUX METOMIB OOpOOKH
pe3ynbTaTiB BUKOHAHO 3a MeTogoMm pH-moteHmiomerpii. Yomy
caMe€ 1€l MeToJ 3HaWIlIOB Take IMpoke Bukopuctanug? o
00MeKy€e HIMPOKE BUKOPUCTAHHS CIIEKTPO(POTOMETPUYHUX METO/IIB
JOCTIKEHHS TIPOIECIB KOMIUIEKCOYTBOPEHHSI?

N 3471491

3agada 1. Hanncatn piBHAHHS peakuii  CcTyniH4YacToi
B3aeMoaii [Cd(H20)6]2+ 3 BOAHMM pO34YMHOM Kl 3
yTBOpeHHsaM [CdI4]%". MokasaTtu, Wwo Bs = K; - K> - K- K.

3agayda 2. O64MCcIMTU po34YMHHICTL Agl B 2.5 M po3uuHi
NHs. OPag = 8.3 - 107; ana [Ag(NHs),]" B, = 1.7 - 107,

3agava 3. TiouiaHaT Kanito, KSCN, yacTo
BUKOPUCTOBYIOTb ans CNEeKTPOPOTOMETPUYHOIO
Bu3HauveHHa Fe3* y surnsai komnnekcHoro ioHa FeNCS?*,
flka KoHUeHTpauis Fe3* 6yae y po3umHi, SKWO 3MiWwaTy
0.5 n 0.0015 M po3unHy Fe(NO3)s i 0.5 n 0.2 M po3uunHy
KSCN? (Ons FeNCS?* K = 8.9 - 10°.)
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_ BU3HauMTV KOHLUEHTpaUio ioHiB [Zn?*], [CN]
i [Zn(CN)4]* y po3umHi, akuii 6yB oaepxaHuii npw
po3umHeHHi 0.82 r ZnCl, B 1 n 0.15 M po3umHy NaCN.
(Ons [Zn(CN)4]* Bg = 4.2:10%.)

_3a AKOI KOHUEeHTpauii amoHiaky [Ag*] =
[Ag(NHs)>*1, [Ni**] = [Ni(NH3)e]**?

_ Mobyayeatu 3anexHictb IgPB, KOMNMekcis
Mn?* Fe?*, Co?*, Ni**, Cu®* i Zn?* 3 eTunengiamiHomM i edta

Bi4 NMopsiaKkoBOoro Homepy Metany (pogatok 1). MNosicHUTH
XapakTep 3MiHM CTINKOCTI KOMMEKCIB Y AaHOMY psay

_ KOHCTaHTM  WBMAKOCTI  peakuil  yTBOpPEHHS
[CoX(NHs)s]** i3 [Co(NH5)s(H-0)]**ans X = CI7, Br', N5~ i NCS™
BiApi3HAOTbCA He binblue, HXX Ha OAWMH YM ABa NOpAaKA. KNI
MexaHi3M peakLuili 3aMilleHHs B LibOMY BMMaaKy?

_ 3anponoHyBaTu MeXaHi3M akBaTauii
komnnekcy ymc-[PtCl,Py,].

_ MosAcHUTH pi3HUI XapakTtep 3MiHU

€NeKTponpoBiAHOCTI 3 YacoMm (puc. 3.34).

1, Om~" - cm?

100 1
50— ////

25 50 t, xB

Puc. 3.34. 3mina MoOIsSIPHO] €1eKTPONPOBITHOCTI PO3UHHIB:
1 — mpanc-[PACL(NH;),], 2 — yuc-[PACL(NH;),],
3 — mpanc-[PtCly(NH;),], 4 — yuc-[PtCl,(NHs),]
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_ Ha puc. 3.35 HaBeAeHo KpuBI

CNEeKTPOMOTOMETPUYHOIO  AOCAIAXKEHHS i30MOTAPHUX
cepin ana komnnekcie kynpymy(II). Aki BucHoBkM npo
XapaKkTep npouecCiB KOMMIEKCOYTBOPEHHSI B HaBeAeHMX
cucteMax  MOXHa  3pobuTu, BUKOPUCTOBYHOUM  AaHi
3a5exXHOCTI? SKoro cknagy KOMMAEKCU YTBOPKTbLCA? K
BMN/INBAE HAa KOMIMJIEKCOYTBOPEHHS pH po34nHy?

A
1.2 pH 5.70
08l pH 5.00
0.4. pH 4.00
a L 1 L
0.2 04 06 0.8
[Cu]/([Cu]+[HCK])
AA
0.5 pHB8.4
04 |
H4.3
osf °
02
pH 2.0
0.1 >
6 1

012 of4 0.6
[Cul([Cul+[HACK))

Puc. 3.35. Kpusi i3omousstpHOi cepii st cnctemu kynpym(ID)
— S-nitpocanimmiosa kuciaora (HCK) (a) i kynpym(II) — nitpo3o-2-Hadrosr-3.6-
mucyasgpokuciora (HICK) (6) mpu pisanx 3Hauennsx pH [2]
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3agayda 11. B onucaHux Buwe nabopaTopHMx poboTax
npouecn komnnaekcoytsopeHHsi B cuctemi Fe(NOs); — KNCS -
H,O pocnigaxyoTbCd METOAOM i30MOMIAPHUX Cepin i 3cyBy
pisHoBaru npu pH = 1. 3pobuTn 06rpyHTOBaHE NPUMYLLEHHS,
UM  MOXHA, BMKOPUCTOBYIOUM Ui MeToAW, BU3HAYUTU
KOHCTaHTM CTIMKOCTI TiouiaHaTHMX KOMMMeKCiB depyMy npu
pH = 3? 4ki goaaTKoBi AOCNiAXEHHS NMOTPIBHO NpoBecTy, Lwob
[aTn TOYHY BiANoBiAb Ha Le NUTaHHA?

3apgada 12. Ha puc. 3.36 HaBeAeHO KpuUBY YTBOPEHHS
cnctemn CoCl, - en - H,0. Aki KOMNiekcK yTBOPHOKTLCA B
OaHIn  cucteMi? BusHaumtn HabnmxeHi 3Ha4eHHs  iX
CTYNiHYaCTUX i 3arasibHUX KOHCTAHT CTilAKOCTI.

n
3.0

O\O\o

2.5+ N

2.0 o
1.5 N

101 \
0.5 N

T T T T T T

1 2 3 4 5 6 7 -lg[en]

Puc. 3.36. KpuBa yTBOpeHHs /151 CHCTEMU
CoCl; — en — H,O nipu 30 °C

3agada 13. Ha puc.3.37 HaBedeHO 3aNexHICTb po3noainy

KOMIMIEKCHMX Y4acTUHOK Bia pH ans cuctemn Ni* — nipuaunH-
2.6-purigpokcamoBa (H,L):

B
0) = 0]
N
NH HN
Ho”” H,oL oH
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3aranbHi KOHCTaHTW Aucouiauii niraHAy Ta KOHCTaHTU
CTiMKOCTI KOMMJEeKCiB, BM3HAYEHI 3a  40noMmororo

NMOTEHLIOMETPUYHOIr0 TUTPYBAHHS, MalOTb TaKi 3HAUEHHS:

Yactunku Ig B
HL 8.80
H,L 16.44
NiL 9.80
NiL, 18.29
NiH L, 10.35

3 4 5 6 7 8 9 10 M
pH
Puc. 3.37. Po3noaisn komiiekciB 3aie:xHo Big pH 15 cucremn
Ni’*— mipuauH-2.6-1uriapoxcamoBa kucjaora (H;L);

CNi2+ =0.002 mo.Jb/1, CHZL =0.01 moab/a, t=25°CTap=0.1

lMpoaHanisyBaTu HaBeAeHi pe3ynbTaTtu i AaTu BiANOBIAb Ha
3arnnTaHHA:
=  BigwenneHHo AKMxX NpOTOHIB BiAMOBiAaTL Nepla Ta

Apyra KOHCTaHTa Awucouiauii niraHay? YoMy [OpiBHIOE
nepla CTyniH4yacTa KOHCTaHTa aucouiauii niranay?



K omnnexcoyTsopenhs B posunki [ML,, ]

* [lpn 9KOMy 3Ha4yeHHi pH KoHueHTpauia komnnaekcy [NilL]
[OCAra€e MakCUMasnbHOI  BeNWYUMHM? YoMy  [OOpIBHIOE
KOHUEeHTpauis ubOro KOMIMJEKCY MNpu AaHOMY 3Ha4YeHHi
pH? Ski iHWi koMnnekey (ioHW) HiKeNnt NPUCYTHI B cUCTEMI
3a OaHUX YMOB i SIKMMWM € KOHUEHTpauii BignoBigHMX
YaCTMHOK? SlKa KOHUeHTpauia "BinbHoro" niraHgy?

= 3anponoHyBaTM cnocobwu KoopAuHauii niraHay Aans
KOXXHOro TUMY YTBOPKHBAHUX KOMIEKCHUX YaCTUHOK, SKLLO
BCi KOMIJIEKCH MaTb OKTaeApuyHy 6ynosy
KoopAuMHaUiiHOi  cdepn. SKMM € 3apsaa KOXHOI 3
KOMIM/IEKCHUX YaCTUHOK?

= YoMy [OpiHIE CTyniH4YacTa KOHCTaHTa Aucoudiauii ans
npouecy [NiL,] == [NiH.;L,] + H?
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Hp06JI€MaM CHHTE3y KOOPIWHAIIWHUX CIHOJIYK IPHUCBIYCHO

BEJIMKY KUIBKICTh MiAPYYHHKIB Ta Cy4yacHUX MOHOrpadiid, y sKuX
PO3TIISAAAIOTHCS pi3HOMAaHITHI TEOPETUIHI MIX0au Ta
€KCIIEpUMEHTAJIbHI acCleKTH BOTO MUTaHHS [1-20].
ExcniepumenTtanbHi mpuiioMu  (mepeMilnyBaHHs, (QiUIbTPYBaHHS,
OCYIICHHS, CyOJliMallis, OYMIIEHHS PO3YMHHHUKIB TOIIO), MOCY. i
npujIaa, sIKi BUKOPUCTOBYIOTBCS MPU CHHTE31 KOOPIMHALIHHIX
CIOJIYK, TaKOXX JIOOpe ONHCAaHO Y CHeIiaJbHINd JiTeparypi,
NPUCBAYCHIN TEXHil J1abopaTopHUX podiIT y XimiuHil JabopaTopil
[15].

3aJIe’)KHO BiJl CKJIAy KOMIUIEKCIB METOAMKH X CHHTE3y MOXYTh
OyTu IPOCTUMHU 1 HE TOTPeOyBaTH OCOOIMBUX EKCIIEPUMEHTATBHIX
HAaBUYOK 200 EKCIIePUMEHTaIbHO JIOCUTh CKJIAJHUMHU 1 BHUMaraTH
BMIHHS TIPAITIOBATH 3 MIKPOKUIBKOCTSIMA PEYOBHH y BaKyyMi 4u B
aHaepoOHUX YMOBaX, TOOTO 0€3 JOCTYIy MOBITPS 1 BOJIOTH.

Jnst cuHTe3y KOOPIMHAIIWHHUX CIOMYK BHUKOPHUCTOBYIOTH YCi
BIZIOMI THITH XIMIYHUX PEaKIliii, a OCTAHHIM YacoM 1 TaK 3BaHI peakiii
TEMIUIATHOTO 200 MPSIMOTO CHHTE3Y.

4.1. PEAKIIII MPUEJHAHHS TA OBMIHY
4.1.1. CuHTe3 KOMILUIEKCIB Y pO34YMHAX

[lepeBaskna OLTBIIICT, KOOPAMHAINMHUX CHONYK OJEp)KaHa B
pO3YMHAX 3a peaKIisMu TpueTHaHHS abo oOMiny. Hampukiam, mu
xoueMo onepkatu crnoiayky [Ni(NH;),]Br,. Po3ummsemo y Boxi
Hitpar Hikento(Il), mami 10 po3unHy 10J2€MO HAIMIpP AMOHIAKY:

[Ni(H,0),]>"+6NH, =[Ni(NH,),]**+6H,0.

Tenep AocUTh 10 OJIEPKAHOTO PO3UMHY J0JATH KOHLIEHTPOBAHUN
PO3YHMH OPOMITy KaJlito, SIK TOYMHAIOTH BUIUISTHCS KPACHBI KPUCTAITH
cuHbO-(iankoBoro xonbopy [Ni(NH;),]Br, .
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Hus cuntesy cnonyku K,[Co(NCS),] po3uunsemo y Boai
XJIOPHUJ YW HITpaT KOOAIbTy 1 Jdami 1O PO3YHHY JI0JAEMO
KOHIICHTPOBAHHI PO3YMH TiOIiaHATY Kaiio:

[Co(H,0),]*+4NCS™ =[Co(NCS),]* +6H,0

[Ipu kpucramizamii 3 TaKoro pO3YMHY OJCPKYIOTh CHHI
kpuctaiu K,[Co(NCS),].

JlocuTh YacTo PO3YMHHUK € OJHOYACHO 1 CEPeAOBHILNEM JIJIs
MPOBE/ICHHS peakilii, 1 JiranaoM. Tak, pu pO3YMHEHHI OE3BOJIHOTO
CrCl, y pigkoMy amoHiaky a0o0 MIpUIMHI OJIEPXKyeEMO TIpH
BUnapoByBaHH1 po3unHHMKa [Cr(NH,)]Cl; a6o [CrCl,Py,]
BimnoBigHo. Ilpu kpucramizauii pozuuny, mo Mictute Pb(SCN), y
TUMETHIICYIb(GOKCUII BUIUISIOTbCS KpacuBl Oe30apBHI KpUCTAIH
[Pb(SCN),(AMCO),]. Takuii THUOD B3aeMonil MOXKHA Ha3BaTH
peaKiisMU PUEIHAHHS. Y HACIIIOK peakiliii mpueIHaHHs a0o 00MiHy
MOXKHa OJIEp)KyBaTH KOMIUIeKcH aminHoro tumy [M(NH,).]"",

[M(en),]™*,  pisai  compBaTokommiekcn  [Cu(JIMCO), T,

amnokommuiekcn  Mi[M"™Hal,], MjL[M"(CN),], a Takox
Pi3HOJIIraHIHI KOMITJIEKCH, HATIPUKIIAI:

Co(NCS), + IM®A =[Co(NCS),(IMDA),]

PtCl, + 2NH, =[PtCL,(NH;),]

Cu(tfa), + 2Py =[Cu(tfa),(Py),]
ne tfa — 1,1, 1-rpudTopanerunaneToHaT-ioH.

Sk BUXiIHI CIONYKH METaJiB TpPU CHUHTE3l KOOPAWHAININHUX
CIOJYK MOHa BHMKOPHUCTOBYBAaTH TPOCTI W KOMIUIEKCHI COJi,
TiIpOoKCHIH, OKcuan MetaniB. [Ipu BuOOpi aHiOHA BPaXxOBYIOTh Taki
(dakTtopu, SK PO3YMHHICTD BIAMOBIIHOI COJI Yy BHOpaHOMY
PO3UMHHHKKY, 3[aTHICTh aHiOHa 10 KoopauHamii. Hampuknan, ams
OJIep’KaHHS KOMIUIEKCIB aMIHHOTO THITy a0o0 aIlHI0KOMIUICKCIB
Kpalle BUKOPUCTOBYBATH HITPATH UM MEPXJIOPATH METAIIB, OCKUIBKU
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CHHTE3 KOOpAMHALiMHUX CMONYK {":"}
Ha3BaHI aHIOHW MAalOTh HU3bKY KOOPAMHAIINWHY 3[aTHICTh, TOMY HE
OyAyTh KOHKYypYBaTH 3 aMiHaMH 3a MicIle B KOOpJAUHALINHHIN cdepi.
lNapokcuam ¥ OKCHUIM METaTiB BUKOPUCTOBYIOTh, SIK ITPABHIIO, KOJIH
peakiii BiIOyBalOTbCS B KUCIOMY CEpelOBHIII, ad0 caMm JraHj €
c1abKOI0 KHCIIOTO0. IX BHKOPHCTAaHHS J03BOJIsA€ perymosatn pH
PO34YHHIB:

Cu(OH), +2NH,CH,COOH = Cu(NH,CH,COO0), +2H,0
CdO + 6NH,SCN = (NH,),[Cd(NCS), ]+ 2NH, + H,0

Ha mporecu cuHTe3y KOMIUIEKCIB BIUTMBAIOTH Oarato (hakTopis,
HAMpUKIIa] TeMIepaTypa, Npupojaa po3dnHHHKA, pH cepemoBwia,
PO3YMHHICTh BUXIIHUX 1 KIHIEBUX CIOJYK, IIBUJKICTH Tepediry
peaxiriif, mprpoaa 30BHINMHBOC(PEPHUX 10HIB TOMmO. YCi i (hakTopu
HEOOXiTHO  BpaxOByBaTd TMpU  BHUOOpI  METOIUKH  CHHTE3Y
KOOPMHAIIHUX CIIOJYK.

Komnnexcoymeopenns i po3uuHHuK

Bubip po3unHHUKA € OTHUM 13 HAWBAXJIMBILINX €TaliB CHHTE3Y
KOOpIUHALiHUX  cnodykK.  [ligOuparoun  pO3UMHHMK,  CIIiA
BPAaxOBYBAaTH PO3YMHHICTh BUXIIHUX 1 KIHIIEBUX PEYOBHH, CTIHKICTb
iX 10 TiApomizy (CONBBOMI3Y), BIUIMB PO3UYMHHUKA HA CTIHKICTH
KOMIIJIEKCIB, MOXJIMBICTh TIEpediry OKHUCHO-BIHOBHHX TPOLIECIB
TOMIO.

CuHTe3M KOMIUIEKCHHUX CIIONlyK Ha [OYaTKOBOMY  eTarli
PO3BUTKY KOOPAMHALIWHOT XiMii IPOBOIMIIKCH 13 BOJHUX PO3UYHHIB.
[Ipore mocuth YacTo 3MIMNCHUTH CHUHTE3 13 BOJHOTO PO3UUHY HE
BIAETHCS Yepe3 TMPOXODKEHHS peakwid rigpomizy. Y Takux
BUIAJKaX BHKOPUCTOBYIOTh HEBOJHI PO3UMHHUKU. Hampuknan,
CHHTE3W KOOPIHMHAIIMHUX CIHOJYK OaraTOBaJICHTHUX METAJIiB,
TaKMX K TUTaH, IUPKOHIH, HI001H, Yepe3 X BUCOKY CXHIBHICTh JI0
TiIpoITi3y MOKHA TPOBOUTH JIUILE 3 HEBOAHUX PO3UUHIB.
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[Ipuknamom TAPOTITHIHOT HECTINKOCTI JITraHaiB €
CeNICHOIllaHaT-10H, SIKHH Yy BOJHUX PpO3YMHAX Y KHCIOMY
CepeIOBUILI PO3KIAIAETHCA 3 BUAUICHHSIM BUIBHOTO ceieHy. ToMmy
CUHTE3 OUTBIIOCTI CEJICHOI[IaHATHUX KOMILIEKCIB OyJIO MPOBEACHO 3
HEBOJIHUX PO3YHHIB.

[Tpupoaa po3yMHHKKA 3HAYHO BILIMBAE HA CTIMKICTH KOMILICKCIB,
iX ckian, a iHOMI W Ha MOXKJIMBICTH YTBOPEHHS KOMIDICKCIB. Tak,
JaBHO BIJIOMO, IO TPH JIOJIABaHHI allCTOHY 3HAYHO ITiIBHIIY€ETHCS
CTIHKICTh TiOIIaHATHMX KOMIUIEKCIB KoGamsTy — [Co(NCS),]%, mo
JI03BOJISIE  TTIIBUIIUTHA TOYHICTh BH3HAYCHHS BMICTYy KOOQJIbTy B
posunHax. [TounHaroun 3 60-x pp., IPOBEICHO OaraTo JAOCTIHKECHb B
raxy3i KOOpJUHAIIHHOI XiMii HEBOJHUX PO3UHMHIB, SKi OKA3aJIH, IO
MIBUIIEHHS CTIKKOCTI KOMIUIEKCIB y HEBOJHHX pO3UYMHAX €
3arajlbHAM SIBHIIEM, TIPUYOMY JIOCUTH YacTO 3 HEBOJHHX PO3UYUHIB
MOXKHA OJICp)KaTH KOMIUICKCH, sIKi y BOJI HE yTBOPIOKOTHCS. Byio
MOKA3aHo, 110 BIUIMB PO3YMHHHUKIB HA PEaKIii KOMILICKCOYTBOPCHHS B
MepIly Yepry BHU3HAYAETHCS HE [ICJICKTPUYHOK IMPOHHUKHICTIO
PO3YMHHMKA, a HWOro XiMi4HOK mpuponoro. Haibinbmma CTIHKICTh
KOMILJIEKCIB Mae OyTH B THUX PO3YMHHUKAX, SKI HE CXWIBHI [0
YTBOPEHHSI MIIIHMX COJIBBATIB 3 iI0HaMHM MeTalliB. Tak, HalpuUKia, B

aleToOHi yTBOPIOOThCs Komiuiekcu [In(NCS),1*~, Toni sk y Bomi um
mumetmnpopmamial — e [In(NCS),]”. Bigomo, mo y BoaHux
pozunHax koOanbT(Il) He yTBOpIOE HITpaTHMX KOMIUIEKCIB, a 3
HITpOMeTaHy MOXkHa ofepskatu crionyky [(CH;),N],[Co(NO,),].
Jlisg KiMTbKICHOI OLIIHKHM COJIbBATYIO4YOi (AOHOPHOI) 31aTHOCTI
PO3UMHHHKIB Yy pEaKIisix KOMIUIEKCOYyTBOpeHHs B.I'yrmaH yBiB
HOHATTS NP0 AOHOpHE 4nCiO (DN, ), fIKe BHU3HAYAETBCS 5K
HEraTUBHUM JIOTapu(pM SHTAJIbITIi B3aEMOII JAHOTO PO3YMHHHUKA 31
SbCl;. 3HaueHHs AOHOPHMX YHUCEN A JESKUX 13 PO3YMHHHUKIB
HaBeneHo B Tabm. 4.1. Moxna 0auyuTH, 1O  MIPHJIHUH,
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TAMETUICYJIb(POKCU,  AUMETHIdOpMaMil  XapaKTEPHU3yIOThCS
BUCOKMMH 3HAYEHHSIMHU JOHOPHUX YHUCEN, 4 OTKE MAlOTh BUCOKY
CONBBATYIOYY 3JaTHICTh, TOMY 4YacTO KOMIUIEKCH B TaKHX
PO3YMHHUKAX MOBHICTIO IMCOIIIOIOTH, HAIPUKIIA:

[Ti(NCS),]*” + 6JIMCO =[Ti(IMCO),]** + 6NCS"

Tabnuys 4.1. [loHopHi unca i TieJeKTpUYHA IPOHUKHICTH
JeSKHX PO3YMHHHKIB

Po3unHHMK DNgya1 s I::;g:;:zg:;a
1.2-muxaoperan — 10.1
Hitpomeran 2.7 35.9
AneToHITpHI 14.1 38.0
IIponanmion-1.2-kapOoHaT 15.1 69.0
Aneron 17.0 20.7
Erunanerar 171 6.0
Boma 18.0 81.0
Jierunosuii erep 19.2 4.3
Terparigpodypan 20.0 7.6
MDA 26.6 36.1
JAMCO 29.8 45.0
Hipuann 33.1 12.3
I'ekcamerundochoprpramin 38.8 30.0

BuxopuctanHs TakuX pPO3YMHHHKIB, SIK MPaBWIO, BeAe 0
YTBOPEHHSI KOMIUIEKCIB, IKI MICTSTh y CBOEMY CKJaAl MOJICKYJIH
BIJIMOBIAHOTO  PO3YMHHUKA, TOOTO  JOHOPHI  PO3YMHHUKH
OJIHOYACHO MOXYTh OYTH 1 JliraHgamMu. 3po3yMijio, 1o Ha mepedir
TaKHUX MPOIECIB 3HAYHO BIUIMBAE CTIHKICTh BUXIJHOTO KOMIUICKCY.

[Ipu 3MeHIIEHHI JOHOPHOTO YHCJIAa PO3YMHHHUKIB YacTO
Bi/I0OYBA€THCS MiJABHUILIEHHS CTIMKOCTI KOMILUIEKCIB, X04a IIe 1 He €
3araJbHUM ITPABUIIOM.
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Komnnexcoymeopenns i po3uunnicms

Jns  onepkaHHS XIMIYHO YHCTUX KOOPAMHALIMHHUX —CIIOMYK
B)XJIMBO, MO0 IUTLOBUH KOMIUIEKC OYyB HEPO3YMHHUM Y JTaHOMY
PO3YMHHUKY, a IHII TNPOAYKTH peakilii, HaBmaku, Oyiau 1o0pe
PO3YMHHUMH. SIKIIO K KOMIUICKC, SIKH MU IDIAHYEMO OTPHUMATH,
PO3YMHHHM, TO BUXIJHI peareHTH MOTPIOHO MiI0UpaTH TaKUM YHHOM,
00 MOOIYHI MPOAYKTH PEakilii BUMIAJAI B OCaJl. 3arajibHOi Teopil
PO3YMHHOCTI, SIKa JI03BOJIMIIA O Mepe0aunuTH PO3YUHHICTh HEBITIOMUX
pedoBuH, He icHye. [IpoTe Ha CBHOTOIHI € JEKUTbKa EMITIPHYHHIX
MpaBWII, SIKi JTO3BOJIAIOTH MependayaTtd, a TaKoXk Yy TMEeBHUX MekKax
3MIHIOBATH PO3UYMHHICTH KOMIDIEKCIB.

Po3unHHICTH KOOPIWHAIINHUX CHONYK CYTTEBO 3aJICKHUTh Bij
OPUPOAM XIMIYHOrO 3BSI3KYy B iX MoJjekyiax. Kopucryrouncsk
OPUHIMIIOM "MOAIOHE PO3YMHAETHCA y MOAIOHOMY'", MOXKHA
YeKaTH, IO CIOJyKH 10HHOTO THITY OYIyTh Kpalle PO3UHHSATUCH Y
BOJI1 Ta IHIIUX MOJSPHUX PO3ZYMHHHUKAX 1 HE OyAyTh POZUUHATHUCH Y
HEMOJIIPHUX ~ OPTraHIYHUX  PO3YMHHHKAX. TaK, HamlpuKIaj,
OUTBLIICTh cONei MeTamiB (HITpaTH, cynbdaru, XJOpUAH) A00pe
PO3YHMHSIOTBCS Y BOJI, NPOTE 30BCIM HE pPO3UUHSIOTBECA Y
HEMOJISIPHUX OPTraHIYHMX PO3UYMHHUKAX. ToMy, IIaHYIOYH CHHTE3,
HANPHUKIIA]] 3 alleTOHOBUX PO3YUHIB, CJIJI MMaM'ATaTH, IO XJIOPUIH
Ta HITpaTH JIy’)KHMX METaliB BHUIAAYTh B OCaJ, SKIIO BOHH
YTBOPIOIOTHCSI BHACIIIOK PEAKIIii.

JUis HeHTpadbHUX KOMIUIEKCIB PO3YMHHICTH 3aJCKHUTh BiJ
HAsBHOCTI TiApooOHMX UM TiApodUIBHUX TpyHn Yy CKIamdl
KOMIUIEKCIB. 30UIbLICHHS KUIBKOCTI rigpodoOHux rpym (B
OCHOBHOMY JI0 HHX HaJie)aTh BYIJICBOJHEBI  paJUKaIIN)
CIPUYMHIOE 3MCHIIEHHS PO3YMHHOCTI y BOMI 1 30UIbLICHHS
PO3YMHHOCTI B OpPTaHIYHUX PO3YMHHUKAX. |, HaBIaKW, HAsBHICTH
rizpodineaux rpym, Takux sk OH, NH,, COOH, Bene 10 kpamoi
PO3YMHHOCTI y BOJI ¥ TOTIPIICHHS PO3YMHHOCTI B HETOJISIPHHUX
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OpraHiYHMX PO3YMHHHMKAX. 3HAYHOK MIpPOK  PO3YMHHICTH
3aJIeKUTh TAKOXK BiJl MOXJIMBOCTI YTBOPEHHS BOJIHEBHX 3B'A3KIB 13
MOJIEKYJIaMH PO3YUHHUKA.

Hesiki mpaBuna, SKi JalOTh 3MOTY JOCATTH HaWHIKYOI
PO3YMHHOCTI MPOCTHX 1 KOMIUIEKCHHX coJled y Bofi,
chopmymtoBaB K.b. Anumipcekuii:

= HaifHmk4a pO3YHMHHICTH COJICH JTOCSATAETHCS MPH TIEBHOMY IS
JAHOTO THITy COJICH CIIBBIJIHOIIEHHI 10HHMX paJiyCiB KaTioHa W
anioHa. [y coneii Tuimy MA 11€ CITiBBITHOIIICHHS CTaHOBUTH (.7, 1715t
conelt tunry MA, — 1.1.

* Uum BUINMA 3apsii KOMIUIGKCHOTO KaTiOHAa, THUM HMXK4Ya
PO3YHMHHICTh HOTO COJICH.

= HagBHicTh TifpodilbHUX TpyHn y CKIaAl JIraHAiB CIpUsie
30UIBLIEHHIO PO3YMHHOCTI KOMIUIEKCHUX COJIEH y BOJII.

TakuM 4MHOM, HAWJIETIIIe BUMIAJIAIOTh B OCA]] CIIONYKH, SIKI MICTSTh
MaJTUi KaTiOH 1 MaJIMi aHIOH a00 BEJMKHWIA KAaTIOH 1 BEJMKUI aHIOH.
Po3unHHICTE, K BIZOMO, BH3HAYACTLCA CIIBBIOHOMIEHHAM MK
SHEepri€l0 KPUCTAINYHOI IPaTKW W eHepriero riaparamii (combpBaTartii)
10HIB, TOMY IOTaHy PO3YMHHICTH COJICH, IO CKJIAIAlOThCS 3 MaJloro
KaTiOHA 1 MaJIOro aHiOHA MO’KHA MOSICHUTHU BEJIMKUM 3HAYCHHSIM €Hep-
rii KpUCTANIYHOI TPaTKH 10HHOTO THITy, sIkKa OOEPHEHO MPOMOpIiiHa
KBaZpaTy BiacTaHi MibK ioHamu. llorana po34yMHHICTH coneit i3
BCJIMKMM KAaTIOHOM 1 BEIIUKMM aHIOHOM MOSICHIOETBCS HHU3BKOIO
SHEepri€lo ripaTallii BeTMKHUX 10HIB.

Pagiycu KOMIJIEKCHHX 10HIB, SIK IPABUJIO, € BEITUKUMH, TOMY
JUIS TIEPEeBENIEHHST 1X B 0OcCaj MOTPiOHO BHKOPHCTOBYBATH BEIHKI
nportuionn. Tak, s ocaKEHHS KOMIUIGKCHUX KaTiOHIB 13 BOJHUX
pPO3UMHIB ~ YacTO  BHKOPHUCTOBYIOTH  Taki  aHiOHH,  SK

SiFg, PE,, CIO,,BPh;,  Tomo. Kommiuekcu  pinko3eMelbHUX
eNeMeHTiB i3 mipuauHOM cknaxy [LnPy,]** 6Gyno omepxkaHo

ocaPKEHHsM 3a JI0TIOMOT0l0 KOMILIEKCHOro aHiona [Cr(NCS), T .
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JUis  OCa/pPKeHHsT KOMIUIEKCHUX AaHIOHIB BHUKOPHCTOBYIOTh
Cs",Ag", kariomu tuny: (Bu,N)", (Ph,N)", (Ph,P)" Tomo.
Bukopucranns nozacepHux 10HIB BEJIIMKOTO pajlyca Ja€ 3MOTy
ollepKaTH  KOMIUIEKCHI  YaCTUHKH 3  OUIbII ~ BUCOKHUMU
KOOpJMHAIIMHAMHI YHWCJIaMHU, HDK Yy BHIIQJIKy HEBEIUKHX 32
pamiycom mo3acepHux ioHiB. [IpUuMHOI 1OTO € HHU3bKA
MOJISIpU3YIoYa sl BEJIMKUX KATIOHIB Ha 3B'S3KM MeTal — JIraHja
KOMIUIGKCHHX aHIOHIB, IO NPHUBOAUTH /0 301IbIIEHHS iX
CTIHKOCTI.

Binomo, Hampukia/, 1mo y NpUCyTHOCTI KAaTIOHIB HATPIIO 1 Kalito
HiKeJIb YTBOPIOE TIOCKOKBA/IPaTHi LiaHijni kommekcu [Ni(CN), 1%,

]3+

TOZI SIK 3a JIOHOMOroro KomruiekcHoro kariona [Cr(NH;),]”" Boamocs

ocamutd 3 posuuHy iomu [Ni(CN),]*", a 3 po3uMHy XJIOpUIY
kynpymy(Il) onepxkatu kommieke [Cr(NH; ), ][CuCl;]. Bukopucranus

SIK KaTioHa TETPACTHIIAMOHIIO JI03BOJTHIIO OJIepXKATH
BOCBMHKOOD IMHAIIIHHI TiOIliaHaTHI KOMILJICKCH ypaHy
[(C,H),N],[U(NCS),]. Cnix 3ayBakuTH, IIO0 KOMIUICKCHI COJIi
TETpaaKUIaMOHIF0O ~ Ta  TeTpaalkiipocoHito, sKi  IOTraHo
PO3UMHSIOTECS Y BOJIi, MAalOTh JIOCHUTh BHCOKY PpO3YMHHICTH Y
HEBOJIHUX PO3YMHHHUKAX, OCKUIBKH MICTATh TigpodoOHI ajKUTbHI
3aMICHHKH, 1 I 1X BJIACTHBICTh TaKOX HIMPOKO BHUKOPHUCTOBYETHCS
IPY CUHTE31 13 HEBOJHUX PO3YHHIB.

Bnaue kucnomunocmi cepedosuuia

Peakmii 0OMiHY IIMPOKO 3aCTOCOBYIOTBCS [UISl CHHTE3Y
BHYTPIIIHHOKOMIIJIEKCHUX CIIOJYK METalliB, SIKI YTBOPIOIOTHCS Y
BUIIAJIKY, KOJIU JIITaH]I € CIa0KOI0 OPraHIYHOI KUCIOTOIO:

AICI, + 3Hacac == Al(acac), +3HCI

Ni(NO,), + 2Hdmg == Ni(dmg), + 2HNO,
Cu(NO,), + 2HGly == Cu(Gly), + 2HNO,
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Oco0mmBo 6arato Takoro THUITY PEaKIiid cepel KOOPIWHAIIMHUX
CHONYK 13 Oilojiraniamu, Hampukiajg amiHokucinoramu. CuiibHa
KHUCJIOTa, SIKA YTBOPIOETHCSA BHACITIZIOK PEaKIlii, y KpamoMy BUIAIKY
3HW)KYE BUXIJ] KOMIUIEKCIB, OCKUIBKA B KHCJIOMY CEpPEIOBHII iX
CTIHKICTh 3HAYHO 3HIKYETHCA. SIKIIO JITaHI € CIa0KOK KHCIIOTOIO,
TO 4YacTO B KHCIIOMY CEpEIOBHII KOMIUICKCOyTBOPCHHS 32
HABCJICHUMH BHWIIE PEAKIisIMH HE BIIOYBAEThCS B3araji, TOMY IO
JETIPOTOHI3allis JIraHay Moxke BiAOyBaTHCS JIMIIE B JIy>)KHOMY
cepenoBui (puc. 4.1) i 3amMiCTh BHYTPIITHHOKOMIUIEKCHUX CITOJYK
MOXYTh YTBOPHTHUCS MEHII CTiHKI KOMIUICKCH 3 HEHTPaIbHOIO
(opMotO JTiTaHIiB, HATIPUKIIAT:
M** +2HL =[M(HL),]*

100
%
80
H,L 2- HL3™ L4~
6ok ¢ H,L
40t .
H,L
20+
0 2 4 6 8 10 12 pH

Puc. 4.1. Po3noain ¢popm edta (H L) 3a1aexuo Bin pH pozunny
Ha puc. 4.2. 300paxeHo po3nonia pisHUX (OPM KOMILIEKCIB y
cucreMi Cu(NO,), — rminun (HGly) 3amexno Bim pH

CepeloBUINa, 3 SKOTO MOXXHA 3pOOMTH BHCHOBOK, IO JJIs
olepkaHHs HeWTpanbHUX KoMmiuiekciB tumy Cu(Gly), cunTe3

cimip 3aidicHioBatd npu pH=5-8. VYV kuciaux po3umHax
YTBOPIOIOTHCSI KOMIUIEKCH 3 HEUTPaIbHOIO (POPMOIO JIITAHTY .
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1
2 4 6 8 10

Puc. 4.2. Poznozin xommiexcis Cu®* — rinun (HL)
y cucreMi 3asexxno Big pH cepenoBuma [2]

[liggumytors pH 3a pomomororo OydepHUX pO3YHHIB YU
pO3uuHY TiapoKkcuay Hatpito. Ilpore ciig mam'statu, mo 1ne Moxe
BUKJIMKATH TiApOJi3 0OaraTOBAJICHTHUX KaTIOHIB METaliB TpHU
MPOBEACHHI PEaKIiid y BOJIHOMY po3unHi. ToMy y BUNaIKax, KOJIH
Jra"J € JayXe cIabKow OpraHigyHOI KHCIOTOK, YacTo pPeakIlil
MPOBOSTh y CHUPTOBUX PO3YMHAX 32 y4acTi METHIIATy HATPIfo,
SIKUH 3B'SI3y€ IPOTOHU BHACTIOK PEAKITii:

CH,ONa + HL — CH,OH + NaL
1 nauni, Hanpuknaa: 2NaL + Ni(NO,), = NiL, + NaNO,.

3py4HUM METOJOM CHHTE3y HEUTpaIbHUX KOMIUIEKCIB 31
CIa0KUMU OpPTaHIYHUMHU KHCIOTaMHU € TaKOX EJIeKTPOXIMIYHUN
cuHTe3 (IuB. miapo3a. 4.2.3).

Illeuoxicms peaxuyii

binpuricte peakifiii cuHTE3y KOMIUIEKCIB € peakilisiMu OOMiHY
JraHaiB KOOpAMHALINHOI cepu, HAPUKIAL:
[Ni(H,0),]*" + NH; —[Ni(H,0),NH,]*"
[PtC1,]° + Py — [PtCl,Py] +CI
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VY migpo3n. 3.3 Bke BKa3zyBajoCh, IO MOXIUBICTH Mepediry
TAKUX PEaKIii 1 NPOAYKTH peakiiii BHU3HAYAIOTbCA HE JIUIIE
TEPMOJWHAMIYHUMH, ajie i KIHETHYHUMHU (hakTopamu. Yci OmUCaHi
BHILIE PEAKIli CHUHTE3y BIAOYBAIOTHCS 3 BHCOKOK IBHIIKICTIO,
OCKUIBKM BUXI1JIHI COJII METaJiB, SIKi BUKOPUCTOBYIOTHCS Y BUIJISI
aKBa- YM COJIbBATOKOMIUICKCIB, € nadimbaumu (puc. 3.5). Tomy
CKJIaJ] KOMIUICKCIB /I HUX 3aJICKUTh JIUIIE Bl TEPMOIUHAMIYHUX
XapaKTePUCTHUK PeaKiliii KOMIIJIEKCOYTBOPEHHS.

3HayHO cCcKIaAHime cuHTedyBatu Komruiekcu — xpomy(IID),
aKBAaKOMIUIEKCH $IKOTO € IHEPTHUMH 1 TOMY pEaKIii 3aMilleHHsS
MOJIEKYJI BOJM BiIOYBarOThCS Myke MOBUIbHO. lle mpu3Boauth a0
TOTO, II0 CHHTE3 KOMIUIEKCIB XpOMY y BOJHOMY CepelOoBHII a0
HE BJAETbCA TPOBECTH B3araji, abo BiH BigOyBaeTbcs B
YKOPCTKIIIMX YMOBax (AWB. METOJAMKU CHUHTE3Y). TOMY MEepeBakKHY
OinpuIicTh BimoMux kKoMmiuiekciB xpomy(Ill) 6ymo oxepxkano abo 3
OE3BOJIHUX COJICH, HATTPHUKIIA;

CrCl, + 3Py =[CrCl;Py;, ]
a00 3a OKHCHO-BIJIHOBHMMH PEaKIisIMH, BHUXOJSIYM 13 COJIEH
xpomy(VI), nHanpuxman:
K,Cr,0, + 7H,C,0, +2K,C,0, = 2K,[Cr(C,0,),]+6CO, + 7H,0

VYpaxyBaHHS KIHETUYHUX (DAaKTOpPIB € BaXJIMBUM TaKOX IS
OIIIHKU MOKJIMBOCTEH CHHTE3Y 130MepiB KOMIUIEKCHHX MOJICKYJI UM
ioHiB. Tak, s mabiTbHUX KOMIUICKCIB TPAKTUYHO HEMOXKIUBO
BUIUIUTH  130MEpH, OCKUIBKM Yepe3 BHCOKY  IIBHJKICTh
130MepH3arlii Jy’Ke MBUIKO JOCATAETHCS CTaH PIBHOBATH, 32 SKOTO
B PO3YMHI YTBOPIOETHCS IMEPEBAKHO OJIMH HAWOIIBIN CTIMKUH, 3
TEPMOJUHAMIYHOTO TIOTJISITY, 130Mep.

VY BuUNAAKy I1HEPTHUX KOMIUIEKCIB (KOMIUIEKCH KOOabTy,
IJIATHHU, POJiI0, IpUII0) MOXKHA BHIUIUTH 1 METacTaOlIbHI
130MepH, OCKUIbKM CTaH pIBHOBarM B PO3YMHI, 3a SKOi BOHH
NEePexXoAsATh y HaMOLIbII CTAaOUIBHUM 130Mep, JOCATAEThCS yKe
MOBUTBHO. Y  KPUCTAIYHOMY CTaHI peakmii i3omepu3arii
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BiIOYBalOThCSI ~ Bakye, TOMY  HECTiliKi  130MepH  MOXKHA
cTabuni3yBaTH, BUAUIMBINM I1X Yy TBepaoMmy craHi. Haiikpamie
130Mepil0 KOOpIAMHAILIHHUX CIIOJNYK 1 MPOLECH CHUHTE3Y i130MepiB
JOCITIJDKEHO JIJIs1 KOMITIEKCIB TuiaTiHu Ta KoOansTy(11I).

Tpanc-epexm

Jlnst cuHTe3y 130MepiB, MEpIIl 3a BCE TUIATHHU, BEIMKE 3HAUYCHHS Mae
npaBuio YepHsieBa. BoHO BioMe SIK PaBUIIO mpaHC-BILIMBY JITAHIIIB 1
TOBOPHUTH TPO T€, IO JHTaHIM, SKi 3HAXOIATHCS B KOOPIAMHAITIAHINA
cdepi y mparc-noNnoxKeHHi, CUITbHIIIIE BIUTMBAIOTH OJIH HA OTHOTO, HIK
JraHaM, MO 3HAXOMATBCA B yuc-nonokenHi. lle mpuBoauts 110
ocimabneHHs: a0 TOCWJICHHs 3BSI3KY IMX JHTaHIIB 13 IEHTPAILHUM
aromoM. Jlist conmyk Pt(Il) miranam 3a 3AaTHICTIO TIPOSIBIISITA MPAHC-
BIUTMB PO3MIIITYIOTHCS B TAKUH PSIIT:

C,H, ~CN"™ >Thio >NO, >I" ~
~SCN™ >Br >Cl” >NH, >Py>H,O

Koxxauit wieH 1mporo psify, SKAH CTOITh JIBOPYY, Ma€ OUTbIIMN
MpaHCc-BIUIMB, HDK TOM, IO CTOITh mpaBopyd. Jlirana i3 Outbmm
MPAHC-BIUTABOM TIOCNAOMIOE 3B'SI30K JIraHay, SKUM 3HAXOAWUTHCS Y
MpAHC-TIONIOXKEHH] J0 HBbOro, 3 IEHTpalbHUM atoMoM. OTxe,
3aJIeKHO BiJl peaKiliid, 32 SKUMH MPOBOISTH CUHTE3 KOOPIUHALIHUX
CIIONYK IUIATHHH, MOXYThb OYyTH OJepkaHi iX pi3HI TI'€OMETpUYHi
130MepH.

Slkmo mistm ma [Pt(NH,),]*" consHOI KHCIOTOI, TO Ha

nepuiii crazii yrBoproetsest komiuieke [PtCI(NH,),] "

2+
NH NH NH;—/Cl

3 3 HCI 3
f Pt / i Pt /
NH; NH, -NH,CI NH NH

3

OCKUIBKY XJIOPHUI-10H Ma€ OUIBIIHN mpaHCc-BIUTAB HIK aMOHIaK, TO
13 TPHOX MOJIEKYJ aMOHIaKy y BHYTPIIIHIA KOOpAHMHAIINAHIN cdepi
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Haiicabie 3B'A3aHUM 13 IUIATHHOIO Oyje TOMW, IO 3HAXOIUTHCSA Y

mpanc-TIOJIOKEHHI 10 aToma xJiopy. OTxKe, Ha HACTYIHIN cTafii came

BiH 1 BCTYIIa€ B PEAKI[l0 3aMIllICHHS 3 YTBOPCHHSIM MpPAHC-
2+,
[Pt(NH;),]™:

+

NH Cl

5 Hel NH;——Cl
/P / —_— / Pt /
NH NH, -NH,CI Cl————NH,

IIpu B3aemonii K,[PtCl,] 3 amoHiakoM Ha nepuriil cranii
yTBOproeThest komuieke [PtCl(NH;)] ™ :

Cl——Cl s _
Pt / —>-CI- / Pt /

Cl————Cl Cl————ClI

OcCKiIbKU mparnc-BILINB XJIOpHI-i0Ha Ounbmuii, Hixk NH,, To 13

TPHOX 10HIB XJIOPY YTBOPEHOTO KOMITJIEKCY HAaUMIIHIIIHK 3B'SA30K 13
IUIATUHOK0 € TOH, IO 3HAXOMUTHCS Yy mMPAHC-TIONOKEHH] 0
aMoOHiaKy, ToMmy 3amimeHHs Ha NH; BigOyBaeTbcsi came B yuc-

HOJIOKEHHI 3 yTBopeHHsaM yuc-[PtCl,(NH,), ].

cl——cl Cl——NH,

[HKOMM, BUXOASYM 3 TMOJNIOXKEHHA IPO MpaHc-BIUIUB, MOXKHA
nependaunT OylOBY KOMIUIEKCIB, SIKi YTBOPIOIOTBCS BHACTIIOK
peakwiii posknamy. Hampukmax, npu oOepexHOMy HarpiBaHHI
cnomyku [PINO,(NH,);](NO,) 3aBxaum yTBOPIOETBCA MpaHc-
[Pt(NO,),(NH,),]. Lle BinOyBaeTbCsl TOMY, 110 MOJIEKYJIAa aMOHIAKY,
SIKa 3HAXOJIUTHCSI Y MpaHC-TIONOKEHH] BIITHOCHO HAIIJICHOTO CHIbHIM
mpanc-BrmBoM NO,-i0Ha, ciadie 3B'13aHa 3 HEHTPATLHIM aTOMOM
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HDK 1Hm aBi. ToMy mnpu HarpiBaHHi BOHA BiJIIEIUIIOETHCS,
MOCTYTAKYUCh MicLeM 30BHIIHbOCc(hepHOMY NO,-10HY.

NH

3 NO, NH; N
t

Pt / NOy—— Pt

E NH, —NH; | o ,N———NH

0O,

NH s
Takum 4YMHOM, NPAaBUIO mpaHc-BILIUBY YepHseBa MOXKHA 3
YCIIIXOM  BHUKOPHCTOBYBAaTH  JUIi ~ HAIIPABICHOTO  CHUHTE3Y
TC€OMETPUYHHUX 130MEPIB.
OnHa 3 TOJIOBHMX HPHYMH mpanc-eeKTy TMOJSrae B TOMY, IO
JraHmy, SIKi 3HAXOISTBCS Y MPAHC-TIONIOKEHHI OIUH JO OJHOTO,
B3AEMOJUIIOTh 3 OJIHI€IO 1 TIEKO K caMoro d-opOitaiuio metaiy (d,, abo

d yz ). Ilpu 1poMy miranj i3 OUIBIIUM mpanc-BIUIMBOM BIATATYE d -

€JIEKTPOHH BiJ] IICHTPAJILHOTO aTOMa 1 ITUM MOCIIa0IIroe HOro 3B'I30K 13
JIraHo0M, 10 3HAXOAUTHCS Y MpAaHC-TIONIOKEHH] IO HBOTO.

4.1.2. Excrpakuiiinuii BapiaHT CHHTe3y
KOOPAUHALIMHUX CIOJIYK

B ekcrpakimiiiHoMy CHHTE31 peakilisi yTBOPEHHS KOMILIEKCIB
BiIOYBaeThCA Ha MeXi moaury ABox ¢a3, Halyacriine Bojga —
OpPTraHIYHMN pPO3YMHHUK, TOOTO eKCTPAaKIIMHWUH CHHTE3 €
TEeTEPOreHHUM CHHTE30M KOOPAMHAIIWHUX CcronyK. Excrpakiiiiini
METOAM IIMPOKO BHKOPHCTOBYIOTHCS B XIMIUHIM TEXHONOTIT s
KOHLIEHTPYBAaHHA 1 BWJIyYEHHS MIKPOEJIEMEHTIB, PpO3AUICHHS U
OYMIIIECHHS OJM3BKMX 3a BJIACTUBOCTAMH METAIIB, B aHAJITHUHIN
xiMii Tomo. MeTos eKcTpakilii MOXXKHa BUKOPUCTATH JAJI CUHTE3Y
KOOPJWHAIIIMHUX CHOJYK, HANPHUKIAJ Y BUMAAKY, KOJIH BHXiIHA
CUTh MeTally J00pe PO3YHMHSIETHCS Yy BOJI, a JraHj — JIAIIE B
OpraHiuHUX PO3YMHHUKAX.

HaiinoninpHime aaHuii MeToJ] BUKOPUCTOBYBAaTH [UISi CHHTE3Y
KOOPIIMHALIIMHKUX CIIONYK 3 OpraHiYHMMH JIITaHAAMH, SIKI HE MICTATh Y
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CBOEMY CKJIAJIi TiAPOKCUIIBHI, aMiHO- YW 1HII TiapodiIbHI TPYNH Ta
YTBOPIOIOTH 13 MeTaiaMu T11pooOHI KOMILIEKCH, SIKi J0Ope pO3UYMHHI B
HETIOJIPHUX ~ OPTraHIYHUX PO3YMHHHUKAX. EKCTpakmiiiHuiA BapiaHT
CHHTE3y JIOCUTh 4YacTO 3aCTOCOBYIOTb TaKOX ISl OAEpXaHHA
KOOPAMHAIIMHUX CMOMYK 3 OPraHIYHUMH TMOJTIMEPHUMH MOJIEKYJIAMHU,
OCKUIbKM Ha MexXi mofuty (a3 Boma — OpraHiuyHMM pPO3YMHHUK
MoJTiMepHa MOJIEKYJIa Ma€ CIPUSTIMBIITY KOH(POPMAITIIO IS B3aEMOJTIT
3 PO3YMHEHUMH Y BOJIi COJISIMU METATiB.

IIpu exctpakuii coneil MeTaaiB HEUTPaJbHHUMHU OpTraHIYHHUMU
JITaHJIaMU YTBOPIOIOTHCS COJIBBATHI KoMIuiekcH ckiamxy MX,L,, ,
ne M — meran, L — ekcrparenT, X — HEOpraHiyHUW aHiOH. Y
BHYTPIIIHIO KOOpAMHALIMHY cdepy Ipu IIbOMY MOXYTb BXOIMTH
K HEOpraHiuHi aHIOHW, IO MICTATBCA y BOIHIN ¢asi, Tak i
MOJICKYJIM ~ OPTaHIYHOTO PO3YMHHHKA-eKcTpareHta. Haitbinpm
BIJIOMUM € €KCTPaKIIHUH CHUHTE3 KOMIUICKCIB JaHTaHOIMIB, SKi
[IMPOKO BUKOPUCTOBYIOTHCS JJISl PO3AUICHHS LIUX €JIEMEHTIB!

M(NO; )50 + MR PO, =[M(NO;);(R;PO),, ]

ExcrpakmiiiHi MeTOou CHHTE3y 3aCTOCOBYBAIUCH TAKOXK IS
CHHTE3y KOMIUIEKCIB ypaHy, 110 JI03BOJISIE OJJHOYACHO BIIIUIATH HOTO
BiJ 1HHIIMX MeTaniB. Hampukman, mpu eKCTpakiii HITpaTy ypaHLTy
tpulOytindocharom 3 opranidHoi (pasm  BHAUICHO KOMIUIEKC
U0, (NO,),(TB®),

BcranoBneno, mo Taki PO3YMHHUKH, $IK KETOHHU, CIUPTH,
CKJIaHI ¥ MPOCTI eTepu € CIa0KUMH KOMIUIEKCOYTBOPIOBAYaMH i
TOMYy HE MOXYThb OyTH eQEeKTHBHHMHU eKcTpareHtamu. Jluie
PO3UYMHHUKHA 3 BHCOKOI JIOHOPHOIO 3JaTHICTIO, SIKI JIETKO
YTBOPIOIOTH ~ COJIbBATOKOMILIEKCH,  MOXYTh  3a0e3MeunuTH
epeKkTUBHY  eKcTpakiito  comeid  meramy. Cepen — HHX
HalnmomupeHimmMu € ankingocdaru, (RO),PO, HaiiBigomimum

NPEICTaBHUKOM sKuX € Tpudbytuwidochar, (C,H,0),PO 1
¢docoinokcunu, R;PO. Kommiekcn yTBOPIOIOTBCS 3a PaxyHOK

opr
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B3aeMOZIl KaTioHa MeTany 3 (hochOpUIbHOIO TPYIOK BKa3zaHUX
CIOJYK, SIKI BiIrPat0Th OJJHOYACHO POJIb 1 JIraHay, i pO3YMHHUKA.
[Iupoko 3aCTOCOBYIOTBCS EKCTPAKIIHHI MPOLECH ISl CHHTE3Y
BHyTpimHLOKOMnneKCHHx CHOJYK 3arajnbHoi popmynu ML, ne n —
3apsn ioHa Metany. Halfyacrtime TakumM MeETOAOM OJIEPKyBajH
KOMILIEKCH MeTajiB 13 I[I/ITIOKap6aMlHaTaMI/I (D), B-
nukeroHamu (II), 8-okcuxinominom (III), mutizoHoM (IV),
KyrdepoHom ((1)eHinHiTpo3orinp0KcnﬂaMiH) (V):
C,H 5\ H3C\”/\KCH3 | AN
C, H/ o] OH N

0 0 OH (an

\

QE‘N\ . I
&l O

V)

ExcTpakuiiinuil cuHTe3 XenariB BiI0OyBa€THCS 3a PIBHAHHAM:
M"* +nHL g = ML,y +nH'

nopr

OCKiNbKH BHYTPIITHBOKOMIUIEKCHI CITOMYKH 3 TaKOTro THITY
JiraHaaMu, sK TPaBWIO, J0OpE PO3YMHSIOTECS B HETOJSPHUX
OpPTraHIYHMX pO3UYMHHHKAX, TO JJIS eKCTPAKIiHHOrO CHHTE3y
HaW4acTillle BUKOPUCTOBYIOTh PO3YMHHU IMX JITaHIiB y O€H30IIi,
xyiopodopMi Tormio. Taki pO3YMHHUKH HE YTBOPIOIOTH KOMILIEKCIB
13 MeTalaM#, TOMy HE MOKYTb BXOJIMTH JI0 CKJIaly KOMIUIEKCIB. SIK
BHUJIHO 3 HABEJCHOTO BUIIE PIBHSHHS, MPOIEC SKCTPAKIIl XeNaTiB
3asexuTh Big pH BomHoi ¢asm. Ha puc. 4.3. 300pakeHO THIIOBI
KpHBI, SKi XapaKTepH3ylOTh 3aJeXHICTh ekcTpakuii Bix pH. B
o0racTi HU3bKHMX 3HaYeHb pH (BUCXiIHA TIKa KPUBOi) KOMIUICKCH
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3HAXOAThCSA B JIMCOIIIHOBAHOMY cCTaHi, Hanpukianx ML, . ITnato
Ha KpHBIMl BIANOBiga€ iICHyBaHHIO B 000X (azax HEHTpaIbHUX
koMIuiekciB ML,, Tomy came B 1iii obOmacti 3HadeHp pH i
MIPOBOJSATH MPOLIEC EKCTPAKLIMHOTO CUHTE3y KomIuiekciB. Jlo peui,
iarepBan pH ekcrpakuii ML, sk mpaBuiio, BiANOBIgae iHTEpBAITY
OCaJKeHHsI TAaKOTO K CaMOT0 THITy KOMIUIEKCIB MPH iX CHUHTE31 3
BoHOTO cepenoBumia. Criagaroda Tiika KpuBOi B 00yacTi OLIbII
BUCOKMX 3HadeHb pH 0O0yMoOBIeHa MOYaTKOM MPOIECY TiAPOIIi3y
a00, iHO/Ii, yTBOPEHHAM aHiOHHUX KomIutekcis [ML,,,]" .

Hwkns wmexa pH excTpakmiiiHOro CHHTE3y KOMILICKCIB
3aNeXHTh 1 BiJl KOHCTAHTHU Aucorianii giranay HL, 1 Bix KoHCTaHTH
CTiiKoCcTi Komruiekcy ML,. UuM CHIBHINIOI € KHUCIOTa 1 YUM
CTIMKIIIMI KOMIIEKC, TUM MpPH HIDKYMX 3HaYeHHsSX pH MokHa
MPOBOJUTH €KCTPaKIio. 3HWKEeHHS pH ekcTpakmiiHoro mporecy
0COONIMBO BaXJIMBO MpPH CHHTE31 KOMIUIEKCIB OaraTo3apsaHuxX
KaTiOHIB METAJIiB, SIKi JIETKO TAPOIII3YIOTh y PO3YHHAX.

ExcTpakmiiHuM MeToA0oM MOKHA OJEp)KYBaTH 1 Pi3HOJITaHIHI
KOMIUIeKCH. Hampukiaza, mpy ekcTpakilii 3 BOAHUX PO3YHHIB COJICH
JIBOBAJICHTHUX METaliB OCH30JI0M, y SIKOMY PO3UMHEH1 OJTHOYACHO
¢dbTopoBaHi [-IUKETOHM W OpraHiuHiI JOHOPHI JIraHAMW, MOXHA B
OJIHYy CTaJll}0 OTpUMaJIU KoMIulekcH ckinany M(B —dik),L,, ne L —
nipuauH, auMeTuiadopmamin, aminu, (ocdinokeuan. OpepkaHi
TaKUM METOJOM KOMIUICKCH HE 3a0pyJHEHI HeOpraHiuHUMH
COJSIMM YM TOOIYHUMH HPOAYKTaMH PEakiii, sIKi 3aUIIAIOThCS Y
BOJHIH (a3i.
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100

E, %

50

1 2 3 4 5 6 7 8 9 10 11 pH

Puc. 4.3. Bniius pH Ha exkcTpakuilo MetasiB 0eH30JbHUM PO34YHHOM
oenzoinanerony (C(Hs;COCH,COCHj;)

Ilupoke BHUKOPUCTAHHS  EKCTPAKLIMHOIO  METOAY  CHHTE3Y
00yMOBJICHO KUTbKOMa TpuunMHaMu. [lo-miepiie, BIH OfHOYACHO € 1
METO/IOM OYMCTKH KOMIUIGKCIB, 00 HUIAXOM MinOopy Jrasais,
perymoBanHs pH BHXITHMX PO3YMHIB 1 BUKOPHCTAHHS MAaCKYIOUYHMX
areHTiB MOJKHa MiIi0paTH CeNeKTHBHI YMOBU IPOBEJCHHS peakiii, 3a
SIKMX 10HH THIIMX METATIB 1 CTOPOHHI MPOAYKTH PEaKIIii 3aJHIIaThCS y
BOJIHOMY PO3UHHI.

Excrpakuiiinuii MeToa J03BOJISIE TAKOXK OJHOYACHO IMPOBOJUTH
KOHIIGHTPYBaHHSI CITIJJOBUX KUIBKOCTEH METaliB 1 BUIUICHHS iX i3
CyMimei. Y 3B'A3Ky 13 MM €KCTPaKIlisl KOMIICKCIB METaJIIB IIIMPOKO
BUKOPUCTOBYETbCA B aHAMTHYHIN Ximii. Tak, Hampukiaa, MeTon
ra3oBoi xpomarorpadii T03BOJISIE BH3HAYATH METAIM Y BHUIJISIL
JIETKUX [-AMKETOHATHUX KOMIUIEKCIB MPH IX BMICTI B KIIBKOCTSIX, 11O
ne mepesuiyors 10°-10" 1. V mpomy Bumamky, y 383Ky 3
HA/I3BUYaiHO MAJIOI0 KUTBKICTIO METally, SKUW aHaJi3yeThbCsl, CUHTE3
KOMIUIEKCIB 1HIIUMH METOJIaMH, KpiM EKCTPaKLIHHOTO, MPOBECTH
B3araji HEMOXKJIHBO.

Teopito  eKkcTpakiii Ta ONTUMAJIbHI YMOBH  EKCTpAKIIii
KOOPJMHAIIMHUX CIONYK METaliB 3 PI3HOTO THUITy OPraHiYHUMH
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JiraHaaMy  JICTAIbHO  JIOCHI/DKEHO  3aBISKA  iX  ITHPOKOMY
BHUKOPHCTAHHIO 1 BUCBITJICHO B 0aratb0X MOHOTpadisx.

lonoBHUM HEAONMIKOM Il  IIUPOKOTO 3aCTOCYBAaHHS CKC-
TPaKI[IHOTO METOAYy € HeOOXIIHICTh BHUKOPUCTAHHS 3HAYHOI
KUTBKOCTI €KOJIOTIYHO IIKI[UIMBUX OPTaHIYHUX PO3YMHHHUKIB 1
MoB's3aHa 3 MM mIpobOiieMa iX pereHepanii Ta yrtumizamii. Tomy
OCTaHHIM YacoM Tam, J€ I MOJJIHMBO, CSKCTPAKIiHI MporecH
3aMiHEHO MpolecaMu copOIii.

4.1.3. CuHTE3 KOOPAMHALIHHHUX CIOJYK
HA NMOBEPXHi KpeMHe3eMy

Cxema CHHTE3y 3aKpilUICHMX Ha TIIOBEpPXHI KpeMHE3eMy
KOMIUIEKCIB aHAJIOTTYHA CUHTE3y KOOPJMHALIMHUX CIOMYK Y PO3UMHI.
Tpeba nume BpaxoByBaTd, MIO0 IMMOOUTI30BaHMN JraHa €
reTeporeHHuM. ToMy CHHTE3 3aBXIW TMPOXOIUTh y JBO(a3Hii
cucteMi: piauHa/TBepra ¢asza. Ha BiaMiHy Bil KOMIUIEKCIB y pO3UYHHI
poOJIeM BITOKPEMJICHHS TTPOAYKTIB PEaKIlii BiJ BUXITHUX CIOIYK HE
BUHHUKAE. Y I1[bOMYy TIOJIITa€ OCHOBHA IiepeBara CHUHTE3Y
IMMOOUTI30BaHNX KOMIUIEKCIB. MOXIMBI  [Ba MiAXOOH 110
iMMOO1Ti3a11iT KOMIUIEKCIB:

® HEOOXITHUM KOMILJIEKC OTPUMYIOTh y PO3UYWHI ¥ JIUIIE MiCIs
[BOTO WOTr0 TeTEPOreHI3yITh (3aKpIIUIIOITh), CKaXIMO, Ha
KpEeMHE3eMi.

" i1 OTPUMAHHS  KOMIUIEKCY  3aCTOCOBYIOTH  KpEMHE3eM,
TrorepeTHLO0 MOM(IKOBAHMI OpraHIYHUMH CHOyKaMH, IO 37aTHI J10
KOMIUIEKCOYTBOPEHHS. Takuii KpeMHe3eM OOpOOISEThCS PO3YUHOM
COJTi METAJTy YU HOTO KOMIUIEKCOM.

[epmmii migXig 103BOJISIE KOHTPOIIOBATH CKJIa]l KOMIUIEKCY, 110
IMMOOUTI3YEThCSI, BUKOPHCTOBYIOUM KJIACHYHI MAXOAM  XiMii
KOOpIWHAIIIMHNX crmonyK. Hemomikom MeTOMy € Te, IO Ba)KO
migiopaTd  yMOBH, SKI CHOPHUSIOTH  MIITHOMY  3aKpIiIUICHHIO
KOMIUIEKCY Ha TMoBepxHi. Ha3BaHuil minxig Mo>KHa 3aCTOCYBAaTH
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Ul IMMOOLTI3aIi, CKaKiMO, KOMIUIEKCIB KYNPyMy 3 TOXITHUMHU
eTunenaiaminy. Jns mporo sk yiraHa OepyTh KpeMHiHOpraHiuHi
MOXITHI eTHJICHAIaMiHY, HAIIPUKIIAI;

CH,0 CH;CH
\ . / 2 \2
CH,0—Si-{-CHyJ; N NH,
CH,0

CuHTEe3 KOMIUIEKCY MOXHa 3AIHCHIOBAaTM B  OyJb-SIKOMY
OpPTraHiYHOMY PO3YMHHUKY, 1[0 HE pearye 3 TPUETOKCHCUIIAHOM 1 B
SKOMY PO3YMHSIOTHCS BUXiJHI KOMIOHEHTH Ta MPOAYKTH peaKiii,
HanpuKiIag B aneToHiTpmwii. Cxema peaxiii Oy/e BUTIISAATH TaKUM
YHHOM:

CH,0 CH;CH,
\ / \° + [Cu(Solv)g2* —
ZCH30—/Si CHzNH NH

2
CH,O

CH;CH,

(CH3O-)-3Si—PCH29§N/H\ )
’:C !

\
NH,
.Cu

NHZ'{ /‘NH{cnﬁ—?’Si-(OCHS)3
CH;CH,

Cknan ta Oy/IOBY KOMITIEKCY JIETKO KOHTPOJIFOBATH, TOMY I1I0 BOHH
Oy/lyTh BU3HAUATHCS THMH K CAMUMU YHHHUKAMH, 1110 1 IS 3BUYaiHUX
KOMIUIEKCIB Y PO3UMHI: CITIBBIAHOIIEHHAM KOMIIOHEHTIB, MPHPOAOIO
HEHTPAIBHOrO aroma. IMMOOiT3alss HaBEIECHOTO BHIIE KOMILIEKCY
BiIOYBA€THCS 32 PAXyHOK XIMIYHOI B3a€MO/Iii TPUMETOKCU-TPYTI JITaH Ty
13 CHJTAaHOJIBHMMH TPYTIaMH KPEMHE3EMY BIiZIIOBITHO JI0 CXEMU:
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NH'CI:u"NH
/// " \
Si Si
/ ~
MeO N + /})Me
_—
H
H
0 0 d
H
© H
Sio, 0o
HzN/\
NH'(I:U"NH
/// N \ )
—Si 2 SSi + CH,OH
/0 0
\ |
sio,

3a BUOpaHOIO CXeMOI0 iIMMOO1TI3aIIi] Oy0Ba 1 CKJIa]] KOMIUIEKCY
MO’K€ HE 3MIHIOBATHCS.

3a iHIIOK CXEMOI TMOBEPXHIO KpPEMHE3eMy  CIIOYaTKy
MOAU(DIKYIOTh JIraHA0M, a JHIIE MOTIM OTPUMYIOTh KOMIUIEKC.
3okpema, s Moaudikaliii MoKHA 3aCTOCYBATH BHUIIICHABEICHHUI
nirana. Moro B3aeMomiss 3 KpeMHe3eMOM BinOyBaeTbcs 3a

CXEMOIO0:
CH;CH,

CH,0

. \o A .

Si0,}—OH CHSO—/Sl CH;1-NH NH,
CH,0
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BRI
sio, O—Si—FCH}NH NH,
/ 3
CH,0

Hani MoanikoBaHM KpeMHE3eM OOpOOISIOTH PO3YMHOM COJIi
MeTally, OTPUMYIOUH IMMOOLII30BaHUI KOMILIEKC. 3p03yMiIo, 110
XIMi4HI BIACTHBOCTI iIMMOOITI30BaHOTO JIraHay He 30iraroTbes i3
BJIACTHBOCTSMH HOTrO aHajora B po34yuHi. ToMmMy He BapTo
CTOMIBATHCS, MO0 KOMIUICKCH, OTPHMaHi 3a MEPUIOI0 Ta APYTO0
cxemMamu OyJyTh MaTy OJHAKOBUH CKJIaJ Ta OyZOBY.

Jnst 3aKpiruieHHs] KOMIUIEKCIB METalliB 3a MEpIIOI0 CXEMOI0 He
00O0B'SI3KOBO 3aCTOCOBYBATH KpeMHiopraniuti crnoiayku. HeoOxinHo,
00 B3a€EMOJIiSl aKTUBHMX TPYI MOBEPXHI HOCIS 3 KOMILIEKCOM, IO
iMMOOLTI3yeThCs, Oyna MmirHa. Lle MOXXyTh OyTH BOTHEBI 3B'I3KH MK
CWJIAHOJIBHUMH TpyIIaMH MOBEPXHI i (pparMeHTamu Jranay, MOXKIIUBa
d-ps-B3aeMomisi MK atomMoMm cuminito SiO, Ta JraHAOM TOIIO.
Hanpuknan, mnpu  oOpoOri  rifpaToBaHOTO  OKCHIY  CHJIILIIO
aMOHIQUHMM PO3YMHOM COJI KynpyMy BifOyBaeTbcs aKTHBHA
reTeporeHi3allist KOMIUIEKCY 3a CXEMOIO:

OH o) /NHS
+  [Cu(NH)(H0),P" — \bu\ + 2NH,
o/ NH,

OH

Meranoopratiyi CHOIYKH MOXYTh pearyBaTH 13 CHJIAHOJIBHUMU
rpynamu 6e3nocepeiHb0. Y 1bOMY BUIAIKY YTBOPIOIOTHCS 3aKPIILICHI
KOMIUJIEKCH, Y SIKUX aTOM OKCHUIeHY, 3B'3aHUI 13 CHUIILIIEM, BUCTYTIA€
SIK TIOBEPXHEBUM JIraH:

=Si—OH

CrexioMmeTpiss  B3aeMOZIl  3aleXWTh  BiJ  KOHIEHTpaIii
MOBEPXHEBUX  Ipyn. ATOM  MeTaly B  IOBEPXHEBOMY
METAJIOOPraHIyHOMY  KOMIUIEKCI MO’K€  MIiJBHIIYBaTH  CBOIO
KOOp/IMHAIIIIO 32 paXyHOK NpHETHAHHA MOJIEKYJ pO3YMHHHUKA a0o
IHITUX HEUTpATBHUX JIITAH/IIB.

190



CUYHTE3 KOOPAMHALi MIHNUX CMONyK {":"}
HajiuacTime KOMIUIEKCH Ha MOBEPXHI KpEMHE3eMY OTPUMYIOTh
3a 1HIIOI CXEMOI, SIKa BKIJIIOYAE MOMEpPeaHI0 HOro oOpoOKy 3
MeTO0 iIMMOOiTi3alii JiranaiB. IcHye 1Ba BapiaHTH I[LOTO METOY:
" OfHOCTailiHE 3aKpilieHHs a0 mnoBepxHi SiO, HEOOX1IHOro
Jiragay. 3 IIE0 METOK YacTO BHUKOPHUCTOBYIOTH KPEMHIMOpraHiuHi
CIIONYKH 13 3arajbHOI0 opmyioro RSiX,, ne X =Cl, — OEt,— OMe
Ta iH, R — ¢QyHKUlOHAIBHA Tpyma, siKa MICTHTh HEOOXiTHUMIA
KOOPIIMHALIIHO ~aKTUBHUK (parmMeHT. IMMOOUTI3aII0 CHPOIEHO
MOYKHA 300pa3UTH CXEMOIO:
=SiOH + Cl, —Si—R, y »=Si—0-Si(Cl,_,)—R, 4
1o (=51-0), -Si—R,
® HIIMHA Croci0 3aKpIMUIeHHs JraHgiB MOJSTae B IOCHTIIOBHOMY
NIPOBEZICHHI PEAKIIH 32 y4acTi MOBEPXHEBUX IPYIL, Y XOJi SKHX JIraH«
CHHTE3YEThCSl HA MOBEPXHI (MeToj| 30MpaHHs Ha moBepxHi). [Ipukian
TAaKOr'O CHHTE3y HABE/ICHO HIDKYE:

i N/ N + Hel
Si0, —OH 4 cI— 5 Si0,—0
ol
\/Si/\(
+_HCI sio,—0" \  c

1 HapemTi:
=Si—CH, — CH(CH,)Cl +H,N(CH,),NH, —
=Si—CH, — CH(CH,)NHC,H ,NH,

Ha cyvacHOoMy erarmi po3po0jeHO Taki METOIH, IO JO3BOJITIOTH
3aKpIMUTU Oy/b-sIKy OpraHiyHy CIOIYKYy Ha TOBEpXHI KpeMHe3eMy.
[Ipore OiMBLICT, XIMIYHMX pEaKliii Ha TOBEPXHI HE IPOXOMAATH
KUIBKICHO, TOMY BiJl METOAy CHHTE3y JIraHmy 3ajexarb Horo
BJIACTHBOCTI @, OTKE, 1 BIACTHBOCTI KOMITIEKCIB. [[0/1aTKOBO Ha OyI0BY
Ta CKJIaJ KOMIUIEKCIB BIUIMBAE€ XapakTep pPO3MOILTY 3aKpiIJIEHOro
JraHgy, 9d, IHIIAMH CJIOBAMH, BIJICTAHb MDK CYCUTHIMH TPYIIaMH.
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Tomy BnacTMBOCTI IMMOOUTI30BaHMX JIraHAIB 1 KOMIUIEKCIB Ha iX
OCHOBI MOXKYTb 3HAUHO BIIPI3HSTHCS BiJl BIACTUBOCTEH KOMIUIEKCIB U

AHAJIOTTYHHX JIITAQHIB Y PO3UHHI.
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METO/JHUKH CUHTE3Y 3 BOJHUX PO349YUHIB

lekcaaminHikenb(ll) KoHueHTpoBaHuin po3uunH NiCl, - 6H,0

xnopwug, [Ni(NH;)sICl, [8] 00pobnsitoTh HaAJINLLKOM
KOHLIEHTPOBAHOIO PO34YMHY aMOHiaKy.

Micng UbOro OXONMOMAXYHOTb MPOTOYHOK BOAOK | A4S MOBHOrO
BUAINEHHS KOMMNEKCY A0AalTb HEBESIMKY KiNbKiCTb aMOHia4yHOro
po3unHy NH,Cl. Ocag inbTpytoTh i MPOMMBaIOTb KOHLEHTPOBaHWM

PO34YMHOM aMOHiaKy, CMUPTOM Ta ETEPOM.

AMiHoaueTaT Kynpymy MOFO MOXHa OTpuMaTn y BVIFﬂFlLI,i

(rniumnar), Cu(NH,CH,C00), ro/yacToi abo  nnactuH4acToi
mMoamdikauii. Ans oTpuMaHHA coni

ronyactoi moamdikauii ceixkeocagxeHuin Cu(OH),, B3sTUA Yy
HaA/INLWKY, PO3YNHAOTb Y PO3UYMHI aMiHOOLTOBOI KUC/IOTW:
Cu(OH),; + 2NH,CH,COOH = Cu(NH,CH,COOQO), + 2H,0
FMaopokcua Kynpymy OTPUMYKOTb 3MillyBaHHAM pPO34YUHIB
Ba(OH), i CuSO, Yy Takux cniBBiAHOWEHHAX, W06 oTpuMaHui
pO34YMH repecTaB AaBaTu JNIYXHY peakuilo Ha nakmyc. BoaHy
cycneHsito Cu(OH,) 3 gomiwkamn BaSO, HarpiBaloTb NpPOTAroMm
AEKiINbKOX rogMH Ha BoAsHIN 6aHi 3 po34MHOM aMiHoaueTaTy,
notiMm kun'atate 30 xB. Ocag BaSO, i Hagnunwkosuii Cu(OH,)
BiAiNbTPOBYIOTb, @ TEMHO-CUHIN dinbTpaT ynapowTb 40
noyaTky KpucTtanizauii. 3 0Xono4XXeHOro po3vnHy BMNadaloTb
KpucTanu y Burnaai 61akntHMX ronok.

MeHTaHaioHaT-2.4 MNepwwuni cnocib. Jo
(auetunauertoHar) kynpymy(ll), HACUYEHOrO BOAHOTO  PO3YMHY
Cu(acac), [21] auetaty kynpymy(II) nopatoTb

piBHMA 3a 06'eMOM CNMPTOBUNA
pPO34YMH  aueTMNaueToHy MNpuM  MOJIbHOMY  CMiBBiAHOLWIEHHI
KOMMNOHeHTIB 1 : 2. YTBOpeHun pgpibHOKpUCTaniyHMnm ocaa
BiAdINbTPOBYIOTb, MPOMMBAOTbL BOAOK Ta OUYULLYIOTb METOAOM
BaKyyMHOI cybnimaduii.
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Apyrnin cnoci6. 3MiwyoTb BOAHI pPO34YMHM  Xnopuay
KynpyMy Ta aueTuIaueToHy, Y SAKMX ChiBBiAHOWEHHSA peareHTiB
JopiBHOE 1 :2. 3a [OMNOMOroK poO34YMHY aueTtaty HaTpito
BCTaHoBNOWOTL pH 5-6. Ocaap, sSKui nNpu UbOMY BWAINSETLCS,
BiAINbTPOBYOTb, MPOMMBAKOTL BOAOK Ta OYULLYIOTb METOAOM
BaKyyMHOI cybnimauiii.

3a aHaNoriyHow MEeToAMKOK MOXYTb 6yTuM  oaepXxaHi

auetunauetoHatn kobanbTy -  [Co(acac),]ls, Hikenwo -
[Ni(acac),13, depymy - Fe(acac);, a Takox 1,1,1,-
TpudTOpNeHTaHAioHaTn (TpudTopaueTmnaueToHaTu) unx

MeTanis.
MNMeHTaHpioHaT-2.4 Cymiw 41 Cr(CH3CO0);5-6H,0,
(aueTunauetoHart) xpomy(lll), 150 mn Boau, 4 r aueTnnaueToHy
Cr(acac); [15] Ta 5 mMn 2 H CH5COOH
HarpiBatTb OOKM BCi

KOMIMOHEHTU He pO3UYMHATBLCA Ta He MOYHEeTbCA KpucTanilauis
kKoMmniiekcy. OTpUMaHMM pPO34UYMH KUN'ATATb AOKM pigMHa He
NOYMHAE KMNITU MOWTOBXaMu. PeakuiliHy CcyMmiw nocTynoBo
OXOJIOAXKYIOTb, @ nepen iNnbTpyBaHHAM CTaBAATb Ha nig. Mpwu
nepwin kpucrtanisauii oTpuMytoTb 1.8 r aueTMnaueToHaTy XpoMmy,
AKUIA MOXHa nepekpucTanisyBatu i3 cymiwi xnopodopMy Ta
6eH30n1y abo OUMCTUTM MEeTOAOM BaKyyMHOI cybnimauii.

Kanii 15 r KNCS i 7.5 r CrCl; - 6H,0
rekcaisoTiouiaHatoxpomart(lll), PO3YMHATL y 30 mn
K;[Cr(NCS)]; - 4H,0 [16] ONCTUNBOBAHOI BOAM,

BMMapOBYIOTb AOCYyXa Ha MillaHin
6aHi n pobpe postupatoTb. [lOTIM CyMiWw nepeHocATb Yy
KPYrnoAoHHy konby 3 o06epHeHUM XONOAMNBHWKOM | npwu
HarpiBaHHi ekcTparytoTb Ks3[Cr(NCS)e] - 6H,O0 10-15 mn cnupTy,
CyMiw HarpiBatoTb 15-20 xB i 31MBalOTb CNUPTOBUIN eKCTpakT. Lli
onepaujii NOBTOPIOKTL AO0TM, AOKWM HOBa nopuis cnupty He 6yae
6nigo-poxeBoro konbopy (NpMbNM3HO TpU pasun). Fapsunii po3umnH
QinbTpytOTh, diNbTpaT BUNAPKOKTbL A0CyXa Ha BOASAHIN 6aHi ”
3HOBY eKCTparylTb abconoTHMM cnmpTtoM. OaepxaHy CnmMpToBy
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BUTSXXKY BMNAPKOOTb A0 BUAINEHHA KpUcTanis. Micna oxonomKeHHs
iX iNbTPYOTh, MPOMMBAIOTb ETEPOM i CyLIaTb Ha NOBITPI.

BnacruBocri: diankoBi KpucTtanun, pPo34UMHHI Yy BoAdi 1
HEpPO34YMHHI B eTepi.

MeHTaamiHHiTpoKoGanbT(lll)  PO34MHAKTL 10 I neHTaaMmin-
xnopua [CoNO,(NH5)5]Cl, [9] xnopokobanbTy(III) _xnopuay,

[CoCI(NH3)5]1Cl,, y cymiwi 100 mn
BoaM i 10 MA KOHUEHTPOBAHOrO pO34YMHY aMoHiaKy. Peakuito
npoBoAsATb, NepeMilydn i HarpiBalounm  po3umH. OCTaHHIN
GiNbTpyOTb, MIAKMCNIOITL  Pp036aB/IEHOD  COMSHOK  KUCNOTOH
(KOHTpPONb 3a IHAMKATOPHWM nanepoM) i AogatoTb 25 HiTpUTy
HaTpito. Konby HarpiBaloTb A0 Mnepexoay YTBOPEHOro 4YepBOHOro
ocagy y po3umH. [loTiMm g0 po3umHy gogatoTe 120 mn
KOHLeHTpOBaHOI consaHoi KUCMOTW. YTBOpEHMU ocaj
BiAINbTPOBYOTb, MPOMMBAOTL COJIAHOK KWCIOTOK, ETAHOIOM |
Bucywyotb npu  60-70 °C. [CoNO,(NH;)5] Cl, MaE BuUrNag

KpUCTaniyHOro nopoLLKy 6ypo->XOBTOro Kosbopy.

MeHTaamiHHiTPUTOKOGanLT(ll) PO3HUMHSAIOTL 10r
xnopua, [COONO(NH,)sICl, [9] neHTaamiHxnopokobansTy(III)
xnopuay, nepemilyoum i

HarpiBatoum Ha BOAsAHIM 6ani B cymiwi 150 man Bogm i 10 mMn
KOHLEHTPOBAHOIo pPO34YMHY aMoOHiaky. Po3umH @inbTpytloTb |
dinbTpaT HEenTpaniayrTb COASHO KWUCIOTOK (BUKOPUCTOBYHOTH
iHAMKaTOpHUI nanip). [1o po3unHy AoAatoTb 25 r HITpUTY HaTpito, a
notim 20 mn consiHoi kncnotu (1 : 1). PeakuinHy cyMiw 3anvwarTb
Ha AeKinbKa rogmH, QinbTpytoTb, NPOMMBAIOTL XO104HOK BOAOK Ta
€TaHOJIOM.

[CoOONO(NH3)5]1Cl, Mae Burnap KpucTasniyHoro nopoLuKy

YEpPBOHO-KOPUYHEBOro KONbopy, npu 36epiraHHi Aekinbka
TUXxHiB nepexoanTb Y [CoNO,(NH;)51Cl, .

Bic(etuneHaiamiH)HiTpoxnopoko- 5.0 r HeMTpanbHOro TpaHc-
6anbT(lll) HiTpaT, YuC- [CoCly(en),]Cl MOBHICTIO
[CoCI(NO,)(en),INO; i mpaHc- pO3uMHAOTL Yy 12517 BOAM i
[CoCI(NO, )(en), ]NO3 rnepeMilWyoTs 3  eKBiBaJIEHTHO

KinbkicTto NaNO, [0 YyTBOpeHHS
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KalKkonoAibHoi cyMiwi yepBoHoro konbopy. Ocaa BiadinbTpoBYHOTh.
MpoaykT — ymnc-[CoCI(NO,)(en),]Cl. Buxig - 2-3 .

1.5 r ymc-[CoCI(NO,)(en),]Cl po3umHsitoTb B 35.0 mMAa xonogHoi
BOAM, NOTIM A0 PO34YMHY A04al0Tb 3 M1 KOHUeHTpoBaHoi HNOs.
Y1BOptoeTbCs UMC-[CoCI(NO,)(en),]NO;, SIKMIA NpOMMBaKOTL Crlabknm
po34ynHoM HNOs.

Ona opepxxaHHa TpaHc-[CoCI(NO;)(en),]NO3 2.0 r yuc-isomepy
po3unHsalTe y 18.0 Mn BOAKM, PO34UMH YynaproTb A0 MNOYaTKy
KpucTtanisauii, gani 3HoBy pgogatotb 4.0 mMn BoauM i Wwe pas
ynapowTb A0 BUAINIEHHSA rpaHaTOBO-4YepBOHUX KPUCTaniB TpaHc-
[COC'(NOz)(en)z]NO3

Oiaminauxnoponnartuna(ll),  AaHui KOMI/IEKC ICHYE Yy BUMNSAI
[PtCl,(NH;),] [15] ymc- i TpaHc-isomepis. Ljuc-
[PtCI,(NH;),]  odepxyloTb  3a

peakuieto: [PtCl,] Lt 2NH; = [PtCI,(NH3),] + 2CI" .
Mepwwnih meTopn. [o HacnueHoro po3umHy coni (NH,),[PtCl,]

NPUNNBaKTb HEBENMKMMM NOPLiSMK, nepeMiwytoun, 18%-i po3umH
aMoHiaky 3 po3paxyHKy 2.25 monb NH; Ha 1 Monb BMXigHOI coni.

Mpn popdaBaHHI aMOHiaKy BiApasy X MOYMHAKOTbL BUMadaTy nepLui
Kpuctanm komnnaekcy. Ons 36inbweHHs Buxody CyMill 3anuvwatoTb
Ha 1.5-2 roa. MNoTiM ocaa inbTpyOTb, MPOMMBAIOTL HEBENNKUMMU
nopLisiMM KpumxXaHoi BOAW, CNUPTOM i BUCYLLYIOTb Ha nosiTpi. [ns
OUYUCTKWN Cilb PO3YMHSAIOTL Yy rapsidiin BOAi, MiAKUCIEHIN KinbKoMa
kpannsamm HCI (Ha 1 r coni ~ 100 mn Boamn). Po3unH dinbTpytoTh i
oxonomxytoTe A0 40°C. Ocaa, wWo yTBopuBCs, GIiNbTPYIOTh,
NpoMMBaOTb XOSI04HOK BOAOK i BUCYLLYIOTb.

Apyrvin Mmetoa. 2 r coni K,[PtCl,] po3umHsitoTb y 20 mMn

BOAMW, A0 po3unmHy popatotb 8 M 20%-ro po3umHy auetaTy
amoHito i 2r KCI (ocraHHii, wob6 3anobirtm BiAHOBNEHHIO
NpoAaykTy peakuii). Cymiw kun'atate npotarom 15 roa. MMpwu
OXOJIOAXKEHHI 3 PO34YMHY BMNadaEe ocal KOMraeKcy. [Ansa o4ncrTku
MOro nepekpucTanisoBylTb, $SK OMNMCAHO B MonepegHbOMy
metoai. Buxia craHoButb 70-75 % Big TEOpETUYHOrO.
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BnacTmBOCTIi: KpucTaniyHa peyoBMHA $CKPABO->XOBTOMO
Konbopy. ®opMa KpucTanis ronyacra 4v y BUrIa4i AMCTOUKIB.
Po3uunHHicTb: 0.26 1 (0 °C), 3.0r (100°C) y 100 mn Boawu.
Mpu HarpiBaHHi cyxoi coni Ao 275 °C wWBMAKO NepexoauTb Yy
TpaHc- [PtCl,(NH3),] .

TpaHc-[PtCly(NH3),] [15]. 1 r coni K,[PtCl,] po3uMHsAOTL Yy

10 mn Boamn, pinbTPYOTb Yy CTakaH MicTkictito 100 MA i ctaBnsATb Ha
Kunnsady BoasiHy 6aHio. Yepes 2-3 XB 40 PO34MHY, BUKOPUCTOBYHOUMN
nasnyky, nosisibHO NpwunMBaloTb 10 M1 KOHUEHTPOBaHOMO PO3UYMHY
aMoHiaky. Yepes 30 XB po34MH MOMITHO 3HeGapBIOETHCA, @ yepe3
50-60 xB peakuis 3aKiH4y€eTbCA. pU LbOMY B PO3U4MHI YTBOPIETHCA
komnnekc [Pt(NH;),]Cl,. OAaHOYacHO MOXe YTBOPUTUCH HEBennKa
KiNbKiCTb HEepPO34YNHHOI coni [Pt(NH3)4][PtCl,] , AKY
BiadiNbTpOBYOTh, a dinbTpaT ynaptooTe 40 8-10 M, nomiwarTb y
KOHiYHY KONb6o4Ky, 3aKkpinneHy Ha a3becToBil CiTui, i NponyckarTb
yepe3 po3umH ctpyM CO,. Yepes 5 XB nic/isg novaTky MporycKaHHSA
CO, popatoteb 10 mn HCl, a we yepes 5 xB konby 3 po34MHOM
MOYMHAIOTL HarpiBatu. Y Mipy BMNApOBYBaHHS PO34YMHY A04Al0Tb
KoHueHTpoBaHy HCI. Yepe3 1.5-2.0 roa nicna no4atKy HarpiBaHHS,
konn ob'em pocsarHe 10-15wmn, oo po3umHy agogatotb 25-30 mn
BOAM, Konby 3HIMalOTb 3 NafbHUKA, i, HE nepecTaryn NponycKaTh
CO,, nomiwatotb y nig. Ocag, Wo Bia4inMBcsa, NpoMMBaloTb ABOMa-
TpbOMa MOpLUisiMK KpUMXXaHOi BOAW, CNMPTOM Ta eTepoM. Buxia ~ 70
%.

BsiacTnBoOCTi: KpucTaniyHa peyoBMHa 61i00-X0BTOr0O
KONbopy. MeHW po34mHHaA Yy BOAi, HiX yuc-isomep (0.7r vy
100 mn Boau nipu 100 °C). Mpw HarpiBaHHi A0 TemnepaTypu
> 340 °C KOMMJIEKC pO3KNaAaETbCs.

METO/IUKH CHUHTE3Y 3 HEBO/JHUX PO34YHUHIB

TeTpaankinamoHii [OTYIOTb QaUETOHOBI PO34YMHMU
rekcatiouiaHaToGicmyTar(lll), BiCl; iNaSCN . Mpn iX
[R4N]3[Bi(SCN)g1, 3MillyBaHHi B MOJIbHOMY

CniBBiAHOLUEHHI 1:3 y

po3umnHi yTBOpOETbCA Bi(SCN);, a B ocaa sunapgae NaCl, akwit
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BiAINbTPOBYOTh. MoTim roTylTb CrnpToBI pPO34MHMU
[R4N] Br i KSCN, npu B3aemogaii akmnx yteoptototbcsa [R,N]SCN, a B
ocaj BMnagac 6pomia kanit. [ns cuHTe3y KOOpAMHALIMHUX CNOYK
3MillYOTb  auUETOHOBi  po3umMHKM  Bi(SCN), i [R4NJSCN vy
CniBBiAHOLLEHHI KOMMOHEHTIB 1:3. Mpun KpucTtanisauii
YTBOPIOKOTLCS  BiANOBIAHI 0Caau, $Ki MalTb OpaHXEBO-XXOBTE
3abapBrieHHs.
Kanin FoTYyIOTb aLeToHOBI PO3UYMHNU
TeTpaisoTiouiaHaToko6anstat CO(NOs), i NaSCN. MMpwu ix 3nuBa-
HHi B MOJZIbHOMY CniBBiAHOLUEHHI
1 : 4 B po3uunHi ytBoptoeTbcsa K,;[Co(NCS),], a B ocaa Bumnagae
NaNOs, skuni BiadinbTpoBYtOTb. [pM KpucTanisauii yTBOpOOTbLCS
KPUCTanm CUHbOIro KOJIbOpY.

Kanii rexcatiouianatonniom- OAGPXaHWi 32 peakuieio obMiHy
6at(ll) K,[Pb(SCN)g] [23] MK BOAHMMUM po3ymHamm Pb(NO;),
i KSCN TiodiaHat naoMbymy
po34nHATL ¥ 0.8 M aueToHoBOMY po34umnHi KSCN A0 HacnyeHHs.
Micna sigaineHHs Hagnuwky Pb(SCN), po3unH cTasnsaTb Ha
KpucTtanisauito y BakKyyM-ekcukaTop. Yepes pekinbka AHiB
YyTBOPIOIOTLCA NycKonoAibHi kpuctann K,[Pb(SCN)g] .
BnacruBoOCTi: Cinb po34YMHHA B QAUETOHI, pPO3KJ1adaETbCs
BOAOK, METAHOJIOM 3 YTBOPEHHAM Pb(SCN), .

aunisoTtiouiaHaTomaHraH(ll) nonepeaHLo oHuLLEHOMY
[Mn(NCS),(AMCO),] [24] mMeTaHoni. [lo po34nHy HiTpaTy
MaHraHy AojarTb PO34MH

TiouiaHaTy Kanito B MOJILHOMY cniBBigHOWeEHHI 1 : 2. T[licns
BiodiNMeHHA ocady HiTpaTy Kanito [0  po3uMHy  Ao4atoTb
ammetuncynbdokeng (AMCO) (npubnusHo 6 Monb Ha 1 Monb
HiITpaTy MaHraHy). OaepXaHy CyMill CTaBNsTb Ha KpucTanisauilo y
BaKyyM-€KCMKATOp Hag X/J0puaoM  Kanbuito. Yepes goby
BMNAJalTb KpUCTanu, AKi BigAiNATb Big MaTOYHOrO pPO3UMHY,

198



v 70"
CuHTe3 KOOpAMHALiHMX cnonyK (oM o)
Lo

NPOMMBAlOTb aLETOHOM Ta €TEPOM i BUCYLYIOTb MiX JIMCTKaMU
dinbTpyBanbHOro nanepy.

BnacruBocri: Kpuctanm 3 pOXeBWUM BigTiHKOM, pobpe
PO3UYMHSIOTBCS Yy BOAI, aUeTOHi Ta METaHosi, HE PO3YMHSAIOTLCS B
eTepi Ta 6eH3oni. Ha NoBiTpi AOCUTb CTilKi, Y 3aKpMTOMY MNOCYAi
36epiratoTbCa NOpPiBHAHO AOBrO.

3rigHO 3 BULLEOMMCAHOK METOAMKOI OTPUMYIOTb TAKOX CONi
[Ni(NCS),(OMCO),] (nopowokK  CBIiTN0-3€N1€HOro KOnbopy),

[Zn(NCS),(OMCO),] (6e36apsHi kpucTanu).

TpunipuanuTpuxnopoxpom(lil), Y KOnoi 3 obepHeH1M
[CrCI,Py,] [15] XONOANBHUKOM HarpisatoTb

cyxun CrCl; 3 pgoaaBaHHAM
Kpuctanumky CrCl, y Haanuwky cyxoro nipuauvHy. Yepes aeskuii
yac CrCl; pO3UYMHAETBLCSH, YTBOPIOHOYM PO3UYMH 3€/1€HOM0 KOJIbOpY. 3

BiAINbTPOBAHOrO pPO3UMHY MNPU  OXONOAXKEHHI KPUCTani3yeTbCs
Cinb. BigirHaBWwmn NipuanH i3 MAaTOYHOIro PO34YMHY, MOXHA OAepXaTu
KOMI/IEKCHY Ciflb MalXe 3 KifIbKiCHUM BUXOAOM.

BnacruBocri: 3eneHi Kpuctanum, pobpe po34UMHSATLCA B
nipnanHi, xnopodopMi, aueToHi W KOHLEHTPOBAHIN a30THIN
KWUC/OTi, NOraHO PO34YUHSAIOTLCA B €TaHOJi, HEe PO3YUHAKTLCH Y
BoAi, eTepi, 6eH30i.

Bic(rekcameTundocopTpuamia) HitpaTt Ko6vaany pPO3UYNHAIOTL B

AavisoTiouiaHaToko6anbT(ll), aueToHl 1 A0 OAEpXaHoro

[Co(NCS),(HMPA), | [25] pO34mMHy _ NpuausaioTh
KOHUEHTPOBAHNN aAUETOHOBUU

PO34YMH TiouiaHaTy Kanito B MOJIbHOMY CRiBBiAHOLWEHHI 1 : 2.
Micna BigaineHHa HiTpaTy Kanito Ao dinbTpaty A[0AMBaKOTb
rekcameTundgocdhopTpmamia, OPI[N(CH3),] 5 (HMPA), 3

po3paxyHKy 2 Moni Ha 1 Mmonb Co(NCS),. OaepxaHuin po34yunH

CTaBnATb Ha KpucTanisauito y BaKyyM-ekcukaTop i 4epes
OessKnn yac BiadinbTpOBYOTb KpUCTanu, AKi yTBOPUINCH.

BnacTnBOCTI: CWHI  KpUCTann, pPO34YUHAKOTBCA Y  CNUPTI,
aueToHi, Boa,.
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3rifHO 3 OMWCaHOK BULLE METOAMKOK OAEpPXYHTb TaKoX
komnnekecn [Mn(NCS),(HMPA),] i [Zn(NCS),(HMPA),] .

Bic(rekcametundocdoptpuamig) HITPAT Hikenio(Il) posuMHATL B
AmvisoTiouiaHaToHikenb(ll), auetoHl - A0 OAEpXaHOro
[Ni(NCS),(HMPA),], [25] pO34UNHY ,CIlOLI,.aEOTb aueTQHOBMM

po3uMH  TiouiaHaTy Kanito B

MOJSIbHOMY criBBigHOWeEHHI 1 : 2. Ocaa HiTpaTy Kanito pinbTpytoTh i

no odinbTpaty poaatTb rekcametundocdopTpmamia y MOSbHOMY

cniBBigHOWEHHI 1 : 2. PO3UMH NOBTOPHO (PiNbTPYHOTh i CTaBNATb Y

BaKyyM-eKCMKaTop i3 XJ0puMAOM KanbLuito. 3 KOHUEHTPOBAHOro

PO3UYMHY BUAINAKOTL CBITNO-3€NEHi KpUCTann KOMIMIEKCY, KU Mae

cknag [Ni(NCS),(HMPA),H,0],. MNpu BUCylWyBaHHi y BaKyyMHOMY

eKCuKaTopi MOMeKynM BOAW  BIALIENIOKTLCS W YTBOPHETLCS
KOMMJIEKC XOBTOrO KO/bopy, Skuii Mae cknag [Ni(NCS),(HMPA),], .

BrnacTtuBOCTI: XXOBTi KpUCTanu, PO34YMHHI Yy BOAi, aueToHi,
cnupTax, He po34MHHI B eTepi, 6eH30ni.

T BessogHuin CrCl; po34MHSAIOTL B

puc(rekcametundocdopTpu- L : N
amip)TpuisoTiouiaHatoxpom(lll), AUETOHI W KANATATL MO0y
[Cr(NCS);(HMPA);] [26] NPUCYTHOCTI METANIIYHOIo LUMHKY.
[lo oaep>aHoro po3ynHy AoAaroTb

KOHLEHTPOBaHMIN  auUeTOHOBM po3uMH KSCN y  MonbHOMY
cniBBigHoweHHi 1 : 3. MNicnga BiagineHHs KCl ao dinbTpaTy AoaatoTb
rekcametundocdhdopTpmamia i3 po3paxyHKy 3 Moni Ha 1 Monb
Cr(NCS); i cyMiw kun'ataTb 3 06EepHEeHWM XONoAWSIbHUKOM
npotarom 3-4 rog. [MoTiM 4yacTUHY pPO34YMHHMKA BigraHswTb, a
OTPMMaHMN PO34YMH OXONOLXKYIOTb. pU LbOMY YTBOPHETLCSA Ciflb
[Cr(NCS)3(HMPA),].

BnacrmnBocTi: [pibHIi  ronkonoibHi  KpucTanu  3eseHoro
Konbopy. Cnoslyka MNOraHo PO34YMHAETBCA Yy BOAi, CNMPTi, Ha
MoBITPi A4OCUTbL CTiNKa.

Oiaminavisotiouianatoumuk(ll), Y  PeaKTop  BHocATb 0.4 T
[Zn(NCS),(NH,),] [14] (0.005 Monib)  oKCMAY  LMHKY,
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0.8 r (0.01 monb) TiouiaHaTy amoHilo, pogarwTb 25 Mn
aUEeToHITPMAY | nepeMiwyloTb Ha MarHiTHiM Miwanui npu 50-
60 °C npoTsarom 5 xB. AUETOHITPMA BiAraHsawTb Y BakKyyMi,
6e36apBHM  KpUCTaNiYHMA oOcCan nepeHocaTb Ha  dinbTp,
MPOMMBAaOTb i30MPOMaHOAOM | BUCYLWIYIOTb B €KCUKaTopi Haj
X1opuaoM kanbuito. Buxig ~ 89 %.

Bic(aueTunaueToHaTo) Y KpyrnioaoHHin konbi Ha 100 mn 3
piokcomoni6aeH(Vl), obepHeHnM XONOAW/IbHMKOM MPOTAroM
MoO,(C;H,0,), [15] 18_ roa Harpisatote 10 r MoOs i 50 mn
CBiXKeneperHaHoro aueTuiaueToHy.
MoO; +2CzHg O, — MoO,(CsH,0,), +H,0
PeakuiinHy cymiw weBnAKo BiadINbTpoBYOTb Big MoO;, AKUA He

npopearyBsas, i We rapsymin po34ymH BAMBaKTb, NEPEMILIYIOUN Y
150 mn nirpoiHy. CyMiw BUTpUMYIOTb 61M3bKO 1 rog y NboasHiln
6aHi, nicng 4oro YTBOPHETHCH POXEBO-XKOBTUMN UM  XKOBTO-
KOPUYHEBUIN ocCag, KU QinbTpylTb, Kisibka pasiB NpoOMMBalOTb
NirpoiHoM i cywaTtb Ha nosiTpi. Buxig ~ 10-15r.

BriacTMBOCTI:  pOXEBO-XXOBTUM  MOPOLUOK,  MaBUTbCS 3
po3ksazoM npu 185 °C. MocTynoBo pyMHYETbLCS Ha MOBITPI.

MNenTakic(rekcametundrocpop- CMOyKkM  6yno OTpMaHo 3
TpMaMiA)X.ﬂOpO"aHTaHOTA (|||) aLleToHOBUX PO34KNHIB peakuI€ero

TeTpadeHin6opar, 0bMiHy Mk TeTpadeHinbopaTtom
[LnCIHMPA);1(BPh,), [27] HaTpito i x10puaoM BiANOBIAHOMO
NaHTaHoigy y NMPUCYTHOCTI

pO3paxoBaHoi KiTbKOCTI HMPA, O=PI[N(CH3;),15 Ta

opToetundopmiaty, O-HC(OC,H;)s :

LnCl, - iH,0 + 5HMPA + 2NaBPh, —1%s

—HCOEYs 411 nCI(HMPA)5 ] (BPh,), + 2NaCl

0.003 mona rigpatoBaHoro xnopuay P3E po3uunHsaTs B 10 Mn
aueToHy y npucyTHocTi 2.65 man HMPA (0.015 monb) i 3.5 mn
opTtoeTmndopmMiaty, poO34YMH HarpiBaloTb A0 KuniHHg. [Jo
OXOJIOOKEHOr0  pO34YMHY, MNepeMillyroyn, [A04al0Tb  PO3YMH
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0.006 monb TeTpadeHinbopaty HaTpito B 10 Mn aueToHy. Yepes
2-2.5roa ocap NaCl, wo yTtBopuBCS, QinbTpyloTh i dinbTpat
yrnaprowTb y BaKyyMi. OpepxaHy KpuUcTaniyHy Macy
NnepekpucTanisoByloTb 3 aueToHy, [na nerknx naHTaHoidiB i3
PO34YMHIB BUAINAIOTLCA MNpaBUNbHI NPU3MATUYHI KpuUCTanwu, AN
BaXXkux (Tb — Er) yTBOpHETbCA APIGHOKPUCTANIYHUIA MOPOLLOK.
Cnonykn Tynito, iTepbito i nwoTeuito ansa 36inbleHHs Buxoay
OJEpXYTb BUCOJIIOBAHHSAM 3  AUETOHITPUIIbHUX  PO34YMHIB
avetunnosuMm etepoM (A0 5 MA  AUETOHITPUABHOIO PO3UYUHY
noginbHO pgogatoTb 50 MmN eTtepy). Y cepeaHbOMy BuUXia
ctaHoBuTb 70-80 % Big TeopeTUYHOro.
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METOJHKH EKCTPAKIIIHHOT O CHHTE3Y

MeHTagioHaT-2.4 Ao  BOAHOrO  po3dmMHy,  Wo
(auetunauetoHar) cbepymy(lll), MICTUTb 0.5 r IOHIB
—fe o\ 4 depymy(III), popalTb PoO3yYMH

a30THOI kmncnotn go pH 1.0 i CTpywytoTb Y AINWABHIA BOPOHLi 3
50%-M po34yMHOM aueTuIaLeToHy Yy XnopodopMi BMPOAOBX 3 XB.
Mpn uboMy y xnopodopm nepexoantb 96 % depymy y Burnaai
aueTunaueToHaTHOro komnnekcy. licnga BigaineHHs opraHiyHoro
wapy xn0opodopM ynaprwTb Y BaKyyMi A0 KpucTanisauii
IHTEHCMBHO YepBOHOro komnnekcy Fe(acac)s.

MeHTagioHaT-2.4 o BOOHOrO  pO34UHY, o
(aueTunaueToHart) MiCTUTb Cinb kobanbTy(II),

ko6anbTy(lll), Co(acac)s [17 AoJatoTb KinbkKa MininiTpis
(i ( )} [17] auetunauetoHy i 5 mn 3%-ro

pO34UMHY nepokcmay rigporeHy. BctaHosnwtiTe pH 8-9 Ta
HarpiBaloTb po34MH Tak, wWob BiH cnabo kunie nporarom 10 XxB.
MoTiM oxonoaXyloTb i nigkncnawTe Ao pH 1. AueTunauyeTtoHaTt
kobanbTy(III) ekcTparyerbcs KinbkicHo 50%-M  poO34MHOM
auetunaueToHy y xnopodopmi (06'eMn BOAHOI Ta OpraHivyHoi
da3mn cnieBigHocATbcs sk 1 : 1). Co(acac); Ma€ iHTEHCUBHe
3esieHe 3abapBieHHS.

METOAHUKHU CHHTE3Y KOMIIIEKCIB
HA NIOBEPXHI KPEMHE3EMY

AMiHOKOMNINEKC Hikento, fo BoAHOrO  pO34MHY  rekca-

npuwennenuni go nosepxwi  aMiHHikens(II) xnopuay abo  Hi-
aepocuny TpaTy, OAEPXaHOro 3MillyBaHHSM

KOHLIeHTpOBaHUX pO34KHIB
aMmoHiaky (3.5 mMmonb) Ta BignosigHoi coni Hikento (0.5 MMonb) Ta
po3BegeHoro pgo ob'emy 20wmn, poparwTtb 0.5 aepocuny
(cnnikarento). 3nerka CTpywytoTb i 3anmwatote Ha 30 xB. [licns
dinbTpyBaHHS 0CaA BMCYLIYIOTb Ha MOBITPi, MiC/s 4Oro oAepXyTb
pevyoBUHY CBiTN0-(ianKkoBoro KONbopy, sKa MiCTUTb
iMMOGiNni3oBaHMM  Ha MOBEpXHi  aKBAAMIHOKOMIIEKC  HiKento
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cknagy [(= SiONi(NH3)5_,(H,0),1Cl, ae n = 0 — 2. Cknag KoMnaekcy
MOXHa BCT@QHOBUTW 3 YypaxyBaHHSIM nMpaBuia aAUTUBHOCTI 3a
€/1IeKTPOHHUMMK crekTpamMu andysHoro BiadbutTa: 10 Dq AopiBHIOE
10500 cm™! gnsa rekcaaMiHo otoyeHHs Ta 8500 cM™! ansa rekcaaksa
oToYeHHs (cmna KpucrtanidyHoro nonsa rpynu (=SiO) BBaXkaeTbCs
PiBHOIO CUAi MONS MONIEKYTN BOAM).

Bicnponinaminnmit komnnekc HO 3-amiHonponinaepocuny
kynpymy(ll) Ha noBepxHi (cunikarento) i3 WiSIbHUM
3-amiHonponinaepocuny 3arnoBHEHHAM aMiHoNponifbHUMK

(cvnikarento) rpynamu [0AatoTb 20 mn

pO34MHY, WO Mictutb 0.1 MMOSb
Cu(NO3). [icna nepeMiwyBaHHA CyMiwi npotaroMm 5 xB i

3anuvLaTb A0 OCa[KEHHS TBEpAOoi (a3n, Ky MoTiM inbTpytoTh i
BUCYLIYIOTb Ha noBiTpi npu 50-80 °C. OpepxylTb peyvyoBUHY
61aKUTHOIO KOMbOPY, WO MICTUTb Ha MOBEPXHI KOMMJIEKCU CKiaay
[(= SiC3HgNH;), Cu(H,0)41(NO3), .

BiccaniuMnanbiMmiHaTHUI 1. . MoandikosaHui
komnnekc kobanbTy(ll) caniumnanbiMiHH1MMK rpynamm
Ha noBepxHi aepocuny aepocun  (cunikarenb) OAEPXYHOTb

(cunikarento) KUN'STIHHAM cycneHsii 3-

amiHonponinaepocuny (cunikarento)
(1r) 3 WibHMM 3aNOBHEHHSIM aMiHOMPONISIbHUMKM rpynaMn B
TONyonbHOMY po3uunHi (50 mn) caniumnosoro aneaerigy (1.2 mmonb)
npotarom 0.5 roa 3 HAaCTyNHUM BiAMMBAHHAM HaANULLKY anbaerigy Bia
ocagy nicns BigAiNeHHS po34YMHY Ha CKAsSHOMY inbTpi KiflbkoMa
nopuisamm no 10 mn Tonyony. licna BUCYyLWYBaHHA ocady Ha MOBITPi
npy 80 °C ofepXXytoTb MOPOLLUOK XOBTOro KOJSIbOPY, SIKMA MICTUTb Ha
NoBepXHi HOCiA caniumnanbiMiHHi niraHan: =SiC;HgN=CHC;H,OH.

2. CuHTes KOMMJeKciB kobanbTy(II) Ha NOBEPXHi
MoamdikoBaHOro caniunnanbiMiHHUMM rpynamm
aepocuny(cunikarento) 30iNCHIOITb obpobkoto ocany

caniumnanbimiHocmnikokemay  (0.5r)  aueToHOBMM  pPO34YMHOM
(20 mn) kobanbt amxnopuay (0.1 mmonb) npotarom 30 xB Mnpwu
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nerkoMy CTpyuwyBaHHi. [icna @inbTpyBaHHA Ta BUCYLIYyBaHHSA
TBepaoi dasn oAepXylTb PeUYOBWMHY 3e/1eHKYBaToro Konbopy, Lo
MiCTUTb iMmmMobinizoBaHi Ha MOBEpPXHi TeTpaeapuyHniA
6iccaniumnansiMiHaTokobanbT(II) - (=SiC3HgN=CHC4zH,0),Co.

4.2. METOJIU CUHTE3Y, OCHOBAHI
HA OKHCHO-BIJIHOBHUX PEAKIIAX

OKI/ICHO-BiIlHOBHi peakiii MMPOKO BHKOPHCTOBYIOTHCS LIS
CHHTE3y KOOPIMHALIWHUX CHOJYyK. Tak, Hanmpukiaa, KOMILUICKCH
Co(III) onmepxkyroTs 13 conet Co(Il) OKMCHEHHAM OCTaHHIX KHMCHEM
MOBITPS, MEPOKCOBOAHEM 200 1HITUMH OKUCHUKAMHU:

4Co(NO,), +4(NH,),CO, +12NH, + O, =
4[CoCO,(NH,),NO, + 4NH,NO, + 2H,0

Kommnekcu mnatunu(1l) ogepkyroTh BiIHOBICHHSIM KOMILJICKCIB
matuHu(IV), Hanpukiaz ripa3uHoOM:
2(NH,),[PtCl, ]+ 7N,H, = 2[PtCl,(N,H,),]+4NH,Cl + N, +2N,H,Cl,
OKHCHO-BIIHOBHI ~ peakIlii Jie)KaTh B OCHOBI  OJep>KaHHS
KOOPJIWHAIIIMHUX CHONYK 13 HU3BKUMH CTYINEHSMHU OKUCHCHHS
MeTally, HalpuKiaa KapOOHUTIB METalliB, KOMIUICKCIB 13 JIiraHJaMu
MOXITHUMU 0Je(iHIB, IUKIONEHTAAIEHITIB Ta 6araTboX 1HIINX:
Re,0, +17CO =Re, (CO),,+7CO,

OKHCHO-BITHOBHI pEakilii BHKOPUCTOBYIOTbCS 1 JUII CHHTE3Y
IHEpTHUX KOMIUIEKCIB MeTanmiB. Tak, Hampukiag, KOMIUIEKCH
xpomy(Ill) 3pyuHo onepxyBaTu BigHOBIEHHSIM crnoiyk Xpomy(VI)
abo oxucHeHHAM JnabinbHUX KomiuiekciB  xpomy(Il), inepTHi
KoMIutekcH iaTHHU(IV) — OKMCHEHHSIM TOTIepeTHhO CHHTE30BAHUX
komrutekciB rratuau(1l).

KoopauHamiiiHi CroMykH 49acTo OTPUMYIOTH TakKOX TpHU
OKHCHIOBAJbHOMY PO3UMHEHHI MeTaliB (mpsiMuii CHHTe3),
HaTPUKJIIAI;
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Au+4HCl+HNO, = HAuCl, + NO+2H,0

OKHMCHHMKaMH 1 BiIHOBHHKAMH IIPU CHUHTE31 KOMIUIEKCIB MOXYTh
OyTH SIK XIMIYHI PEareHTH Pi3HOT IPUPOAH, TaK 1 JICKTPUIHUN CTPYM,
SKUH, SIK BII3HAYAETHCS B JITEPATypi, € YHIBEPCATHbHUM OKUCHUKOM 1
BITHOBHUKOM. Jlami OKpeMoO pO3IsTHEMO OKHCHO-BITHOBHI ITPOIECH
CHHTE3y KOMIUIEKCIB y PO3UMHAX, MPSAMHUMA Ta eNeKTPOXIMIYHUI CHH-
T€3U KOOPIWHALIWHUX CITOJMYK, OCKUJIBKM BOHM MAalOTh II€BHI SIK
TEOPETUYHI, TaK i eKCTIepUMEHTAIbHI 0COOJIMBOCTI.

4.2.1. OKHCHO-BiTHOBHI IpoecH
CHHTe3Y KOMILIEKCIB y pO34HHaxX

MoOXIuBICTH nepediry OKHWCHO-BITHOBHOT'O poIEecy
BH3HAYAETHCS BEIUYMHOK OKHMCHO-BIJIHOBHOTO TOTEHITIANY, SKHMA
npu 25 °C i OIU3BKOMY CIIBBiJHOIIEHHI aKTUBHOCTEN i
KoHIeHTpaliii okucHeHol [Ok] 1 BimHOBIEeHOT [B] dopmu, MoxHa
BUPA3UTH PIBHIHHSIM:

2059, [0x] (.1)
n [B]

SKmo B OKUCHO-BITHOBHIM peakuii OepyThb ydYacTb 10HH
TiIporeHy, TO Ha HampsM OKWUCHO-BITHOBHHX peakiiii BrumBae pH
cepenosuia. Tak, HAPUKIA, AN PEAKIIiT

MnO; +8H" +5¢” = Mn*" +4H,0
301TBbIICHHS! KMCJIOTHOCTI PO3YMHY BeJe 10 CTadimi3amii HU3bKUX
CTyNEHIB OKMUCHEHHSI MaHTaHy, OCKUIbKU 3MIIly€ HAMPSIM peakilii
B OiK yTBOPEHHS BiJHOBJIEHOT (HOPMU METAITY:

0.059 . [MnO,][H"
E=E’+ lg [ 41[ ]
n [Mn™]
I[Ipu  3MeHImIEHHI  KHCJIOTHOCTI  PO3YHMHY, HaBIIAKH,
CTaO1Ti3yI0THCS BUCOKI CTYTI€HI OKUCHEHHS] MAHTaHYy.

E=E°

(4.2)
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Ha BigHOCHY CTIHKICTh OKHCHEHOI Ta BiJHOBJICHOI (opM
BIUTMBAE TAKOXX PO3YMHHICTH CHOMYK. SIKIIO BHACTINOK peakiii
YTBOPIOKOBITHCSI MAJOPO3YMHHI CIIOJNYKH, TO II€ MPHUBOJUTH JO
3MEHIICHHS KOHIICHTpaIlii JaHoi popMu MeTary B pO34HHi, a OTXKE
1 3MIHM 3HAYEHHS CTaHJAPTHOTO TMOTEHIIaly JaHOi CHCTEMH,
BEJIMYMHA SIKOTO 3aJIEKATUME BiJ JOOYTKY PO3YMHHOCTI OKHCHEHOI
yu BigHOBIEHOI (opMm. PiBHOBara OKHCHO-BIJHOBHOTO IIPOLIECY
3MIIIY€TbCS B OIK  YTBOPEHHS MEHII PO3YMHHOI  CIOJYKH.
XapakTepHUM TPUKIAOM € IIBUIKE OKUCHEHHS IOPIBHSHO 3
PO3YMHHUMU COJIIMH TiApokcHuaiB Gepymy Ta manrany. [Ipuunna
[BOTO TIOJNATAE B MEHIIIA PO3YMHHOCTI TIAPOKCHIIB METalliB y
BUIINX CTYTICHSAX OKUCHEHHSI.

Bemukuii BIMB Ha mepe0ir OKUCHO-BIIHOBHUX peakiiii Mae
KOMIUIEKCOYTBOPEHHs. Y  TaOnmuill CTaHOAPTHUX  EJIEKTPOTHHUX
NOTEHIaB iOHM MeTalliB 3amMcaHi sk npocti ionn Fe**, Fe’*, Co”" .
IIpoTte HaBeneHi aHi BIJHOCATHCS J0 BOJHUX PO3YMHIB, Y SKUX 10HU
3HAXOMATHCA Y BHIVIAMI aKBaKOMIUIEKCiB, Hampukian: [Fe(H,0),]1%",
[Fe(H,0),1°", [Co(H,0),]*". KoMILIEKCOyTBOPEHHS ~ CYTTEBO
BIUIMBAE Ha TIepeOIr OKUCHO-BIAHOBHUX pEaKIlid 1 HaBITh MOXKE

3MIHUTH iX HanpsiM (Ta6m. 4.2). Hanpuknan, skmo ionn depymy(11I)
3BUYAITHO OKHUCHIOIOTH 10HU WOy JI0 BUTHHOTO HOMY:

2Fe™ +2]  =Fe* +1,
TO y TMIPUCYTHOCTI, HAPUKIIA, STHICHIIaMIHTETPAOIITOBOI KUCIIOTH LISt
peaxiisi BiIOYBa€eThCs y 3BOPOTHOMY HATpPsiMi, 1110 BUKOPHUCTOBYIOTh B
AQHANITHYHIN XiMiT JJ7Is1 OKUCHO-BITHOBHOTO TUTPYBaHHS SIK Fe’", Tak i
Fe’* (ocrammiii y mnpucytHocti edta). HaspHicTh rigpokcun- i,
0CO0MIMBO, iaHiI-i0HIB crpusie cTabiizanii ionis Mn®" y po3uuHi.

Tabauys 4.2. 3HaYEHHSA OKUCHO-BiTHOBHHUX MOTEHIIAIB
JdesIKUX MeTAJIIB y MPUCYTHOCTI HiaHin-ioHiB

Metan | E'zas M(H,0)>" +e” = M(H,0)3" E’ s M(CN)}™ +e” =M(CN)¢~
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Cr —0.41 —1.28
Mn +1.51 —0.22
Fe +0.77 +0.36
Co 1.84 —0.83

SIKIIo cKia7 KOMIUIEKCIB METaly B PI3HUX CTYNEHSIX OKHCHEHHS
OJTHAKOBHIA, TO CTAHJAPTHUH MMOTEHINAT TAKOI CUCTEMH 3aJISKHUTH BiJT
CITIBBIIHOIIIEHHSI KOHCTAHT CTIMKOCTI BIIITOBIAHUX KOMIUIEKCIB. Takum
YUHOM, JUISl PEAKIIiN THITY

X+ - _ y+
[ML,]"" +(x—y)e” =[ML,]

CTaHJapPTHUM MOTEHIIIAT MOKHA BH3HAYUTH 32 ()OPMYJIOLO:

E'=E° —M(lg K ). 4.3)
x—y

= —1lgK
MY MYt ML, 1** & (ML, P+

3MIHIOIOYM JIIraHId, MOYKHA CTaOLTI3yBaTH HHM3bKI UM BHCOKI
CTYIICHI OKHCHEHHS METaJliB. SIKIO KOMIUIEKCH METAJIB 13 OLIbII
BUCOKHM CTYIIEHEM OKHCHEHHS MalOTh OUIBINY CTIMKICTb, HIK
aHAJIOTYHI KOMIUIEKCHM 3 MEHIIUM CTYIEHEM OKHUCHEHHS, TO
KOMIUIEKCOYTBOPEHHSI NPHUBENE 1O 3MEHIICHHS CTaHIapTHOTO
MOTEeHITiaTy, TOOTO piBHOBara OyJe 3MIIIyBaTHCh y OIK yTBOPEHHS
okucHeHoi gopmu. Takux MpHUKIAMIB ICHYyE TOCUTH Oarato 1 cepen
HalXapaKTEePHIIINX — peakilii oxepskanHsa koMruiekciB kooansTy(I1D) y
MPUCYTHOCTI JIITaH/IIB @aMiHHOTO THITY, HATIPHKJIA,T;:

4C0Cl, +4NH,Cl +20NH, + O, = 4[Co(NH,),ICl, + 2H,0

Tabnuys 4.3. BNuB KOMIJIEKCOYTBOPEHHST HA CTAHIAPTHI
OKHCHO-Bi/THOBHI moTeHIia M B cucreMax Mn®" /Mn?" i Fe*'/Fe?*

OKHCHO-BiTHOBHUII Ipouec E
Mn*" + e = Mn*" +1.51
[Mn(CN)s]” + e = [Mn(CN)e]* -0.22
[Mn(edta)]” + ¢ = [Mn(edta)]* +0.82
Mn(OH); + e = Mn(OH), + OH" +0.1
Fe'' + e =Fe*" +0.77
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Fe(OH);+ ¢ = FG(OH)2 + OH ~0.56
[Fe(CN)s]> + e = [Fe(CN)g]* +0.36
[Fe(phen)]” + e = [Fe(phen)]*” 114

TakuM 4YWUHOM, BIUIMB KOMIUIEKCOYTBOPEHHSI HAa OKHCHO-
BIJIHOBHI TIOTCHIIAIM 10HIB METATIB TOB'S3aHUN 13 PIZHUIECIO Y
CTIMKOCTI KOMIUIEKCIB METaJIiB 13 PI3HUMHU CTYIIECHSIMH OKUCHEHHS.

[Ipote momiOHa 3alEXKHICTH MK TEPMOAMHAMIYHOKO CTIHKICTIO
KOMIIJICKCIB 1 CTa0UII3alli€l0 BUIIMX CTYINEHIB OKHCHEHHS METajiB
CIIOCTEPITa€ThCSA JIMIIE JUIsi KOMIUIEKCIB 13 TEPEBAXXHO 10HHUM
THUIIOM 3B'SI3Ky METaj — JIIraHI.

ToMy BHCOKI CTymeHI OKHCHEHHS CTaOUII3YIOThCA Yy
NPUCYTHOCTI BUCOKOHETAaTHMBHUX JIITAHJIB HEBEJIHKOIO PO3MIpY,
0 MAIOTh HETOMIJICHI €JEKTPOHHI MapH W YTBOPIOIOTH G-IOHOPHI
3B'3KM 13 IIeHTpanbHUM atomoM. lle, Hampukmnan, ¢Topua-ioH, a
TaKOX JIraHAW, y SKUX JOHOPHHUM aTOMOM € '>KOpCTKui" aTom
KHCHIO, HaIlpUKJIad OKCO-TIraHmau, cyiabGokcuau, (hochiHOKCHUaAH
tomo. Hampuknan:  [AgF,]”, [NiF,]7", [NbF,]*, [0sO,F,]1*.
VYHacHiIoK yTBOPEHHS JOHOPHO-AKIIETITOPHOTO 3B'SI3KY YaCTKOBO
HEUTpai3yeTbcs BUCOKHUM MO3UTUBHUMN 3apsif] IICHTPAIBHOTO aTOMa
TaKUX KOMIUICKCIB.

Sxmo xapakTep 3B'SI3KY 3HAYHOIO MIpOI0 KOBAJICHTHUH, TO
peaxIlii KOMITJIEKCOYTBOPEHHSI MOKYTh BUKJIMKATH CTAa0LIi3aMi0 SIK
BHUCOKHUX, TaK 1 HU3bKUX CTYTEHIB OKUCHEHHS METAIB.

Husbki cTyrieHi OKMCHEHHSI METalliB CTaOUTi3yIOThCS B KOMILIEKCAX
i3 CO, CN~ jiraHaamu, IMKIONICHTaIIEHUTOM, ()CHAHTPOJIIHOM Ta
IHIIMMU JHraHgaMH, SKI MalOTh BaKaHTHI T-aHTW3B'A3yioui opOiraii,
371aTHI IO YTBOPEHHSI TT-AaTUBHOTO 3B'SI3KY 13 3aIIOBHEHUMH OPOITAISIMA
LEHTpaJbHOTO atoMa Metany (puc. 2.1, 2.2). Lle cnpuse nepepo3noairy
"3aifBUX" EIIEKTPOHIB METally 3a CHUCTEMOIO 7T-3B'S3KIB Ha JIraHn i,
TaKUM YMHOM, BeJIC JI0 cTabumi3alli KOMITIEKCIB 13 HU3bKUM CTYIICHEM
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okucHenns Merany: [Fe(C,H,),], Li[Ti(dipy),], [Ni(CO),],
K,[Fe(CN),], Na[Mn(CO),], K,[Ni(CN),] Tomo. Haikpammmu -
aknenTopamu € CO 1 NO Jiranay, 37aTHI yTBOPIOBATH KOMIUIEKCH
HABITh 13 METAJIAMU B HETaTUBHUX CTYIICHSIX OKHCHCHHSI.

Kpim HaBenenux (akTopis, CIiJi TAaKOK ypaxoBYBaTH CTIHKICTh
€JIEKTPOHHMX KOH(irypamiii ionis meranis. Tak, kongirypamis o°
jomie Fe** i Co*" cnpusie crabimizamii HUX 10HIB YHACHiIOK
0COOJIMBOI CTIMKOCTI 1X HU3bKOCITIHOBUX KOMITJICKCIB (IUB. TIiAPO3I.

2).

4.2.2. llpsasMuii CHHTE3 KOOPAUHALWINHUX CIOJIYK

Oco0iBe MicLie cepel METOJIIB CHHTE3Y, OCHOBAaHMX Ha OKHCHO-
BITHOBHUX PEAKIlisIX, TOCIIa€ TETEPOreHHUHA CHHTE3 KOMILICKCIB
IUISIXOM OKMCHEHHSI METAIB Y IPUCYTHOCTI JiraniB. byso nmomiueno,
10 32 HASIBHOCTI PEYOBHH, SIKI MOXKYTh OYyTH JIFaHIAMH, IMPOIECH
PO3UMHEHHSI BUIBHUX METaliB BiAOyBarOThCA 3Ha4yHO Jierme. Tax,
no0pe BIZIOMO, IO JEsIKI OJIaropo/iHi METalld, SIKI He PO3UMHSIOTHCS
HaBIThb y PO3YMHAX A30THOI KHCJIOTH, JIETKO OKHUCHIOIOTHCS HEI0 Y
MIPUCYTHOCTI COJISTHOT Y1 (PTOPOBOTHEBOT KUCIIOT:

3Pt + 4HNO, +18HCI = 3H,PtCl, +4NO +8H,0
3Nb +5HNO, + 21HF = 3H,NbF, + 5NO +10H,0
30J10TO 1 CPiOJIO JIETKO PO3UHMHSIOTHCS Y IPUCYTHOCTI L1aH1IiB:
4Au+8NaCN + 0O, +2H,0 =4Na[Au(CN), ]+ 4NaOH
a MeTaJliYHa MiJb, HEPO3UMHHA MPHU 3BUYAMHUX YMOBax B OLITOBIi
KHCJIOTI, PO3YMHSETHCSA B HIM y NMPUCYTHOCTI TaKUX JITAHIIB, 5K
2.2"-pumipuani, 1.10-peHanTpoaid, eTHIeHIiaMiH:
Cu + 2CH,COOH + phen = Cu(CH,COO), (phen) + H,

[Tepebir momiOHUX peakiliii cTae MOXJIMBUM TOMY, IO Y
MPUCYTHOCTI 0araThOX JITaHIIB 3HAYHO 3HWKYIOTHCS BEITUYUHU
CTaHJAPTHHUX EJICKTPOJHHUX MOTCHIIANIB, 0 CYTTEBO BIUIMBAE Ha
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€JIEKTPOXIMIUHY TIOBEAIHKY METATIB. YTeplle Ha TMEPEeMIlIeHHS B
psny Hampyr MeTaniB 3BepHyB yBary B.O.I30ekoB, mi3Himie ne
nuTaHHs rpyHTOBHO BuBYaB FO.K. Jlenmimapcekuii. Tak, Hampukiiam,
y BOJHHMX po3urHax E° Ag = 1.68 B, a y npucyTHOCTI LiaHiA-10HIB
BiH 3HWXKY€EThCs 10 — 0.60 B.

Benvke 3HaueHHs Mae Ta30(a3HUN CHHTE3 KOOPIMHAIIHHHUX
CTONYK, IO € HECTIHKMMHU y TMPHCYTHOCTI HapiB BOJAM 1 KUCHIO
noBiTpa. TpaauiiiiHi METOAM CHHTE3Y TaKMX KOMILIEKCIB IyXkKe
TPYJIOMICTKI, BiIOyBarOTbCS Yy JCKUIbKA CTaMid 13 HU3BKHUMH
BHUXOJIaMH, & YacTO 1 B3arajii Heé MOXYTh OyTH BUKOPHUCTaH1 IS
OJIepaHHs TUX YW IHIIMX CHOJyK. B3aemonis mapiB metamiB i3
JmiraHaaMyd Ja€ 3MOTY 3HAa4HO TMOJICTIIMTH TPOIEC CHUHTE3Y,
OJICP’KyBaTH KOMIUIGKCH B OJHY CTaxil0, JIETKO iX BHIUIITH Ta
ounimaTi. Haivacrinne mapu MeTaliB OACpKYIOTh y BaKyyMi MpU
BHCOKHX TEMIIEpaTypax, a MOTiM MPOBOJATH IX CITIBKOH/EHCAIIIIO 3
napamH JIiraHAiB 3a HU3bKUX Temneparyp (Kpiocuntes). HezaminHM
meii  MeTon € Uil CHHTE3y — KapOOHLTB  MeETaliB,
LMKJIONEHTAMICHIIbHUX KOMIUIEKCIB, KOMIUIEKCIB 13 O€H30JI0M,
dochinamu ta onedinamu. Hukde HaBeICHO JIEsAKi TUTIOBI PeaKIlii
ra3o(azHoro CUHTE3y KOMILIEKCIB, BUXOASYH 3 TIapiB METaNIB:

Ni+4CO — Ni(CO),
2C.H, +M —- MCp, +H,
Fe + 3Hacac — Fe(acac), +3/2H,

YpaxoByrour TiepepaxoBaHi BUIIE MEpEeBaru, METOJ Ta30(a3HOro
CHHTE3y KOOPIWHAIIMHUX CIIONYK, SKUH 3IIHCHIOETHCS IIISIXOM
B3a€MO/IiT TapiB METAJIB 13 JIiraHAaMH HEOPTAHIYHOI UM OpPTraHiqHOT
npUpoax, OyJI0 Ha3BaHO mMPAMHUM METOJOM cuHTe3y. [li3Hime 1ei
TEepMiH OyJIO pO3MOBCIOKEHO 1 Ha peakiii OKUCHIOBAJIBLHOTO
PO3YMHEHHSI METaNiB Yy TPHUCYTHOCTI PEYOBHH — TOTCHIIHHUX
JITaH/IiB.
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OcraHHIM 4acoM OCOOJIMBY yBary npHBepTae rerepodasHuii MeTos
CHHTE3y KOOPIMHALINHUX CHOMYK 13 HEBOAHMX po34uHIB. OcoOIMBOrO
MIOIIMPEHHs BiH HaOyB 3a octanHi 20 pokiB. ['onoBHa Horo mepeBara
MoJIsira€ B TOMY, IO CHHTE3 BIIOYBA€ThCS y M'IKMX YyMoOBax, 0e3
BUKOPHCTAHHS arpeCHMBHUX PEarcHTIB (KHUCIIOT-OKHCHHKIB, TaJIOrCHIB
TOILIO), 32 HEBHCOKHMX TEMIIeparyp, i TOMy He HoTpelye cremiaabHOl
amapatypu. BiH a€ MOXKIMBICTH OJICP)KYBaTH CIIOJYKH HE3BUYAHHOTO
CKJIaJTy 1 CTepeoXiMiuHOi OyI0BU, a TAKOXK KOMILIEKCH, SIKi 32 3BUYaiHUX
YMOB CHHTE3y OJEpXaTu Iy’Ke BAKKO, HANPHKIAJ, Yepe3 CXUIbHICTh
BUXITHAX COJICH JI0 T1IPOIIi3y.

3HWKEHHS CTaHJAPTHUX TOTEHIATIB METATiB y pO3YHMHAX, SKi
MalOTh BUCOKY KOOpJIMHALIMHY 31aTHICTh, J03BOJISIE BUKOPHCTOBYBATH
M'SKi OKUCHHIKHM, TakKi sIK 10HM apreHTyMy 1 TiIpOreHy, TaJloreHBMICHI
BYIJICBO/IHI, KHCEHb TIOBITPS, COJMI HITPO30OHIIO. SIK PO3YMHHHUKH
HalYacTillle  BUKOPHCTOBYIOTh  AlICTOHITPWI, JAUMETHIQopMaMin,
JTMMETUIICYTL(POKCH, TUMETUIIALICTaMI]], CIIUPTH, aMiHK Ta AEsKi 1HIII
CTIOTyKH.

Tak, OKUCHEHHSIM TOPOIIIKIB METAIB Y HEBOJHHUX PO3YMHHUKAX
MOXHA OJICP)KYBaTH COJIbBATOKOMIUICKCH 3 PO3UYMHHUKAMH, IO
MAarOTh HU3bKY JIOHOPHY 3[aTHICTh. TaKi COJBBATOKOMIUIEKCH € JIyXKe
3pYYHUMH BHUXITHUMH CIOJIyKaMH JUI CHUHTE3y, OCKUIBKH JIETKO
BCTYIAIOTh y peaKilii 3aMillleHHs 3 1HIIMMH JIraHAaMu 1 J03BOJISIOTH
OJICPKYBaTH KOOPAMHAIIIMHI CIIOJTYKH, IO HE MICTSITh KPHCTATI3AIIHHOT
Bomu. Hampukman, B alleTOHITPWIBHUX PO3YMHAX TOPOIIKA Mil,
MasIaiifo 1 30710Ta OKUCHIOIOTHCS TIEpXJIoparoM, Terpadropodoparom
abo rekcadropodocharom HITPO30HIIO 3 YTBOPEHHSM
COJIbBATOKOMILICKCIB CKJIa Ty [Cu(CH,CN),](ClO,),,
[Pd(CH,CN),1(BF,),, [Au(CH,CN)/1X;, nme (X-PF,,BE)).
Meramnmiyai  30J10TO 1 Mifb PO3YUHSIOTHCS B  aIlCTOHITPHILHUX
po3uMHAxX TMepxjopary abo HITpaTy apreHTyMmy 3 YTBOPECHHSIM

KOMIIJICKCHHUX CHOJIyK OJHOBAJICHTHUX MeTaJ'IiB:
Au+ AgClO, + 4CH,CN =[Au(CH,CN),](CIO,) + Ag
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AneToHITpWIBHI  conbBaTOKOMIUIEKcH — Kynpymy(I)  dacro
BUKOPUCTOBYIOTh JJISI CHHTE3y PpI3HOTO THIy KOMILJICKCIB
kynpymy(I), OCKIIBKM Yy BOJHHUX pPO3YMHAX OUIBIIICTH COJEH
kynpymy(I) € HeCTIHKMMH 1 JUCIPOIOPIIIOHYIOTh Ha METaJidHy
Migb 1 cmomykum  kynpymy(Il). 3 ameToHiTpHIBHOTO
COJIbBATOKOMILJIEKCY KoMIuiekcu Kynpymy(l) sierko onepxaru 3a
peaxIi€ero:
[Cu(CH,CN),](BF,) + 2L —[CuL, ](BE,) + 4CH,CN
OKUCHEHHSI MeTally MO’KHA TaKOK MPOBECTU PO3UYMHAMHU KHCIIOT
y HEBOJHHUX pPO3YMHHHUKAX. TakuM UYMHOM MOYKHA, HalpUKIal,
OJIEp’KYBaTH KOMIUIEKCH TPUBAJIEHTHOI'O TUTAHY:
Ti+3HBE, + 6CH,CN =[Ti(CH,CN)1(BF,), +1.5H,
[Ipu OKMCHEHHI MOPOIIKIB 3aii3a, KOOAIbTY, HIKEIIO Ta Mial B
posunHax CCl, abo IHIIMX TaJIOTEHOBMICHUX BYTJICBOJHIB Y

CyMilli 3 KOMIUIEKCOYTBOPIOIOYMMH PO3YMHHUKAMH, TaKHUMHU SK
JIM®A, IMCO, mnipugunHokcua (PyO) Ta AesIKMMHU IHIIUMH

MOKHa OJEpXKYyBaTh pI3HOMAHITHI TaJOTeHIAHI KOMIUICKCH.
Haiiinpmn mupoko JaHWUW METOJ 3aCTOCOBYBABCS JJISI CHHTE3Y
KOMIUIEKCiB hepyMy, KynpyMmy, kKoOanbTy Ta Hikemo. [Ipu ipomy B
cucreMi M+RX+L HaliuacTimie YTBOPIOIOTBCS KOMILJICKCH
ckiany ML X, ,nen=2,4,6; X=CI, Br, L

HIBUAKICTP  PO3YMHEHHS  METAJTIYHUX  IOPOIIKIB  CYTTEBO
30UIBLIYETBCS Yy TPHUCYTHOCTI XeNAaTHUX JIraHAiB, TaKuX SK
JUMETHITITIOKCHM, OO -AUpuani, anetunaneTod. lle mos's3ano 3
OUTBIIMMHU 3HAYEHHSIMH KOHCTAHT CTIMKOCTI XEIAaTHHUX KOMIIIEKCIB,
0 BeAe JO 3HWKEHHS eNEKTPOJHMX IOTEHIIAiB MeTaliB. Y
pO3uMHAX, SIKI MICTSATh X€JaTHI JIraHAd, MOXKYTh OKHCHIOBaTHUCH
HABITH OJIArOPOJIHI METAJIH, TaKi SK MANAIiN 1 TUIaTHHA. TaKuM YHHOM
Oyno cunte3oBaHo komruiekcu PdHal,(dipy) 1 PtBr, (dipy) . Heski i3
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CHUHTE30BaHUX JaHUM METOIOM TaJOr€HITHUX KOMIUIEKCIB (epymy,
K0OaJIbTy Ta HIKENIO HaBeIeHO B Ta0. 4.4.

Tabnuys 4.4. Cxnaj 1esIKNX KOMILIEKCIB, 0IeP/KaHNX MPSIMHM CHHTE30M

Cucrema CkJ1a1 KOMILIeKCy
Cu— JIMCO - CCly CuCl,(IMCO),
Ni - CCl, — IMCO — dipy NiCl,(dipy)
Co — CCly — Py — Hacac Co(acac),Py,
Fe — CCl, — C¢HsCN [Fe(CsHsCN)g][FeCly],
Fe — CHBr; — Ph;PO FeBr;(Ph;PO),
Fe — Hacac Fe(acac),
Ni —2.2'-dipy — Hacac Ni(acac),(dipy)
Co — NH4CI -IMCO CoCly(NH;)42IMCO
Cu - NH,CI - Py CuCl,Py,
fsli)lvN—%gil, ;[III\/I qS)oAl;/ CuCly(en), - xSolv
Cu — HImid — C,HsOH Cu(Imid),

Sk npuknag OpsIMOTO CHHTE3Y Y NPOTOHHUX PO3YMHHHUKAX
MOKHAa HABECTH B3aEMOJII0 Mifl 3 MPUAMHOM, (PEHAHTPOIIHOM,
TUIIPHIAIOM y COHPTOBUX PO3YMHAX 1 pPO3YMHAX ONTOBOI
KHUCITIOTHU:

M +nL +2HSolv +1/20, = M(Solv), -nL + H,O

VYHacHiIoK TakuX peakiiii yTBOPIOIOTHCA  PI3HONIraHIHI
KOMIUICKCH, aJie y MPUCYTHOCTI MPOTOHBMICHHX XEJIaTHUX JIITaH/IiB
MOJIEKYJIM PO3UYMHHUKIB HE BXOJATh 10 CKIAAy KOMIUIEKCIB, a
YTBOPIOIOTHCSI BHY TPIIIHBOKOMIUIEKHI criofyku tummy Cul,:

Cu+2HL+0,—> ,CuL, +H,0

Hanpuknan, mpu B3aemomii Miai 3 IOKCAHOBHUM PO3YHMHOM
cammuiansaumina (HSal) Oyno oxepskano kommieke Cu(Sal),, a 3

METaHOJIBHUM po3urHOM iminazomy — Cu(Imid), . IloxiOHum yrHOM
BEIYTh ceOe TaKOX 3aJ1130, KOOAIBT 1 HIKEJIb, XOU Ha BIIMIHY BT MiJIi,
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CUYHTE3 KOOPAMHALi MIHNUX CMONyK {":"}
sKa TIPYA B3aEMOJII 3 alEeTWIAIICTOHOM Y TMPHUCYTHOCTI IUTIPUIIITY
YTBOPIOE IUIOCKOKBaapaTtHuil komiuiekc Cu(acac),, y BHIAAKY
KOOanbTy 1 HIKEIIO YTBOPIOIOTbCA CHOIykKH M(acac),dipy. lLle
MOB'SI3aHO 3 OUIBIIOI CXWJIBHICTIO ITMX METaTiB JI0 YTBOPEHHS
OKTaeJPHUYHUX KOMIUIEKCIB.

VY BUMNAIKy BUKOPUCTAHHS MPOTOHBMICHHMX XENATYIOUMX JITaHAIB 13
MEHIIIMM 3HadeHHsM pK,, Hanpukian (TOpoBaHUX —[3-IHKETOHIB,
B3aEMOJIIst MOKe BiOyBaTucs 1 0e3 ydacTi KUCHI0. OKUCHUKOM Y TaKOMY
BUIAJIKY € IPOTOH, HATIPUKJIAT:

M + 2Hacac = M(acac), + H,

Peaxuiist MeTanmigHuX 3aji3a i XpoMy 3 TPUPTOPALETHIALETOHOM
BUKOPUCTOBYETHCS, HAITPUKIIA, AJISl €KCIIpEec-aHalli3y iX CIUIaBiB.

[Ipsmuii cuHTE3 y HEBOAHMX PO3UYMHAX COJICH aMOHIIO J03BOJISIE
OJICp’KyBaTH KOOPAMHAIIIMHI CIIOMYKA TPHOX THITIB: aMIHOKOMILICKCH
M(NH,),X,, comsBatu  M(Solv), X, 1 amiHOCOJbBAaTH

M(NH,),, (Solv),, , Hanpuknan:
Ni+4NH,Br+0.50, = Ni(NH,),Br, -H,0 + 2HBr

[Ipote cmix BiA3HAYUTH, IO OUTHIICTH MOMIOHWUX pPEAKITIN, 1
OKHCHUKOM € KHCEHb MOBITps, BiZOYBalOThCS AyXKE IMOBUIBHO 1
4acTo BeZle /10 YTBOPEHHS CyMillel pi3HUX KOMILJIEKCIB, OCKITbKYU Y
Mipy  BHUKOPHUCTAaHHS  pEareHTIB  3MIHIOIOTBCS  EJIEKTPOJIHI
MOTCHIIIATN, BEJIMYMHA SIKUX 3QJICKUTH BiJ] KOHIICHTpAIlil PEYOBHH
y PO3UUHI.

HabGaraTo mBuamie i MoBHiIIE B3a€MOJIisl BiIOYBA€ThCA JIUIIE Y
BUMAJKy  METaliyHOi  Mimi, o0co0JIMBO y  NPUCYTHOCTI
MOJIIICHTaTHUX JIraHmiB (BiJ JEKUIBKOX XBHJMH 10 JEKUJIBKOX
TOJIMH 3aJICKHO BiJ MPUPOAM JITaHIiB), IO 3B'S3aHO 3 BHUCOKOIO
criiikicTio komruiekciB kynpymy(Il). Tomy HaiiOinbIIy KiJBKICTH
JOCTIPKeHbh BUKOHAHO caMe 3a MPSIMUM CHHTE30M KOMILIEKCIB

KylpyMy.
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4.2.3. EsleKTpOoXiMiYHHUIl CHHTE3 KOOPAMHALIHHUX CIOJIYK

EnextpocunTe3 € OmHMM 13 HaMIIKaBIIMX METOAIB CHHTE3Y
KOOpPJMHAIINHNX CIIONYK, SIKHH BHUKOPHCTOBYBABCS JUIS CHHTE3Y
komiutekciB ko0anbTy(Ill) 1 nikemo(Il) me Ha moYaTKy MHHYJIOTO
cropiuus. L[IHHICTh €IEeKTPOXIMIYHOTO METOMY B TOMY, IO aHOJ €
YHIBEpPCAJIbHIM OKHUCHHKOM 1 JIO3BOJISIE BECTH CHHTE3 IIpU 3ajaHii
KOHTPOJILOBAHIM BEIWYMHI €JIEKTPOIHOTO TMOTEHINATY 1 THM CaMHM
KepyBaTH TepeOiroM peakilii i 3yMmuHATH Tpolec Ha Tid 4Yu iHIII
craii.

EnexrpoxiMiuHi METOOM CHUHTE3y MAalOTh BEJHMKI IEpeBaru Mpu
OZlepKaHHI KOOPIMHAIIMHUX CIIONYK METANiB y BHCOKHX 1 HU3BKUX
CTYIICHSX OKHCHCHHSA. Tak, HampWKIad, TMpU EJICKTPOXIMIYHOMY
OKUCHEHHI aieTmiauTiokapOamary Hikemo(Il) Bmamocst cuHTe3yBaTH
xommiekc  Hikemo(IV) cxmamy  [Ni(S,CNEt,),|BF,. Onepxanus

KOMIUJICKCIB METAJIB Y HU3bKUX CTYMEHAX OKUCHEHHS TOJETUIyIOTh TT-
aKIenTopHi Jiramy, Taki sk (ocdinu, onediHu, IIaHIAA TOIIO.
Hampuxnan, mnpw  KaTtogHOMY — BiJHOBJIEHHI  alleTHJIAIICTOHATY
depymy(Ill) y mpucytHocti tpudenindochiny i1 Oyramieny Oyio
oneprkano komruieke hepymy(0) Fe(1.3-06yramien)PPhs.

BaxnuBe 3HaueHHS MalOTh EJIEKTPOXIMIYHI METOAU CHHTE3Y
Ul OfepXaHHSA KapOOHUMIB pi3HMX MeraniB. Haiikparie
JOCIIIDKEHO BIUIMB YMOB €JIEKTPOJII3y Ha MpPOLEC yTBOPEHHS
rexkcakapOoniny xpomy, Cr(CO),, SAKHH OJEpXKylOTb HpH
KaTOJHOMY BIJHOBIJICHHI alleTUIaleToHaTy xpomy, Cr(acac),, y

cyxomy mipuauHi pu Tucky CO ~ 700 xIla 3 Buxomom ~ 80 %.

Y mpoueci eIeKTpodi3y OKHUCHO-BITHOBHI  TEPETBOPEHHS
MOXXYTh BiAOyBaTUCS TaKOX 13 KOOPJAMHOBAHWMH JIITaHIAMH.
Hanpuknan, mnpu  elNeKTpOXIMIYHOMY OKHUCHEHHI KOMIUICKCY
PYTEHIIO 3 CTWICHIIaMiHOM OYB OJCpKAHWHA  BiIIOBITHHIA
IIIMIHOBUM KOMIUIEKC:
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CHHTE3 KOOpAMHALHMX CRonyK [‘OLMEJ
(o]

T2+ 2+

N —4e-, —4H* N=—
(dipy)zRu/H2 j ° (dipy)zRu‘/H ]
\H m/

N

EnextpoxiMiuHMii  CHHTE3  TaKOXX  3HAYHO  PO3IIMPIOE
MOJKJIMBOCTI MeTOAQy mpsMoro cunte3dy. CyTb Horo momsirae B
aHOJHOMY pO3YMHEHHI METaliB, SK TMpPaBHJIO, B HEBOJHUX
PO3UMHHMKAX y NMPHUCYTHOCTI JiranaiB (puc. 4.4). SIk po34MHHUKA
HaWOIIBII TIMPOKO BHUKOPHUCTOBYIOTHCS CIUPTH, allETOHITPHII,
muMetwidopmamin, auMetwicyiabpokeun. ['oroBHa BHMOra a0
pPO3UMHHHMKA TIOJNIATaE B TOMY, O[O0 3a YyMOB IPOBEACHHS
€JIEKTPOJII3Y caM PO3YMHHHK HE OpaB y4acTb B OKMCHO-BiTHOBHUX
mporecax. Sk (OHOBI EIEKTPONITH MOYKHAa BHUKOPHUCTOBYBATHU
TaJloOTeHII JIITiI0, MPOTE BHILA EJIEKTPONPOBIIHICTH PO3UMHIB
JOCSITAE€ThCS IPU BUKOPUCTAHHI Y€TBEPTUHHUX COJICH aMOHIIO, SIK1
n00pe pO3uMHHI B OpraHiyHMUX po3uMHHUKax. [lpu aHomHOMY
PO3YMHEHHI METaJIiB Ha €JIEKTPOIax BiIOYBAIOTHCS TaKl MPOIIECH:

= HaaHoni: M —ne — M"™*

» makaromi: 2H +2¢ — H,

1 — pybamika Tepmocrara,
2 — MargiTHa Milanka,

3 — BUXigHU# naTpyOoK,

4 — BxigHUi naTpyOoK,

5 — cenaparop,

6 — pobounii enexkTpon,

7 — JOTOMIKHUI €NEeKTPOI,
8 — eNeKTpo/] MOPIBHIHHS

Puc. 4.4. Cxema TpueJIeKTPOIHOI KOMIPKH [IJIfl €JIEKTPOXiMIYHOI0 CHHTE3Y
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BukopuctoByrouM HEBOJIHI PO3YMHHUKH, TP AHOJHOMY
PO3UMHEHHI METaliB MOXHA JIOCUTh IPOCTO  OJAEP)KyBaTH
TIIPOMITUYHO HECTIMKI KOOpAWHALINWHI CIIOJNyKH, HaIpUKIa
asnikokcuau GaratoBaieHTHuX MetaniB: Ti(OC;H,),, Nb(OC,H,),
Ta(OC,H,);.

[Ipu aHOAHOMY PO3YMHEHHI METaly B JTUMETHUI(POPMAMITHOMY UM
aIleTOHITPWILHOMY pPO34MHI TeTpadTOpoOOpaTHOi KHCIIOTH MOXKHA
Ollep)KaTU  COJIbBATOKOMIUIEKCH  THILY [M(AIMCO),(BE,), ,

[M(CH,CN),](BF,), [M(CH,CN),](BE,),, n1e M —ue Ti’*, V>,

CI’*, Mn*", Co*", Fe&’", In’". Kommuekcn MOXHAa BUJIINTH Y
TBEpAIOMY BUDIISAAI a00 BHKOPUCTaTH iX PO3YMHU SIK BUXIIHI ISt
CHHTE3y IHIIMX KOOPAMHAIIIMHUX CIIONYK 3a peaKIisiMd OOMiHY
miranaiB. Ilpyn aHOAHOMY OKMCHEHHI THUTaHy LMPKOHIIO 1 raHi0 B
AIleTOHITPUWIILHUX PO3YMHAX, IO MICTATH XJIOp 1 Opom, Oys10 ofepikaHo
HerirpockormiuHi  M(CH,CN),Hal,, ne M — Ti, Zr, Hf. 1l
KOMIUICKCH ~ BHKOPHCTOBYBAJIWCH  UIi  TMOJAIBIIOTO  CHHTE3Y
AMIHOKOMIUIEKCIB, ~ OCKUIBKM  MOJICKYJH  QlETOHITPHIY  JIETKO
3aMINIyIOThCS HAa CTWICHIIAMIH, JAWIMNPUAWI Y4 1HIN aMiHd. SIKIo
€JICKTPOJTi3 MPOBOJUTH Yy TPUCYTHOCTI COJICH TETPAaeTHIAMOHII0, TO
MO)KHA OJIEpKaTW B IMX K€ YMOBaX aHIOHHI KOMIUICKCH THITY
[(C,H,), NIIMCL] i [(C,H,), N1, [MCL].

EnexrpoxiMiuHuM CHUHTE30M MOYKHa OTPUMYBATH 1
BHYTPIIIHBOKOMITIEKCHI crionyku. [Tpudomy, sk Oyno mokasaHo, 3a
MM METOJIOM MOXYTb OYTH OfiepKaHi KOMIUIEKCH 3 JiraHaaMu
pizHOT mpupoau. Ane ocoOiuBi HepeBard BiH Mae€ A CUHTE3Y
BHYTPIIITHLOKOMIUICKCHUX CIIOJIYK 13 JIiraHJaMU, sIKi € CIaOKuMHU
KHCJIOTaMH, TOOTO MarOTh JIy>ke Beauki 3HaueHHs pK,. PiBHOBary B
peakuii qucomianii HL — H" +L° TpakTHYHO MOBHICTIO 3MIIIEHO
BIiBO. JlempoToHi3allis JiraHay BigOyBaeThbcsi Jmiie B o00iacTi
BUCOKHMX PH 1 cynpoBOKy€eThCS TiIpoii3oM i0HIB MeTaniB. Tomy
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SKIIO CHUHTE3 KOMIUICKCIB 13 TaKMMH JIraHJAaMH TPOBOJUTH 3a
peakuiero OOMiHY i3 CONSIMH MeETalliB, TO, SK MPAaBHIO, BOHH
KOOPIUHYIOTbCS B HEUTpanbpHid (opmi, YTBOPIOIOYM KaTiOHHI
KOMILJICKCH:

M** +2HL — [M(HL),]*"
IIpu  enekTpoxiMiYHOMY  CHHTE31  piBHOBara B  peakiii

HL - H" + L 3Milgyerbcs BOpaBO 3aBASKA TOMY, IO Ha KaTOMi
BinOyBaeThcss BUAUICHHS BoaHio. lle mae 3mory omepxyBaTu
KOMIUIEKCH METaNB i3 JIEMPOTOHOBAHOK ()OPMOIO JITaHIIB, TOOTO
BHYTPIIIHHOKOMIUIEKCHI CIIOTYKH:

Karon: nHL +ne” - nl” +n/2H,
Amnopn: M+nL” - ML, +ne”

METO/JHKH CHUHTE3Y B PO3YHHAX

lekcaaminko6anbT(lll) xnopna, AaHWNA KOMMIEKC OAEPXYHOTb OKMC-

[Co(NH3)g] Cls [15] HEeHHAM xnopuay kobanbTy(II)
KWCHEM TrOoBIiTPS Yy MPUCYTHOCTI

Ccosieil aMOHIl0 Ta aMOHiaKy 3a PiBHSAHHAM:
4CoCl, + 4NH,Cl + 20NH;3 + O, = 4[Co(NH3)¢]Cl; + H,O

Ona cuHtesy 24 r CoCl, - 6H,O0 po3umHawTs B 20 Ma BoaM,
popatote 16 r NH,Cl i nepeMiwyioTb A0 MOBHOrO PO3YMHEHHS

conen. Ao cymiwi pgopatotb 0.4 r akTMBOBaAHOro Byrinnsg (sK
katanizatop) i 50 mn 25%-ro po3umHy amoHiaky. [oTiMm ans
OKMCHEeHHS coni kobanbTy(II) yepes cyMiw nNponyckawTb NOBITPSA
0OTW, [OKM uyepBOHe 3abapBrieHHs poO34YMHY He nepeije B
»KoBTO-6ype. EKCnepuMeHTasibHO BCTAHOB/IEHO, WO MNOBITPSA Cnig
npoayeatm NpoTaromMm 5-6 rog 3 Heeenukotw weuakicto. Ocag
coni [Co(NH;)g]Clg, wo BMMNae, pa3oM 3 aKTMBOBAHWM BYriNAsM
dinbTpytoTb Ha ninui broxHepa, NOTIM Ha INbTPI PO34YMHSAOTb
Harpitum 1-2%-M po3umHoM HCI. Ynctuin npenapart oCaaxytoThb,
pobasnatoun po dinbtpata 40 M KoHueHTpoBaHoi HCI, i
MOBINIbHO OX0N0AXYITb cyMiw fo 0 °C. BiadinbTpoBaHuin ocaja
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npoMuBalTb crnovaTtky 60%-M, a noTiMm 95%-m cnmpToM i
BMCywytoTb npu 80-100 °C. Buxig ctaHoBUTb 80-85 %.

AK OKMCHUK coneir kobanbTy(II) MOXHa BMKOPUCTOBYBaTU
He TibKM KMUCeHb MOBITPSA, ane W NepoKCcua rigporeHy, wo
NPUCKOPIOE npouec.

Brnacrusocri: xoBTi N 6ypo-opaHxeBi Kpuctanu (3anexHo
Bi4 po3MipiB KpucTtanis). [loraHo poO3YMHHUA Yy BOAi, MNpu
KMUM'ATiHHI BOOAHOIO pPO34YMHY CMNOJIyKa pO3Kaada€ETbCs.

MNeHTaamiHxnopoko6anbT(lll) Komniiekc oAepxyoTb OKMC-
xnopua, [CoCI(NH,)5ICl, [15] HEHHAM  CONi |§o6aany(II)
KUCHEM noBsiTps un

NepokKCMaoM TrigporeHy y TMPUCYTHOCTI X/J0puay amoHilo 1
aMOHiaKy:
2CoCl, + 2NH,Cl+8NH; +H,0, = 2[CoCI(NH;3)5] Cl, + 2H,0 .

[o po3unHy cymiwi 50 r CoCl, -6H,0 i 100 r NH,CI B 300 Mn

KOHLEHTPOBaHOIro po34YMHy amoHiaky crno4yaTky goaarTb 25 mn,
a notiM nopuigsMu no 2-3 Ma we 50 mn 30%-ro po3unHy
nepokcuay rigporeHy. [licna 3akKiH4€HHS OKWCHEHHSA pO34YunH
HENTpani3ytTb KoHueHTpoBaHoto HCI, pogatoTe we 50 Mn
KMCNOTU, HarpieawTb PO3YMH [0 KWUNIHHA | 3a5iuMwatoTb Ha
xonogi. Ocag, wo Bunae, QiNbTPYOTb, @ MNOTIM PO34YUHSAIOTL B
HarpitoMy 2%-My pO34MHi aMOHiaky. [apsiumii  po34mH
dinbTpytoTb, noTiMm nigkmcawoTe HCI i kun'atate.  Micns
OXOJIOAXKEHHSA PO34MHY ocaj inbTpyrOTb, MPOMMBAIOTL BOAOHD,
CNUPTOM i cywaTb. Y coni Mictutbcs aomiwka [Co(NH;)s] Cls .

Ona opepxaHHA ynctoi coni 20 r [CoH,O(NH;)5] 5(C,0,); - 4H,0

poO34MHATL Ha xonodi B 150 mMn 2% po34MHY aMoHiaky,
GinbTpytOTb  Big  coni [Co(NH3)6]2(C504)3-4H,0, wWwo  He
poO34MHMNAach, i ocagxkytoTb ii Ha xonoai posbasneHotwo HCl. Ocag
diNbTPYIOTL, MOC/IAOBHO MPOMMBAKOTL CMMPTOM, €TEPOM i CcywaTb
Ha nosiTpi.

BnacruBocri: py6iHOBO-4epBOHi Kpuctanu. TMpuv KUN'ATIHHI
HeNTpanbHOro BOAHOMO PO3UYMHY Ciflb PO3KIaAAETLCS.

Lleir koMnnaekc iCHye y BuUrnsai

Bic(eTuneHgiamin) . .
reoMeTpuyHuX i3oMepiB.

anxnopoko6aneT(lll) xnopua, ABOX
220 [CoCly(en)]Cl



v 70"
CuHTe3 KOOpAMHALiHMX cnonyK (oM o)
Lo

TpaHc-[CoCl,(en),]Cl oaepxytoTb 3a peakUi€to:
4CoCl, + 8en + 8HCI + O, = 471paHc-[CoCly(en),]CI-HCI + 2H,0;

TpaHc-[CoCly(en),]Cl - HCI SN TpaHc-[CoCly(en),]Cl + HCI
16.0 r CoCl, - 6H,0 po3unHsaoTb B 60.0 r 10%-ro BOAHOIO pO34nHY
eTUNeHdiaMiHy i 4epe3 oaepXaHuh po3uMH npoTaroMm 5 roa
nponyckawTb noBiTpa. [licna  uboro pgogawte  70.0 wMn
KOHLeHTpoBaHOro po3dnHy HCl i po3unH ynapioooTb 40 YTBOPEHHS
Ha TMOBepXHi KpuctaniyHoi nniBkn. Yepes p[oby oaepxaHi
TpaB'sSHUCTO-3eNeHi pPOMbiYHi KpucTtanum TpaHc-
[CoCly(en),]Cl - HCI - 2H,0 BiAdiINbTPOBYOTb, MPOMMBAKOTL CMIMPTOM,
etepoM i BucywytoTb npm 110 °C gng smpaneHHs HCIl. B pesynbTaTi
OTPUMYIOTb  3€/IEHUI  MIKPOKPUCTaNiYHMA  MOPOWOK  TpaHcC-
[CoCly(en),]Cl.

Luc-CoCl,(en),]Cl onepxyTb nNpu ynaprBaHHI A0Cyxa Ha
naposin 6aHi HenTpanbHOro po3umnHy TpaHc-[CoCly(en),]Cl:

TpaHc-[CoCl,(en),] Cl—HaREHA o3y )1y [CoCl, (en),] Cl

Big 3a5INLLKY TpaHc-hopMun MO>XHa nos36aBnTUCH
NPOMUBAHHAM ymc-[CoCly(en),]Cl HEBEJINKOIO KiNbKiCTHO
X0SI04HOT BoAMN. lepeTBOpPEeHHS MOXXHa TaKOX 3aBEpLUNTU LUISXOM
NOBTOPHOIO YNaploBaHHSA PO34uMHy, sike CNig NpoBoaMTM He binblue
2-3 pasiB, OCKilbKN € MOXJ/IMBUM YAaCTKOBE pO3KiadaHHSA Coni.

Kanin Tpuokcanatoxpomar(lll), [o po3umHy, sKuid Mictute 2.7 1
K,;[Cr(C,0,);]-3H,0 [15] H,C,0,-2H,0 i 1.2r K,C,0, -H,0,
NOBIJZIbHO MEpEeMillyoun, [0AaTb
KOHLIEHTpOBaHU BoAHMI po3unH K,Cr,0, (1.2 r):
K,Cr,0, + 7H,C,0, + 2K,C,0, = 2K3[Cr(CZO4)3]+ 6CO, + 7H,0
CyMiw ynpoaoBX [AOBroro 4acy BMWMApOBYKOTb | MOBIiSIbHO

OXONIOAXKYHOTb A0 MoYaTKy KpucTanisauii.
Bs1acTnBOCTI: YOpHO-3€e/neHi KpUCTanu, nerko po34mHHi y BoAi.

8.0 r TiouiaHaTa aMOHito

AMOHIn : _ _
AiamiHTeTpaisoTiouiaHaToxpomar P!BHOMIDHO — HarpisatoTb y
(i, MOpLENSAHOBIN yauuuj,

nepemilytoum, MoKM Maca
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YAaCTKOBO HE pO3MNaBUTbCA | TeMnepaTypa He NigBUWWTLCS A0
140-150 °C (3a TepMoMeTpoM). MMicns UbOro BHOCATb HEBEJIMKUMU
nopuisiMy, MOCTIMHO MepeMilyoum, po3TepTy i 3MiaHy CcyMiw
(NH,),Cr,O; i NH4,NCS vy «kinbkocti 1.7 r. [icna poaasBaHHA
KiIbKOX  mopuin BiabyBaeTbcsl  BypxamBa peakuis, Lo
CYMNMpPOBOAXYETbLCSH BMAINEHHAM  aMOHiaky i niABULLEHHAM
TeMmnepatypu go 160 °C. HarpiBaHHS MpUNUHAIOTL | A04al0Th
3a/MLWOK CyMiWwi, cnigkywoumM 3a TuMM, wWob Temnepartypa 6yna
nocTiiHoto (6nm3bko 160 °C).

8NH/4NCS + (NH, ), Cr,0; — 2NH,4[Cr(NCS),(NH3 ), ]+
+N, +2NH3 + 7H,0

Y  npoueci OXOJTIOXKEHHS CyMill  TaKoX HeobxigHo
nepemiwysBaTtn. Tenny Macy po3TMpaloTb Yy CTynui n o6pobnsioTb 8
MM KpuxaHoi Boan. Yepes 15 XB 3anuWIOK, WO He PO34YMHUBCH,
diNbTPYOTL Ha Ninui BloxHepa, NepeHoCATb Y CKASHKY, A0AAK0Tb
25 mn Harpitoi Ao 65 °C Boan. TeMnepaTypy po3unHy AOBOASAThL A0 60
°C, peTenbHO MepeMillytoTb i diNbTPYIOTh Yepes Niliky ANnsi raps4voro
dinbTpyBaHHA. QinbTpaT 3anuwalTb Ha HiY Yy XONOAWIBHUKY,
yepBOHi 6AUCKydi KpucTanu, $Ki yTBOpATbCA, iNbTpyoTb, a
MaTO4YHMM PO34YMHOM 06pob6nsATL TBEpAY Macy, WO 3anuwuiacs
nicna ¢inbTpyBaHHsa npu 60 °C. Y Takuin crnocié MoXKHa oaepKaTu
e nopuilo KpucTaniB. 3anuvwoK ApYyroi BUTSXKKM, WO He
PO34YMHUBCS, MICTUTb, TOJIOBHMM YWMHOM, Cinb MopnaHga -
JiamiHTeTpaizoTiouiaHaToxpomaT(III) ryaHigmHia
(NH5), CN[Cr(NCS), (NH3),].

BrnacTtnBOCTI: 4epBOHi CBITNOYYT/IMBI KpUCTanu BTpayaloTb
Boay npu 100 °C, nerko po3uunHHi y BoAi, cnupTi, eTepi, aueToHi,
ane He po34uHHI B 6eH30ni.

MeHTaHgionaT-2.4 Po3uvH 5 r V,05 B 12 Mn H,O

(aueTMnaueToHar) BaHaguny, 3MiWYIOTb 3 9 M1 KOHLIEHTPOBaHOI
[VO(acac),] H,SO, i 25 mn etaHony. Yepes

aeskmin dyac (1-2 rop) 3eneHe
3abapBneHHs1 3MIHIOETLCA Ha cuHE, nicng 4voro V,05, AKMiA He
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BCTYNVB y peakuito, dinbTpytoTb i dinbTpaT 3MiwyTs 3 13 Mn
aueTunaueToHy. PO3uMH nMicass UbOro HEWTpanisykTb, MOBiIbLHO
pobaensawum po3unH kapboHaTty Hatpito (20 r 6e3BogHOiI coni B
125 Mn  H,0). Komnnekc, $KWA YTBOPIOETbCS, QINbTPYIOTD,
BUCYLWIYIOTb Ha MOBITPI #
Kaniit TeTpaxnoponnatuHat(ll), KPVCTa/li3ytoTb i3 X110poopmy.

K,PtCl, [8] Uo cinb  MOXHa oaepxatv
BiAHOBJIEHHSAM Kanin

rekcaxnoponnatuHaTy(IV):

[PtClg]? +2e™ =[PtCl, 1% +2CI”

Sk BiQHOBHUMK BUKOPUCTOBYIOTb CipKOBOAEHb, okcua cipku(1V),
UMHKOBMI nwua, rinogocditi, okcanaTtu, rigpasvH Towo. Big
BMH6OPY BiAHOBHMKA 3aN€XWUTb TPUBANICTb CUMHTE3Y, YNCTOTA i BMXig
KiHUeBoro NpoAYKTY. Yunctmi npenapart OTPUMYIOTb,
BMKOPWUCTOBYIOUM 5K BiAHOBHUK cynbdaT rigpasoHia N,HgSO, :

2[PtClg]?~ + N,H3" = 2[PtCl,] "+ N, + 4CI” + 6H"
Y KOHi4HYy Kkonby BHocATb 4 © K,[PtClg] i 0.55 r N,HgSO,

(2%- Hap/MWOK BIAHOCHO TEOPETUYHOro) i godatTb 16 Mn
Boan. Cymiw HarpiBalTb Ha BigKpuUTOMYy nonaym'i, nepiogmyHo
nepeMiwytoun. Yepes 5xB nicna  noyaTtky  HarpiBaHHA
MOYNHAETBbCA BUAINEHHA rasy, piguMHa 3akunae. Yepes 10 xB
nicng no4yaTKy KWMIHHA peakuia 3akKiHYyeTbCA | HarpiBaHHA
NMPUNMHAKTb. PO3unH po36aBnsaOTb XO/0AHOK BOAOK A0 06'eMy
35 Mn, Wwo HeobxigHO ANs po34YMHEHHS yTBOpeHoi coni K,PtCl, , i

3anuwatTe Ha 30 xB. YTBOPEHWI Yy HE3Ha4HIN KiNbKOCTI
cipyBaTo-3eneHuin ocag dinbTpytoTb 2-3 pa3n yepes OAWH i TON
Xe WiNbHu dinbTp, a Npo3opun dinbTpaTt ynapiowTb A0 06'emy
6-7 mn. BuaineHnin nicnga oxonog)keHHs nNpoayKT dinbTpyoTb, a
dinbTpaT 3HOBY YynNapolTb HaMoAoBUHY. [OAATKOBY KiNbKiCTb
coni, AKa BMNana B ocag nicns oxonoaXxeHHs, BiadinbTpoBYyOTb
pa3oM i3 nepwoto nopuieto. Ocag NpoMmnBaloTb CNMPTOM, €TEPOM
i BUCywytoTb npu 50-80 °C. Buxia ~ 3 T.

3a JaHOoK MeToAMKOK MOoXHa oTtpuMmaTtu (NH,),[PtCl,], axkuwo
AK BUXiAHI peyoBuHK B3aTW (NH,),[PtClg] .
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BnacruBocrti: 4epBOHi kpuctanu (4nm  CBIT/I0-4YEpPBOHUN
MOPOLLOK), NOraHo po34unHHi y Boai (0.93 r y 100 mn Boan npu
16 °C i 5.3 ry 100 mn Boan npu 100 °C), He po3UMHHi Yy cnunpTi,
OoHaK Mpu KOHTaKTi 3 HUM BigHOBAOWTLCA. Cyxa Cinb Ta ii BOAHI
pPO3UYMHWN AOCTATHLO CTilKi Ha MOBITPI.

METO/JHUKH IIPAMOI'O CHHTE3Y

Y HeBenMuKUX KinbKOCTAX L0

FipporeH
rekcaxnoponnartuHat(lV), Cnonyky OTpUMYIOTb
Hz[PtC|G]-6H20 [15] PO3YNHEHHAM Fy6‘—IaCTOI na1aTnHU

UM TOHKOI NAATMHOBOI (PONbrn B
LapcbKi cyMmiwi. ng uboro nnaTuHy Npu HarpiBaHHiI Ha BOASHIN
6aHi po3umHATL Yy cymiwi Tpbox o6'emie HClI (d = 1.19) Ta
ogHoro o06'emy HNO,; (d = 1.4). Mpo3opui poO3UMH AeKinbka

pasiB ynaplowTb A0 CUMPOMonoAibHOI KOHCUCTeHUil, Aoaatoumn
Kiflbka pasiB CONgHy KUCAOTY Ans pymHysaHHSA PtCl, -NOCI. Mo

3aKiHYeHHI BWAINEHHS OKCUAIB a30Ty PpO34YMH YNaprowTb A0
HeobXxiaHOI KOHUeHTpauii. MoTiM Moro nepemiwyloTb i Bigpasy X
nepeHocsate Yy ¢apdopoBy yawkKy, Ae BiH NOCTynoBO
KpUCTanisyerbCca. PO34MHKM, BiNbHI Big4 OKCUAIB a30Ty, AOCUTb
3pY4YHO OTPUMYBATM PO3YUHEHHSIM MJATUHW B COMSHIA KWCAOTI,
HaCW4eHin XNOpoM, a TakoX NpW aHOAHOMY OKUCHEHHI MeTany B
CONSAHIN KNCNOTi.

BnacrtnBoCTi:  pOXEBO-XOBTI rirpockoniyvHi Kpucrtanu;
PO3YMHHICTb NMpK KiMHaTHIKM TemnepaTypi 140 r 8 100 mn Boaw,
nobpe po3unHHI y cnupTi.

TeTpaisoTioujiaHaTobic Ao xonbu  BHocATb  0.58T

(TpueTuneH- (0.01 Mmonb) nNoOpoOLWKY Hikeno,
Aiaminin(1+))Hikens(ll) 3.04r (0.04 wm™onb) TiouiaHaTy
(HTen),[Ni(NCS),] [28] aMOHito, 2.25r (0.02 monb)

TpueTuneHaiamiHy (Ten) Ta
AofdatTb 25 M aueToHiTpuay. PeakuinHy cyMiw HarpisatoTb npu
50-60 °C i nocTiMHOMY nepeMilwyBaHHi Ha MarHiTHIN Miwanui
npotarom 3-4 ro4d 4O MNOBHOMO pPO3YMHEHHSA Hiken i
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NnpuInNBatoTb 70 Mn izonponaHony. Ocag KoMMeKcy
diNbTPYOTb, MPOMMBAKOTL Ta BUCYLWYOTb. Buxig ~ 95 %.

OkcuxiHoninat ko6anety(ll), 0-10T (0.0017 Mmonb) nopoLky
Co(oxine), -2H,0 [29] K(_)6aany, 5 Mn  anmetundopma-
migy Ta 0.48 (0.0033 mMonb) 8-ok-

CUXIHOMIHY BMIiWYOTb Y KOy 3 O06EepHEHMM XOSIOAMNSIBHUKOM.
MoCTiiHO MepeMillyoYM, peakuiiHy CyMill BUTpUMYHOTb npu 60 °C
npotarom 8 roa. KopuuHesuin ocag Co(oxine), - 2H,0 inbTpytoTh Ta

NMpOMKMBaIOTb AIEeTUI0BMM €TEPOM Ta CMMPTOM i CyLlaTb Y BaKyyMi.

MekcaeTaHonaminko6anbT(ll) MopoLLKonoAiGHM KoGansT
KapGoHar, 3a/1MBaK0Tb y dapdoposii
[Co(H,NCH,CH,0H);ICO; - 4H,0 [10] “aLlui €TaHO/IaMIHOM,
po3baBneHnm HaMosI0BUHY

BOAOH. Yepe3 aBa-Tpu TWKHI B YallUi YTBOPKETbCA TEMHO-UYEPBOHNIA
po3unH. Moro BiAdinbTPOBYIOTL Bifi HEPO3UMHEHOro KOBanbTY |
Ao dinbTpaTty AoaatoTb MponaHos A0 YTBOPEHHS ocady Coni.
Ocaa BigdiNbTpoOBYIOTH, MNPOMMBAIOTL MPOMNAHOSIOM, €TEepoM i
Bucywytotb npu 50-60 °C. Cinb MOXHa nepekpuctanisyBatm 3
MeTaHoNy. [N uboro ii po34MHAIOTb Y MeTaHOonNi 1 oaepXaHumn
pPO34YMH ynapoTb Ha NOBITPi abo y BaKyyMHOMY eKCMKATOpi A0
YTBOpPEeHHS KpucTtanis. KoMniekc onepXyeTbCa y BUMrNS4i TEMHO-
YEepBOHMX KpUCTaniB CTINKMX Ha NOBITPI.

TeTpaaueToHiTpunnanagin(ll) Ao posunHy 1.062r HiTposnny
TeTpachTopoGopar, TeTpan_Topo6opaTy B 50 mn
[Pd(CH3CN)4](BF4)2 [30] aLEToHITpUny ,U,O,El.aFOTb 0.4518r
rybuactoro nanagito. Ogepxxany
CyMill WBMAKO BaKyyMYKOTb AN BWAANEHHs1 KUCHIO nosiTpsa i NO,
KNI YTBOPIOETbCA BHACNIAOK peakuii. Yepe3 9 roa peakuinHy macy
BiadineTpoBytoTb i [PA(CH3CN)4](BF4), oCamxyloTb MNOBINbHUM
[OJaBaHHAM OMETUIOBOro eTepy [0 OTPMMAHOro BHACMIAOK peakuii
PO3UYMHY >KOBTOrO KOJSIbOpY. KOMMAEKC BUCYLWYOTb Y BaKyyMi
BMpoaoBX 5 rog.
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Y peaktop BHocATb 0.32 r

CuCo(H,Tea),(NCS), [31] rnopouwky Mmigi, 0.76 r TiouiaHaTy
aMoHito, npunuBarTs 20 Mn

OMOA Ta 4 mn TpueTtaHonamiHy

(HsTea). PeakuiiHy cyMiw HarpiBatoTb npu 50-60 °C i
MoCcTinHOMY nepeMiwyBaHHi npoTtarom 30 xB. KpucTtaniyHuin
ocaj, WO BUMAJAEe 3 PpO34YMHY Micnsa MOro OXONOAXKEHHS,

diNbTpyOTb, NPOMUBAIOTL I30MPOMNAHOIOM | BUCYLWYIOTb. Buxig ~
60 %.

METO/JHUKH EJIEKTPOXIMIYHOI'O CHHTE3Y

BicuuknonenTagieHindepym(ll) EnexTponisep 3 Fe-aHopom Ta
(dpepouen), Fe(CzHs), [32] Ni-KaToaom (3BMYANHMIA CTaKaH)
3anNOBHIOKTb  CyMiWLWIO, o

cknagaetbca 3 150 mn  OMOA, 50 w™Mn  neperHadHoro
uMknoneHTagieHy, 3.4 r LiBr gk ¢&OHOBOro enekTponity.
MosepxHs enekTpoaiB Ma€ 6yTn 40 cM?, Hanpyra — 5.2 B, cTpyMm
- 0.5 A. NMicna nponyckaHHa 10 A/ron 31mMBalTb €1eKTponiT,
AKUA MICTUTb KpucCTanu gepoueHy. BiaraHsTb pPO3YMHHUK | 3
ocajy NMeHTaHOM eKcTparyoTb depoueH. EKCTpakT BUNapoByloTb

no o6'emy 10 mn, oxonoaxytoTe Ao 0 °C i BigainAwoTe Kpuctanu.
thn= 173 °C. Buxia 3a ctpymoM ~ 88 %.

(aueTunaueTtoHar) Hikemo(ll), HIKEMO npoBoAsATL 13
Ni(acac), [33] BUKOPUCTaHHAM HiKeneBunx
eneKkTpoais, 3aHypeHux y

METaHOJIbHUIA  PO3UYMH  aueTuiaueToHy. MexaHi3aM  B3aemogii
nepeabaya€e aHogHE  pPO3YMHEHHS  MeTany 3 HaCTyMHUM
KOMMIEKCOYTBOPEHHSIM:

2Hacac + 2e — 2acac™ +H, T; (katop)
Ni+2acac™ — Ni(acac), + 2e; (aHoa)

EnekTponitnyHo PO34YMHSOTb po3paxoBaHy KiNbKIiCTb
Ni (0.0034 Monb, wo craHoButb 0.2 rpama) B 25 M/ MeTaHony y
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npucyTtHocTi 0.00816 monb (0.84 Mn 3 20%-M HaaAULIKOM)
auetunauetoHy i 0.1 r LiBr sk ¢doHoBoro enektponity npu
nepeMillyBaHHi PO34YMHY MarHiTHOK MilIAJKOK MpPOTAroM 2 rog.
BiactaHb Mixk enektpogamu — 0.5 cM. AHOAHE PO3YMHEHHS MPOBOASATb
3a Hanpyrn 10 B i cunn ctpymy — 85 MA. Y CHMHTE3i BUKOPUCTOBYIOTb
BUNPAMAAY 3MIHHOIO CTPYMYy 3 napasefnbHO NiAKAYEHUM 40 HbOro
BOJIbTMETPOM [AJ19 KOHTPOJIIO 3@ Harpyrow, 3a SKOK NpoXoAuTb
cuHTes. Tlicna 3aBeplleHHs enekTponisy @inbTpylTb CBITN0-
3eneHnin ocas Ni(acac),, NPOMMBaIOTL i30MPONAHOAOM Ta CyllaTb

Ha noBiTpi. Buxia koMnnekcy ctaHoBUTb ~ 86 %.
Monixenatn 3(5)-meTun- B enekTpoxiMiyHii KoMipui o6'eMo_M
nipasonatie meTanis [34] 100 M1 MpoBOAATL  €NIEKTPONI3
0.36 Monib HL (nipason abo #oro
noxigHi) y 0.05%-my BogHOMy po3umHi NaCl 3a KiMHaTHOI
TeMnepaTypu 3 aHOAOM i3 BignosigHoro Metany. CuHTE3 BigbyBa€eTbCs
3a peakui€ero:
2HL + M + 2e” = [ML2], + H2
KoMnnekc ocaaXyerbcst Ha AHI KOMipku. Noro BigdinbTpoByOTh,
NpPoOMMBaOTb BOAOK | BUcywywTb npu 50-55°C y BakyyMi
(10 MM pT. cT.). YMOBYM enekTponisy: j = 1.0 A/am?, t = 20-22 °C.

Bic(6yTagicH) 3.53 r aueTuiaueToHaTy
Tpudcbenindocdindepym (0), depymy(Ill), Fe(acac)s, 2.62r
[Fe(1.3-6yTagicn)PPh;] [35]  TpudeHindocdiHy i 5 r xnopuay

niTito  cycnenaytots B 50 Mn
MeTaHony i gogatoTte 10.8 r 1.3-6yTapieHy. Ogep>xaHuii po34ymH
BiZIHOB/IOIOTb B €/IeKTponNi3epi Ha pTyTHOMY kaTtoai npu 15 °C,
Hanpysi 100 B i crpymi 1 MA/cM?. OpepxXaHuit po3umH
BMMApOBYIOTb Yy BaKyyMi A0 cyxoro cTaHy. Cyxuih 3anuwok
06pobnsatoTb rekcaHoM. lNpu ynaproBaHHI 0A4EpPXKaHOro pPo3YUHY
Kpuctanisyerbca Fe(1.3-6yTaaieH)PPhs.

4.3. TEMILUIATHUA ABO MATPUYHWI CUHTE3

OCTaHHi JaecaTUpiudsi copMyBaBCs 1 MIMPOKO PO3BUBAETHCS
HOBHU PO3II KOOPAWHAIIMHOT XiMii — KOMIUIEKCHM METaliB i3
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MaKpOUMKIIYHUMH JliragaamMu. [HTepec 10 MaKpOIUKIIYHUX
KOMIUIEKCIB BUKJIMKAaHUH THM, IO BOHM MAalOTh JIOCUTh BHCOKY
TepMoAMHAMIUHYy (AuB. po3a.3) 1 KIHETHYHY CTIiHKICTh, 37aTHI
cTabu1i3yBaTH HE3BUYHI CTYIECHI OKUCHEHHS METaNIB, € XOPOIIUMHU
MOJEIAMH I 0ararbox 010J0riYHUX 00'€KTIB.

[HTeHCHBHMIA PO3BUTOK XiMil MAaKpOIMKIIYHHX CIIOJMYK CTaB
MOXJIMBHM JIUILE 3aB/SIKM PO3BUTKY HOBUX METO[IB CHUHTE3Y, Cepell
SKHX TOJOBHA POJIb HAJIEKUTh TEMIUIATHOMY CUHTE3y. TeMIutaTHui
CHHTE3 — II6 METOJl OJEpKaHHS KOOPAMHALIMHUX CHONYK, MiI Yac
SKOTO CHHTE3 MaKpOIMKJIIUYHUX JIITaH/AIB BiOYBA€ThCSA OJJHOYACHO 13
CHHTE30M KOMIUIEKCIB; IPH LIbOMY 10H MeTairy (1HOHI 1HIIMA LEeHTp)
BUCTYIIA€ B pojii MaTpull (11abIoHy), Ha SIKid IPOXOIUTh OpraHiuHUN
CHUHTE3 CKJIAQJHHX 3a XIMIYHMM CKJIAJOM 1 OyJIOBOIO CIIONYK.
Marpuuna ponb 1OHIB MeETaliB MOJATa€ B IX 30aTHOCTI [0
peoprasizanii mpocTopoBoi KOH(Iryparii BUXIAHUX MOJEKYN Yy TaKy
KoH(oOpMaIlio, siKa 3pydHa Ui 3aMUKaHHS IMKITy. [oH Mertamy
KoOpyIHHy€e BUXI1/THI OPraHiyHi MOJIEKYJIH 1 THM CaMUM TIEBHUM YHHOM
OpIEHTY€ M aKTHUBYe iX Q)yHKuloHam,Hl TPYIH, IO CTBOPIOE YMOBH
It 30UTBIIEHHS IIBHMAKOCTI peakmiii KOHJIEHcamii 1 3HaYHOTO
30UIBIICHHS] BUXOAY KIHLIEBHX MPOAYKTIB. be3 ywacTi metamy Taki
peakii yacto He BiOyBarOThCs B3arayi ab0 MarTh Ay»Ke HU3BKHMA
BUXi. Y [aHOMY BHIAOKy MH MaEeMO CHOpaBy 3 MPOSBOM
KiIHETHYHOr0 TeMNJAaTHOro edekTy.

| X
HC™  N” >cH [
0 S 5
Ni2+ , | N |

2n,0  NooNieeN
NH,H,N LN

)

TurnoBuM PUKIAIOM MPOSBY KIHETHYHOTO TEMIUIATHOTO €EeKTy €
TaKOXK IHMKJITI3aIlis 0-aMiHOOCH3AJIBIETIAY, sIKa MOXE BiOyBaTHCS Ha
Matputii kynpymy(Il) a6o mikemro(Il):
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IIposiB TepMoaAMHAMIYHOTO0 TeMNJATHOTO edeKTYy TOJSITaE B
YTBOPEHHI CTIHKOTO MAaKpOIMKIIYHOIO KOMIUICKCY (JuB. po3m. 3),
YHACIIIOK 4YOro 10H METaly 3B'3y€ ONWH 13 TMPOIYKTIB PEakilii, II0
CIIpHsIi€ 3MIILICHHIO PIBHOBATH BITPABO.

HaiimpoctimmM 1 1aBHO BIAOMHM TPHKIAJIOM BHKOPUCTAHHS
TEPMOJTUHAMIYHOTO €()eKTy B TEMIUIATHUX MPOIECaX € BUKOPUCTAHHS
KOMILJIEKCOYTBOPEHHS [T CTa0UTi3allli JeIKUX HECTIHKUX Y BUIEHOMY
crani mudosux croiyk. IIpukimagamu peakuiii Ha MaTpUILX, J€
JOMiHY€ TEPMOJMHAMIYHUI (aKTOP, MOXKYTH CITy)KHUTH TaKOX TaKi
MIPOLIECH:

o] o] HX R

~ — OO
+ _

R R H,oN NH R X

M=Ni, Cu, Zn; X=0, S
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<
)

@
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\/\
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o6  yHACHiZOK  TEMIUIATHOTO CHHTE3y  YTBOPHUBCS
MaKpOLMKIIIYHINA KOMIUIEKC, TMOBHMHEH BHUKOHYBAaTUCh TaK 3BaHHUN
TIPUHLIATT MaKCHUMAaJIBHOI BIJITOBITHOCTI 10Ha MeTamy-
KOMIUIEKCOYTBOPIOBaYa IOPOXKHUHI MAKpOLMKILy, SIKMH BHMarae
BUKOHAHHS KUTBKOX YMOB. Paniyc 10Ha MeTaly-
KOMIUIEKCOYTBOPIOBa4a Ma€  BIJNOBIJATH JiaMETPy IOPOKHUHU
MaiOyTHBOrO MakpoIukiy. EnekrponHa koHgiryparis ioHa mMeTaimy
MOBMHHA CHPUSTH YTBOPEHHIO MIIIHUX G- 1 T-3B'A3KIB (IJOHOPHHX 1
JATUBHUX) 3 JIOHOPHUMH aTOMaMH METAJIOIHKIY. Takox mae OyTu
BIJMOBIMHICTG ~ KUIBKOCTI  JOHOPHMX  aTOMIB  MalOyTHBOTO
MaKpOLMKIY  XapakTepHOMY  JuIi  JAHOr0  10HA  MeTajy
KOOpAMHALIIIHOMY 4YHMCITy, @ PO3TallyBaHHsS JIOHOPHUX aTOMIB Mae
CHPUATH YTBOPEHHIO ONTHMAJIBHOIO JJIsI JAHOTO 10HA MeETaily
noJtiesipa.

SIKII0 1i BUMOTH HE BUKOHYIOTBHCS, TO BHACHIJIOK TEMIUIATHOTO
CHHTE3y MOKE€ YTBOPUTHUCS LUKJIIYHA CIOIYKa, KA HE MICTUTh 10H
Metany. ToOTO 10H MeTany BHKOHaB CBOIO "MaTpuuHy" (yHKIIIO,
HiCJI 4OrO BHUHIIOB 13 MAaKpOLMKIY. YTBOPEHHS MaKpOLUKIY B
TAKOMY BHUIMAJKy 3000B'3aHO JHILIE KIHETUYHOMY TEMILIATHOMY
edekry.

BukopucranHs SK TeMIulaTa iOHIB PI3HHX pajiyCiB MOKe
MIPUBOJIUTH /10 YTBOPEHHS MAaKPOLMKIIUHUX CHOIYK pi3HOI Oy I0BH.
Tak, Hanpuknan, 2.6-AlaUeTWINIPUIMH  KOHAEHCYETHCS 3
o yHKIIOHATFHUMHU KIHIIEBUMH JliaMiHAMU y TIPUCYTHOCTI 10HIB
MeTaliB i3 BiHOCHO HeBeqMKMM pamiycom (Mn’*, Fe*", Fe’*,
Co*", Zn**, Mg>") 3a Tumom "1 + 1", Togi sk GinbII 00'eMHi i0HM
(Ag", Pb*") BemyTs 10 KonmeHcaris Tumy "2 + 2" 3 yTBOpEHHSM
OIHYKJICIOIOUHX "3IBOECHUX' MaKPOILUKIIIB:
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VYHaCIIOK TEMIUIATHOTO CHUHTE3y MOXYThb OYyTH Ofep)KaHi

pI3BHOMAaTHI TUMHM MaKPOLMKIIYHUX CHOMYK 1 IX KOMIUIEKCIB 13
MeTasiamu. Haiimommpenimmm cepest HUx €:

" poJia3aMakpOUMKJIHM — CIOINYKH, SKI MICTATh JOHOPHI
aTOMH HITPOT'EHY;
" nmoJiTioMaKpoOHMKJIHM — CIOIYKH, Yy SAKUX JIOHOPHUMH

aTOMaMH € TIOeTepHi rpynu abo cipka TiodeHy;

" NOJIOKCOMAKPOUMKIM — MAKPOIMKIIYHI €TepH 1 KpayH-
eTepH Ta iH.

BukopucranHs 10HIB MeETamiB 13 PI3HUMH  EICKTPOHHUMH
KOHQITYpaLisIMH JT03BOJISIE OICP)KYBATH MAKPOLIMKIIM PI3HOTO THITY 1 3
PI3HOIO KUTBKICTIO JOHOPHUX aTOMIB y iX ckiami. Tak, ais cuHTe3y
HITpOTeH- 1 CipKOBMiCHI/IX MaKpOLUKIIYHUX CHOIYK HaﬁKpauIe
BUKOPHCTOBYBATH 10HU HIKENO, JUIS SIKOTO € XapaKTePHIMH pi3Hi
KOOpI[I/IHaI_III/IHl yucna i nomeﬂpn a TaKOX 3JIaTHICTh YTBOPIOBATH
BHCOKO- 1 HHU3BKOCIIIHOBI KOMIUICKCH, y SKHX HIKeIlb Ma€ pi3Hi
paniycu. OnHiero 3 HaiiBigomimmx € peaxuis Kyprica, skuii y 1960 p.
M0KAa3aB, 110 NPU B3aEMO/IIT €TUJICHA1aMIHOBOTO KOMILIEKCY HIKEIO 3
alleTOHOM YTBOPIOETHCS MaKpouHKqua CTIOJTyKa (CyMlHI yuc- 1
mpamc- 130Mep1B) Came 11eii cuHTE3 1 TIOKJIaB MOYATOK IHTCHCUBHOMY
PO3BUTKY XiMil MAKPOITUKIIIYHHUX CIOJTYK:

s \/\@ 2+

|
NZ N2 N, NH

[ Ni j +  4(CH,),CO —»[ N| j
NN N
H, H, |
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loHM HIKeTI0 BUKOPHCTOBYIOTBCS SIK MATpUIL 1 U1 OZCp KaHHS
CIpKO- 1 (bOCd)opBMiCHMX MaKpOIMKIIIB, HAPUKJIA]I:
./S
|
S

r
X / \ - X . 7 I\
N |

Br
Ph, S\ ,Ph . Ph, /—\ _Ph
P. _Ph P P
Ni * — Ni
P ph B 7 P
r N
Ph" \—/ "Ph Ph" \—/ "Ph

Kobaner(Il), mist sikoro € XxapakTepHUM KOOPAWHAIIHHE YHUCIIO
6, cripusie mepeliry TEeMIUIaTHUX PEeakiiii CHHTE3y TPUBUMIPHHUX

KpHUIITaH/IIB:
NO, 3+

N -
[Co(en), ] Cl, +2CH,NO, +6CH,0= | [ ¢t ] j
\N N

NO,

A OT nmis cuHTe3y KpayH-eTepiB HaWKpaluMH MaTpPUIIMH €
10HM JIy)KHUX 1 JyXHO3eMelbHuUX MetaniB. Y 1972 p. Oyno
CHHTE30BaHO 18-kpayH-6 3 TPUETUIICHTIIIKOIIIO Ta HOTO TUTO3UIIATY
y NPUCYTHOCTI TpeT-OyTuiary Kamito. Karion kanito Biairpae poib
TEMIUIaTHOI'O 10Ha:

O/_\OTS (\ (:)/ﬁ
[O OTs j t = [ \};(t j
. e
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TemmnaTtHy Ail0 MalThb TaKOoX 10HM I1HIIMX JYXXKHHAX 1
JY>KHO3eMeNbHUX MeTamiB. [IpM I1bOMy MaKCUMalbHUH BHXiJ
KpayH-eTepy JOCITaeThCs 32 BIAMOBIAHOCTI MIXK 10HHUM pajiiycoM
MeTaly Ta pO3MIpOM NOPOXXHHUHM Makpouukiy. Hampukmnan,
BHUKOPHUCTAHHS ioHa  Oapir0  JO3BOJIHIIO 3MIACHUTH Y
BHCOKOKOHIICHTPOBAHUX BOJHUX PO3YMHAX TEMIUIATHUN MPOIIEC:

BrCH,(CH,0CH,),CH,Br—*> 5 BrCH, (CH,OCH,),CH,0"
Br

io----i,ai
/3
e
o]
_/

o.. )

B> [ Bt j
o
-

MakpOolUKITIuHI JIraHaId MOXXYTh CTAaOLTI3yBaTH BUCOKI CTyTICHI
okucHeHHs, Hampukaax Cu’* iNi**. Tak, npu B3aemomii
CBI)KEOCAKEHOTO riIpoKcuay xkynpymy(II) 3
okcaninguriapazuaom (H,Oxh) i ¢opmanbaerinom onepKyerbes
MaKpOLMKIIYHIHA KomIuieke Kynpymy(111):

2Cu(OH), +4H,0xh + LiOH + KOH +12CH,0 =
(0] O -

MaxponuKIiuHI KOMIDICKCH KIHETHYHO JOCUTH 1HEPTHI BiJHOCHO
peakiiii 3aMillleHHs MeTaly B METaIOUMKI. BHKOpHCTOBYIOUM
crierjianbHi npuiiomu (airo KCN, HCL, H,S , KOMIJIEKCOHIB Ta 1HIINX
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peareHTiB Ha BIANOBITHI KOMIUICKCH), BIA€THCS  3AIUCHUTH
JIeMeTaTyBaHHS 1 BUAUIATH BUIbHI OpraHiyHi cnomyku. OIHaK peakiii
JeMeTaTyBaHHsI HE 3aBXK/IM ITPUBOJISTH JIO YCIIIXY Yepe3 TyKe BUCOKY
CTIMKICTh MAaKpOIMKIIYHUX KOMIUIEKCIB, a00 y 3BI3KYy 3 TIEIO
00CTaBHHOIO, 110 BiAMOBIIHUIA MPOIYKT TEMILIATHOTO CUHTE3y MOXKE
ICHYBATH JIMIIIE y BUTIISII KOMILICKCY.

METOJHUKH TEMIVIATHOI'O CHHTE3Y

Bic-aueTnaueToeTUneH- Ho po3unHy 2.49r1 6ic-etn-
giiminaTtoHikens(ll), neHpiaminHikenb(II) xnopuay B
[CH;COCH(CH;)C =NCH,],Ni [18] 20 mMn BoaM AojaloTb B
Kpanni nipnanHy. Konip

pPO34YMHY Ma€E oapasy X 3MIHWUTUCS i3 CMHLOMO Ha 3eneHui. MoTiM
aopalotb 1.98 r auetmnauetoHy. Cymiw kun'atatb 3 ob6epHeHUM
XONOAW/IBHUKOM MpOTAroMm 2 rod. 3a Ueill 4ac yTBOPKKTLCS
KpUCTann poXXeBO-KOPUYHEBOIO KOMbOPY, $Ki BiadinbTpoBYOTb.

Buxig ~ 82 %, Temnepartypa niaBneHHs ~ 198°.

¢ H:C /7 N\ CH,
=N.__ . Nj
"N
\ o~ o //
,C CH,

H
\‘/ 2, H,C CH
. X 3
(?N/Ni\m? T
Bic-(o- [Oo po3unmHy 2.49r 6ic-

2 O OH H
okcunaueTodeHoH)eTUneHAaiimiHaTo eTunenaiamiiHikens(1I)

nikenb(ll), xnopuay B ZQ M BOAM
S mm s s e - - ---- [ojanTb ABi Kpanni
nipnanHy. Konip po3ynmHy Mae€ Bigpasy X 3MIHUTUCS i3 CMHLOIO
Ha 3enenun. [oTtim popatotb 2.76 1 (0.02 w™Mons) o-
okcmauetodeHoHy i CyMiw  HarpiBaloTb 3  0ob6epHeHuM
XONOAMNBbHUKOM MpPOTAroM 2 roA. 3a uUel 4ac BuAINATbCA

KOpWYHEBI Kpuctanu, siki dinbTpyoTb. Buxia peuoBnHun ~ 81 %,
TeMnepaTypa nnasneHHs — 290°.
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cl O M CH, CH,
H,N ‘ NH OH S
( \?\“/Fr)2+ N\N:/,
N i
MNT | A o o
cl

CapxodarinaTtko6annT(lll) xnopug, HO PO3u4nHy 16.3 1 (0.47 monb)
[Co(diNOsar)]CI3 ‘H,0 [11] TpucetTmnnenaiamiHkobanbT(III)
xnopugay B 50.0mMn  Boan,

nepemiwytoum, gogatotb 19.0 r (0.155 Monb) HiTpoMeTaHy, nicns
MOBHOIO pPO34YMHEHHS, nepeMiwyodun, gogatote 130 r 37%-ro
po3unHy ¢dopmManbgerigy (Hagnuwok) i 8.0 r 6e3Bo4HOro
kapboHaTy HaTpito. lNepeMiwlyBaHHS MNPOAOBXYIOTb A0 MOBHOMO
po34nHeHHA Na,COj;, Npun LbOMY PO3YMH HArpiBaA€ETLCA i TEMHIE.

Yepes 5 roa 3a KiMHaTHOI TemnepaTypu BUAINSETbLCA OcCajg
OpaHXEBUX roNyacTUX KpucTanis, WO SBASOTb COO60K 3MillaHy
xnopuaHo-kap-6oHaTtHy cinb. Ocag &inbTpyloTb, NPOMMBAlOTH
HEeBEeJINKOK KiNbKICTIO X0N0AHOI BOAM | BMCYWYKOTb Ha MOBITPI.
Ona nepeTtBOpPEHHS Y X/OPUAHY Cilb KOMMJIEKC MOCTYMOBO
06pobnstoTh cyMiwwto 50 mn Tennoi 3 H HCI i 150 mn eTtaHony.
NO, 3+

N -
[Co(en);] Cly + 2CH;NO, + 6CH,0 = [ cel ] j
\N;\N

— N02 —J
MpoayKT npu OXONOMXKEHHI KpUcTanisyerbcs. Buxig — 156 r (69 %).

BTG 50 2.0r [Cu(en),](ClO,), poO3unHA-
uL5(C10,), [20] toTb y 20 M/ rapsiyoi CyMilli Boau 3
€TaHo/oM, Wwo 6panmca B o06'eMHOMY cniBBigHOwWweHHI 1 : 3. [o
po3unHy gopatote 0.65 mn dopmamigy Ta 0.5 Mn TpueTunamivy.
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Micna uboro 3.5 mn BoaHoro 3.5%-ro po3uvHy Qopmanbaeriny B
8 Mn eTaHoNy KpannsaMum NpoTSaroM 2 rof Ao4alTb A0 CyMilli, Ky
HarpiBatoTb 3  0b6epHeHMM  XonoAunbHUKOM.  Lleir  npouec
NpoAoBXytoTb 12 roa. KopuuHesuii ocaa (0.93 r), WO yTBOPHETLCS,
QINbTPYOTb Ta  po3unHATL B 45 MA  rapsyoi BoauM. Po3uumH
dinbTpYyIOTL, diNbTPaT NiakMcoTL 40 pH = 2 po3unHoM HCIO, i

CTaBnATb Y XonoauvnbHUK. Cyxuil OYMLLEHWA PpOXEBUA Ocan
BiAOINAOTL | MpOMMBaAKOTbL  €TaHOMIOM. 3 @dinbTpaTy npwu
KOHLIEHTPYBaHHI OTPUMYIOTb AOAATKOBY MOPLI0 KOMMeKcy. Buxia ~
0.51 r (18.7 %).

+ 2*
/2 /\4 ]
HZN-‘\ NH2 o NH ——’N_\ O
Cu +4CH,0 +20=CH-NH,—= e N_4
HN NH, W i N~ H
—/ N4

2 KOHTPOJIBHI
3AIIUTAHHA

1. YoMy cwiiniii He PpO3YMHSAETHCS B CyYMION HITpaTHOI i
XJIOPUIHOT KHCIIOT, TMPOTE PO3YUHSIETHCS B CyMilll HITPaTHOI i
(bTOpHUIHOT KHCIIOT?

2. Sk BrumBae mpupona mo3achepHOro KarioHa Ha CTIHKICTh
raJoreHiHux Kommiekcis tury M'[M"Hal],? YoMy npu cunTesi

kommiekciB  [CuCl,]*” i [CuCl,]* sk mno3acQepni KaTioHu
BukopuctoBytoth Cs* i [Cr(NH;),]*" Biznosigno? Ym moxkHa

onepxaru komiuieke Na;[CuClg] ?

3. 3rigHo 3 npaBuwiioM YepHseBa HAWCTIMKIIIMMU € M'SITUYICHH] U
MIECTUYWICHHI [UKIIH, & YOTUPUWICHHI € JTy)Ke HAPYKCHUMU. Y YOMY
TOJIl TIOJISIra€ TMPUYMHA BHCOKOI CTIMKOCTI JIETWIIUTIOKApOaMaTHUX 1
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JieTIIuTIOPOoCchIHATHUX KOMITIEKCIB, SIKI MAIOTh CaMe YOTHPUUICHH]
Km?

4. Yomy npu B3aemomii [PtCl,]>” 3 aMOHIiakoM YTBOPIOETHCS
yuc-[Pt(NH,),Cl,], a npu B3aemonuii [Pt(NH,),] 3 XJIOpHIHOIO
kucnoror — mpanc-[Pt(NH;),Cl,]?

5. Aminokomiuiekcu kKynpymy(Il) i mikemo(Il) ogepxyroTs mpu
B3a€EMO/II1 BOJHUX PO3YMHIB COJICH IUX METajiB 3 aMOHIakoM. Yu
MOXKHa TakuM MeTonoM ojepxatu kommeke [Cr(NH,)]CL;?

Axuii MeTO € HAMKpaIUM JIs1 OIEPKAHHS LIbOI'O0 KOMILIEKCY?
6. Crabimizamii SKMX CTyIEHIB OKHCHEHHS 1OHIB METajiB
CHPUSIOTH HiaHia-ionn? Yomy?
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_ 3anponoHyBaTn WASGX AN CUHTE3y UucC- i
TpaHc-i3omepiB [PtCl,(NH;)(PPhs)], SKLWO € Taki peakTUBK:

PPh,, NH;, K, [PtCl,] .

_ 3anponoHyBaTuU ABOCTAAIMHUIA CUHTE3 LmC- i
TpaHc- [PtCl,(NO,)(NH3)] ™, BUXoAasauu 3 [PtCI4]2‘

_ MNepenbaunTtu NpoayKTU peakuin:
[Pt(PR;),]1 % +2CI" —

[PtCl,] >+ 2PR; —
yumc-[Pt(NH5 ), (Py),] %"+ 2CI~ —

_ Buxoasuun 3 MeTaniyHoi niaTtuHU, odepxkaTu
TpaHc- [PtCl,(NH3),] .

8agauya 5. 3anporoHyBaTM  METOAMKM  CUHTE3Y
komnnekcy [Ni(NCS)s]*~ i [Mn(NCS)s]*". O6rpyHTyBaTh

BUBIp PO3YMHHUKIB | 30BHILLIHBOCHEPHUX KaTIOHIB.

_ Ona cuHTesy komnnekcy Kkynpymy(II) 3

aMiHOOUTOBOK KWC/IOTOK BWKOPUCTOBYIOTb $IK  BUXiAHY
Cronyky rigpokcua Kynpymy. YoMy Ans LbOro He MOXHa
BMKOPWUCTOBYBATU XJI0PUA UM HITpAT KymnpyMmy?

_ BinomMo, wWo auetmnauetoHaTtn 6GinbLIOCTI
MeTaniB nerko cybnimytorbcsa. UM obymoBneHa ix BMCOKa
netkicte? Ak 6yne BnauBaTW Ha NeTKicTb 3aMiHa CHj;-

rpyn B auetunaueToHi Ha CF; -rpynun? Yomy?

_ LiaHigHi KOMNAeKCcH Hikento(I)

TepMoAMHaMiyHO €  6inblw  CTiMiKi, Hik  H6poMmigHi
komnnekcu. [ns sakoro 3 komnnekcis [Ni(CN),]%~ um

[NiBry] 2 €/1eKTPOAHMUN noTeHuian ans peakuii



BiAHOBNEHHS A0 MeTaniyHoro Hikenw 6yae maTtu binble
3HAYeHHA?

_ O6uncnuntun KOHCTaHTY piBHOBaru

Au®+2CN~ = [Au(CN),]” i3 BenWYMH CTaHAApPTHUX
noTeHuianis:

Aut+e” >Au E°=+1.69B
[AU(CN),] +e” —>Au+2CN~ E®°=-0.60 B

_ HaBegeHi peakuii XapakTepusyTbcs

TakKUMMWN OKUCHO-BIAHOBHUMMW MOTEHLIiaNaMu:
[Co(H,0)s]1% — [Co(H,0)s]**+e~ E°=-1.84B
[Co(NH5)s] "= [Co(NH;)s1 % +e~ E°=-0.1B
[Co(CN)g]1*— [Co(CN)s]*+e~ E°=+0.8B

Po3MicTuTn niraHam B nopsaaky 36inblueHHS TeHAeHuil Ao
ctabinizauii kobanbTy(III). UiaHia-ioH cnpusie ctabinisauii
Ko6anbTy y BULLOMY YU HUXYOMY CTYMNEHi OKMCHEHHSA?
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Deski meroav pocnimxeHHs 6ya0BM KOOPAMHALIMHNX cnonyk %

Cepezx GIBUYHMX ~ METOMIB  JOCHIDKEHHS  OfgHE 13
HAWBaXIMBIIIUX MICI[b HAJNEKUTh PI3HUM BHJAM CIEKTPOCKOII]
(pEeHTreHOeNeKTPOHHIM, enekTpoHHil, konuBHiK, EIIP, SMP
TOILIO), $KI BiAIrpand BU3HAYHY pOJb Y BHUBYEHHI OyJIOBU
KOOpJIMHAIIHMX CHOJYK 1 Ha CHOTOIHI MPOJOBXKYIOTH 3aJIUILIATHCS
HaWTOIMPEHIIMMHA METOJIaMH JTOCIiDKeHHs. [[poMy cripusie mosiBa
HOBOI Cy4acHOi amapaTypu 1 KOMI'IOTEPHHX METOIIB OOpOOKH
CIIEKTPIiB, IO 3HAYHO PO3LIMPUIIO MOXKIMBOCTI BCIX CIEKTPATbHHX
METO/IIB.

Haifuacrime s BuBYeHHS OyZOBH KOOPAMHAIINWHUX CIOJYK
3aCTOCOBYIOTh ~ €IIEKTPOHHY 1 KomuBHy (y TIepmry — 4epry
iH(pauepBOHy) CHEKTPOCKOIII0, SKI € PI3HOBHIOM MOJICKYJISPHOI
CHEKTPOCKOIT1.

5.1. EJIEKTPOHHI CIHIEKTPH
KOOPAUHALINMHUX CIIOJIYK

B EJIEKTPOHHUX CHEKTpaX KOOPAMHALINMHUX CHOIYK MOXYTh

CTIOCTEPIraTUCh Pi3HI TUITH EIEKTPOHHUX TIEPEXO/TIB:

= [lepexomn MK  d-piBHIMH  IICHTPAIBHOTO  aTOMa,
PO3MICTUIEHUMH TIOJIEM JIiraHaiB. Taki mepexoan Ha3uBalOThCs d—d-
nepexomamMu. CMyrd TIOTJIMHAHHSA, SKI  BIAMOBIZAIOTH UM
nepexoiaM, crioctepirarotbes y OmmwkHin Y-, Bumumii Ta OnrkHINA
V®-o6nactax cnekrpa  (Bix 8000 gm0 30000 cm') i
XapaKTepU3yIOThCS Majol I1HTeHCHBHICTIO. Came BOHH, SIKIIO
Jirann 6e30apBHUN, OOYMOBIIIOIOTH KOJMIp OUIBIIOCTI KOMILIEKCIB
MePEXiTHIX METAIIB.

= [lepexomu 3 MOJEKYISIpPHUX OpOiTajeH, JTOKaIi30BaHUX
MepEeBaYKHO HA JIraHaax, Ha opOiTali, IepeBakHO JOKaTi30BaHI Ha
atomi metany. IlomiOHI Tepexoand HA3MBAIOTHCS TEPEXOJaMH 3
TIEPEHECCHHAM 3apsily 3 JraHay Ha Metall. [lepexonu enexkTpoHiB
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13 MOJICKYJISIPHHX OpOiTaliel, JIOKaTi30BaHUX MEePEBaKHO Ha aTOMi
MeTally, Ha aHTU3B'SI3yI04i OpOiTall, SKi MepeBaKHO JIOKATi30BaHi
Ha JiraHgax. BoHM Ha3WBAIOTHCSA MEpPEXOAaMH 3 IEPCHECCHHSIM
3apsiay 3 METaly Ha JITaH]I.

= [lepexoman enekTpoHiB 3 omHiel opOitami JyiraHmy Ha iHomy. Lli
MIEPEXO HA3UBAIOTHCA IHTpaTiraHTHUMHU. CMyTH TIEpEHECEHHS 3apsity
1 CMyTH BHYTPIIIHBOJIIFAHHKX TEPEXO/IB JISKATh TOJIOBHUM YHHOM B
yabTpadioneToBiii  obmacTi  CmeKTpa, TpOTE€  iHOAI ~ MOXYTb
CTIOCTEPIraTuch 1 y BHAMMIN 0ONAacTi, BU3HAYAIOYM B TAaKOMY BHIIAJIKY
3a0apBIICHHS KOMILUICKCIB.

Jnst xoopauHAIMHOT XiMil HaHOUIBIIMIA IHTEpeC MaroTh d—d-
MIEPEXO/IH, SIKI CIIOCTEPIraroThCs B CIEKTPOHHUX CIEKTPAX CIOIYK
MeTamiB i3 "BiAKpUTUMH', TOOTO HE TMOBHICTIO 3allOBHCHUMH
000JIOHKaMHU. XapakTep pO3IMICIUICHHS d-PiBHIB 3aJICKHUTH BiJl
cHMeTpii KOMIUIEKCIB (puc. 2.3), TOMy IOCTIDKEHHS €JIEKTPOHHHUX
MePEXO/IiB MIXK d-0pOiTaIsiIMU IOCUTH YacTO JI03BOJISIE BUPIIIIATH PSIIT
MUTaHb MO0 TEOMETPUYHOI Ta  EJIEeKTpOHHOI  OyaoBHU
KOOPJUHAIIHUX CIOJYK: BCTAHOBUTH T€OMETPII0 KOOPAMHAIIIIHHOTO
TMoJTieIpa, BU3HAYUTH CHEPT1I0 PO3IIETUICHHS Y KPUCTATIYHOMY IO,
OIIIHUTH YacTKy KOBAJEHTHOCTI 3B'SI3KIB METaJl — JITaHJl, a TaKOX
JOCTIDKYBAaTH  OCOOJMBOCTI  PEaKIliii KOMILJIEKCOYTBOPECHHS B
po3unHax (po3. 3).

[lepen BUBUEHHSAM €JIEKTPOHHUX CIIEKTPIB MOTJIMHAHHSA PO3YHHIB
KOOPAMHAIIIMHUX CITOJYK MOTPIOHO BIEBHUTHUCH Y TOMY, IO TPH iX
PO3UMHEHHI BHYTpIIIHS cdepa KOMIUIEKCY HE 3MIHIOETHCS, TOOTO
KOMIUIEKC TTOMITHO HE B3a€EMOJII€ 3 POZUMHHHUKOM. J[J1s1 1ThOTO OaskaHo
TaKOXX OTPUMATU CHEKTp AU(y3HOTO BITOUTTS TBEPAOI CIIOIYKH.
He3MiHHICTh TIOJIOKEHHS CMYT B €JICKTPOHHHMX CIIEKTpax TBEPIOi
CTHOJIYKH Ta y CIIEKTPI 11 pO3YMHY CBIIYUTH MPO BIICYTHICTH TIOMITHOI
B3a€EMOJIi JTOCTIDKYBAaHOI PEYOBHMHU 3 PO3YMHHHUKOM. SIKIIO Taka
B3a€MOJIisI BIIOYBA€THCS, TO HEOOXIMHO MiaiOpaTH IHIIHMKA, OUTBII
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IHepTHHI BITHOCHO JJAHOI PEYOBHHHU PO3UYMHHUK, 200 K OOMEKUTHCH
BUBUCHHSIM CIIEKTPIB BiZIOUTTSI.

[TonoxxeHHs cMyT B eJIeKTpOoHHUX criekTpax noriauHaHHs (ECIT)
XapaKTepPU3y€eThCsl JIOBXKHMHOIO XBHII A, SKa BHMIPIOETHCSA B
naometpax (1 uM=1-10" M), aG0 XBWIbOBHM HHCIOM V, siKe
BUMIPIOETBCA B ¢M . Y MikHapoaHiii Homenknatypi 1 em' = 1K
(Kaiizep). [loBkuHa XBWIII i XBHJILOBE YHCIIO MOB'sI3aHI MK CO00I0
criBBigHOmEHHAM: V (cM ') = 1/A (cm).

Sk yxe BkazyBajioch |y miapo3a. 3.4.2, BaXJIHMBOIO
XapaKTePUCTHKOK  PEUOBHMHM €  MOJSpPHHHA  KoeimieHT
CBITJIOTIOTJIMHAHHS €, SIKAW 3B'I3aHUN 3 ONTHYHOIO TyCTHHOIO
PO3UMHIB 1 KOHIEHTPAILI€I0 PEUYOBUHM 3aJIeXkHICTIO byrepa —
JlamGepra — bepa 1 XapakTepu3ye IHTCHCHBHICTb €JIEKTPOHHHUX
cnektpiB  (3.33). IHTEHCHMBHICTH  CHEKTpPalbHUX CMYTI B
€JIEKTPOHHHUX CIEKTPaX BU3HAYAETHCA TaK 3BAaHUMH MpaBHJIaMH
Bigbopy:

1. HailiHTEHCUBHIIIUMH € Ti €JIEKTPOHHI MEPEXOAM, MPHU SKUX
BiIOyBa€ThCs 3MiHA KBAHTOBOTO yucia /[ Ha omunHuIio (Al ==1),
T00TO TMepexomu tuny s —p, p —»d, d »p, d —f Tomo. Taki
MepeXxo i Ha3WBaAIOTHCA '"1Mo3BoIeHUMU". MonsspHul KOedIlieHT
eKCTUHIIIT € Ui "no3BoneHnx" nepexoniB Mae nopsanok ~ 10°. Tak,
HaNpuKiIaja, "MO3BOJIEHMMU" € CMYIM IIEpPEHECEHHs 3apsay, sKi
BUHHKAIOTh TP TMEPEXo/ii eNeKTpoHa 3 p-opOitaneil jiranny Ha d-
opOiTans aToMa MeTairy (puc. 5.1 a).

2. Slxmo A/=0, TO CMyrd Ha3uBalOTbCA '"3a00pOHEHHMH 3a
Jlanoptom". TIpoTe 1st 3a60poHa Moke OyTH 4acTKOBO 3HATA 4Yepes
YTBOPEHHSI KOBAJICHTHUX 3B'SI3KIB MeTall — JIiraHa (3MilryBaHHS d- 1
p-opOiTarneii), TOMy y CIIEKTpax KOMIUICKCIB TEPeXiTHUX METaiB
CIIOCTEPIraloThCsl  d—d-TIepexoAn, XO04 iX IHTEHCHUBHICTh JIyXkKe
HU3bKa, € =1-50 (puc. 5.1 6). SAxu10 HEHTp CUMETPIi y KOMIUIEKCax
BiZICYTHIH, TO d—d enexktpoHHi nepexoau B ECII ux xomruiekciB €
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3HAYHO IHTEHCHUBHIIIMMHU HIXK aHAJIOTIYHI IEPEXOIU B OKTACAPUIHHUX
KOMITIEKCaX. Hanpuknan, IS TeTpaeaPUIHNX
komrutekciB [MX,]°” (M =Co**, Ni**,Cu’"; X=CI,Br ) &l
sMiHIOeThest B iHTEpBami 200-1200, mo npubmm3Ho B 100 pazis
Oinplie, HDK IS OKTaCAPHUYHMX KOMIUIEKCIB THX JK€ 10HIB
(puc. 5.1 s).

€

1200+

800+

400+
0 i 0

28 24 20 16 v- 10° cm” 28 24 20 16 v- 10° cm”
€

4 4
500l A= “TA(P)
400 0.08
300
200 0.06
100
6 0.04 <

%220 18 16 14 v 10% em' 35 30 25 20 15 v- 107, cm”

T (B~ T,(P)
e

M o N b~ o oM

Puc. 5.1. EnekTpoHHi cieKTpH NOIVIMHAHHS BOAHUX PO34YHHIB
[Fe(NCS)]" (@), [Co(H,0)s]*" (8), [Mn(H;0)e]** (2)
i BoHO-ameTOHOBOrO po3unny [Co(NCS),|*(6)

3. bumbmn cTporoto € 3a00poHa €JIEKTPOHHHMX TEPEXOiB MK
€HEpreTUYHNMHU PIBHAMH 3 OJJHAKOBUM CIIHOM (MYJIBTUILIETHICTIO). Lle
TaK 3BaHa "3a00poHa 3a MyJILTUILICTHICTIO". [TpoTe 32 HASBHOCTI CITiH-
OpOITAILHOI B3aEMOIIT CMYTH IMX TIEPEXOJIIB MOXKYTh TAaKOX 3'SIBIISTUCS
B EJIEKTPOHHUX CIIEKTpaxX KOMILIEKCIB MEPEXiTHAX METajIiB, OHAK BOHH,
SIK TIPABUJIO, HA OJIMH UM J[BA MOPSIKU CIalIIl HiXK CMyTH I03BOJICHHX 32
CIIIHOM HepeXojliB. XapakTepHUM HPHMKIAIoM € ioH Mn*" (OcHOBHMIA
TEepM °S ), JUIi SIKOTO HEMae JI03BOJICHMX 3a CITIHOM IIePEXO/IiB
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(Tabm. 5.1) 1 Tomy Mosnsipauii Koedinient ekctuniii B ECII #ioro cnomyx
niprO3HO B 100 pa3iB MEHIIM, HIXK I KOMIUIEKCIB IHIIMX d-METaIiB
(puc. 5.12)

PosmeruienHst  d-piBHS B momAx  pi3HOI cuMeTpii  aus
eJeKTpOHHOT KoH(pirypauii d' Haseneno Ha puc. 2.3. B
OKTAa€JPUYHOMY TIOJi II'ITUKPATHO BHPOMKEHHH TepM D
posiennioersest Ha Ty, 1 E, piBHI. B eeKTpoHHIN criekTpockomii

PI3HHUILIIO eHepriii mux piBHIB A, Mo3Ha4aroTh Ak 10 Dq. YV nux
onuHMLsX eHepris Tepmy T,, nopisHioe (-4 Dq), a enepris Tepmy
E, — (+6 Dq) . V TerpacapndHOMy Moii MaeMo OOCpHEHY KapTUHY

(puc. 2.3).

Kongirypauito ¢ MoxHa po3misgatd SK pIBHO3HAYHY JI0
koH(pirypamii d', SKmo ysABUTH, O d’ OOYMOBIIOCTHCA MO3UTHBHO
3apsA/DKEHOI0 JIIpKOIo (Tak 3BaHWM (opmanism Aipok). Tomy mis
eNeKTPOHHOI KOoH(Irypauii ¢ KapTHHA PO3IIEIUIEHHS eHEepreTHYHUX
PIBHIB B OKTaeIpUYHOMY TOJI Taka X cama, K 1 IS d'. 3 mux xe
MIpKyBaHb OJJHAKOBAa KapTWHA PO3IICIUICHHS CHEPreTUYHHX PpiBHIB
CIIOCTEPIraeThes VISl eIEKTPOHHMUX KoHpirypauiit d—d*; d—d' i d*-d".

Jnsi BiHECEHHS CMYT B EIIEKTPOHHHX CIIEKTPax MOXKHA
BUKOPHCTOBYBATH Jdiarpamu, sKi MOKa3ylOTh 3aJeKHICTh €HEepTii
PO3IIETUICHHST TEPMIB BiJl CHIIM TIOIA JiragaiB (miarpamu Oprena).
Jlns meranis i3 kongirypauieto d' i d B oOkTaeapudHOMy MO
miraggiB giarpamu Oprena MarOTh JIOCHUTHb TPOCTUH BUIIISAL: 3i
30UIBIICHHSIM €Heprii PO3MICTUICHHS 30UIBLIYIOThCS 1 YacTOTH
MEPEeXOdiB B EJIEKTPOHHUX CIEKTpax KOMIUIEKCIB (pHc. 5.2).
Bemmunny 10Dq y uboMy BUIAAKy MOKHA  OJEpIKaTH,

BU3HAYMBIIHM TIOJIOKEHHS MaKCHUMyMYy CMYTH B E€JICKTPOHHOMY
CHEKTPI.
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T, di.d 0, d', db
O, d* T, d*4 a®
7, E
10 Dq 10 Dq
E T,
0
Dq=<—t—> Dq

Puc. 5.2. liarpama OpreJia 1j151 BUCOKOCIIHOBUX
d'-, d*-, d*- i d’-xomnexciB

VY nonsax HmK901 cuMeTpii hopMa criekTpa yCKiIagHoeTbes. Tak,
y IJIOCKOKBAJpaTHUX  KOMIUJIEKCax KynpyMmy (eJeKTpOHHa
xoHpirypauis d’) 3rizHo 3 puc.2.3 € MOXIUBUMH BXE TpH
CJICKTPOHHI IEPEXOAM MK EHepPreTU4HUMHU piBHAMH E, — B
E, > By,
CIIOCTEPIraloThCs JIUIIE Bl CMYTH MOTJIMHAHHS (puc. 5.3).

e mocuTh THMOBE SBUIIE, KOJIM B EKCHEPUMEHTAIBHUX
CIIEKTpax CIIOCTEPIra€ThCsi MEHINA KIJTbKICTh CMYT TMOTJIHWHAHHS,
HIX mependadae Teopis, 1 MOB'A3aHO BOHO 3 TUM, IO CMYTH
NOTJIMHAHHA B €JIEKTPOHHUX CIEKTpax 3d-MeTasiB MaloTh BEJIUKY
IIUPUHY, TOMY OJU3bKi 32 €HEPri€ro Mepexoar He PO3AIISIOTHCS.
Ane eneprito Tperboro mnepexoxy st Cu(acac), MOXHa

1g°
1 E, >A,. Ilpore B eIeKTPOHHUX CIEKTpax

BU3HAYUTH, PO3KJIABIIM CIEKTP TOIMVIMHAHHS Ha TayCCOBI
KOMITOHEHTH, KOPHCTYIOUHCh CICI[iaJIbHOI0  KOMII'FOTEPHOIO
IpOrpaMoro ajst 00poOKu crekTpiB (puc. 5.3).
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'18 16 14 "2 v-108 ou!

T
22 20
Puc. 5.3. Enextponnnii cnextp po3unny Cu(acac),
y xsiopodopmi i pe3yJIbTaTH if0ro po3KjIaay Ha rayccoBi KOMIIOHEHTH

SIKIO IEHTpajdbHUIA aTOM Ma€ JEKiIbKa d-eJIeKTPOHIB, TO
HEOOXITHO BpaxOBYBaTH HE JIMIIE B3aEMOJII0 d-CIEKTPOHIB 3
CJIEKTPOCTATUYHUM  TIOJIEM, CTBOPEHHUM JraHAaMmu, ane i
MDKEJIEKTPOHHE  BIAIMITOBXYBaHHS  d-€JEKTPOHIB.  YHACIIIOK
MDKEJIeKTPOHHOTO  BIJIITOBXYBaHHA IS BUIBHMX 10HIB 3
koH(pirypauisMu d—d® 3'SBIAIOTECA  JIEKiNIbKa EHEPreTHYHUX
PiBHIB, 110 BiNIOBIIAI0Th JIEKITLKOM TepMaM (Tabm. 5.1).

Tabnuys 5. 1. Habip repmis pos d"-xoudirypauiii ionis

Eaextponna | Ocnosnuii Tepmu
KoHirypamnis TepM
d, & ’D -
& d 3F °?,'G,'D,'s
&, d ‘F | *P,’H,’G, °F, ’D(2), °P
&\ df s | HGRQ) D, )L
’ 'G(2), 'F, 'G(2), 'S(2)
4~ 4p 4R 4p 27 277 2
& 6g G, *F, *D, *P, °L, °H, *G(2),
’F(2), DQ3), *P, ’S
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VY KpuCTaniyHOMY TOJI JIraHIiB TEPMHU BUIFHHUX 10HIB 3a3HAIOTH
NOJANBIIOr0  po3weryieHHs. s mpukinagy — po3riisiHeMO
PO3ILIEIUIEHHS. TEPMiB I €IeKTPOHHOI KoHirypamii d°, sKky Mae,
Hanpukiaz, ion BaHaziro(Ill) B kommekci [VCl,]> . Haragaemo, mo
IUIsL IHTepHpeTalii eIeKTPOHHHUX CIEKTPIB 1HTEpeC, y MepIry 4epry,
NPEACTaBIAIOTh  TEPMH,  MYJBTHIUIETHICTh  SIKMX  JOPIBHIOE
MYJIBTUTIIIETHOCTI OCHOBHOTO TEPMY, OCKUIBKH JIUIIIE TIEPEXOIH MIXK
HUMH JI03BOJIEHI 3a MyJbTHIUIETHiCTIO. st koH(irypamii d” ue €
Tepmu " F i °P , pO3IIENUIEHHS AKUX B OKTAEAPHYHOMY MOJTi TIOKA3aHO

Ha puc. 5.4. Bemmuuam B 1 B' — mapamerpm Pakka, sKi
XapaKTepU3yIOTh MDKEJIEKTPOHHE BIIITOBXYBAaHHS B
ra3omnoAiOHOMY 10H1 i y KOMITIEKCI BiAMIOBITHO (PI3HHIIIO B €HEPTisiX
*Fi P tepmiB).

3p
“_“\\\3T19(P)(1SB‘)
158 *Azg(+12Daq)
/3T,y (+2Dq)

SF oy LT
TS 3T,,(F)(-6Dq)

Puc. 5.4. Po3uienJieHnst TPUILIETHUX TePMiB d’-i0HA B OKTAeAPUYHOMY MO

3rinno 3 puc. 5.4 B enektporHoMy crektpi [VCl, ]’ marots
CIIOCTEpIraTucsl TPH CMYTH TOTJIMHAHHS, SIKI BIAMIOBIIAIOTH MIEPEXOiaM:
Ty (F)>'T,, (8 Dq), T, (F)>'A,, (18 Dq) i
T (F)>'T, (P)158'+6Dq). Y cmexipax  [VCI]™ M
crioctepiraemo e ja miepexomn Ty, (F)—°T,, 1 T, (F)—> T, (P)
mpu 11000 1 18000 cM ! BimmomimHO. Tperiii mepexix He
CIIOCTEPIraeThes, OCKIIBKNA Ma€ HU3bKY IHTEHCHUBHICTb.
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3HalO4YM TOJOXKEHHS CMYT B €JIEKTPOHHHMX CIEKTpax, MOXKHa
po3paxyBartu 3HadeHHs 10 Dq 1 mapamerpa Pakka mis okTaenpuuHuX

KOMIUIEKCIiB Takux ioHiB, sk Ti’*, V’* Cr’*, Ni** (cmabke momne),

Co’" (cunbhe mone) [1, 2]. Jns ioHiB 6araThox iHIIMX MeTaniB Ha
CHEpril0 TepMiB 3HAYHUI BIUIMB Ma€ CIHiH-OpOiTaJbHAa B3a€MOIis,
TOMY pO3paxyBaTH BKa3zaHl TapaMeTpW JIMIIE Ha OCHOBI
CJIEKTPOHHHX CIIEKTPIB HEMOKIIHBO.

Hedpenaykcemuunuii pao

Sx MoxHa Oauutu 3 puc. 5.4, 3HaUeHHS B TpU KOMII-
JICKCOYTBOPEHHI 3MeHITY€eThCst (B' < B). 3MeHIIEHHS Bi0yBa€ThCS
3aBISKU JIEJIOKaIi3allii eNeKTPOHHOT I'YCTHHHU 3 HEHTPAILHOTO 10HA
MeTally Ha JIraHad, MI0 BeAe 10 3HIDKEHHS MiKEICKTPOHHOTO
BI/IIITOBXYBaHHS.

3HIKEHHS BEIMYMHU B TMOPIBHSAHO 3 BUIbHUM 10HOM OIUCY€THCS 32

JoroMororo HedesaykceTuanoro mapamerpa (B):
B!

B = — .
B

Bennunna 3 3aBXIM MEHIIA OJMHUII 1 3aJICKUTH BiJ MIPUPOIN
miragay 1 metamy. JliraHam MoOKHa po3TallyBaTH B psf y Mipy
3MEHIICHHS [3, SIKUI Ha3UBaIOTh HE(eNayKCEeTUUHUM PSAAOM 1 STKUH
XapaKTepU3y€e CTYHIHb KOBAJCHTHOCTI 3B'SI3Ky B KOMIUICKCAaX TOTO
YH 1HIIOTO 10HA METay, HAPUKIA;

F">H,0>NH,;>Cl",CN" >Br >1"

YuM MeHIIa BeTWYMHA [3, TUM OlIbIIA YACTKAa KOBAJICHTHOCTI
3B'I3KIB y KOMIUIEKcax. Tak, 3 He(eNnayKCeTHUHOTO pALy
BuruBae, mo Cl°, HanpukiIaa, BUKIHUKAE CUIIbHIIIE 3HM)KEHHS
€JIEKTPOHHOTO  BIJIITOBXYBaHHA TMOpiBHAHO 3 F, 1m0
Y3TO/UKYETHCSL 3 OifbII KOBAaJCHTHUM XapakTepoM 3B'SI3KY Yy
XJIOPOKOMILIIEKCAX MOPIBHSIHO i3 PTOPOKOMILIEKCAMH.

Hiazpamu Tanaode — Cyzano
251



% Po3gin n'atui

Jis  iHTeprpeTarii  €NeKTPOHHMX  CIIEKTPIB  HaWJacTime
BUKOPHUCTOBYIOTh TaK 3BaHi Jiarpamu TanaOe — CyraHo, sIKi IOKa3yIOTb
3aISKHICTh CHEPTii eJICKTPOHHUX TEPMIB BiJl CHIIM TIOJIS JIraHmiB. Sk
YK€ BKa3yBaJIOCh BHILIE, CHEPris TEPMiB 3aJISKUTh HE JIMILE BiJ CHIIA
MoJs, ajne 1 Bi BEIWYMHM B, KUl XapakTepu3ye MIKEIEKTPOHHE
BiAITOBXYBaHHS (Tabm. 5.2). [lpore, sKmo cuimy momns JraHmiB Ta
SHEprifo TepMIiB BUPaXaTd B OAMHUILIX B, TO MOXKHa MOOYIyBaTh
Jiarpamu piBHIB €Heprii sk (YHKIIIO Juie ogHoro napamerpa 10 Dq
(A). Ymepie taki miarpamu Oyno moOynoBano Tanabe i CyraHo mjis
iOHIB pi3HHX KOH(}Irypariii d', mpru4oMy KOKHA Taka Jiarpama MOKe
BUKOPUCTOBYBATHCh [UIl  OyAb-KOTO 10HA JIAHOI EJIEKTPOHHOI
KOHpirypariii.

Tabnuys 5.2. 3navenns: napamerpa Pakka (B) iis1 iesikAX ioHIB MeTaTiB

Ton B, em™! Ton B, cm™! Ton B, cm™!
cr*’ 810 Co?" 971 cr’’ 920
Mn?* 860 Ni* 1056 Fe** 1015
Fe** 917 v 862 Co* 1065

Ha piarpamax TanaGe —CyraHo HaHeceHO TE€pPMH 3 PI3HOIO
MYJBTHIUIETHICTIO. XO4Ya TepexoAd MK TepMaMu 3 Pi3HOIO
MYJIBTUIUIETHICTIO € 3a00pOHEHHMMH, MPOTE 1HOAI BOHH TaKOX
NPOSIBIISIIOTECS. B €JIEKTPOHHUX CIHEKTpax sIK CMYTH HHU3bKOI
IHTEHCUBHOCTI (MB., HATIPUKIIA, €JICKTPOHHI CIIEKTPU HIKEI0).

Ha puc. 5.5 ax npukian HaBeneHo niarpamy Tanade — Cyrano
n1a KoHgirypauii ¢° B moni okrtaexpuuHoi cumetpii. Lliero x
aiarpaMol0  MOXHA ~ KOPUCTYBaTHCh  JUIsl  IHTepHpeTamii
CJIEKTPOHHUX  CIEKTPIB  TETpAaeJpPUUHUX  KOMIUIEKCIB 13
xkoudirypaniero d° uenrpamsHOro ioma. Ha oci opaumar
BIJIKJIaJICHO €HEPTil0 TepMiB, KA BUpaKeHA B OAMHUIX E/B, a
Ha oci abcuMc — BEIMYMHY pO3ILEIJICHHS B OAMHHUISX A,/B.

JliBopyuy Ha pgiarpamax mpu A, =0 T™O3HAYEHO TEPMH IS
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BUTbHOTO 10Ha (mop. 3 Tao6um. 5.1). Koxuuit i3 TepMiB y moui
OKTaeIpu4yHOi CcUMeTpli pO3LIEIIIOEThCS HA  BIAMOBiAHI
KOMITOHCHTHU. 3a HYJbOBY eHeprito Ha miarpamax Tanabe — Cy-
raHo 3aBXJH OepeThCs HAWHWKYHMK 3a eHepriero Tepm. [l

. cee 2 3 .
KoHirypauii d ue € repm “T,, (IHZEKC g 3aBXKAM 3'ABIAETHCS Y

BHIIQJIKy OKTaCIPUYHUX KOMIUIEKCIB 1 BKa3ye Ha HasSBHICTh
IIEeHTpa iHBepCii).

TepmMu 3 OJHAKOBOIO CHUMETPIEI0 MM UIATAIOTh  MPABHITY
HEMEepeTUHAHHS, SKE 3acBIAYY€, 10 MpHU 30UTHIICHHI CHUIH MOJIA
JraHaiB B oO0NacTi CIA0KWX IIOJIB JBAa TEPMHU 3 OIHAKOBOIO
CUMETpi€I0  HAaOMIKAIOThCA, aje He  MEepeTUHAIThCA,  a
BUTHUHAIOTBCS OJWH 10 oxHoro. Jlit0o IbOTO TpaBWia MOKHA

1
no6aunty Ha 180X 'E Tepmax, ABOX 'T, TepMax, IBOX A, TepMax

Ha puc. 5.5.

Kopucryrounce  giarpamamu  Tanabe — CyraHo,  MoOXHa
nepeadayaTd  4YMCIO 1 BIJHOCHE pO3TallyBaHHS CMyr B
SJICKTPOHHMX CIHEKTpax JUIsi KOMIUIEKCIB Ti€l 4W 1HIIOI CHMETpii.
Kpim Toro, sIKIIo BU3HAYMTU MOJOXKEHHS Xouya O OHIET CMyTH y
CTIEKTpi ¥ MPaBWIBHO ii BIIHECTH, TO 3a JiarpaMaMH MOKHA JIETKO
BU3HAYMUTHU MOJIOKEHHS BCIX 1HIINUX CHEKTPAIbHUX CMYT.

SIKIIO CUMETpist KOMIUIEKCY BiIPI3HAETHCS BiJl OKTAEAPHYHOI, TO
KOMIIOHEHTH MOJIAJIBLIOr0 PO3LICTIIIEHHS TEPMiIB MO’KHA BU3HAUUTH
3a JJOTIOMOTOF0 KOPEJISIiiHOT Tabmuii (Tadm. 5.3).

Ilepen THUM SIK KOPUCTYBAaTHCS KOPENALIHHOIWO — TaOIuUIIEIo
HeoOxiTHO 3a miarpamamy Tana6e — CyraHO BH3HAYUTH KOMITOHCHTH
PO3IIEIVICHHS] TEPMIB B OKTaePUYHOMY IO, a Jiajli, 3a JOIOMOTOI0
TaOmuI, — y moisaxX iHmoi cumetpii. SIk BuaHO 3 Tabmwiy, SIKIIO
KOMIUIEKC MaTHMe CUMETPII0 HIXKUY 3@ OKTaeAPUUHY, TO L€ TPUBEAE
710 PO3MICIUICHHS] BUPO/PKEHUX JTyOJICTHUX 1 TPUIUIETHUX TEPMIB, IO
MOX€ CYNPOBOPKYBAaTUCh  BIATOBIIHUM  PO3IIEIUIEHHSM CMYT
TIOTJIMHAHHS B €JICKTPOHHUX CHEKTPaX KOMIUIEKCIB.
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Takum 4MHOM, aHAJ3 €JIEKTPOHHHUX CIIEKTPIB Ja€ MOXKIUBICTh Y
0araTbOX BHIMAJKaX BHU3HAUaTH CHUMETPII0  KOOPIHHAIIMHOTO
moJrie;pa 1 CTYIIHb OKHCHEHHS (€JICKTPOHHY KOHQITYpaIlio)
LEHTPAJIBHOTO 10HA METamy.

70

60 -

50 T

E/B
pd

*F | ! I T

0 10 20 30
A/B

Puc. 5.5. [liarpama Tana6e — Cyrano juis d’-iona B 0KTaeqpuuHOMY 110J1i

Tabnuya 5.3. Kopeasiniiina Tadauus 1J1s TOUKOBOi Ipynu 0O,

Oy, T Dy Cyy & D;
Alg A1 Alg Al A1 Al
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Ay, A, Blg B, A A,
E, E Aig +B, | Al +B 24, E
Tig T, Ay +Eq Ay +E | Bi+ At B, A+ E
T, T, Bye + Eq B, +E B|+A,;+B; A +E

Cmyeu nepenecennsn 3apaoy

B enexTpoHHHMX ~CHEKTpax KOMIUIGKCIB 9acTO BHHHKAIOThH
IHTEHCHBHI CMYTH MOTTIMHAHHA Y OmkHId Y abo y Buanmiit odnacTi,
SKI HaJIeKaTh J0 TEPeXoiB 13 TNepeHeceHHsM 3apsay. Ilepexomu 3
MIEPEHECEHHAM 3apsiTy BiIOBIJAIOTh EIEKTPOHHUM IEPEX0JaM Mixk
opOiTaysiMu JiiraHmy Ta mMetanry (auB. po3a. 2, puc. 2.8 1 2.9). Taki
NIepeXOIH MOAUIAIOTh Ha B TPYNHU: TIEPEXOH 3 NEPEHECEHHAM 3apsdy
3 ieandy Ha Mema Ta TIEPEXON 3 NePEeHeCeHHAM 3apsoy 3 Memany Ha
Jieand. CMyTH, 110 BIATIOBIIAI0TH IEPEXO0/IaM 13 TIEPEHECEHHSIM 3apsity,
MO>KHa PO3PI3HUTHU B1J d—d-NIepexoiB, y MepIIy Yepry, 3a iX BUCOKOIO
iHTeHCHBHICTIO (puc. 5.1).

CMyrH miepeHeceHHs 3apsiry 3 O-opOitaneil JiraHay Ha BaKaHTHI
opOiTanmi MeTany y BHIUMIA YacTHHI CIEKTpa, sIKi 0OyMOBIIOIOTH
IHTEHCHUBHE 320apBJICHHS KOMIUIEKCIB, 3'IBIISTIOTHCSI, SIKIIIO HEMOUJICHI
ENIEKTPOHHI Mapy JIraHgy MaioTh MOPIBHSHO BHCOKY EHEPrilo (K Y
CipKkM 1 ceneHy) a0o SIKIIO MeTal Mae He3aloBHEHI opOitami 3
HU3BKOIO  eHeprieto. Tak, CHIeKTpamMu TIEpEeHECEHHS 3apsmy
00yMOBJICHO, HaNPUKJIIAI, IHTEHCHBHE 3a0apBIICHHS
nietunautiokapbamariB  kynpymy(Il), i30TiomiaHATHUX KOMILIEKCIB
depymy(lll),  aumeTwnrmokcmMary — Hikemo.  [losBy oMyt
MIEPEHECECHHS 3aps/ly MOKHA PO3IIISIATH SIK JIOKa3 YTBOPEHHS 3B'SI3KY
MeTaJl — cipKa 9i MeTaJl — HiTPOTeH.

[Mpore HaiBiIOMIIMMH TPHUKIAAAMHU CIEKTPIB IEPEHECCHHS
3apsiay 3 JITaHy Ha METajl € TeTPAOKCOAHIOHH METAJIiB Y BUCOKHX

CTyNEHAX OKHCHEHHS, Taki sK, Hanmpukiaaa, MnO,, CrO; Toumo
(puc. 5.6). Y HHMX €JEKTPOHM HENOAUIEHUX eJEeKTPOHHUX Hap
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OKCHT'EHY TepEeXOJIATh Ha HE3allOBHEHI OpOiTalli MeTaly, 110 MaloTh
MOPIBHSAHO HH3bKY eHeprito. [lpoMy chpusie BHCOKHI CTYIiHB
OKWCHCHHSI, SIKH{ BIAMOBITa€ Maliil KUTBKOCTI €JICKTPOHIB Ha d-
piBHi (6araTo 3 HUX MalOTh KoHQirypamiro d°).

€

500+
400+
300+
200+
100+

0 ' y ' -
28 24 20 16 v- 107, cm

Puc. 5.6. EslekTpoHHUIi CTIEKTP NOTVIMHAHHS BOAHOTO po3unHy KMnO,

Eneprii nepexoaiB i3 nepeHeceHHIM 3apsay 3 JiraHay Ha MeTal
KOPEITIOIOTh 13 PO3TallyBaHHSM METATIB B €JIEKTPOXIMITHOMY PSITY:
YUM MEHIIA €Heprig (J4acToTa) MepexoiB, TUM JIETIIEC BiTHOBUTH
iorn MetamiB. ToOTO MepeHeCeHHs eNEKTPOHA 3 JIraHIy Ha MeTall
BiJIMOBiIa€ BiTHOBIICHHIO 10HA METaTy JIraHIOM.

[Tepexomu 3 TepeHECEHHSAM 3apsay 3 MeETally Ha JIraHjia
HaWYacTillle CIOCTEpPIraloThCs B KOMIUIEKCAX 13 JraHIamu, o

MalOTh aHTH3B'I3yIOUi 70 -0pOiTalti 3 HU3BKOI eHeprieto (puc. 2.9 6),

OCOOJIMBO IIE€ CTOCYEThCS apoMaTHYHMX Jjiranmi. [lepexin Oyne
MaTH HEBEJIHMKY EHEprilo 1 3HAaXOJUTHUCh Yy BHUAWUMIN oOmacti
CTEKTpa JJIsl METaliB Yy HU3BKUX CTYNEHSX OKHCHEHHS, 00 iX d-
opOiTalli MaTUMyTh TpPU IILOMY TMOPIBHIHO BHCOKY E€HEprilo.
3BHYAlHUM TPHKIIAZOM JraHAiB, IO BUSBISIOTH CXWIBHICTH /10
Mepexo/iB 13 MmepeHeceHHsIM 3apsay, € 2.2'-mumipunun (dipy) ta
1.10-penantponin (phen), mo MaoOTh ABa JOHOPHUX aTOMHU
HiTporeny. [IpuknasoM KOMIUIEKCY, B €IEKTPOHHUX CIEKTpax SKOTO
CIIOCTEpIraloThCs  Takli  MEPexXoiu, €  YEPBOHUH  KOMIUIEKC
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tpuc(aumipuamn)pepym(Il), SIKHA BHUKOPUCTOBYETHCS JUTS
KajopuMeTpuyHoro BusHaueHHA ¢epymy(Il). ¥V mpomy Bumaaky
ENIEKTPOH TNEPEXOIUTh 3 d-opbiTaneil 1EHTPaNTbHOrO aToMa Ha T -
opOiTanp JiraHmay.

02120 eneKmpoOHHUX CREKMPI6 KOMNJIEKCig
deakux 3d-memanie

EnekTpoHHi cnekTpu Haii6inbmn  cTifikum 111 Xpomy €
komnnekcis Cr(III) CTYNiHb OKHCHEHHS +3 (eNeKTpOHHA
koH(pirypamis ), s AKOro icHye
0araro KOOpAMHAINMHUX CHONYK. SIK y)kKe BKa3yBaloCh y Mmiapo3n. 3.3,
komriekcu xpomy(Ill) € KiHeTHYHO 1HEPTHUMH, IO A0 MOXKJIMBICT
BUJIUTUTH 3 PO3UMHIB 0Aararo TepMOAMHAMIYHO HECTIHKMX KOMIDIEKCIB i
€ TIPUYHMHOIO PI3HOMAHITHOCTI Ta YHUCIICHHOCTI KOOPIMHAITIMHUX CIIOTYK
xpomy(III). ¥V Bcix BiZOMHUX CHOMyKax XpOM Ma€ KOOpAMHALIHHE YKCIIO
6 1 3HAXOJIUTHCS B OKTACAPUIHOMY OTOYCHHI.

A A
1.5, 12
1.0 0.81
0.5 0.41 < P T
0.0 1

: ‘ : : : ‘ 0.0 T _ _
40 35 30 25 20 15 v- 107, cm™ 26 24 22 20 18 16 14 v- 10°, cm
Puc. 5.7. ECII kommiekci xpomy(I1I): [Cr(H,0)s]** () i [Cr(acac)s] (6)

Ha puc. 5.7 HaBeneHo cnekTpu norymHaHHs KoMiniekciB xpomy(1ll). 3
miarpamu Tana6e — Cyrano u1s koHirypauii ¢ (1o1aTok 2) BUIHO, 110
B OKTaeIPUIHOMY OTOYEHHI OCHOBHMM TEPMOM sl d-iOHiB € *A 2 1y

criektpax komruiekciB xpomy(Ill) € MoxIMBHMEH TpH JO3BOJICHI 3a
CIIHOM TepexXoJH, sIKi A AKBAaKOMIUIEKCY MaloTh MAaKCHUMYMH
MOTJIMHAHHS [TPU BKA3aHUX HUOXKYE YaCTOTAX:
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‘AL, Vi ~ 17400 cm™

YA, T, v, ~ 24700 cm!

YA > Tig(P)  v3~37000 cm!
[Ipote ocraHHil 13 MEPEXO/IB Iy’Ke YacTO B EIEKTPOHHUX CIEKTpax
koopauHamiitaux  cnonyk  xpomy(Ill) 3amackoBanuit  OinmbId

IHTCHCHMBHOIO ~ cMyroro  mepeHecenHss  3apsgy. B ECII

puc 5.7 6, mu
anermnaneToHaty xpomy, Cr(acac),, HaBeJCHOMY Ha

. -4 4
B3araji OaumMo jume mepexin “A,,—"T _
PEXUL - R2e™ Doe oy ~ 18000 e, a

nepexia 4Azg_>4T1g nposiBiisie cebe JuIIe y BUIIBAL TUieda Ha

CMy31 [IEpEHECEHHs 3apay.

EnekTpoHHi cnekTpm Tonn manrany(Il) y BHCOKOCIIHOBHX

komnnekcis Mn(ll) KOMIUIEKCaX (a 1e IepeBakHa
OLIBIIICTh KOMIUIEKCIB MaHTaHy) MalOTh €NEKTPOHHY KOHQIryparlito
&. Sx BugHO 3 Tabm. 5.1, OCHOBHMI TepM IS L€l €IEKTPOHHOI
KoH(iryparii °S, a iHII TepMH 3 TAKOK MYJIBTUILIETHICTIO BiJICYTH.
Tomy Bci mepexogu B EIEKTPOHHHMX CHEKTpaX KOMIUICKCIB
manrany(Il), six y»e 3a3Hauyanocs, 3a00pOHEHi 32 MyJIBTHILIETHICTIO 1
MalTh Jy)X€ HHU3bKY IHTEHCUBHiCTh (puc.5.12). VYV cmekrpax
MIOTJIMHAHHS  CIIOCTEPIraeThCsl BENMKAa KUIBKICTH CMYT B 0OJAacTi
15000-30000 cm ', sxi maroth (€ <0.1). HaiiGinbm By3bki cMyrH
crocTepiralotbess npu ~ 25000 cm™ 1 ~ 29500 cm . YV pesynbTari
BUCOKOCMiHOBI Komriekcl Mn(Il) HaBiTh y KpuCTaliyHOMY CTaHi €
cabko 3a0apBiICHUMH Y OJIO-pOXKEBHM KOJIp, a B pPO3UMHAX —
NPaKTUYHO 0e30apBHUMHU. EJNEKTpOHHI CHEKTpU TETpaeaApUIHUX
KOMIUIEKCIB MaHTaHy, y SIKUX BIIICYTHIN IIEHTP CUMETPIi, MalOTh JCIIO0

BUIITY IHTEHCHBHICTB, TIPOTE 3HAYCHHSA € 1 U1 HUX He nepeBuiye 10.

258



Deski meroav pocnimxeHHs 6ya0BM KOOPAMHALIMHNX cnonyk %

VY KOMIUIEKCax MaHTaHy 3 OpraHiYHUMH JITaHJIaMH 11eHTH(IKYyBaTH
d—d-niepexo/iy, SIK IPaBUIIO, HE BIIAETHCS.

EneKkTpoHHi cnekTpm lon Co(1) Ma€  EJIEKTPOHHY
komnnekcis Co(Il) xoH(irypauito d’. Biromo, mo nopsiz 3
OKTACAPUYHUMH TSI HHOTO € XapaKTEPHUMH 1 TeTpaeIpU4HI KOMITICKCH,
10 06YMOBIIEHO HEBEIMKOIO PI3HHUIICIO s d -IOHIB y BEJIMUMHI €Heprii
cralumizaiii KPUCTAIIYHUM TIOJIeM I OKTAaeApHYHOI 1 TeTpaeApuaHOL

cumerpii (Tabm. 2.2). TerpaenpuuHa KoHQIryparmis, y TepIIy depry,
XapaKTepHa TS aHIOHHHX KOMILJIEKCIB KOOAIBTY

[CoX,]1>(X=Cl",Br,NCS’), nmpoTe BOHa 3ycTpida€Tbcsi i B
KOMIUIEKCaxX IHIIOIO THIY, OCOOJMBO Yy BHUMNAAKy OO'€MHHUX
mirannie, Hanpukian [CoCl,(PPh;),], Co(dpm),, ne dpm -
AT BAJIOLIMETAH.

3 miarpam Tanabe — Cyrano (momaTok 2) ams d’-i0HIB BUIHO, 10
ion Co(Il) B cmabkoMy OKTaeApUYHOMY TIOJIi MOBMHEH MaTu TpPU
JI03BOJICHHX 32 CITIHOM d—d-TIepexoiu:

T (F)>' Ty, Vi

4 4

T (F)>"A,, \%)

4 4

Tg(F)> T (P) Vs
[Ipote y BHamMmiii 00JIaCTi CIIEKTpa CIIOCTEPITaeThes JIMIIE OJHA
CMyra HH3bKOI IHTEHCHUBHOCTI, $IKa BIAMOBIJA€E  TEPEXOMy
4T1g (F)—»* T, (P). Bona smaxomirscs B obmacti ~20000cM ' Ta
OOyMOBITIOE ~ pOXKEBe  3a0apBJICHHS  OKTaCAPUYHUX  KOMILICKCIB

. 4 4 .

kobansty(Il) (puc. 5.1 6). Hepexin "T,,(F) >T,, crocrepiraersest

npu v = 8000-10000 cMm', T06TO 3a MexkaMu BHAMMOI obmacti (y
ommwkHid [Y obmacti), 1 Ha puc.5.1 #oro Hemae. I[lepexin

4 4 .
T,y (F) >"A,, B CHCKTPOHHUX CHIEKTPAX KOMIUICKCIB KOOanbTy(II)
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HE CITOCTEPITaeThCs, OCKIIBKYA MOTO IHTEHCUBHICTh 3HAYHO HUKYA, a
4 4
yacrota 6imsbka 110 nepexony Ty, (F)— T, (P).

XKonen i3 mux mepexodiB HE BIAMOBIA€ 332 CHEPri€l0 BETUYMHI
10 Dq , ane pi3HUIIA V,— V; TOYHO J0piBHIOE 10 Dq . OCKUTbKH Tiepexin
V, MaiiKe HIKOJIM HE CIIOCTEPIraeThCsl OJHO3HAYHO, TO PO3PaXyBaTH
napaMeTpy KPUCTATIYHOTO TIOJSL YISl OKTaeApPUYHHMX KOMIUIEKCIB

KOOAIbTy HE BIAETHCS.

Y Terpaeapuunux cnonykax Co(Il) BigmoBimHo 10
JiarpaMM  €HEPreTHYHUX PIBHIB, sKa SKICHO 30ira€Tbcs 3
niarpamoto Tanabe — CyraHo 1y OKTaeApHYHUX d’-iOHIB, TaKOX
MarOTh CIIOCTEpIiraTucs Tpu mepexoau (mopiBHsWTE 3 puc. 5.7 a):
‘AL, —'T,, *A,>'T, i *A,—*T,(P). Ockiibku eHeprist po3uIeIUIeH s
d-opOitaneil y TeTpaepruyHUX KOMIUIEKCaX Maibke BIBIUl MEHIIA Hixk
B OKTaeIpWYHMX, TO TEPIIl JBa TEpPexoau 3MimieHl y OmmkHio [Y
00nacTh, a y BUIMMIM 0OJacTi CHEKTpa MOXKHA CIIOCTEpIraTH JIMIIEe
nepexim 4 A2_>4T1 (P). Ha puc. 5.1 6 300pakeH0 CHEKTP KOMILIEKCY
[Co(NCS),]* . CMyra NOIIMHAHHS 3HAXOIMTHCSA B YEPBOHIM 06sacTi
ciektpa 1ipu 14000-17000 cM™' i Mae 3HAYHO GiNBbIIY iHTEHCHBHICT
MOPIBHAHO 31 CIEKTpaMH OKTaeJPUYHUX KOMILIEKCiB. MomsapHuit
Koe(iLieHT MOTIMHAHHA (€) Ul TeTpaepUIHUX KoMIUIeKciB ~ 600,
a mia okraeapuuHux ~ 10. Ile # oOymoBIIOE XapakTepHE TEMHO-

OnakuTHE 3a0apBIICHHA
EneKkTpoHHI cnekTpu TETPACIPUIHUX KOMIIJIEKCIB
komnnekcie Co(III) kob6ansTy(Il).

v MPUCYTHOCTI

KOMIUIEKCOYTBOpIOBauiB 10HW KoOanbTy(Il) Jierko OKHCHIOIOTHCS
KHCHEM TIOBITpPsI 3 YTBOpEHHSIM KoMIuiekciB koOanbTy(Ill), skuii mae
eJIEKTPOHHY KoH(irypariio d°.

Kommnekcn koGanety(Ill), sx 1 kommuekcu xpomy(Ill), €
KIHETUYHO 1HEPTHUMH, TOMY BOHH IIHPOKO JOCIIKYBAIHCH,
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HAIpPHKIIA, TP BUBYCHHI 130Mepii KOOpAHAIHHUX croiayk. HuHi
ICHY€ BeJHKa KiJIbKICTh PI3HOMaHITHUX KoMmriuiekciB kobanbTy(I1I),
y Tepury 4epry, 3 HITPOT€HAOHOPHMMH JITaHAaMH, TaKUMH SK

aMoOHiak, amiHHu, eTuaeHaiamid, NCS™, NO, ioHu Tomo. Yci Horo
BiZIOMi KOMIUIEKCH MAalOTh OKTaeapuuHy Oynoy. lon Co’* Mae
koHQirypanito d°, y KOMIIEKCax BiH  3HAXOAUThCS B
HU3BKOCIIIHOBOMY CTaHi Ta € JiaMarditHum (3a BunATKOM [CoF,]").
ToMy OCHOBHHM CHEPIEeTHYIHHM CTAHOM € CHHIJICTHHI TepM 'A, g LK
BUIHO 3 JiarpaMd €HEpreTMYHMX piBHIB mna KoHdirypauii o°, B

EIEKTPOHHUX  CHeKTpax KoMmiuiekciB  koOanbTy(Ill) moBuHHI
CIIOCTEPIraTUCh JBa TEPEXOIH, II0 3HAXOASATHCS Y BHIUMIN

obmacri (puc. 5.8), a came: ‘A, —~'T, i 'A;,—'T,,
A
1.2

0.8+

0.4+

0.0 L e
40 35 30 25 20 15 v- 107, cm

Puc. 5.8. CnexTp norJimHaHHSI BOAHOT0 po3uuHy [Co(NH;)6]Cl;

Enepris (4acToTa) 1UX NMEpexoiB Ay>Ke YyTIHMBa 10 PHUPOIM JIITaH IiB:
YUM TIpaBillle JITaHJ 3HAXOAUTHCS y CIIEKTPOXIMIYHOMY psifii, TUM
O1IpIIIa YaCTOTa CMYT MOTJIMHAHHS BiJIMOBITHOTO KOMILJIEKCY (IUB.

mizgpo3a. 2.2).
3a eJIEeKTPOHHUMH CIEKTpaMH JIETKO PO3PI3HUTH yuc- 1 mparc-
KOMIUTEKCH KoOasbTy 3araibHoro ckiany [CoX,Y,]. Taki koMruiekcu
MAIOTh CHMETPIIO0 HIKYY 3a OKTaelpUyHy, IO BEAE JI0 MOJAIBIIOTO
PO3IIEIUICHHST eHepreTUUHNX PiBHIB (Tabdm. 5.3). Tak, sIKIo MpHiAHATH,
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0 KOMIUIEKCH KOOaabTy, HABEACHOTO BHIIE CKIAy, MaroTh
TeTparoHajabHy cumerpito (D, ), To 3 Tabm. 5.3 BUXOAUTH, IO TEPM

'T,, MA€ POIEITHCS Ha JBi KOMIIOHEHTH ‘A, +'E, (po3iiericHHs
TepMy szg 3a Teopiero He3HauHe). [IpudoMy Uit mparc-KOMIUIEKCIB
BENIMYMHA IIHOTO PO3LICIUICHHS 3HAYHO OUTbllla, HDK JUIT  yuc-
KOMIUTCKCIB. TOMy B €IIEKTPOHHUX CIICKTpaX mpaHc-KOMIDICKCIB cMyTa
TIOIIMHAHHS, SIKa BiJTIOBIa€ MIEPEXOLy 1A1g—>'Tlg, PO3IIEITIOETHCS, A
y CIEKTpaxX yuc-KOMIUICKCIB JIMINE JIEMIO0 PO3MIMPIOETHCS (puc. 5.9).
Kpim Toro, yuc-koMIiekcu He MaroTh IIEHTPa 1HBEPCIi, TOMY X CIIeKTpH
MAarOTh OUIBIIY IHTEHCUBHICTE HIK CIIEKTPH /MpPaHC-KOMIUIEKCIB.

A

1.0 1

a9

1'(\19' ."1T1

—

28 24 20 v -10-%, o1

Puc. 5.9. CieKTpH NOTJIHHAHHS yuc-[CoF,(en),]" (—)
i mpanc-[CoF,(en),]" (—)

EnekTpoHHi c"l'\?'(i"lp" JIns  oxkTaeapM4HX  KOMILUICKCIB
komnnekcis Ni .
omnneke (D Hikemo(Il) ocHOBHMUM TepMOM €

3 Azg . BinmosigHo o niarpamu Tanabe — CyraHo Juist €eKTPOHHOT

KOH(]Irypauii d° B eleKTpPOHHHX CTIEKTpax MOBUHHI CIIOCTEPIraTUCh
HepeXO/IH:

A, Ty (F) v =7000 - 13000 e’
A, Ty(F) V2= 11000 20000 e
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A= Tg(P) V3= 19000 27000 cu’

Kpim Toro, y 6ararbox CHeKTpax KOMIUIEKCIB HIKEIIO MOMITHO
BHIIIAETHCS 3a00pOHEHNMIT 3a CriHOM mepexin *A,,—'E, mobmusy
13000 cm™' (puc. 5.10). [iiicno, cranm 'E, i T, (F) e myxe
ONMM3PKUMHU 32 EHepri€lo, ToMy BiAOyBaeTbCsS 1X 3HAUYHE
3MillyBaHHA, — yHAcHimok  doro  cmyra A, — T (F)

PO3IIETIIIOEThCS  (IHTEHCUBHICTH  3a00pPOHEHOTO0 332  CIIHOM
epexo,1y 30UTBITY€ETHCS 32 PAXyHOK JI03BOJICHOTO TIEPEXOY).

A
0.6

0.4

0.2

0.0‘ T T T T _3 =
30 25 20 15v- 107, cm

Puc. 5.10. ECII okTaeapuuHux komiiekciB nHikeawo(Il):
1-[Ni(H,0)¢]*", 2-[Ni(NH3)**

Terpaeapuuni KOMIUIGKCH JUIi KOOPIWHAIIIMHUX CIOJYK
uikemo(Il) € nexapakrepaumu. TerpaeapuuHy KOHDITYpAIlFO MAOTh
anionHi kommuiekcu Tumy [NiCl,]*, a6o HeifTpanbHi KoOMILIEKCH
NiCLL,, ne L — of0'emHuii mirann, "Hampuxian PPh,, Ph,PO

tomo. [IpakTH4HO BCi BOHM MalOTh OJaKUTHE 3a0apBiEeHHS (pHC.
5.11). Cmyrm TOITIMHaHHA B  CJIEKTPOHHMX  CHEKTpax
TeTpaeAPUIHUX KOMIUIEKCIB HIKEIO BiIOBITAIOTh IEPEX0IaM:

T, (F)—="T,(P) 15000 cm
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T (F)=’ A, 7000-8000 cm

IaockokBaapaTHi  giamar"itTHi  kKomruiekcn — Hikemro(Il)
JIOCUTh TMOIIMPEH], YTBOPIOIOTHCSA 3 JIraHAaMHM CHJIBHOIO MOJS 1
MaloTh OpaH)KEBe, KOBTE ab0 uepBOHE 3a0apBiieHHs. B ix crmekrpax
CIIOCTEPIracThes CUHIVIETHA cMmyra mpu 18000-25000 cm'. [pyra
OUTBII IHTEHCHMBHA CMyra, sKka OOyMOBJIEHa MEPEHOCOM 3apsiy,
nposBiseThes npu 23000-30000 cm . Ha BinMiHy BiJ OKTaeIpHUHUX
Ta TETpaeIpUYHUX KOMIUIEKCIB KBanpaTHi komruiekcu Ni(Il) ne

NOrJIMHAIOTh B o0Omacti  mHmwxue 10000 cm'.  HaitBigomimmii
MIPEACTaBHHUK — JUMETHIITITIOKCHMAT HIiKEIO.
oA
150
100
50
o | 1 1 1 1 1 1
18 16 14 12 v-1073 cm™’

Puc. 5.11. ECII Terpaeanpuunoro kommiekcy [(C,Hs)N],[NiCly]

5.2. TOCJIJI)KEHHA
KOOPJUHAIIMHUX CIIOJIYK
METOJIOM IH®PAYEPBOHOI CIEKTPOCKOIIII

BaraToaTOMHi MOJICKYJIM 3iHCHIOIOTh CKIIAJHI KOJMBAHHSA, SIKi

CYIPOBO/IKYIOTBCSL 3MIHOIO JIOBKMH 3BSI3KIB 1 BEIMYMH KYTiB
MOJIEKYJT. Pi3HMIIE MK €HEprisiMH KOJMBHHX PIBHIB BIiJIIOBITa€e
eHeprii iH(pauepBOHOrO BUIIPOMIHIOBAHHS, TOMY i Horo miero
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BIIOYBAIOTBhCS TEPEXOM MK KOJIMBHUMH PIBHSIMH MOJICKYJIH, SIKi
CYNPOBO/IKYIOTbCSL ~ NOTJIMHAHHSIM ~ €HEprii 1 MOXYyTh  OyTH
3apeecTpoBaHi sk iHppadepBori criektpu (IU crextpu). Haitgacrime
Y crieKTpy NOIJIMHAHHS PeecTPyIOTh B 06macti 4004000 cvm .
CknaiHI KOJIMBAaHHS MOJIEKYJI MOKHAQ PO3KJIACTH Ha HEBEIUKY
KUIBKICTh TaK 3BaHMX HOPMaJbHMX KoJuBaHb. HopmauabHi
KOJMBaHHS — II€ HE3aJC)KHI KOJMBAaHHS SACp y MOJEKYJi, IO
3IHCHIOIOTBCS 3a 3aKOHOM TapMOHIUHOro ocruistopa. [Ipu npomy
BCl aTOMHU OJHOYACHO MPOXOJATH Yepe3 CTaH piBHOBaru. Ymucio
HOpMaJbHUX KOJHUBAHb BIJMOBIJA€ YMCIY BHYTPIIIHIX CTYTIEHIB
cBoboau: 3N-6 (it HenmiHiitHOT Monekymnun) 1 3N-5 (ans miHiiHOT
MOJIEKYJH), e N — 4nciIo aToMiB y MojieKydi. Tak, Hanpukiani, s
Monekynu H,O 4ucio HOpMalbHHX KOJHMBAaHb JOPiBHIOE 3 - 3 —

6 = 3, a ana nixiHOT Monekynu CO, —3 -3 —-5=4.
KommBanHsi, siKi 31IHCHIOIOTHCS TIEPEBAKHO B3JIOBXK JIiHIT XIMIYHOTO

3B'SI3KY, HA3MBAIOTHCS BaJl€ HTHHM M, BOHH MTO3HAYAIOTHCS JIITEPOIO V

(puc. 5.12). SIkmio mijx 9ac TaKMX KOJMBAHb Y MOJICKYJ BiIOYBaIOTHCS

CUMETPUYHI TIEPETBOPEHHS (KOJHMBAHHS V;), TO BOHHM HAa3MBAIOTHCS
n.mn

CHMETPHUYHHMMH 1 MMO3HAYAIOThes iHmekcoM "s". KonmBaHHS THITYy V;
HA3UBAETHCS ACUMETPUYHHM 1 TIO3HAYAETHCS 1HICKCOM "as".

5 $ o-
NN N,
/H H\ "\ ;<o :
Vi Vs V3
v (OH) 5(HOH) V45 (OH)
Puc. 5.12. ®opmu HOpMATBHUX KOJIMBAHb MOJIeKyJH H,O

SKmo mnpu KOJMBaHHI 3MIHIOIOTHCA TIEPEBAXKHO KyTH MK
HampsMKaMd ~ 3B'SI3KiB, TO Taki  KOJIMBAaHHSI  Ha3UBAIOTh
nepopmaniiinumu. € KUIbKa TUMIB AeopMalifHUX KOJIWBAHb —
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HOkHYHI (0), MasTHHKOBI (p), BisutbHi (), KPYTHJIBHI (Y) TOMIO
(puc. 5.13).

M M M M
N, N
e A " <H 4w He  —H H+
11,0 PH,0 ®p,0 YH,0

Puc. 5.13. Tunu nedpopmaniiiHux KoJIMBaHb KOOpAUHOBaHOI MoJiekyau H,O
(3HaKM + i — MO3HAYAIOTH PYX ATOMIB EPICHIUKYIISPHO TDIOIIHHI)

[Ilo6  Mosexkynaum  MOIJIM  MOIJIMHATH  1H(QpadepBOHE
BUIPOMIHIOBaHHS, HEOOXIJHO BUKOHATH JBI yMOBHU (TIpaBuiia
Bi100DY):

" YyacToTa BUIPOMIHIOBAaHHA Mae 30iraTucs 13 BIACHOIO
YaCTOTOIO KOJIMBAHHS MOJICKYJIH;

" [pH JAHOMY THI KOJMBaHHA MOJIEKYJIM Ma€ 3MIHIOBATHCH il
JIUIIOJILHUA MOMEHT.

Jlvie mpu BUKOHAHHI LIMX YMOB JaHUM TUN KOJHUBaHHS Oyne
criocrepiratuck B [Y crnektpi, T00TO Oyze B HhOMY akTuBHHM. TaK,
HAIPUKIIAJ, IpH BAICHTHOMY CHMETPUYHOMY KonmBaHHI, V¢(CO),

Monekymu CO, AUMOJbHUNM MOMEHT HE 3MIHIOETbCS, TOMY JlaHe
KOJIMBaHHs He Oy/ie akTuBHUM B [Y criektpi (puc. 5.14).

v,(CO) 3(0CO) Vv, (CO)

Puc. 5.14. ®opmu HOpMAJIbHUX KOJIHBAaHb MoJIeKy. M CO,
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KinekicTs, popma HOpMaIBHUX KOJMBAaHbL Ta X aKTUBHICTH B
IY cnexTpax 3amexxaTh BiJ 4HCIa aTOMIB y MOJEKYJl YU 10HI Ta
B iX cumeTpii. [yisi HAaUTIOIIMPEHIITNX, aJie HEe JyXKe CKIIAJTHUX
CTPYKTYp  HOpMajbHI  KOJHUBAaHHS  pPO3pPAaXxOBYIOTbCH 3
BUKOPUCTAHHSM  TEOpii Tpym; pe3yiabTaTH  PO3PaxyHKiB
PO3rIsSAal0ThCS B OLIBIIOCTI miApy4yHUKiB 3 [Y ciekTpockomii.

Jns sikicHOTO  BigHEeCeHHS cMyr mommHaHHS B U crekrpax
CKJIQJIHUX CIIOJIyK HaifuacTillle BUKOPUCTOBYIOTh TaK 3BaHy KOHIIEHIIIIO
rPYNOBHX XapaKTePHCTHUYHHUX YaCTOT. li iied MOATae B TOMYy,
0 y CHEeKTpl CKJIAQAHOI MOJEKYJIM CMYIM TOIVIMHAHHA MOXHA
BiIHECTH 1O pi3HMX (yHKIOHATpHUX rpym. Lled minxix BUHHK 3
eKCIIEPUMEHTANIbHO ~ BCTAaHOBIEHOrO  (hakTy, W0  OUIBIIICTh
(GYHKIIOHATBHUX TPYI TOTJIMHAIOTH y BY3bKi 007acTi crekrpa
HE3aJIeXKHO BiJ OyJI0BH MOJIEKYJU. XapaKTePUCTUUHI YaCTOTH JJIs
pI3HUX HEOPraHiYHUX Ta OPTaHIYHHUX TPYN 3BEIEHO Y CIIeLialbHi
Tabui (1oaaTok 3).

Memoouku niozomoeku 3pasxie

Jns BuBueHHs [Y chekTpiB BUKOPHCTOBYIOTH, SIK HPABHIIO,
pPEYOBHMHU y TBEPAOMY CTaHi, piamie po3duHU. [CHye KibKa
Meronuk 3domku [Y cmekTpiB TBepaux 3paskiB. HaitnpocTimie
NPUTOTYBAaTH  CYCIIEH31l0, HANpHUKIAA, Yy Ba3eliHOBOMY a0o
¢ropoBanomy Macmi. CycneHsii TOTyIOTb, PETENBHO PO3THUPAIOYN
pPEUYOBHHY, SIKa JOCHIDKYEThCS, Y Macii N0 YTBOPEHHS IIACTH.
OcTaHHIO y BUIVISIII TOHKOTO Iapy MOMIIIAIOTh MK IUIACTHHKAMH,
BUTOTOBJICHUMH 3 OpoMimy Kaitiro, Topumy JiTiio ad0 3 iHIIOro
Marepiany, SKMid He TOrNIMHAe iH(ppauepBOHE BUIIPOMIHIOBAaHHS B
JOCHIPKYBAaHOMY ~ Jiarna3oHi 4acToT, 1 3amucyioth [Y  crekrp.
KoopnuHariiini  criofiyku, SIK TpaBWIO, HE pearyrTh 13 TaKUMH
Maciamy, MpoTe HEHOJIKOM Takoi METOAMKH € HasBHICTb Y CIEKTpi
CMYT TIOTJIMHAHHS Macia, SIKi 4acTO MacKylOThb CMYTH IOIJIMHAHHS
PEYOBHHH, SIKa TOCTDKY€eThCs (pHc. 5.15).
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Puc. 5.15. ®parment 1Y cnekTpa Ba3eqiHOBOro MacJja

3a 1HOIOIO METOJIMKOIO TMEBHY HABaXKy  PEUYOBUHU
CIIPECOBYIOTH 13 TAIOTeHIJaMU JTYKHUX METalliB (4acTille 3a BCe
3 KBr) y Burasai tabnetok. J[Jisi BUTOTOBJICHHS TaOJETKH
PEUYOBHMHY pEeTeIbHO PO3THpAIOTh B araroBiil ctynmi 3 KBr, a
MOTIM TPECYTh OO0 YTBOPEHHs mpo3oporo gucka. Cuifg
nam'aTaTy, 0 PEYOBHHA MPHU PO3TUPAHHI MOXKE B3AEMOIIATH 3
KBr. Tomy, mo0 mnepecBiIYUTHCh Yy BIACYTHOCTI TaKoi
B3a€MOJII1, pEKOMEHIYETHCS 3amucyBaTH ojgHodacHO [Y cmekTp
KOOPIMHAIIMHOT CTIOJIYKH Y BUTJISI CyCTIeH31i B MacTi.

B T4 cmekrpax KpHUCTAIIYHUX CIOMYK JOCHTH  4acTo
B1I0yBa€THCS PO3MICTUICHHS 1 3CYB CMYT MOTJIMHAHHS, MPUYHHOIO
SAKOTO € KpHUCTAJOXIMiYHA HEEKBIBAJICHTHICTh MOJEKyJd, abo
YTBOPEHHSI MDKMOJIEKYJISIPHUX BOAHEBHX 3B'SI3KiB. ToMmy, SKIIO
BJIA€THCS MiAIOpaTH pO3UYMHHUK, SKAN MPAKTHUYHO HE B3AEMOJIE 3
PO3YMHEHOI0 PEYOBHMHOIO, OakaHO BUBUMTH Takoxk [Y crekTpu
po3uuny. lle H03BONUTH TPOCHIAKYBAaTH BIUIMB KPHCTATIYHOTO
CTaHy pe4oBUHHU Ha xapakTtep ii [4 cnekrpa.

3minu ¢ I4 cnexmpax nicanodie
npU KOMNIEKCOYMBOPEHHI
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Meton IY cnekTpockormii BHUSBHBCS Iy>KE€ KOPUCHUM IS
BUBYEHHs cmoco0y koopauHalii miranaiB. B I coekTpax
KOMIUIEKCIB TOpiBHSHO 3 [Y cnekrpamMu HEKOOPIWHOBAHUX
JMITaHJIB MOXHA CIOCTEepiraTh JAeski 3MiHHM, $KI BHUKIHMKaHI
e(heKTOM KOOpIWHAaIli1, HalJacTiIe e 30UIbIICHHS] YUCcia CMYT
MOTJIMHAHHSA, iX 3CYB 1 3MiHA IHTEHCUBHOCTI.

[NpuknamoM JiranaiB, y SKAX OpU KOOPIMHAILIT 3'SIBISIOTHECS HOBI

CMyTH TOTJIMHAHHS, € aMOHIaK, a TakoX psax okcoaioHiB (COj,

SO; , NO; Touio). Lli stiraniyu B HEKOOPIMHOBAHOMY CTaHi MalOTh
JIOCUTh BUCOKY CHUMETpil0, TOMYy JAesiKi CMyru moriauHaHHs B IY
CIIEKTpax € 3a00pOHEHMMH (HEAaKTWBHMMH) a00 BHPOIKEHHMH
(MaroTh OfHAKOBY dYacToTy). [Ipu koopmuHaiii cuMeTpis JiraHmiiB
3HIKYETBCS, YHACINZIOK YOr0 HEAKTUBHI KOJMBAHHS CTalOTh
aKTUBHHMMH, a BUPOJKEH1 KOJIMBAHHS PO3ILEIIFOIOTHCS.

YHacmiIoK KOOpAWHALIT BiIOYBA€THCS TIEPEPO3NOALT ENEeKTPOHHOT
TYCTHHM B  MOJEKyJax JIra€aiB, 110 Bexe 10  3CYBY
XapaKTePUCTHYHNX CMYT TIOTJIMHAHHS B KOMIUIEKCAX MOPIBHSIHO 3
HEKOOPJIMHOBAaHUMHM JliraHaamu. Y Oaratb0X BHINaJKax 3a
BEJIMYMHOIO 1 HANPsIMKOM 3CYBY MOKHA 3pOOMTH BHCHOBOK IPO
TOM YM IHIIWH TUIT KOOpAHMHALIT JaHOoTO Jiranay. Tak, HampuKIiIa,
B [Y cnekrpax kommiekciB 3d-MeTaaiB 13 CEYOBHHOK YacTOTa
BajieHTHOro konuBaHHS V(CO) 3CyBaeTbCsi B HHU3BKOYACTOTHY

o6macTsb. Lle BKazye Ha KOOPIMHALIIIO MOJIEKYJI CEYOBUHHU Yepe3 aToM
OKCHTEHY, SKa TIPUBOAMTD 10 BIATATYBAaHHS €JIEKTPOHHOI T'yCTHHH 3
kapOoHUIbHOI Tpymu: M <— O=C(NH,),. A B IY cnekTpi KoMIUIeKCY

ceyoBuHn 13 miaruHoto, PtCl,(NH,CONH,),, cnocrepiraerbcs
migBuieHds yactotn V(C=0) 1 3umwkenHs yactotu V(C-N), 1o

BKa3ye Ha KOOPJAWHAILIII0 CEYOBHMHM 4epe3 HiTporeH. Hipkue KopoTko
PO3MIITHYTO TpUKIaaM 3actocyBaHHs [ criekTpockomii st
JOCITIKEHHS IeSKUX KJI1aciB KOOPAWHAIIIMHUX CIIONYK.
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B T4 cmektpi ra3omomiGHOTO
aMOHIaKy TIPUCYTHI YOTHUPU CMYTH:
pu 3414, 3336 cM ', siKi HANEKATh 110
BaneHTHHX KoiuBab V(NH), i npu 950, 1628 cM ', siki 06yMoBieHi

nedopmariiinuMyn  konuBaHHAMM. [lpm  koopauHamii  Momekys
aMOHIaKy BiIOyBa€TbCsl 30UTBIICHHS 4YHCIAa KOJWBAaHb JIO IIECTH:
JIOJATKOBO  3'SIBIIIETbCS  BaJIeHTHE KoiuBaHHA V(MN), sike

3HaxomuThcd B oOmacti 300-500 cM™', i MasTHMKOBE KOJMBAHHS
p(NH,) — B obmacti 650-900cm ' (puc.5.16). YacToTn 1mMX

KOJIMBaHb HAWYYTIIMBIIII 10 MIITHOCTI 3BSI3Ky M—N .

YTBOpeHHS  OHOPHO-aKLENTOpHOro  3B'sI3ky M <= NH,
MPUBOJIUTH A0 Oclla0yieHHs 3B'13Ky N-H, ToMy cMyru BaJleHTHHX
konuBaHb V(NH) koopauHoBanux NH;-rpyn 3mingyrorscsi B Oik

MEHIIIUX YacToT (Tabm. 5.4).

AMiHOKOMMNEeKcUu

X-TIpOTHIOHH

Jns xoopauHoBaHUX MosieKysl NH, € XapakTepHUM Takox
YTBOPEHHSI BOJHEBHMX 3B'A3KIB 13 Mo3ac(epHUMU MOJIEKYJIaMH YU
10HAMM, [I0 TaK0X CYIPOBOMKYETbCS 3HAUHUM 3HMKEHHSIM
YacTOTH BaJleHTHUX KoymBaHb V(NH) (mopiBHsHTE dYacTOTH
KOJIMBaHb Y XJIOPUJIHUX 1 EPXJIOPATHUX KOMILJIEKCaX) 1, KpIM TOTO,
€ MIPUYUHOIO PO3LIMPEHHS CMYT LIUX KOJIMBAaHb.
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nponyckaHHs, %

100
80
60 -
“N5,(NH,)
40 -
— |[T8,(NH,) V(NH)
20 p (NH,)

500 1000 1500 2000 2500 3000 3500 v, cm™"

Puc. 5.16. IY cnektp [Ni(NH;)s|Cl, B KBr
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Tabmuys 5.4. KoJuBHI 4acToTH aMiHOKOMILIEKCIB, cM™'

Croyka v(NH) | 8,(NH;) | 8,(NH,) | p,(NH,)
NH, 3414, 3336 1628 950 -
[Ni(NH;)41(C10,), | 3397,3312 1618 1236 (620)
[Cr(NH;)41(C10,); | 3330, 3280 1622 1334 718
[Co(NH;)6]1(ClO,); | 3320, 3240 1630 1352 803
[Co(NH;)s]Cl5 3080 1603 1325 818
NH,CI 3134, 3040 1710 1403 -

UyTmBHUM /10 IPUPOJM METATY € TAKOK CUMETpUUHE AedopMariiiiHe
komBanHs & (NH;), yacTora sSIKOro B aMiHOKOMILIIEKCAX ITi/IBHIITY€ThCS

MIOPIBHSHO 3 BUIbHUM aMOHIAKOM.

Monekysa BOU BIZJHOCUTBCS 10 CUMETPIT
C,, Ta i CHEKIp XapaKTepU3yeThCs
TphOMa HOPMAIBHUMH KoOJMBaHHAMHU (puc. 5.12). Yci KonmMBaHHS
aktuBHI B IY criekTpax, xo4ya v, Ma€ Ty>k€ HU3bKY IHTEHCUBHICTb. Jliis
MOJIEKy BOJM B ra30MofibHOMy cTaHi Vv, =3657 cM ', v,=1595 em ™' i

AKBaKoMmnmnekcu

v;=23756 cM '. B IU criekTpax piKoi BOJM Yyepe3 yTBOPEHHS BOHEBHX
3B'SI3KIB YaCTOTH BAICHTHHX KOJIMBAaHb 3HIDKYIOTHCH, a JehopMariiiHux
migBuyothes: Vi =3219cem’, v,=1627cm’ i v;=3445cm .
VTBOpeHHSI  BOAHEBUX  3BSI3KIB  MPUBOAUTH HE JIMIIE  JIO
HHM3bKOYaCTOTHOIO 3MIIIEHHS CMyTH BaJICHTHMX KOJMBaHb, ajle 1 10 ii
3HAYHOTO PO3IIMPEHHS.

VY HeopraHiyHHX COJSIX pO3PI3HAIOTH KpUCTATi3aliiiHy Ta
KOOpAWHOBaHYy Boxy. IIpore 4iTKOi MeXi MiXX HUMH IPOBECTH HE
Mo>kHa. [lepmnit TepMiH HaJIEKHUTh 1O MOJIEKYJ BOJH, 3aXOIICHUX
KPUCTATIYHOIO TPATKOI MUISXOM YTBOPEHHS CIaOKHUX BOJHEBHX
3B'I3KIB 3 aHIOHOM, a00 MNUISXOM YTBOPEHHS CJIA0KMX 10HHHX
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3B'I3KIB 13 MeTajoM, a00 1 TUX W IHIUX OJHOYacHOo. Jlpyruii
TEPMiH MO3HAYa€ MOJICKYJYy BOJH, IO 3B'I3aHAa 3 METAJIOM JIOHOP-
HO-aKIENTOPHUMH 3B'SI3KaMH, TOOTO BXOJTUTH JO KOOPAHMHAIIIHOI
cdepu ioHa MeTaTy.

M M
i % i
1 . ’H/ H\_ i
H/O\H X X I’H/O\H\
X X
KoopauHariiiina Kpucranizamiiina 3MilIaHuii THIT 3B'SI3KY

[Ipo HasIBHICTH MOJIEKYJI BOJIM y CKJIa/Ii CIIOJYKH MOYXHA 3pOOUTH
BHUCHOBOK 32 MPUCYTHICTIO IIUPOKOI CMyru (CMyr) MOTJIMHAHHS
BaeHTHHUX KoauBaHb V(OH) B o6macti 3200-3600 cm . (Crig MaTu
Ha yBasi, 110 11 MOXKe OyTH i 3BHYaiiHa azcopOoBaHa BoJa, TOOTO
BOJIOTHH 3pa3oK; y TAKOMY
pasi micnst omarkoBoro ocyiieHHst crionyku mpu 100 °C 3a 3BHuaitHoro
THCKY 200 y BaKyyMi 3a HIDKYOI TEMITCpaTypH ISl CMyTa ITOTJIHHAHHS
3HUKHE.) OCKUIBKM W YTBOPEHHS BOJHEBUX 3BI3KIB, 1 KOOpIWHAILS
MOJIEKYJT BOAU JI0 METaly BeIyTh JO 3HIDKEHHS YacTOTH BAJICHTHOTO
xomuBaHHs V(OH), To monoxeHHst TaHOT CMyTH He JIO3BOJISIE PO3PI3HUTH
XapakTep 3BSI3Ky Bomu B Komruiekcl. Yacrtora nedopmartiiiHoro
konmuBaHHs O(MOH) myist BCIiX THIIB 3B'3aHO1 BOIM 3POCTA€E MOPIBHIHO
31 CTIEKTpaMM MapiB BOM i Moke ocsratu 1700 cM .

[Ipo HasBHICTH y CKJIA/AI KOMIUIEKCY KOOPIMHOBAHHX KaTiOHOM
MeTaly MOJEKyJl BOJAHM CBIMUMTH mosiBa B IY crmekTpi HOBUX cCMyT
MOTJIMHAHHS — BISUTBHUX, KPYTHJIBHUX 1 MAsTHUKOBUX KOJMBaHb (Tak
3BaHUX JOpAIIHUX KOJIMBaHb), sIKi € PI3HOBUAAMH JeOpMaIliiftHuX
KonmuBaHb (puc. 5.13), a TakoX BaJeHTHHX KonuBaHb V(M-O).
BcraHoBneHo, 10 MasTHUKOBI KOJIWBAHHS € HAWYYTIMBIIIAMHU IO
XapakTepy 3BSI3KY MOJIEKYJ BOJM 3 10HOM MeETally: 4uMM OUIbII
KOBJIGHTHUH 3B'130k M-O, THM OijblIa 4acToTa MAasTHUKOBHX

KOJIMBaHb KOOPAMHOBAHUX MOJICKYJI BOAH, AK IIPAaBWIO CMyra HUX
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KOJIMBaHb 3HAXOUTHCS B oOyacti 600900 cm ', BisutbHI KOJMBaHHS
3HaxomAThCA B 0Omacti 500600 cm ', npuOIM3HO B M ke o0nacTi
3HAXOAATHCS 1 BasleHTHI KonuBaHH V(M-O), siKi MOXXHa PO3PI3HUTH

3a CIIEKTPaMH 130TOMO3aMIIIEHUX (JIeUTEPOBAHUX ) KOMILIEKCIB.

. ['ppokcorpyna MOXE
FippokcokommnneKkcu
KOOPJMHYBATHUCS MOHOJCHTATHO a00
YTBOPIOBATU MICTKH:
M\
M--O—H OH
M
MoHoaeHTaTHUH MicTkoBuii

VY TiOpOKCOKOIUIEKCAaX CIIOCTEPIracTbCsl JEUI0 1HIIA KapTUHA
MOPIBHSHO 3 AaKBAaKOMIUIEKCaMHU. XapakTepHow ocoOmuBicTio Y
CHEKTPIB TIJPOKCOKOMIUIEKCIB € BIJICYTHICTh CMYIM TIOIJIMHAHHS
nepopmaniiinux komusaHb O (HOH) B ob6macti 1600-1700 o™ .
CMyru CHMETpUYHHX Ta AHTUCUMETpUYHHMX KoiuBanb V(OH) B
obmacti 3000-3500 cM ' y chekTpax TiIpOKCOKOMILIEKCIB IOMITHO
BY)KYl HIXK Yy CIEKTpaxX akBaKOMIUIEKCiB, 60 OH-rpymu yTBOPIOIOTH
MEHIIIe BOJTHEBUX 3B'S3KIB, HI’K MOJICKYJIA BOJIH.

B obmacti 8001200 cM' B TiIPOKCOKOMIUIEKCAX 3HAXOIATHCS
nedopmariiiai komuBanHsa 6(MOH) . Yactora 1iix KOJMBaHb 3aJICKUTh
BiJI aTOMHOI MacH MeTaTy, MIITHOCTI BOJHEBUX 3B'S3KIB, SIKI YTBOPIOE
OH -rpyna 1 Bix CTymeHs KOBaIEHTHOCTI 3B's3Ky M-O. Yum Outbin

KOBaJIEHTHHH 3B's130K M—O, 4MM MIiIHIiIII BOJHEBI 3B'I3KH, THM OLIbIII
3HAYEHHsI YacTOT IUIOCKUX AedopMaliiiHix konuBadb 6(MOH) .

B IY cnekrtpi miaHig-ioHa CIIOCTe-
piraeTbCsi OJJHa CMyra MOTJIMHAHHSA, 1110
posramoBana  Omasbko 2080 oM.  CN-rpymu  MOXYTh
KOOpDAMHYBATHUCS YE€pe3 aToOM BYIJICII0 a00 YyTBOPIOBATH MICTKOBI
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3B'13ku M-CN-M. Crioci®6 koopauHamii CyTTeBo BIumBae Ha [Y
CTIEKTPH IiaHiTHUX CHOJYK.

B IU cnekrpax LiaHigHMX KoMIulekciB B obmacti 4004000 cm '
CIIOCTEPIraloThCs TPM CMYyTH TIOTIMHaHHA. B obmacti 2100-2250 cm ™'
3HAXOMATHCS CMYTH BAJICHTHUX KoimBaHb V(CN). Cmyru B oOmacTi
400-600 cM ' BimHOCATBCA 10 V(MC) i O(MCN). Sk MpaBwio, IIi
CMYTH PO3IIEIUTIOIOTHCS Ha KUJTbKa KOMITOHEHTIB. 3aJIeXHO BiJl crIoco0y
koopuHatii CN-TpyIH MONOMXEHHSI CMYT ICTOTHO 3MIHIOETBCS (Tald.
5.5). Hanpuxknan, B [ crekTpax cnonyk, mo MaroTh MICTKOBI CN-
TPyIH, BaJEHTHE KOJMBaHHS V(CN) 3HaxoauThess B obmacti 2130-
2200 cM ', Toni K uia KiHueBuX CN-IpyIl Il 3HAYEHHs MEHII Ta, SIK
npasuiio, He nepeBuuIyoth 2130 cm'. TakuM ymHOM, BUBYeHHs 14
CIIEKTPIB J03BOJIE BU3HAYUTH cociO koopauHanii CN-rpyr.

Tabnuya 5.5. KoJMBHI 4acTOTH AeSIKMX HiaHITHUX CMOIYK, cM ™'

Croayka vCN) | vMO) | ey | Mgt
KCN 2080 - — CN-
K, [Pt(CN),4] 2130 506 411 Pt—CN
Mg[Pt(CN),]-2H,0 2172 478 427 Pt—CN-Mg
K;[Fe(CN)g] 2115, 510 < 400 Fe—CN
2118
Ag;[Fe(CN)g] 2170 559 445 Ag—-CN-Fe
SCN-rpymnu HaifJyacriie

TiouiaHaTHi KoMnneKcu KOODIMHYIOTHCH 0 LEHTPATBHOTO

aroMa uepe3 HITPOreH, CIipKy abo
YTBOPIOIOTH ~ MicTKOBI  3B'sBkM  M-SCN-M. B IY cnekrpax

TiOLiaHATHUX cronyk B obmacti 4004000 cM ' croctepiratoTbest TpH
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YaCTOTH: JIBl YaCTOTH BaJICHTHHX KojmBaHb — V(CN) 1 V(CS) Ta ogHa
vactora jedopmariiinoro komiBands — O(SCN). Cmyru V(CN) y
CIIEKTpax TIOIIAHATIB JOCUTH BY3bKi Ta iHTEHCHBHI, a cMyru V(CS)
XapaKTepU3yIOThCsl HE3HAYHOO IHTEHCHBHICTIO 1 IOCUTh 4acTo I iX
peecTpartii JOBOJUTHCS TOTYBATH 3Pa3KH 3 OUIBII BUCOKMM BMICTOM
KOMILJIEKCY, HIXK 32 3BUYalHOI0 MeToMKo0 (pHc. 5.17). ledopmartiiini
kormBaHHA O(SCN) MaroTh CEpe/IHIO IHTEHCUBHICT.

Xapakrep 3B'13Kky SCN-Tpyn i3 HEHTPaTbHHM aTOMOM CYTTEBO
BIUIMBaE Ha mojokeHHs cMyr V(CN), v(CS) i 6(SCN). Ocob6iauBo
qyTIUBUMH 10 crioco0y koopauHaiii SCN-rpyn BHSBHIMCH CMYTH
V(CN) 1 Vv(CS). VYmacmigok pocmimpkeHb [Y crekTpiB Oaratbox
KOOpJIMHAIIMHUX CHOMyK OyJI0 BUPOOJICHO EMIIpUYHI KpUTepii uist
BU3HAUCHHs TUIy 3B's3Ky rpymu NCS y Kommuiekcax i3 MeTaiamu
(Tabm. 5.6):

Tabnuysa 5.6. ipu6ausni uacToTHi inTepsasn SCN-rpym, cm™'

Ton 38'w3Ky V(CN) v(CS)
SCN- ~2050-2060 | ~750
M-NCS > 2060 ~ 800
M-SCN >2050 ~700
M-SCN-M ~2130-2180 | ~700-800
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~<— NOrMWHaHHA

222120 10 9 8 7v-10%cm”
Puc. 5.17. I4 cnexktpu KSCN (—)
i Co(NCS),(HMPA), (—) B TadJjerkax 3 KBr

1. Yactotu BaneHTHux komuBaHb V(CN) y N-3B'a3aHuX
KOMILIEKCaX 3HaxXoAaThest Hk4e (10 2050 cm '), Hik B S-3B'si3aHHX
xkommiekcax (~ 2100cm'), a B MICTKOBUX KOMILIEKCAX
(M-NCS-M’), v(CN)>>2100 cm .

2. Jns N-3B's3anux komruiekciB v(CS) 3HaXoAuThCs B iHTEpBai
860—780 cM ', a s S-3B's3aHMX — 720—690 cM .

3. KomuBannto  &(SCN) y  N-3B'3aHMX  KOMILIEKCAX

BiZMOBizae rocTpa oguHOYHA cMyra Onuspko 480 cm ', a B S-
3B'I3aHMX — KUIbKa CMYT HH3bKOI IHTEHCHBHOCTI OJU3BKO
420 cm .

4.V panekiit I4 o6macti 200400 cm™' wactota V(M-N)

BHIIa HiK V(M-S).

HiTpo- i HiTpUTO- KoopaunnoBani  NOj; -rpynu  37e-
KoMnnekcu OLNBIIOrO  yTBOPIOKOTH i3  HEHT-

palbHUM 10HOM 3B'3KM depe3 HiTporeH (M-NO,) abo uepe3 oauH
3 aTromiB okcureny (M-ONO).
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© © o oM
Hitpoxomrekc Hirpuroxomrmurexc

Tun xoopauHalii MOXXHAa BH3HAUUTH 3a Jomomoror [Y
cnektpockomii. Ilpm  yTBOpeHHI HITPOKOMIUIEKCIB  (3B'SI30K
M-NO,) B IU cnekTpax crHocTepira€Tbcsi MiABHILEHHS YacTOTH

CHUMETPUYHHX 1 aCHMETPHUYHHMX BAJEHTHHX KouuBaHb, V,(NO,) i
Vas(NO,),

HeKoopAnHOBaHOTO NO, -ioHa (Tabn. 5.7). Kpim Toro, B obmnacti
63pK0 600 cM ' 3'ABISETBCSA CMyTa BisSUTbHUX KOJMMBaHb P, (NO,)
(puc. 5.18).

4 cnekrpu HiTpUTOKOMITIEKCIB (3B'130k  M—ONO) momiTHO

BIAPI3HAIOTHCA. Tak, 4acToTa CUMETPHUYHOTO BAJICHTHOTO KOJMBAHHS
V,(NO,) Ha BigMiHY BiJ] HITPOKOMIIJIEKCIB, 3HIKYEThCS TOPIBHSIHO 3

MOPIBHSHO 3 BIAMMOBIAHAMHA KOJINBaHHSIMU

HekoopamHOBaHMM ~ NO, -ioHOM  (Tabm. 5.7), a cMmyra KOJMBaHb

P,(NO,) y cnekTpax HITPUTOKOMIUIEKCIB BiJICYTHS.

Tabnuys 5.7. KonnBHi yacrotn NO; -rpynu
y AeSIKHX HITPUTHHX CHOJYKAX, CM '

Cnosyka Vas(NO3) vs(NO,) 0(ONO) Po(NO>)
KNO, 1335 1250 830 -
K;[Co(NO,)4] 1396, 1381 1332 834 630
[CoNO,(NH;)5]Cl, 1428 1310 824 594
[CoONO(NH;)5]Cl, 1468 1065 825 —
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Deski meroav pocnimxeHHs 6ya0BM KOOPAMHALIMHNX cnonyk %

100 O/D [ ',,.——‘_,,"--'\‘I :/" ~:‘ lI.r """ -\
VoA, Y “po(NO,)
3 N L
= P !
[u] 1 H '\
sF it
> 1 H
G Al
Q )
c
V(NO,) |/ 'V (NO,) + (NH,)

1500 1300 1100 900 700 600 500 V,cMm™
Puc. 5.18. I4 cnexktpu [CoNO»(NH;)]ClL, (—)
i [CoOONO(NH;)5]Cl, (—) B TabaeTrkax KBr

KapOoHaT-ioH  KOOpPAMHYETHCS 10

Kapb6oHaTHi koMnekcu .
MeTaly KiJTbKOMa CIIocO0aMu:

M MM M
AN | i s N
(P (ON C/O ONG%E
PN I &B
0] 0 0]
. bi - bi -

Moo eHTaTHHi IZICHTATHO IZICHTATHO
MIiCTKOBHIA XeJIaTHUI

B IY cnekrpi BibHOro KapOOHAT-iOHA AaKTHBHI JIMIIE TPU
KOJIUBaHHS, JIBa 3 SKAX € BHUPOKeHMMHU. [Ipu KoopauHarii
BHACIIIJIOK 3HWKEHHS CHUMETpPil 10HA YHCIO CMYT TOTJIMHAHHSA
30UTBIIYETHCS: TO-TIEpIe, CTa€ AKTHBHAM CHMETPHYHE BaJCHTHE
komuBaHH V(CO) | sike 3a00pOoHEHE A BUIBHOTO 10HA, KPIM TOTO,
9acTOTa KOJKHOTO BUPOJKEHOTO KOJIMBAHHS PO3IIECIUIIOETHCS Ha JB1
cmyru  (puc. 5.19). Xoua wuymcno axktuBHuX B Y cmektpi
HOPMAJIBHUX KOJIMBaHb MPH pPI3HUX THUMAX KOOPIWHALII €
OJTHAKOBUM, MPOTE PO3IICIUICHHS YaCTOT BUPOUKCHUX KOJIHBAHb
y BHIAJKy OiJICHTAaTHOTO XapaKTepy KOOpAHWHAmii Oinbiie, HiX Y
BUTIAJIKy MOHOZIeHTaTHOTO (Ta0i. 5.8). Lle € Hacmiakom Toro, mo npu
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OiJICHTATHINA KOOpAUHALI] PI3HULIA B XapakTepi W KpPaTHOCTI 3B'I3KiB
| PA i1 p 11 p Y Kp

C=0

KIiHIT

Ha YacTOTaX BaJICHTHUX KOJHMBaHb KapOOHATHOI FPYTIN.

~<— MOrMWHaHHA

v,(CO)

17 15 13
Puc. 5.19. IY cnektp cnoiryk [CoCO3(NH;)|Cl (—) i Na,CO; (—)

M 9 77 6 5 v-

i C-O —»M"" 6inblua, o0 B MEpITy Yepry BigoOpaKaeThes

1072 cm’

Tabauysa 5.8. Kpurepii koopaunanii kap6oHaT-ioHa

Tun koopauHanii . L (geneu:ue]::[ .
Ta IEHTATHICTH CO§_ Vs(CO) , em Vs (CO), em XV(HCIOJ)] s’
CO§_ BUIBHHI 10H - 1429-1492 -
MoHoaeHTaTHUi 10631070 1360-1373 89-98
5 14491471
BinenratHuit 1030 1265-1292 328-343
(XeaTHU#, MICTKOBHIA) 1593-1635

AueTaTHIi KOMNNeKcu

IY croextpu KOMIUIEKCIB KapOOHOBHX
KHCIIOT 10Ope BUBYEHO. BeTaHoBiIeHO, 1110

4acToTa AHTHCHMETPUYHOIO BaJEHTHOro KonmBaHHA Tpymun COO™
HAaHUyTJIMBIIIA IO 3MiH MPUPOAM aroMa MeTaly. AlleTaT-aHiOH MOXe
KOOPJMHYBATUCSA PI3HUMHU CIIOCOOAMU, HAHIMOBIPHIILIMMH 3 SIKUX € TaKi:
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~ Benii meroan aocriaenna yaosu koopamwaulinx cronyic (4
?Hs (]'.:Hs ?Hs

oo o0 o

M ™ MM
MoHoeHTaTHHI Binenrarauii Binenraruunii

XeNaTHUR MiCTKOBH

OckinbkM CcHMETpis BUIbHOrO 10Ha HHM3bka (C, ), HE MOXHA
OYIKYBaTH IOMITHOI PI3HHUII B 3aralHOMY XapakTepi CIEKTpa IS
pi3HUX CcTpyKTyp. Kputepiem koopauHaiii € pi3HULS B YacToTax
KOJIMBAaHHS QHTUCHUMETPUYHOTO 1 CHMETPUYHOTO  BaJICHTHOTO
KOJIMBaHHS KapOOKCWJIBHOI ~TpyNu: HAHOUTBIIE  PO3MICTUICHHS
CIIOCTEPIraeThCsl y BUIAIKY MOHOJICHTATHO KOOPAWHOBAHOTO aIeTar-
ioHa, a HaliMeHIe — Uil OlIEHTATHO-XENATHOTO THUITY KOOpAWHAIIi
(Tabin. 5.9).

Tabnuya 5.9. Kpurepii koopaunauii CH;COO -iona

Tun koopanHanii _ o » A = [va5(C=0)
CH3COO_ Vas(C—O), cM Vs(C—O), cM —vg (C—O)], ot

CH;COO™ -ioH 1578 1414 164
MoHoEeHTaTHUHI 1604-1629 1376-1314 228-315
binenrarhuid 1507-1526 14491465 42-77
(xemaTHwMiA)
binenrarnuid 1580 1411-1440 140-169
(MicTKOBHIT)

3MiHa MeTaly MO-pi3HOMY BIUIMBA€ Ha YacTOTH Yy CIIEKTpax
KOXKHOTO CTPYKTYPHOTO THUIy. Y KOMIUIEKCAX 3 MOHOJEHTaTHO
KOOPAMHOBAaHWM alleTaT-loHOM 31 30UIBIIECHHSM MIITHOCTI 3B'SI3KY
M-O 4acrora aHTHCHMETPUYHOIO BaJIEHTHOro kosmmeaHHA COO-
rpynu 30UTBIIYEThCSA, @ 4YacToTa CHUMETPHYHOTO BaJEHTHOTO
KOJIMBAaHHS — 3MEHIIYEThCS. IS CIIONyK, IO MICTSTh MICTKOBHIMA
aleTar-ioH, OoOWABI CMyrW BaJeHTHMX KomuBaHb COO-rpynu

3MIIIYOTHCS B OJJHOMY HamnpsMKy (puc. 5.20).
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NpOonycKaHHA

r V4(COO")

1 1 L 1 1 I L -1
1800 1700 1600 1500 1400 1300 1200 Vv, CM

Puc. 5.20. T4 cnektp NaAc (—) i CuyAcy - 2H,0 (—)

Komnnekcy cynbdokenais  -<APAKTCPHCTHIHAMH KOJIMBAHHSIMU B
ta cnopigHenmx cnonyk  [4 cnekrpax JIMCO, [IM®PA Ta
HMPA € BaneHTHI KONHMBaHHA TpyII

S=0, C=0 1 P=0O BiamoBigHO.

CH 0 CH N(CH.)
Ve i _ 3/2
0=S__ N O=P—N(CH,),

CH, H CH, N(CH,),
JIAMCO JIAM®DA HMPA

Sxuio koopaunarist JIMCO BinOyBaeTbcsl yepes aToM OKCHIE€HY, TO
4acToTa BaJEHTHOTO KonuBaHHA V(S=0) 3MEHIYeThCs MOPIBHSHO 3
V(S=0) BimpHOro JIMCO, i, HaBmaku, Mpu KOOPAWHAIII 1€l Tpymu
4yepe3 aToM CIpKU BiIOyBAaeThCsl 30LUTBIICHHS! YaCTOTH KOJMBAHHS ITi€l
rpyma.  JlocmipkeHHss  mokazand, 1o Haiuactime — JIMCO
KOOPIIMHYETHCS Uepe3 aTOM OKCHI'€HY, KOOPIMHALIIIO Yepe3 aTOM CipKH
BUSIBJICHO JIMIIIE B JIEIKUX KOMILJIEKCAX IUIATUHOBUX METAJIIB.

[Tpu koopaunamii monekynu JIM®DA uepe3 atom okcureny B [4
CTIEKTpaxX CIIOCTEPIra€TbCs 3HIKEHHS YacTOTH  BAJICHTHOTO
KommBaHHS 3B3Ky V(C=0) mOpIBHSHO 3 YAacCTOTOI BLIBHOTO

JIM®A Ha 10-36 cm .
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Deski meroav pocnimxeHHs 6ya0BM KOOPAMHALIMHNX cnonyk %

Y chmektpax ~ KOMIUIEKCHMX  cHOiykK  (dociHokcuaiB  Ta
apwiocpiHOKCHUIIB  YacTOTH BaJNCHTHUX KomuBaHb  V(P=0)
tpumerwi- i Tpudeninpochinokcumxy (1200-1170cm')  npm
KOMILUIEKCOYTBOPEHHI 3HIKYIOThca Ha 20-70cm'. YV crmekrpax
KOMIUIEKCHUX  CIONyK  rekcamerundocdoprpuaminy (HMPA)
yacToTa  BaleHTHOro  koiquBamHs P=0  (1208cm')  1pm
KOMIIJIEKCOYTBOPEHH1 TaKOXK 3CYBA€THCSI B HU3bKOYACTOTHY 00JIacTh.
Ile cBimuuTh TIpo KoopauHAIi0 (GochOpHUIBHUX JITaHAIB Yepes3
okcureH (puc. 5.21).

~<— NMOrMWHaHHA

1700 1500 1300 1100 900 V,cm

Puc. 5.21. I4 cnexktpu HMPA (—)
i Co(NCS),(HMPA), (—) B Tadaerkax 3 KBr
Komnnekcu IlenTannion-2.4 (arteTurareToH) €
3 aueTunaueToHom HaﬁnpocﬁMHM MPEACTaBHUKOM B-

JUKeToHIB (muB. ¢. 12 1 13). 3 meranamu
BiH YTBOpIOE CIIONyKH ckiamy M(acac), . Teopernyne BigHECEHHs

CMyT TOTJIMHAHHS KOMIUIEKCIB alleTHIAIICTOHY O3BOJIMIO 3POOUTH
Taki BUCHOBKU. B IY crekTpax BifiCyTHI CMyTH BaJICHTHHX KOJIMBaHb
nonBiiHUX 3B'3kiB V(C=0) 1 V(C=C), sKi MalOTh 3HAXOJUTHCH B

obnmacti Bume 1600 cm ' (puc. 5.22). He crocTepiraloTbCsi Takok
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% Po3gin n'atui

KonMBaHHA oanHapHuX 3B'13kiB V(C-0) 1 v(C-C). IIporte B obnacti
1500-1600 cM' s3HaxomsATbCA MBI CMYTHM, SKi  BiITIOBIiZAIOTH
konmuBaHHIO V(CO) 1 V(CC) 3 mopsakom 3B's13Ky ~ 1.5. PozpaxyHku
T0Ka3aJIy, 0 BUIIA 3a 4acTOTOIO cMyra B oomacti 15001600 cm ' €
CMYTOI0 TiepeBakHO BasieHTHoro kosimBauHs V(C-=-C), a Hmk4a 3a
4acTOTOI — 00yMOBJIeHa BajieHTHHM KoymBaHHAM V(C-=-0). Takum
yuHOM, [Y chmexkTpu aleTHIaleToHaTiB  J03BOJIIOTH  3pOOUTH
BHCHOBOK ITIPO JEJIOKaJIi3aLiI0 3B'A3KIB Y [3-IUKETOHATHOMY LUK

100

50+

nponycKaHHA

W( C;\ v(MO)

v(CO)

T T T T T T T T T T T T
—1
1600 1400 1200 1000 800 600 Vv, cm
Puc. 5.22. IY cnekTp anerwjianeronaty kynpymy, Cu(acac),

Takox Oy0 BCTaHOBJIEHO, IO CMYTH, SIKi pO3MIIIeH] B 00J1acTi
400-700 cM ', 9yTaMBi 10 3MiHM MIPHPOIHM METaTy, TOOTO 3HAUYHHIA
BHECOK y HHUX pOOWUTh YacToTa BaJeHTHOro kojuBaHHI M-O.
[TpoTe cmix Bi3HAYMTH, IO IIi CMYTHU € CKJIAJJOBUMHU i 00YMOBIIEH1
B3a€EMOJIIEI0 BAJICHTHOrO0 KojuBaHHI M-O 3 paedopmamiitHumMu

KOJMBAHHAMH [3-AMKETOHATHOTO KilbIl abo aedopmariitHumu
konuBanHsaMu C—CH, -pparmenty (tabm. 5.10).

Tabauys 5.10. OCHOBHI 4YacToTH
B IY creKkTpax aneTHJIaleTOHATIB MeTaiB, cM
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Deski meroav pocnimxeHHs 6ya0BM KOOPAMHALIMHNX cnonyk %

Cu(acac), Pd(acac), Fe(acac); Bignecennst
1580 1570 1572 v(C—==C)
1554 1547 1526 v(C==0)
1464 1430 1425 v(C=—0) + 8(C-H)
455 464 434 v(M-0)
4 cnekTpym yuc- I4  chmektpockomis ~ Moxke — OyTH
I mpaHc-isomepis BUKOPHCTaHA TIPH JOCIIDKEHHI yuc- 1

mpanc-i3oMepiB. OCKUIBKU mpanCc-130MEpU MAIOTh LIGHTP CHUMETpIi, TO
KOJIMBaHHS, SIKI € CUMETPUYHUMH BITHOCHO ILIEHTpa CHUMETpii, OyIyTh
HeaxtuBHUMH B [Y cniektpi. st yuc-i3omepy B IY criekTpi akTHBHUMHA
€ 1 CHMETpUYHI, 1 aCUMETPUYHI KoJMBaHHs. ToOTO cI1iji 04iKyBaTH, 1110
yuc-i3omepu OymyTh Matu [Y criekTpu 3 OLIBIIOK KUTBKICTIO CMYT HDK
mpanc-13o0Mepy. ExcriepuMeHTalIbHI JaH1 IIJTKOM TIOTOJKYIOTHCS 3 1M
TIPUITYIICHHSIM.

Ockinpku Ha Burisag [Y criekTpiB Mae BIUIMB TaKOX 1 arperaTHUi
CTaH pEUOBMHM, TO I ineHTH(IKaAIii yuc- 1 mpauc-i30MepiB
merogoM Y crnekrpockormnii Ga’kaHO BHMBUATH CHEKTPU SIK TBEPAMX
PEUYOBHH, TaK 1 iX pO3UUHIB.

5.3. HUKJIITYHA BOJIbTAMIIEPOMETPIA

I[JI;I oniepkaHHs 1H(GOpMAIlil PO OKUCHO-BITHOBHI BJIACTHBOCTI
CHOJNYK HaWOUIbII IIUPOKO BUKOPHCTOBYIOTHCS —ENEKTPOXIMIYHI
METO/M 1, 30Kpema, mukiIiuHa BoibTammepometpis (LIBA). Merox
[IBA 06a3yeTbcsi Ha peecTpallii 3aIeKHOCTI CTPyMy, IO TPOXOJIUThH
4yepe3 eJIEKTPOXIMIYHYy KOMIPKY 3 PpO3YMHOM JOCTIDKYBaHOI
PCUYOBMHH, BiJi TPUKIAACHOTO TMOTCHINaTy. 3MIHIOKOYH yMOBHU
MPOBEICHHS EKCIIEPUMEHTY (PO3UMHHUK, MaTepiall, po3Mip poOo4oro
eNeKTpo/ia  TOIIO), 3a Jonomororo Mmeromy I[IBA  moxHa
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% Po3gin n'atui

JOCHIJKYBaTH  OKHCHO-BITHOBHI ~ BJIACTMBOCTI ~ KOOPJIWHAIIMHUX
CHOJIYK Y IIMPOKOMY Jliara30Hi MOTEHIIIaNIB.

CXWIBHICTh  CIIONYKH JIO OKHUCHEHHS YW  BiJHOBJICHHS
XapaKTePU3YETHCSI CTAaHIAPTHUM OKHUCHO-BIJIHOBHHM ITOTCHIIIAIOM
E°, skuit BiZHOCUTBCS [0 nmapu BiJHOBIIEHa (opMa/OKHUCHEHA
dopma crionyku (Bin/Ox) i Bu3Ha4aeThes 3 piBHsSHHS HepHera:

RT

nk aBia

a
E=E"+—In -0,
€ dox 1 api;y — AKTUBHICTh OKHUCHEHOI Ta BiJHOBIEHOI (opm
CHONYKH BimnmoBimHO. OCKITBKM KOe(DIiEHTH aKTHBHOCTI, SK

NpPaBUJIO, HEBIZOMi, TO JUIS CIIPOIIEHHS BBOIUTHCS TTOHATTS
dopmanbroro  motenmiamy | E’. 3HaueHHs  (OpMATBLHOTO
MOTEHIlially ~ BIANOBIJa€  MOTEHI[ialy,  BUMIPSHOMY  TIpH
EKBIMOJISIPHUX KOHIEHTPALIAX OKHUCHEHOI 1 BiAHOBIEHOI ¢opM
CTIOJTyKH:

£ =g+ Ry, 1051
nF  [Bin]

Memoouka excnepumennty

JInst UKITIYHOT BOJITAMIIEPOMETPil BUKOPHCTOBYIOTh PO3YMHH 3
KOHIICHTPAIIIE€I0 KOMIUIEKCIB 2—5 MMOIB/N. JIOCTiKEHHST 3BHYAHO
MIPOBOJIATH 33 TPHEICKTPOIHOIO CXEMOO: POOOUHIA (BUMIPIOBATLHUI)
eNeKTPO/I, JTONMOMDKHHMN enekTpon 1 enekrpon mopiBHaHHS (EIT).
[Torenmian pobOYOro enexkTpoaa 3MIHIOKOTH JIHIMHO 13 4YacoM 3i
MIBHJIKICTIO BiJ] JEKUTBKOX MUTIBOJIBT J0 IEKUTBKOX BOJBT Y CEKYHTY.

PobGounii enexTpom BUTOTOBISIFOTH 13 IUIATHHH, 30J10Ta 4
CKJIOBYTJICIIO. BiH Mae nocuth manmii niameTp (Kiibka MiTIMETpiB i
MeHIe). Skmo o6'eM poOOYOro po3uMHY B KOMIPII — JEKUIbKa
MUIUTITPIB, TO TPU TPOXOMKEHHI CTpyMy OO'€MHA KOHIICHTpALis
ENICKTPOAKTUBHUX YaCTOK B CHCTEMI TIPAKTUYHO HE 3MIHIOETHCS.
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JIONOMDKHMI ~ €JIEKTPOI BUTOTOBIISIIOTH 13 TUIATHHA Y  BUIJISI
TUIACTHHY, TUIONIA TIOBEPXHI $KOi MEPEBHINYE IUIONLYy pPOOOYOro
enekTpona e MeHie Hix y 10 pasis. [Ipu mpoMy ryctiuna crpymy Ha
pobodoMy enekTpoi Oye HabaraTo BHIIE HIXK HA IOTIOMIKHOMY, 1110 1
pobuTh poboumii eneKTpo]; BUMiproBaibHUM. Ha prc. 5.23 mokazaHo
THUIIOBY TPHUEIICKTPOIHY KOMIPKY, SIKa BUKOPHCTOBYETHCS B IIUKITIUHIN
BOJIBTaMIIEPOMETPIi.

~Enextpog
NOpPIBHAHHA

\\ /L] Pisenb
L Wial [ posunny

\ | -
\_-ﬁaﬁﬂz [onomixHui
~f-enextpog

Puc. 5.23. Enexrpoximiuna komipka a5 IIBA

Bubip enexkTtpoga  TOpIBHSHHS  3aJ€KUTh  BiI  yYMOB
eKCIIEpUMEHTY, 30KpeMa Big oOpaHOro po3uumHHUKa. Jlms
JIOCTIKEeHb, SKI MPOBOIATHCS y  BOJHOMY  CEpEIOBHIII,
3aCTOCOBYIOTbCS CTaHAAPTHI €NEKTPOIU TMOPIBHSAHHS, HANpPUKIA]
HacuueHud kanomenbHuil enektpoa (HKE) uym  Hacuuenuit
XJopcpiOHmiA  enmektpon (muB. mimpo3n. 3.4.4). Ha puc. 5.24.
HABEJICHO TOTEHITIAH PI3HUX €JICKTPOMIIB MOPIBHIHHS IS BOJHUX
po3unniB mpu 25 °C BigHocHo HKE i HOpMampHOrO BOTHEBOTO
enektpona (HBE), siki garoTh MOXKIMBICTh IPOBOAUTH MOPIBHSHHS
EKCIEPUMEHTAIbHUX JaHUX, oJAepkaHux wmerogom [[BA 3
BUKOPHUCTAHHSM PI3HUX €NIEKTPO/IIB MOPIBHIHHSL.
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BonbT BigHoCcHO HBE HKE
Hg |HgO, NaOH (0.1 M) 0.926 —— 0.685
Hg | Hg2S04, H,S04 (0.5 M) 0.68 ——

Hg | Hg2S04, K2SO4 (0.5 Hacuuenmin)  0.64 ——0.40

Hg | Hg:Clz, KCI (0.1 M) 03337
Hg | HgzClz, KCI (1 M) 0.2801 |
Hg | HgzClz, KCI (Hacuuennit) 0.2412 -1 0.0000
Ag| AgCl, KCI (Hacudenuii) 0.197 -
HBE 0.0000 - -0.2412

Puc. 5.24. Ilorenuianm eJeKTpoaiB NOPiBHAHHS
y BogHHX po3unHax npu 25 °C
CkragHima cuTyallis BAHUKA€E 3 BHOOPOM €JIEKTPOa MOPIBHIHHS
IIpU TPOBEJICHHI EKCIIEPUMEHTIB y HEBOJHUX cepenoBumiax. OnHa 3
npoOiieM — HeOaXkaHi JOMIIIKK BOAM, IO MOTPAIUIIOTh Y pOOOUHit
po3uuH 3 EIl, axuii mictuth Boay. Tomy mms AeSIKMX BUIAAKIB K
eJIEKTPO/] TOPIBHAHHS OyJio 3ampornoHoBaHo cuctemy Ag/AgNO;

(0.01 M y CH,CN). Yepe3 cxumaanicts migoopy EII, sxuii He

3a0pyHIOE POOOYMA pPO3YMH HEOWKAHUMH JIOMIIIKAMH, IS
HEBOJHUX PO3UMHIB HPOTNOHYETHCS BUKOPHCTOBYBATH
KBazienekTpox  mopiBHsHHA. lle Moke OyTH  3BUYAHHMIA
CTaH/JApPTHUHA €JIEKTPOX TOPIBHAHHS, 3'€lHaHUN 13 pobOoYUM
PO3UMHOM 4Yepe3 JCKTPOJITUUHUI MICTOK, SIKHH MICTUTh TOM CaMHA
(OHOBUI ENEKTPONIT, M0 W eNeKTpoxiMiyHa Komipka. [lorenrmian
takoro EIl 3aiexHO BiJf yMOB MOKE JICIIO 3MiHIOBATUCH, TOMY HOTO
KaJiOpyIoTh BIIHOCHO BHYTPIIIHBOTO CTaHIAPTY — PEAOKC-TIapH, —
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MOTEHIlIaNl SKOI HE 3aJIeKUTh B YMOB €KCIIEpHUMEHTY. Sk pemep
KOMICIi€10 IUPAC oyno 3aMpOINOHOBAHO napy 10H
depoueniro/deporer (Fc™/Fc), Tomy mo o6uasi GopMu po3urHHI
i criliki B 06araTboX ampoTOHHUX pPO3YMHHUKax. KpiMm TOro, sk
OKHCHEHHS ()epolieHy, TaK 1 BiTHOBJICHHS (EPOIECHII0 OMHUCYIOTHCS
piBHsAHHAM HepHcta, TOOTO 1Ii TIpOllECH € TEPMOJAMHAMIYHO
obopotHumu. [Ipu mpoBeneHH! eKCIIEPUMEHTATBHUX TOCTIIKEHD Y
HEBOJHMX  pO3YMHAX  3HAYCHHS  OJIEP’)KaHUX  ITOTCHIIIAJIB
MEPepaxoByIOTh  BIHOCHO CTAaHJAPTHOTO  OKHCHO-BiTHOBHOTO

norexmiany mapu Fc'/Fc, 1o 103BOJSE MPOBOMUTH TOPiBHSIHHS
pe3yJbTaTiB, OTPUMAHUX PI3HUMH aBTOPaMH.

Jnisi 3MEHIIEHHS EJeKTPUYHOTO OmNopy poOoYrx pO3UMHIB
BUKOPUCTOBYIOThCS  ¢oHoBi eaexkrTpoxitu. Jo QoHOBUX
€JIEKTPOJIITIB BUCYBAIOTh TaKi BUMOTH:

* (GoHOBUI eNeKTpONIT Mae OyTH XIMIYHO CTIHKUM, He
pearyBaTu 3 JIOCIIPKyBaHOIO PEUOBHHOIO, HE OKHCHIOBATUCS 1 HE
BITHOBJIIOBAaTHCA B MeEXKaxX IOTEHLIANiB, y SKHX IPOBOAUTHCS
eKCTICPUMEHT;

= goediuieHTn audy3ii KaTioHa Ta aHIOHA, SKI BXOISATH [0
ckimaxy  (OHOBOTO  CIEKTPOJITY, MAlTh OyTH TpPUOIH3HO
OJTHAKOBHMH.

VY BOAHHMX PO3YMHAX YACTO BHKOPHCTOBYIOTH PO3YHMHHU COJICH
(cynbdaTu, HITpaTH, MEPXIOPATH JTYKHUX METATIB TOIIO), KUCIOT
abo JIyriB NMpU HEOOXITHOCTI MPOBEACHHS IOCTIHKEHb Yy MEBHOMY
CepelloBMI, a B  HEBOAHMX pO3UMHAX —  [EpXJIOpaTy,
rekcadropodocharn  abo  TerpadTOpoOOpaTH  YCTBEPTUHHHUX
aMOHIMHUX COJIeH.

Ha puc. 5.25 nokazano o0nacTi MOTEHIiamiB, JOCTYIHI MAJis
JOCTIIKEHb Y BOJHUX 1 HEBOAHMX po3unHax. Poboya oOnacth
MOTEHI[iaNIiB — 1€ 00JIaCTh, [I€ BEJWYHHA CTPyMYy JUIS (POHOBOTO
eJeKTpoNiTy He nepepumye 1 MkA/cm’. Jlis po3uuHiB pobGoua
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00JacTh TOTEHIAMIB 3aJCKHUTh BIJ] YHUCTOTH PO3YMHHHUKA 1
(OHOBO1 COIli, MPUUOMY B HEBOJHUX PO3YMHAX KPUTHUYHUN BILTUB
Mae BMICT Bojau. YacTo Takok HEOaKaHOIO € MPUCYTHICTh KHUCHIO.
Tomy HeBomHi po3zumHHHKU a1 [[BA TOBMHHI MaTu BHCOKI
CTYIIEHI OCYIICHHS Ta OYMINEHHSA, a caM CKCIePHUMEHT
BUKOHYBaTHCS B YyMOBax, fKi BHUKJIIOYAIOTh MOTPAIUISIHHS B
CHUCTEMY BOJIOTH 1 KUCHIO 3 aTMOC(EPH.
L1 | |

| |
+3 12 +1 0 -1 -2 -3
i 1M HzSO4
P {

b—————  PH7 (Gycep)
Bopwi _— 1 M NaOH
PO3UMHN A 1M Ha80,

— 1 1MKC
Ho { ———  1MNaOH

—_ 0.1 M EtNOH
c —— 1 1MHCIO4
{ ———— 0.1MKCl

I y AH, 0.1 M TBABF,

gg:qolﬁrvil | y AM®, 0.1 M TBAPFs
. y BH, 0.1 M TBAPFs

Pt I { TF®, 0.1 M TBAPF
b | K. 0.1 M TEAPFe
! { CH,Cl, 0.1 M TBAPFs
I 1S0,, 0.1 M TBAPF

1 NHs;, 0.1 MKI

E, B vs HKE

Puc. 5.25. PoGouuii giana3oH noreHuiajiiB (POHOBUX eJIEKTPOIITIB y BOTHUX
i HeBoHUX po3uuHaX (AH — aueToHiTPUA, AM® — TuMeTHI(opamis,
BH — 0en3oniTpui, TT'® — terparinpodypan, TEAPF, — rexcagropodocdar
TeTpaeTwIaMoHi0, TBAPF, — rekcadgropodocdar rerpadyrniamonilo,
TBABF, — TerpadTopodopaT TeTpadyTH/IaMOHiI0)

Sk MIPUKIIA] Ha puc. 5.26 MOKa3aHO TUTIOBY
BOJIbTAMIIEpOrpaMy, IO OIHUCY€E PEIOKC-IIEPETBOPEHHS. SIKINO
3HAYEHHsI TIOTEHIIIATy, BiJ] IKOTO MMOYMHAETHCS PO3TOPTKA, JICKUTH
y OinbIl HeraTWBHiN oOnacTi, HiX 3HadeHHs E° 17 IIporecy
OKHCHCHHA KOMIIJICKCY, TO MMPOXOIKCHHA CTpyMy HC
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croctepiraethcs. Konmu moTeHmian poOodoro eneKTpoja J0CATae
BEJIMUMH, ONM3bKUX E°, TOYMHAETHCS OKUCHEHHS CIIONYKH, i
CTPYM 3pOCTae, MPUYOMY UMM OUTBIINI MOTEHIaN, TUM OUTBIINUM
Oyne cTpyM (ninsHKa a). BenmunHa cTpyMy 3aIeKUTh HE JIUIIE BiJT
BEJTMYMHU TOTEHIlaly, aje 1 BiJl MBHUAKOCTI Iudy3ii MoIeKyn
pedoBMHU JI0 enekTpoja. [licms TPOXOKEHHS  3HAYCHHS
notenniany E® KinbKicTh HEOKHCHEHHX MOJEKyN Oiii po6odoro
€JIEKTPO/Ia 3HAYHO 3MCHIIYETHCS 1 JIIMITYIOUUM TIPOIIECOM CTa€
nudy3is HOBHX HEOKHMCHEHHX MOJIEKyJ 3 00'eMy po3umHy. lle
MPUBOJIUTH A0 TOTO, IO MPH 3pOCTaHHI MOTEHIIaly BiAOyBaeThCs
3MEHIIEHHS  CTpyMy (muisHka 6). Y pe3ynbraTi  Ha
BOJIbTAMIIEPOTPaMi B aHO/IHIM 00JIaCTi CIIOCTEePIraeThes IiK.

I, MKA

E, mB

Puc. 5.26. 3arajabHuii BUrIa1 HUKJIIYHOI BOJIbTAMIIEPOIPAMHU

PosrnsiHemo Ttemep, mo Oyae BimOyBaTHCS, SIKIIO 3MEHIITYBAaTH
MOTEHIIiaJ, TOOTO MPOBOJIUTH PO3TOPTKY Y 3BOPOTHOMY HAMPAMKY
(xaTtomauii mporec). [To6aM3y MOBEpXHI €NEKTPOJa 3HAXOIUTHCS
OKHCHEHa (hopMa CHONYKHU. Y Mipy TOroO, SIK 3HAUEHHS MOTEHIIialy
JOCATAaOTh, a TOTIM TIPOXOAATH depe3 3HAaueHHs B,
eJIEKTPOXiMiYHa piBHOBara Bce Ounblie 1 OIblIe 3MILy€eThCs B OiK
yTBOpEeHHS BigHOBIIEHOI opmu. [Iporiec BiTHOBICHHS CIIPUYHUHSIE
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MIPOXOKEHHS KaTOAHOTO CTpyMy (munstHka 6). KatogHa (3BOpoTHA)
KpUBa, 5K 1 aHOJHA, TAKOX MA€ MK, IKUN € HACHIIKOM Ju(y31iHHIX
IIPOLIECIB.

Jlo OCHOBHHX MapaMeTpiB, SIKI MOXKHA OJEp)KaTh 3 IMKJIIYHOL
BOJIETAMIIEPOTPAMH 1 SIKI  XapaKTepU3YIOTh  EJIEKTPOXiMidHi
BIIACTHBOCTI CIIONYKH, HAaJIE)KATh:

* notenmian  wamiexswii  E,, =(E,+E,)/=E", 10610
MOTEHINIaJl  OCTAaHHLOI  JIOPIBHIOE  (POPMAIILHOMY  OKHCHO-
Bi[HOBHOMY TIOTEHI[ialy CHUCTeMH (32 yYMOBH, IO KOEQIIiEHTH
nudy3ii OKUCHEHOT 1 BiTHOBJIEHOT POPMHU OJTHAKOBI);

* BiJICTAHb MDK AHOJHHUM 1 KarogHuM nikamu AE=E, - E,
(xpurepiit Tomema);

® BiJHOIICHHS CTPYMIB MiKiB i,/iy.

JlBa  OCTaHHIX TapaMeTpud  XapaKTepu3yloTh OOOPOTHICTH
eNeKTpOXiMiYHOrO mpornecy. Jlas enekTpoxXiMiuHO O0OOPOTHOTO
OJTHOCJIEKTPOHHOTO TIporiecy AE nopiBHIOE 56-90 MB, a BigHOIICHHS
i/t — omuaut (pu 25 °C), mst kBaziobopotHoro AE =90-150 mMB
st HeobopoTHoro mporecy AE  Oimbimie 150 MB, a BigHOIIEGHHS
CTPYMIB TIKIB JUIsT HEOOOPOTHUX TPOIIECIB € BIIMIHHAM Bifl OJJFHHII.
YacTo a5t HeoOOPOTHHX MPOLIECIB 3BOPOTHA BOJIBTAMIIEPHA KPHBA HE
CIIOCTEPIraeThCsl, MO CBITYUTH IMPO MOXIIMBHN Iepedir XiMiuHOT
peakiii, HampuKiIaa pO3KIaay TMPOAYKTIB, IO YTBOPIOIOTHCS
BHACITI/IOK €JIEKTPOXIMITHOTO TIPOIIECY.

Tak, nnst ¢epolieHy 3 MOJOXKEHHS MIKIB MPSAMOTro 1 000POTHOTO
mporieciB OyJl0 BH3HAUYEHO 3HAYCHHS (HOPMATBHOTO OKHCHO-
BIZTHOBHOTO MoTeHmiany (puc. 5.27 a):

E"=E,,=(E,+E,)/2=470 MB

292



I, MKA

vs. Ag/AgCl
0.6

E B
Fc"+e=Fc

a 0

02 04 06 08 E

Puc. 5.27. HHuxaivni BosibTaMneporpamMu ¢epoueny B aeTOHITpHIIi
3 Pt po6ouum esekTpoaom giamerpom 2 mm (a) i 10 mxm (6)

Kpim Toro, Biactamp Mk mikamu (AE = 60MB), a Ttakox
BIIHOIICHHSI BEJIMYUH CTPYMIB MiKiB (i/ix = 1) BKa3yloTh Ha Te, IO
JTAHWH TIPOIIeC € 00OPOTHUM 1 OZJHOCTICKTPOHHHUM.

Sxmo  OuMKIiYHA ~— BOJIbTAMIIEpOrpaMa  OACPXKYEThCS 3
BHKOPHUCTAHHIM POOOYOTO  yIBTPAMIKPOEIEKTpOAa JiaMeTpOM
nopsinky 10 MkM, TOo BoHa Oyae MaTH BUIJIA[ XBWJI, IO €
HACJIKOM 3MiHU Xapakrtepy audysii (puc. 5.27 6). ®opManbHui
notenmian E” = E,,, BA3HAYAETLCA B IIbOMY BHIAIKY SK MOKAa3aHO

Ha puc. 5.27 6, ToOTO NP 3HAYCHHI CTPYMY, L0 JOPIBHIOE /2.

_ JocnigxeHHs OKWCHO-BiIAHOBHUX

B/1AaCTUBOCTEN KoMMnneKcy nanagito 3 1-,4-,7-
TpMasaumnkioHoHaHoM ([9]aneNs).
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NH _l o4

| 1 .
0 500 mB, vs NHE

Puc. 5.28. Huxaiuna BojbTamneporpama (Pd[9]aneN;),(PFe),
B 0.1 LiCl0, npu pH = 4.6 [5]

VY mukitivHil BossTamieporpami komriekey (Pd([9]aneNs,), (PE),

npu pH = 4.6 (puc. 5.28) cnocrepiratoTbcs J1Ba MOCTIZIOBHI PEOKC-
npouecy, nepmmi 3 skux (£, =200 MB) MoxHa BigHecTH 0 napu
Pd**/Pd*, a npyruii (E,, =430MB) — no mapu Pd*"/Pd’.
Bigcrani MK KaTOOHMM 1 aHOgHMM mikaMu AFE ~70wMmB, 1o
MATBEPKYE OTHOCIICKTPOHHHUI 0OOPOTHHI XapaKTep MPOIIECiB.

3HmxkeHHs pH 10 oguHMII Bene 10 3pOCTaHHSA BeIM4YUH £,
o6ox mpomeciB Ha 150 i 180 MB BimmoBimHO, IO CBIAYUTH TPO
necradimzamiro komiuiekciB manamito(Ill) 1 mamagiro(IV) B mux
ymoBax. [IpruuHO MHOT0 MOKE OyTH MPOTOHYBAHHS aKCiallbHUX
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(aexoopauuoBanux g0 namaniro(Il)) aromiB  HiTporeHy B
(Pd([9]aneN;)>* (mamani me Oyno MiATBEPIKEHO IHIIAMH
METOJIaMH), 110 POOUTH HEMOXKJIMBHUM iX KOOpPIMHAIIO aTOMaMH
Pd (IIT) 1 Pd(IV). Takum 4uHOM, 3 aHami3y 3aJI€KHOCTI BUTIIATY
HUKITYHUX BosbTammeporpaMm (Pd([9]aneN,),(PF,), Bix pH MoxHa

3pOOMTH BHMCHOBOK, IO JUIg cTabumizamii BHIIMX CTYIIEHIB
OKMCHEHHsl Malajil0 CyTT€BE 3HAYEHHS Ma€ MOXIIUBICTb
YTBOPEHHSI KOMILJIEKCIB 3 KOOPAMHALIHHUM YHCIIOM, IO JOPiBHIOE
5 abo 6.

Mpuknag 2. [ocnimkeHHs  npouecy  i3omMepwusauii
D [RuCl,(dppb)(phen)] METOAOM UMKNIYHOI BOSIbTaMNepOMETPil

dppb

PPh, PPh, PP
Jocnimkenns: komiuiekey mpanc-[RuCl,(dppb)(phen)] meronom
IUKTIYHOT BOJIBTAMIIEPOMETPIi Y XJIOPUCTOMY METHJICHI TIOKa3ajio
HasBHICTL 00opoTHOro mpouecy 3 E,, =470mMB. Ila xBuns

. . 2

Bi/INOBiIa€ oJHOENEKTpOHHOMY Tiporiecy Ru’*/Ru”* . Busmmocs,
II0 ONPOMIHEHHS pPO3YMHY BHAMMUM CBITIIOM HaBiTh NPSIMO B
ENeKTPOXIMIYHIH KOMIpIl MPUBOJHUTH 10 BUHUKHEHHS HOBOI XBHJII 3

E,, =660MB, sxa BimmoBimac mapi Ru’/Ru* B  yuc-
[RuCl, (dppb)(phen)]. Ilicis TpuBanoro onpoMiHEHHs MepIa XBHUIIA

MOBHICTIO 3HUKA€E (puc.5.29). Takum YWHOM, TIpU OIPOMIHCHHI
komiutekcy — mpanc-[RuCl, (dppb)(phen)] mae  wmicue  ioro

HEOOOPOTHA  MpaHc-yuc-i30Mepu3allis, SIKy MOXHA JOCHIIUTH
METOJIOM ITUKJIIYHOT BOJIETAMIICPOMETPIT.
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E,,,(mpatc-

mB, vs Ag/AgCl

300 200 500 600 700 850 900

Puc. 5.29. llnkaiuni BoasTamneporpamu mpanc-[RuCly(dppb)(phen)]

10 (Ey; =470 mB) i micas (Ey; = 660 mB) onpominennst B CH,Cl, [6]

[TepeBaroro metony I[IBA B mocmipkeHHI 1€l peakiii

MOPIBHSIHO, HANPHUKIAI, 31 CIHEKTPOGHOTOMETPUYHUM METOJIOM,
SAKUW IIAPOKO BHUKOPUCTOBYETHCS IJsl MOCITIKEHHS peakiii
KOMILJIEKCHHUX CIIOJIYK, MOJISITAa€ B TOMY, 1[0 €KCIIEPUMEHT MOKHA
NPOBOAMTU B TeMpsBi. SIKIIO /Ui BUBUECHHA 1€l peakuii mpanc-
yuc-13omepu3zauii kommuiekcy [RuCl,(dppb)(phen)] 3anucyBanu 6
€JIEKTPOHHI CIIEKTPH PO3UHHIB, TO IEPETBOPEHHS BigOyBanocs 0 i
mig vac peectpamii cmektpa (y I1[bOMY BHUIIQJKy 4epe3
OTPOMIHEHHS KUIBKICTh yuc-i30Mepy Ha TO4YaTKy peecTparii
cnekTpa Oyma © MEHIIOI0, HIDX HampHKiHI{), IO MOrjio 0
CIIOTBOPUTHU PE3YJIbTAT.
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KOHTPOJIBHI
< | 3AIIUTAHHA

1. Hazpatu OCHOBHI THNM €JIIEKTPOHHUX MEPEXOJiB, SKI
crnoctepiratotscs B ECII koopanHaIiifHUX CIIOTYK.

2. SIk MOXHa pO3PI3HUTH B EJICKTPOHHOMY CIIEKTpPi CMYTHU
MIEPEHECEHHS 3aps1y BiJl CMyT d—d-niepexomis?

3. Ilosicautn [IPUYUHY BUCOKOI Yy TIIUBOCTI
CIIEKTPO(OTOMETPUUHOTO METOAY BU3HaueHHs cnonyk Kymnpymy(Il) y
BUMIINI JieTnianTiokapoamaTHoro komiuiekcy Cu(ddc),. Yomy s

CMEeKTPO(OTOMETPUYHOTO aHAN3y HE BUKOPHUCTOBYIOTh KOMILIEKCH
KyTpyMy 3 OKCUTE€HJJOHOPHUMHU JIraHgaMu?
4. TlosicHUTH TPUPOAY ENEKTPOHHOTO CHEKTpa TMOTIMHAHHS
MEPOKCUIHOTO KOMIUIEKCY TUTAHY, SKU HaBEJEHO Ha puc. 3.23.
5.Yomy B ECIl  okracapuynux  Kommiuekcis  Ti**
criocTepiraeTbes ofHa cMmyra norinuHanus, a B ECII okraeapuynux

KoMILIeKCiB V" — 1IBi cMyTH MOTrIMHAHHA?
6. Kommieke ckmagy NiClLLL, mae cMmyry B €IeKTpOHHOMY

cektpi mormmHaHHSA 3 € = 150. Un BXOAATH XJIOPUA-IOHH [0
BHYTPILIHBKOI chepu KOoMILIEKCY?

7. Slk, BUKOPHUCTOBYIOYM EJIEKTPOHHI  CIEKTPH, MOXKHA
po3pizauTH KomIuiekcu kobanbTy(IIl) 1 ko6ansTy(II)?

8. SIki 3MiHM MOXYTh BimOyBaTucs B [U cnekTpax jiranmiB npu
iX KoopauHAIIi?

9. IlopiBHATH METOINKH 3aIuCy I CIIEKTPIB
KOOPAMHAIIIMHUX CITOJIYK Yy Ba3eJIiIHOBOMY Maciii, TabieTkax KBr
1 B po3umHax. SIki mepeBarw 1 HEJONIKM Ma€ KOXKHA 3 IUX
METOAUK?

10. Ilo Take rpyroBi 4acTOTH 1 K iX MOXHa BHKOPUCTATH JJIs
BHU3HAUEHHS CIIOCO0Y KOOpAMHALIIT OpraHIYHUX JIIraHAIB?

11. SIxi BiZOMOCTI MPO BIACTHBOCTI KOOPAMHALIMHUX CIIOIYK
MOJKHA OJIep’KaT METOJIOM IUKIIIYHOT BOJIBTAMIIEPOMETPii?
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3apgada 1. Hikenb(II) yTBOPHOE KOMMJEKC CKNagy
[NiCI4]2’. Un MOXHa 3a [JOMOMOro  enekKTPOHHUX

CMeKTpiB  BW3HAuUTW, AKy BiH Mae 6yaoBy -
TeTpaeApuyHy 4M NAOCKOKBaapaTHy? OxapakTepuayBaTu
MOJIOXKEHHA Ta IHTEHCUBHICTb CMYr TMOM/IMHAHHS B
eIeKTPOHHUX CMeKTpax Unx KoHdirypauiii?

3apgauva 2. IoH [Cr(H,0)s]*" mae 6niauii cHbO-3eneHwii

Konip, a XpoMaT-ioH, Croﬁ‘, — IHTEHCMBHO-XXOBTU.

AKMMM Tunamm nepexoaiB 06yMOBIOOTbCA €/1eKTPOHHI
CNeKTpu UMX ioHIB Yy BUAUMIN obnacTi. OxapakTepulysaTu
CNiBBiAHOWEHHS IHTEHCMBHOCTEM CMYr MOrMHAHHS, SKi
BiAMOBIAAOTb UMM nepexonam.

3agava 3. Kopuctytoumnch giarpamamum TaHabe — CyraHo
(popmatok 2), BM3HAUUTWU KiNbKICTb CMYr MOrfIMHAHHSA B
€/1eKTPOHHOMY  crnekTpi  komniekcy  xpomy(III) 3
nirangom, ansa akoro Dg/p = 1 i npoBecTn iX BigHECEHHS.

3agava 4. Ha puc. 5.30 306paxeHo cnekTp Andy3HOro
BiabutTa KVP,0,, akuin Mae aBi cMyrn y Buaumin obnacri.
MpoBecTn BigHECEHHS LMX CMyr 3a AOMNOMOrok Adiarpam
TaHabe - CyraHo.

3apaua 5. ENeKTpoHHI  cnekTpu  aueTunaueToHaTiB
Hikento(II) i kobanbTy(II) cknagy M(acac), matTb dopmy,
XapaKTepHy A1 OKTaeApuU4YHUX KOMMSEKCiB UMX iOHIB
MeTanis. CnpobyBaTtM MOSICHUTM MOXNMBY OyAoBY UMX
CNoNyK.

3agavya 6. Ha pwuc.5.31 HaBegeHo IY cnekTpu
reoMeTpuyHux i3omepis komnnekcy CoCl,(en),]Cl vy

TabneTkax i3 KBr B o6nacti 800-1200 cML. SGkuii i3 umnx



CNEKTPIiB HaNnexuTb UMC-, a SKWUA TpaHc-izomepy? 3a
AKUMU  KpUTEpiIMM NpoOBOASATb BiAHECEHHHA CMeKTpiB
i3omepiB?

NOrmnHaHHA

800

22 v-102 cm!

Puc. 5.30. Cnextp nudysnoro Bindonrrs KVP,0,

Ww

900 1000 1100 1200 v,em

Puc. 5.31. IY cnexrpu yuc- i mpanc-[CoCly(en),]Cl
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_ Y T1abn. 5.11 HaBeaeHO 4acTOTU KOJIMBaHb
AesKux  TiouiaHaTHUX  KOMMJeKCiB. Bukopuctosytoumn
HaBedeHi faHi, BCTaHOBUTK xapakTtep koopaumHauii NCS-
rpyn y umx KoMnjekcax.

Tabnuys 5.11. OcnoBHi KoauBHI YacToTH NCS-rpym, cM™'

YacroTa, cM
Cnoayka
V(CN) v(CS) 0(SCN)

K;[Co(NCS),4] - 3H,0 2085, 2067 820 —
[(CyH;5)sN1L[Zn(NCS)4] 2072 837 -
[Mn(NCS),(IMDA),4] 2030, 2076 788 477

K,[Pt(SCN)4] 2130 699, 688 —

Co[Hg(SCN),] 2142,2130 790 —

_ SKi KpuTepii BUKOPUCTOBYHOTb, W06 pO3Pi3HNTH
i3oMepu 3B'a3ky NO,-rpynun? BusHaumTn cnocibé koopanHauii

NO,-rpynu B KOMMieKcax, HaBeaeHux y Tabn. 5.12.

Tabnuys 5.12. KoausHi yactorn NO,-rpyn
Y IeSIKAX HITPUTHHX KOMILIEKCAX, cM '

Cuonyka V4 (NO3) V(NO,) d(0NO)
K;3[Co(NO,)e] 1396, 1381 1332 834
[CrONO(NH;)5]Cl, 1460 1048 839

_ Mpwn B3aemoAii TiouiaHaTy Hikenw 3

rekcametundocdhdoptpuamigom (HMPA) B aueToHi 6yno
OfEepXaHO KOMMJEeKC 3eNeHOro KONbopy, $SKUA 3a
pe3ynbTataMn XiMiYHOro aHanisy mae 6pyrtro dopmyny
Ni(NCS), (HMPA), (H,0) . B €/1IeKTPOHHOMY CcneKTpi

NOr/IMHAHHSA LbOro KOMMJEKCY Y BMAMMIN obnacTi € ABi cMyrun
nornMHaHHa 6nm3bko 14000 cm™t i 22000 cM™, monspHwuii
KoediuieHT CBITIONOrNMHAHHA Ana sSkmx MeHwuh 10. 3a



Desaki meTogu pocnimkeHHs 6ya0BM KOOpAVHALIHUX CMONYK %

pe3ynbTtatamMmn I cnekTpockoniyHoro gocnigpkeHHsa v(CN) =
2080 2130 cm!, v(CS) = 750810 cM}, v(PO) = 1190 cm™
(ana HekoopaunHoBaHoro HMPA v(PO) = 1210cm™l).
BcTtaHoBMTU cnocib koopauHadii niraHaie i 3anpornoHyBaTn

6ypnoBy komnnekcy. [llpu 36epiraHHi y BaKyyMHOMY
ekcukatopi Haa P,O5; BinbyBaeTbca  BiAllenneHHS
MOJieKysl BOAM | KOMMNEKC 3MiHWE 3abapBneHHs i3
3e/1eHOro Ha XoBTe. Sk nMpu UbOMY 3MiHIOETLCA BynoBa
KOMMieKcy? AKuUi KoopauHAUIMHUIM nonieap MoxXe maTu
ioH Hikento(II) y »XOBTOMY KOMMJIEKCi?

3apgada 10. T[loTeHuian OKWCHEHHA KIATPOXeNnaTHoro
komnniekcy depymy(Il) craHoButb 0.82 B BigHOCHO
enekTpoaa rnopiBHAHHA Ag/AgCl. Bu3HaubinTM 3HA4YeHHSA
noTeHUiany OKWCHEHHS BiAHOCHO peaokc-napu Fc*/Fc,
AKWO BiAOMO, Wo E;, ans napu Fc'/Fc BigHocHO Ag/AgCl
ctaHoBuTb 0.42 B.

3agava 11. Y uukniyHin BoSbTaMneporpami BOAHOIO
PO3UMHY KOMMIEKCY MiK OKMCHEHHS1 CrnoCTepiraEeTbCs npu
0.72 B, a nik BigHoBneHHss npu 0.66 B BigHocHO HBE.
CniBBigHOLWEHHS BE/NYUH CTPYMIiB OKUCHEHHS | BiAHOBNEHHS
ig/i, = 0.98. BusHauntn xapaktep (060pOTHUIA UK
HeobopoTHMI) | dopManbHUIA MOTeHUian AaHOro peaokc-
npouecy.

3agava 12. I3 uumkniyHoi BosbTaMMeporpaMm BOAHOMO
po3unHy FeSO, ogepxaHO 3Ha4yeHHs QopManbHOro
noteHuiany E;» = 0.771 B (HBE), ake Bignosinae peaokc-
npouecy Fe*"/Fe?" . Mpu gomasaHHi A0 po3umHy FeSO,

deHaHTpoNiHY noTeHuianu nikiB 3CyBatOTbCsA B MO3UTUBHY
obnactb (Ey;; = 1.06 B). K1 CTyNiHb OKUCHEHHSA epyMy
CcTabini3yerbcs y NpUCYTHOCTI EHAHTPOJTiHY?
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Jla6opaTtopHi po6otu go po3ginis 1-5 @

JlabopaTopHa pobora 1

) Cunres i 1ocaiTKeHHd TioiaHATHUX

KOMILIEKCIiB MeTaJIiB

3aBaaHHA

1. BMKOpPUCTOBYHOUM CMEKTPO(POTOMETPUUYHUIA BapiaHT
metonqy b'epyma, pocnigntm npouec  CTyniHYacToro
KoMmniekcoyTBopeHHs B cucteMi Co(NO;), — KNCS vy

BOZIHO-aLLETOHOBMX po3umHax (06'eMHe cniBBiAHOLLEHHS
BOJa — aUETOH AOpPIBHIE 1 : 1) i BU3HAUNTM CTyMiHYACTI
KOHCTaHTW CTIMKOCTI TiOLiaHaTHMX KOMMJEKCIiB KobanbTy.
2. CnHTesyBatn rno 1r Cnonyk K5[Co(NCS), ],
[R4N]3[BI(SCN)g] i K3[Cr(NCS)g]-6H,0; nosicHUTH, 4uMm
obyMoOBneHa Ppi3HMUS B YMOBax CUHTE3y KOMMJEKCIB,
BM6Ip PO3UYMHHUKIB i 30BHIlWHbLOCHEPHMX KaTioHiB. HK
30BHiWHbOCHEPHI KaTiOHM BMAMBAKOTb Ha BEJINYUHY
KOOpAMHALIMHOIO 4Yucna i CTiiKiCTb  KoMnnekcis?  Yum
MOXHa MOACHUTU BUCOKY KiHETUYHY iHEPTHICTb KOMIJIEKCiB
xpomy(III)? BuW3HAUMTU SKICHY PO34YMHHICTb OAEepXXaHUX
KOMIJieKciB y BoAi Ta OCHOBHMUX OpraHivyHmnx
pPO3YMHHUKaX.

3. BU3HauMTM BIiACOTKOBUIM BMICT MeTany B KOMMeKcax
MEeTOAO0M TPUJIOHOMETPUYHOIO TUTPYBaHHA. UM noTpibHO
nepeg TUTpPYBaHHSAM NpoBOAMTM MpoboniaroToBKy?
SAKLWoO TakK, TO AKy?

4. 3anucatm I4 cnekTpu TiouiaHaTy Kaniw i
CUHTE30BaHMX KOMMAekciB y Tabnetkax i3 KBr Ta
Ba3esiHOBOMY Machi h 3pobutm BUCHOBKM Npo cCrnocib
KoopAMHaUil TiouiaHaTHUX rpyn. Aki Tunu KoopAauHauil
TiouiaHaTHUX rpyn BaM BigoMmi Ta 4dki IY kputepii
HeobXxigAHO BWKOPUCTATU ANS BCTAHOBMEHHS TUNy X
KoopAauHauii? TMoACHUTU MPUYUHKM  PiI3HOrO XapakTepy
KoopAMHaUil aumaoniraHay B oAgepXXaHUX CnonyKax.

Yn 3anexutb nosoxeHHa cMmyr B IY cnektpi Big
MEeTOAMKN NOro peectpauii?
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5. 3anucatm cnekTtpu audysHoro Biabutta Ta
€/1eKTPOHHI CNeKTPW MOrIMHAHHSA KOMNAEeKCiB KobanbTy
i XpoMy i BCTaQaHOBUTM CUMETPIO KOOPAMHALINHOIO
noniegpa LeHTpanbHOro aToma. Kopuctyrouucb
piarpamoto TaHabe — CyraHo, 3pobuTn BigHECEHHS CMYT
NOriMHaAHHA B €/1eKTPOHHOMY CReKTpi KOMMAeKcy
xpoMmy. Bubpatu Ta o6rpyHTyBaTM METOAMKY 3anucy
€NeKTPOHHUX CcnekTpiB B obnacti d-d-nepexogis
(mianasoH 4yacToT, PO34YNHHUK, KOHUEeHTpauis
KOMMMJIEKCIB).

6. Po3paxyBaTh TeOpPEeTUYHi 3HAUEeHHS  edeKTUBHUX
MarHiTHMX MmoMmeHTiB i ECKIN ansa oaepxXaHux crnonyk.

7. Ha ocHoOBi ogep>aHuUX pe3ynbTaTiB HanucaTu 3BIiT Npo
poboty y dopmi HeBenukoi cTaTTi, odopMIeHoi 3a
npasunamy  "YKpaiHCbKOro  XiMiyHOro >kypHany", i
nigroTyeaTn AOMOBiAb Ha ceMiHapi.

JlabopaTopHa poGoTa 2

CuHTe3 Ta AoCaigKeHHs1 KoMILlekciB Hikemro(1I)

3 eTwiieHAiaMminoM. Peakuii TeMNIaTHOTO CUHTE3Y

3a yuacTti komiuiekcey NiCly(en),

3aBaaHHA

1. MetogoM pH-noTteHUioMeTpii BU3HAUUTU KOHCTAHTU
KMUCMOTHOI Aucouiauii eTuneHaiaMiny.

2. Metogom pH-noTeHuiomeTpii  gocnigntn  npouec
KomrnekcoyteopeHHs B cuctemi Ni(NOjz), — en — H,O i
BU3HAUYUTU CTYMiHYACTi KOHCTAHTU CTINKOCTi KOMIJIEKCIB, SIKi
yTBOPKOIOTBCA. 3a  AOMNOMOrok  nporpamm  Species

nobyaoysatm KpuBi po3noginy niraHay | KOMMJeKkciB
3anexHo Big pH.
3. MpoaHanizysaTu BiOMi METOANKUN CUHTE3y

aMiHOKOMMJIEKCiB, 3arpornoHyBaTW METOAWKY CUHTE3Y i
cnHTesyeatm 51 komniekcy  Ni(en),Cl,.  BusHauutu

BiACOTKOBUI BMICT HiKeO B KOMIUIEKCI MEeToAOoM
TPUITIOHOMETPUYHOIO TUTPYBAHHS.
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4. 3anucatu I4 Ta enekTpoHHI CNeKTPU MOrMIMHAHHA Xnopuay
HIKEeM0 W Oo4epXaHoro KOMMJEeKCcy | mpoBectn  iX
iHTeprnpeTauito. BCTaHOBUTM CUMMETPIO  KOOPAMHALIMHOIO
nonieapa ioHa Hikesno. MOSACHWUTU 3CyB CMYr MOMUHAHHSA B
€/1eKTPOHHOMY CMeKTpi KOMMIEKCY TMOPIBHAHO 3 HiTpaToOM
HiKento.

5. Po3paxyBaTM MOXnMBI 3HaueHHS edeKTUBHOro
MarHiTHoro MmomeHTty ana Ni(en),Cl,. lNpoaHaniszysaTtn, um

MOXKe AaHWUW KOMMNEKC Hikento 6yTn giamarHiTHUM?

6. MeTogOM TEMMIATHONO CUMHTE3Y OTpUMaTK bic-aueTun-
auetoeTtunengiimiHoHikenb(II) Ni[CH;COCH(CH;)C =NCH,], .
Jocnigntn enekTpoHHi ”n IY cnekTpu yTBOPEHOro
KOMMJIEKCY. HaBecTn npuknaguM iHWKUX  peakuin
TeMMaTHOro CUHTE3y, BiAOMiI B niTepaTypi, 3a y4acTi
KOMMJIEKCY HiKeno 3 eTuneHaiamMiHoM.

7. 3anucaTtu UMKAIYHI BOJIbTaMrneporpamm
CMHTE30BaHMX KOMMJEKCIB | oOxapakTepusyBaTu iX
OKMCHO-BiAHOBHI B/1ACTUBOCTI.

8. Ha ocHoBi ogep>xaHux pe3ynbTaTiB HanucaTu 3BiT Npo
poboty y dopmi HeBenukoi cTaTTi, OodOopMseHoi 3a
npasmnamMnu  "YKpaiHCbKOro  XiMiyHOro >kypHany", i
nigroTyesaTn AOMOBiAb Ha ceMiHapi.

JlabopaTtopHa po6oTa 3

Cunre3 Tionianartis Mn, Co, Ni, Zn

3 rekcametwiagochoprpuamizom [M(NCS),(HMPA),] i
[Ni(NCS),(HMPA),|,

3aBnaHHda

1. CuHTesyBat™m no 0.5 r KOMMNJEKCY KOXHOro 3 MeTanis,
BU3HAUNTUN, Y SKMUX PO3UYMHHMKAX BOHU PO3UMHSIOTHCS
(aueToH, cnupt, 6eH30n, BoAda). UM MOXHa opepxaTu 3a
JAHOI0 MEeTOAMKOK aHasnoriyHMM 3a CKNagoM  KOMMJeKc
kynpymy(II)?

307



&% JlabopatopHi po6otu go po3ginis 1-5

308

2. Bu3HauuTM BIACOTKOBMA BMICT MeTany B KOMIMJIEKcax
MEeToAO0M TPUJIOHOMETPUYHOIO TUTPYBAHHS. 3 AKOK METOHO i
SIK NOTPIBbHO BMKOHYBaTM NpoboniaroToBKy?

3. 3anucatm I4 cnektpu HMPA, KSCN i oaepxaHux
cnonyk y Tabnetkax i3 KBr i 3pobuTn BUCHOBOK Mpo Tun
KoopAuHauii TiodiaHaTHUX rpyn i monekyn HMPA.

Axi Iy KpuTepii  HeobxigHO  BMKOpMUCTATM  ANA
BCTAHOBJIEHHS TUNY KoopAUHAaUIl TiouiaHaTHUX rpyn? Yum
obyMmoBneHa BigMiHHICTb I4 cnekTpa KOMMeKCcy Hikento
BiJ CMEeKTPiB KOMMJIEKCiB MaHraHy, kobanbTy i UMHKY?

AKi  3MiHM cnocTepiraloTbCa B pO3TallyBaHHI  CMyr
MornanHaHHsa y cnektpi HMPA npu KoopauHauii?

4. 3anuncaTtn efIeKTPOHHI CNeKTpU MOrsIMHaHHA KOMMJIEKCIB i,
y TUX BuNagkax, JAe LuUe MOXIMBO, BCTAHOBUTHU
KOOpAMHaLiAHE 4MCNO LUeHTpanbHOro ioHa i cuMeTpito
KoopAuMHauinHoro nonieapa. fAki metoam Bu Mo 6
3anpornoHyBaTWU AN BCTAHOB/IEHHS reoMeTpuyHoi 6yaoBu
KOMMEKCY LMHKY?

5. Po3paxyBaTu eHeprito crabinizauii B oOKTaeaApuyHOMY i
TeTpaeapuyHOMY MNONAX firaHAaie onsg gaHuxX ioHiB MeTasniB.
MOSACHUTK pi3HY CXMABHICTb iOHIB KOB6anbTy(II) i Hikento(II)
[0 YTBOPEHHS TeTpaeapUYHMUX KOMIMJIEKCIB.

6. Ha ocHoOBi ogep>xaHux pe3ynbTaTiB HanucaTu 3BIiT Npo
poboty y dopmi HeBenukoi cTaTTi, odOopMseHOoi 3a
npasmnamMm  "YKpaiHCbKOro  XiMiyHOro >kypHany", i
niagroTyesaTn AOMOBiAb Ha ceMiHapi.

JlabopaTtopHa po6oTa 4
CuHTe3 Ta H0CTimKeHHs] KoMIUiekcy Kynmpymy (1)
3 rAiMHOM (AMiHOOIITOBOIO KHCJIOTOI))

3aBaaHHA

1. Metogom pH-noTeHuUioMeTpii BU3HAYUTU KOHCTAHTU
KWUCNOTHOI AncouiaLii aMiHOOLUTOBOI KUCNOTH.

2. MetogoMm PpH-noTeHuioMeTpii gocnigntn  npouec
KomniekcoyTBopeHHs B cucrtemi Cu(NO;), - HGly - H,O
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Ta BU3HAYMTW CKNah i CTyMiHYaCTi KOHCTaHTW CTiNKOCTI
KOMMNEKCIB, AKi YTBOPIOKOTbLCS.

3.3a pgonoMorow nporpamMm Species nobyaysBatu KpwuBi
po3noainy niraHgy i KOMNeKCiB 3anexHo Big pH.

4. CwuHTesyBatn cnonyky Cu(Gly),, BMW3HauuTKU Yy Hin

BiACOTKOBMN BMICT KymnpyMmy. Yu noTpibHa nonepegHs
npoboniarotoBka i sika?

5.3anucatM Ta iHTEpnpeTyBaTM €fIeKTPOHHI  CNeKTpu
nornnvHaHHa Ta IY  cnekTpy amiHOOUTOBOI KWUCIOTU i
Cu(Gly),.

6. MepenbaunT MarHiTHUN MOMEHT OAEPXXAaHOro KOMIIeKCY
i NOSICHUTK, YoMy ioHM KynpyMy(II) NposiIBNSAOTbL CXWUABHICTb
[0 YTBOPEHHS KoMMneKkciB 3 Dy, cuMeTpien?

7. 3anucaTtu UMKiYHY BONbTaMneporpamMy KOMIMeKcy
Cu(Gly), i oxapakTepnsyBaTu OKMCHO-BIAHOBHi BNaCTUBOCTI
LbOro KOMMAEKCY.

8. Ha ocHoBi ogep>xaHux pe3ynbTaTiB HanucaTu 3BiT Npo
poboTy y opMi HeBenukoi cTaTtTi, odopMseHOoi 3a
npasmnamMn "YKpaiHCbKOro XiMiyHOro »>ypHany", Ta
niagroTyesaTn AOMOBiAb Ha ceMiHapi.

JladopaTtopHa po6oTa 5
CuHTe3 Ta 10C/iIKeHHsI eHTanaioHaTiB-2.4
(anerunauneroHariB) 3d-meraJiB

3aBnaHHA

1. CuHTesyBaTu auetunauetoHatn xpomy(III), depymy(IIl),
kobanbTy(II), Hikento(II) Ta kynpymy(II), BUKOPUCTOBYOUN
pi3Hi MeToAMKWM CUHTe3y (peakuii 06MiHY Yy BOAHMX
pO34MHax Npu perynboBaHOMy pH, eKCTpakuiiHUN, NpsSMui
Ta eneKkTpoXiMiYHMN CUHTE3N). [MOACHUTU, UYOMY CUHTE3
CMOTYKN XpOMYy BiabyBa€eTbCA HalBaXxKye.

BU3HaUMTM | MOSICHUTU  PO3UYUHHICTD CUMHTE30BaHUX
KOMMJIeKCiB y BoAi, cnupTtax, 6eH3oni, xnopodopmi.
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2. TpoBecTn OYUCTKY KOMMJIEKCIB KyrnpyMy Ta Xpomy
METOAOM BaKyyMHOI cybniMadii. AK MOXHa MNOSACHUTH
BMCOKY JIeTKICTb aueTunauetoHaTiB 6aratbox MeTanis?
YoMy aueTunaueToHaTn KobanbTy i HiKent HeneTki?

3. 3anmcatu IM cnekTpu aueTunaueToHaTiB MeTaniB Y
Tabnetkax i3 KBr, BM3HAUUTU MONOXEHHS OCHOBHWUX CMYT
MOMMIMHAHHSA  aueTMIaueTOHATHOro  fliraHay i 3pobuTu
BUCHOBOK MpO MOro TWUM KOOPAMHAUii B CUHTE30BaHUX
KOMeKcax.

4. 3anucatn enekTPOHHI CreKTpu MOr/IMHaHHA i ChnekTpu
andy3sHoro BiabUTTH aueTuiaueToHaTiB MeTanis
(pPO34YMHHUK 3anporoHyBaTM CaMOCTIAHO) i npoBecTn ix
BiIHECEHHS.

5. BuBuntn BNAMB po3unmHHUKA (xnopodopM, eTaHon,
OMO®A, Py) Ha eneKTpOHHI CNeKTpuU KOMMNEKCIB KyrnpyMmy.
Y 4yoMy npuuMHa 3MiH, 9Ki BM crnocTepiraete? Hanucatu
PiBHSIHHS BiAMOBIAHUX peaKkuin.

6. Ha ocHOBI oaepxaHuX pesynbTaTiB HanucaTu 3BiT Npo
poboty y dopmi HeBenukoi cTaTTi, OdOopMIeHOi 3a
npasmnamm "YKpaiHCbKOro XiMiyHOro »ypHany", Ta
nigrotyesaTn AOMOBiAb Ha ceMiHapi.

JlabopaTtopHa po6oTa 6

CuHTes yuc- i mpanc-izomepib
oic(etunenaiamin)auxyiopoxodaasT(I)

xaopuay [CoCly(en),]Cl. Bniius izomepii na 14

Ta eJIEKTPOHHI CIIEKTPU KOMILIEKCiB

3aBaaHHA

1. CwHrtesysBatm uywuc- i TpaHc-isomepu [CoCl,(en),]Cl,

BM3HAYNTM BIACOTKOBMA BMICT MeTany y crnonykax. Yu
MO>XHa noAdibHi i3omepn cuHTeszyBatn ana depymy(III)?
Bignosigb 06rpyHTyBaTL.

2. BuM3HauMTK MONApHY €neKTpPonpoBiAHICTb ANS TpaHcC-
[CoCl,(en),]Cl. MNpo Wwo cBig4aTb oAep>KaHi pe3ynbTaTn?

3. 3anucatm ECM i30MepHMX KoOMMAeKCiB. YM MoOXHa
BUKOPUCTATKM Ui CNEKTpu AN A0Kasy UMC- Yn TpaHC-6ynoBu



Jla6opaTtopHi po6otu go po3ginis 1-5 @

KoMnnekcis? Bubpatn Ta 0obrpyHTYBaTM METOAMKY 3anucy
€/IeKTPOHHUX CreKTpiB B obnacTi d—d-nepexoais (aiana3oH
YacToT, PO34YMHHUK, KOHLEHTPaLUis KOMMNIEKCIB).
4. Nocnigutn IY cnekTpu CUHTE30BaHUX KOMMJEKCIB.
AKUM UYMHOM MOXHA PO3PI3HUTU UMC- | TpaHC-izoMepu
JaHoro cknagy 3a I4d cnektpamn?
5. Ha ocHOBI ogepxaHux pesynbTaTiB HanucaTu 3BIiT NMpo
poboty y dopmi HeBenukoi cTaTTi, odopMieHoi 3a
npasmnammu "YKpaiHCbKOro XiMi4HOro >xypHany", Ta
nigroTyBaTn AOMOBiAb HA CeMiHapi.
E . JlaGopaTopua po6ora 7
I Cuures uuc- i mpanc-izomepin
& oic(etwienaiamin)uiTpoxsopokodaasT(1Il)
HiTpaTy. JociigxenHs kiHeTuku peakuii akBarauii
uuc-[CoNOZCl(en)Z]NO;;
3aBnaHHA
1. CuHTesyBatu ymc- i TpaHc-izomepn [CoCINO,(en),INO;,

BM3HAYMTM BIACOTKOBMW BMICT MeTaay Yy Crnoaykax.
Hanucatn BCi TeopeTudyHo MOXJMBI i30Mepu [aHoro
cknagy.

2. Hocnigntn IM cnekTpy CUHTE30BaHMX KOMMIEKCiB. SKi
3MIHU B HMX CrOCTepiraloTbCq 3anexHo Bia 6ynosu
KoMnnekciB?  SAki  CMyrm MOXHa BWUKOpucTatM  Ans
ineHTudikauii yuc- i TpaHc-isomepiB?

3. 3anucatm cnekTpu AndysHoro Biabutta Ta ECH
BOAHMX i BOAHO-aUETOHOBMX  PO3YMHIB  i30MEpHUX
KOMMNeKCiB Bigpa3sy nicng iX npurotyBaHHs i Jepes
Kifilbka roguMH. YnM MOXXHa MOSACHUTWU 3MiHW Yy CneKkTpax i3
yacoM? Ym MOXHA BUKOPUCTATWM Ui CNeKTpu ANns AoKasy
Unc- un TpaHc-6ynoBu KOMIMJEKCiB?

4. Nocnigutun KiHETUKY peakuii akBaTauii yumc-
[CoCINO,(en),JNO4 3a/1eXHOo Big KOHUEeHTpau,ii
KoMmnjekcis, Temnepatypu i pgobaBkMm  HEBOAHOrO
pO34YMHHMKA (aueToHy) | po3paxyBaTM eHeprio Ta
eHTpOonio akTMBaLlii.

5. Ha ocHOBIi ogepxaHux pesynbTaTiB HanucaTtu 3BiT Npo
poboty y dopmi HeBenukoi cTaTTi, odOopMIeHoi 3a
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npasmnamMu "YKpaiHCbKOro XiMiyHOro »>ypHany", Ta
niagroTyesaTn AOMOBiAb Ha CeMiHapi.

JlabopaTtopHa po6oTa 8
CunTe3 i 1oc/iaKeHHs i30MepiB 3B'A3KY

neHTaMiHHiTpokoo6anbT(I1I) ximopuay, [CoONO(NH;)5]Cl, i
neHTaMiHHiTpUTOKO00aNBLT(I1I) XST0pPH Y,

[CoNO,(NH;)s]Cl,.

3aBnaHHA

1. CuHTe3yBaTH i3oMepu [CoONO(NH; )51Cl, i
[CONO,(NH3)5]Cl, , BU3HA4YUTK BiACOTKOBMI BMICT MeTany
y Crionykax.

2. BusHauntun MOJISAPHY €NeKTponpoBiAHICTb
CBi>XX€BUIOTOBJIEHOIO BOAHOIO poO34unHy

[CONO,(NH3)5]Cl, i noACHUTK Ti 3HAYEHHSA.

3. 3anmcatm IM cnekTpy ogepXaHux Chonyk vy
Ba3esiHOBOMY Macni Ta Tabnetkax i3 KBr i 3pobutu

BMCHOBOK Npo Tun koopauHauii NO; -rpyn. fka meTtoauvka

3anucy IY cnekTpiB, Ha Baw norns4, € B A4aHOMY BMNAAKY
Kpawoto? Ski IM kpuTtepii HeobxigHO BMKOpUCTaTU A4/
BCTAHOBJIEHHS TuMy KoopAauHauii uux rpyn? [lpoBecTtu
BiAHECEHHST CMYr MOrMMMHAHHA KOOPAWMHOBAHMX MONEKY
NH; .

4. 3anucaTu €NEeKTPOHHI CrieKTpu NOrANHAHHS
KOMMNEKCiB, MNOSACHUTU PIi3HULI pOo3TaWyBaHHA CMyr
MOrSIMHAHHSA Yy ChNekTpax o4epXaHWX BaMu i30MepiB.
3pobuUTn BUCHOBOK MPO BiAHOCHE MOJIOXEHHS HIiTPO- i
HITPUTO-NIraHA4iB y CNEKTPOXIMIYHOMY psay?

5. TlpoBectu aHanoriyHi cnekTpanbHi  AOCAIAXKEHHS
KOMMJIeKCiB Yepe3 ABa TUXHIi, Yyepe3 Micaub. YMM MOXHa
MOSICHUTK 3MiHKM B iX I4 i eneKTpoOHHMX cnekTpax? Skun i3
i3oMepiB € TEpMOAMHAMIYHO Ginbll CTIMKUM?

6. Po3paxyBaTu TeOpeTUUHi 3Ha4YEeHHSI MarHiTHMX MOMEHTIB
oAepXXaHMX KOMIJIEKCIB | 3HA4YeHHs eHeprii crabinizauii
KpuctaniyHmMm  nonem. [lloiCHUTM, 4YOMYy MepeBaxHa



~ NaGoparopui poGoru do posainia 1-5 *}*

6inbwicte komnnekcie kob6anbTy(III) € HU3bKOCMIHOBUMYU, A
kobanbTy(II) — BUCOKOCMiHOBUMM.

7. Ha ocHoOBi ogep>xaHuUX pe3ynbTaTiB HanucaTu 3BIiT Npo
poboTy y dopMi HeBenukoi cTaTtTi, odopMieHOoi 3a
npasunammu "YKpaiHCbKOro XiMi4HOro >xypHany", Ta
niagroTyesaTn AOMOBiAb Ha ceMiHapi.
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@ Bommw

JTOJATOK 1

KoncranTu cTilikocTi 1esikux kommiekcis (1us. [7; 14] pos. 3)

Komniaekcu 3 amoHiakom

3.32 7.23
1.99 3.50 4.43 5.07 5.13 4.39
7.3 14.0 20.1 25.7 30.8 35.21
593 10.86

3.99 7.33 10.06 12.03 11.43 8.9
14 2.2 - 3.7

0.8 1.3
2.67 4.79 6.40 7.47 8.10 8.01
2.18 4.43 6.93 9.08 9.46 12.75

Bpomiani komniaekcu

4.38 7.34 8.00 8.73

—0.13 —0.42
- 5.92
—0.03 -
0.55 0.82
—0.12 -3.24 - —8.12
2.23 3.00 2.83 2.93
—0.8 2.2 2.9 2.5

MHoauani koMmmiaexkcu

6.58 11.74 13.68 13.10

- 8.85

1.88 -

1.26 2.80 3.42 3.92

-0.47 —1.53 1.26 —0.51
XJopuaHi KOMNJIeKCH

3.01 5.04 5.04 5.30
- 5.35 5.63

0.07 —0.57 2.1

0.36 0.40

1.45 2.10 1.10 —0.85
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XJopuaHi KOMIIEKCH

1.62 2.44 2.04 1.0
—0.19 0.18 -1.4 —1.52
0.60 0.11
0.95

DTOpUAHI KOMNJEKCH
6.04 1074 | 13.74 | 1574 | 16.10 | 16.10
0.79
7.10 11.98 15.83 18.53 20.20 20.67
1.23
5.20 8.54 11.02
1.48
1.26

TinpoxcokomMmiaekcn
2.30 4.0 5.2
9.03 18.7 27 33
4.35 9.2 10.5
10 18.3 24 28.6
6.0 10.7 14.2 16.4
5.5 7.4 11.0 10.0
11.8 22.33 30 34.4
341 5.8 7.2 7.7
4.14 9 12
7.52 10.54 13.95
18.0 35.2 47.7
6.04 11.1 13.6 14.8

HiTtpuTHi koMnaekcn
1.88 2.83
1.30 1.65

TiomianaTHi KoMnJaexkcH
4.75 8.23 9.45 9.67
0.42
1.74 2.40 2.30 291
1.72 1.6 1.8 —0.3
3.1 4.8 5.8 6.1 54 3.8
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TiounianaTHi KoMnJjaexkcu

— - 9.90 10.05
2.3 3.65 5.19 6.52
1.31 0.43
3.03 4.33 4.63 4.53 4.23 3.23
1.09 2.52 1.90 0.85
1.57 1.56 1.51 3.02
Hianigni koMmnaekcu
- 19.85 20.55 19.42
- - - - - 19.09
- - - - - 64
- 240 | 286 303
- - - - 186 | 369
- - - - - 439
- - 222 31.0 303
- 11.07 | 16.05 | 19.62
AumeraTHi KOMINJEKCH
0.73 0.64
1.46
2.23 3.63
32 6.1 9.3 8.3
3.38 6.1 8.7
1.40
1.43 2.12
1.57 2.38
OkcanaTHi KoMnJjaekcHu
<2
7.3 13 16.3
4.7 6.8 9.7
5.34 10.51 15.44
6.7 10.3
3.05 4.52 5.22
9.4 16.2 20.2
3.82 5.25 | =14
>53 6.51 8.34
4.85 7.55
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KomMniaexkcu 3 nipuaunom

2.05 4.10

1.27 2.14 2.3 2.5
1.14 1.54

3.9 6.6 7.9 8.7

2.50 4.30 5.16 6.04

0.71 - - 6.7

1.78 2.82 3.13

1.41 1.11 1.61 1.93

Komniaexkcu 3 eruneHgiaminom

5.62 10.21 12.30

5.96 10.8 14.1
10.71 20.04

4.34 7.66 9.72

0.37

2.77 4.87 5.81

7.47 13.82 18.13

5.87 10.97 13.03

TaprpaTHi KOMIJIeKCH

3.08 42

3.00 5.11 5.76 6.20
7.49 11.86

1.44 - - -

- 542 - -
2.92 - -

3.31 5.16

Komnuaekcu 3 rizpazunom

1.78 3.34 - -
6.67

4.76 00.00
2.76 5.20 7.35 9.20 10.75 11.99
3.40 3.70 3.78 3.88 - —

KoMmnaexcn 3 rizpokcuaaminom

1.9 49

0.9 -
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KoMmnaexcen 3 rizpokcuaaminom

2.4 4.1
0.5 -
1.5 9.72 - 12.53 - 18.55
0.40 1.01
Komniaexkcu 3 8-okcuxiHoninom
9.1 17.2
12.2 23.4
8.0 15.0
12.3 23.6 33.9
9.9 18.7
8.5 16.72
Komniaexcu 3 penanrpoainom
5.02 12.07

5.17 19.0 14.26
7.02 13.72 20.00
8.82 15.39 20.41
5.86 11.11 21.14
6.5 11.4 23.5

1.2
4.50 8.65 12.70
8.0 16.0 23.9

4.65
6.30 11.95 17.05

Komnaexcu 3 edta

7.31 11.31
16.46
16.31
18.80
14.20
24.23
14.04
18.62
18.5
16.26

320



o Bomma

JOJATOK 2
Hiarpamu Tana6e — Cyrano
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Jliarpama Tauna6e — Cyrauno pus Kondirypauii @
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Jliarpama Tana6e — Cyrauno ais kondirypauii d*
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JTOJATOK 3

Kopeasiniiini giarpamu rpynoBux yacrtot (1us. [3] po3. 3)
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HaBuyajJbHe BHIAHHSA

CKOIIEHKO BikTop BacuiaboBu4
3Y¥b Bipa SIkiBHa

KOOPJIUHALINHA XIMIS

IIpakTHKYM

Penaxrop O.B.JInTBUHOBA
Texniunuii peqakrop A.B.Ilpasausens

OpwuriHan-makeT BUrotoBneHo BuaasHuyo-nonirpadiyHMm LeHTpom “Kuiscbkuin yHiBepcuteT”

BupaBHuyo-nonirpadiuHum ueHTp "KuiBcbkuin yHiBepcurteT"
01033, KuiB, 6-p T. LLleBueHka, 14, kimH. 48, Ten. (38044) 221 3158; (38044) 224 9972
dhakc (38044) 234 2290.

NianucaHo ao apyky 19. 09. 2002. Popmat 60x84/16. Bua. Ne 642.
Apyk odbceTHuin. Haknap 1000. YMOBH. Apyk. apk. 20.7
3am. Ne 22794



