JNnemeHTbl 9 rpynnobl



[Togrpynna kobansta

3 4 5 6 7 8
Sc Ti V Cr | Mn | Fe
Y Zr | Nb | Mo | Tc | Ru
la | Hf | Ta | W | Re | Os

11 12
Cu | Zn
Ag | Cd
Au | Hg

Co — kobanet, Rh — poaun, Ir — npnann




CBoucTtBa 3rnemMeHTOB

Co
27
3d74s?
125
7.86
17.06
1.70

Rh

45
4d85s?
134
7.46
18.01
1.45

2,3,(4) (1),2,3,4,(5),(6)

Ir
’r
4f145d76s?
136
0.1
17.0
1.55
(1),2,3,4,5,(6)



CBowncTtBa MeTannoB

Co Rh Ir
T.nn., °C 1490 1960 2443
T.kmn., °C 3100 3730 4405
A HO, kOx/mornb 428 557 665
d, r/cms 8.90 12.41 22.56
o, Cm/m (-10°) 15 23 21
T, °C 1130 = -
Ctp.TuUn Cu, Mg Cu Cu

EO(MM/MO), B —0.277 (n=2)  +0.76 (n=3)  +1.0 (n=3)

a-Co(TLIK) ~217°C, B-co(rmy)




Xnummyeckume ceounctea Co

1. Naccusunpyetca koHUeHTpupoBaHHbIMU H,SO,, HNO; 1
LlapCKoW BOOKOU

2. PacTBopsieTcsl B KUCNOTax-HEOKUCIIUTENSAX U OKUCITNTENAX
Co + 2HCI = CoCl, + H,
5Co + 12HNO, (pa3b) = 5Co(NO,), + N, + 6H,0

3. He pacTBopsieTca B Lieno4vax

4. Pearvpyet Cc KNCNOPOAOM NpU HarpeBaHUU
3Co + 20, = Co,0, Co3*, Co?*
5. Pearnpyert c ranoreHamu v gpyrummn Hemetannamu

Co + Cl, = CoCl,
2Co + 3F, = 2CoF,
Co + 3P = CoP,

CoP; =
(Co3*),4(P4*)s




Xummdeckume cesouctea Rh, Ir

1. OKnUcrneHne Kncrnopogom
4Rh + 30, = 2Rh,0, (obpaTumasn peakums)
Ir+ O, =1rO, (obpaTumas peakums)
2. OkncneHmne ptopom
2Rh + 5F, = 2RhF. 2Ir + 5F, = 2IrF
3. He pacTtBopsAOTCA B KUCNOTaxX-OKUCITUTENAX U LeroYyax
4. llleno4yHOe oKkucneHune

Ir + 2NaNO; + 2NaOH (k) = Na,Ir'VO, + 2NaNO,, + H,O
aHanorn4yHo ans Rh

2Rh + 3BaO, = Rh,""O, + 3BaO (Ir — 1rO,)
5. PacTBopeHune B KNCION cpeae
Ir + 2HNO, + 4HCI + Cl, = H,[IrCl¢] + 2NO,, + 2H,0



[TonyyeHune Co, Rh, Ir

Kobankst Cogepxanue B npupoge (0.002 %)

OCHOBHble MUHepanbl: COAS, KObansToBbLIN LINENC, CManbsTuT,
CoAs; ckyTTepyanT; CoASS KobarnstoBbiv bneck, KobansTuT;

CoAs
Obxur cynbdomnaos: ;

3CoS + 50, = Co;0, + 3S0,
BocctaHoBneHne: Co;0, +4C =3Co +4CO

[MponsBoacTBo kKobanbTa ~60 ThIC. T. €XXErogHo

Poaun, Mpnanin Copepkanune B npupoae (1-2 107 %)

[Tony4yatoT nepepaboTkon NNaTUHOBLIX PyA -

Ir



[TonyyeHune Co, Rh, Ir

Kobankst Cogepxanue B npupoge (0.002 %)

OCHOBHDbI¢ NanbTUT,
o\o J
CoAs; ck' ¢ j ANbTUT,
= 1
() ]
o)
O6xur cy :s‘)
3CoS + % 0,1-
BoccTaHC =
(D)
s
I
o ()
Poawnn, V1 § Sc Ti V Cr Mn Fe Co Ni Cu Zn

[MonyyatoT nepepaooTKon NNaTUHOBLIX Pya



© 0 N O WwDhE

Co
Co
Co
Co
Rh, Ir
Rh

Ir

Rh, Ir
Ir

[TpumeHeHune Co, Rh, Ir

KOPPO3MOHHO-CTONKME cnaBbl

NPOM3BOACTBO KpacoK 1 amaneu
Npon3BOaACTBO MarHUTOB

Npon3BoACTBO BuTammHa B12

XUMuyeckas nocyga, annaparypa, tepmonapbl
NpPOM3BOACTBO KaTann3aTtopoB

HaHeceHMe 3alUUTHbIX NOKPbITUA
N3roToBMEHNE OBENMUPHLIX U3OeNnUn
NPOM3BOACTBO CBEPXTBEPALIX CMNiiaBOB



http://upload.wikimedia.org/wikipedia/commons/b/bb/Platinum-Iridium_meter_bar.jpg

CoeguHeHunsa Co(V, IV)

1. MNMony4yeHne OKConPOM3BOAHbIX
18Na,O + 4C0,0, + 70, = 12Na,Co0O, (900°C) Co~*
12KO, + Co,0, = 3K,C00, + 80, (1100 °C) Co**
Co(OH), + O; = Co0O, + O, + H,O [C0oO,-nH,O]
Takxke n3sectHbl Ba,CoO,, Na,Co0O,
2. [lonyyeHne pToponpomn3BogHbIX

CoCl, + 2CsCl + 3F, = Cs,[CoF{] + 2Cl, d>: t,,%e,°
XenTbin (dbeppomMarHeTuk)

3. Heyctonumsbl B BOgHOW cpeae

2K,C00, + 6H,S0, = 2C0oS0O, + 4K,SO, + O, + 6H,0



LICoO, / CoO, B JINA

e’

Harpy3ka +

AxCOOZ
(A =Li, Na, Ca, Sretc.)

< |
|m | o Im | )
1 1 1 )
i R el AV N A A VU, .

mm&&q

; ¢P\f\/\/\ g
|
paspsg /

. 3apspg,

[1120] (Hexagonal)
[1100]



CoeguHeHunsa Co(lll)
1. l'mgpokeuna

2C0S0O, + 4KOH + H,0, = 2Co(OH); + 2K,S0O,
2C0S0O, + 6KOH + Br, = 2CoOOH + 2KBr + 2H,0 + 2K,SO,
Co(OH); + 2H,S0O, (koHu) = H[C0o(SO,),] + 3H,O 3eneHbIn
2Co(OH), + 2H,S0O, (pa3b) = 2CoSO, + 1/20, + 5H,0

2. dTopua

Co + 3F, = 2CoF,

CoF; + 3CsF = Cs3[CoFg]  d°: ty %e

2CoCl, + 10KF + F, = 2K,[CoF,] + 4KCl CoF,



Komnnekcbl Co(lll)

1. YcTon4ymsbl HU3KoCnMHoBbIe Kommnekcol Co(lll)
C nuraHgamm CUnNbLHOro nons
mckntoveHue: [CoF¢]>~ BbICOKOCMNHOBbLIN, %€

4K [COF4] + 2H,0 = 12KF + 4HF + 4CoF, + O,  6bICTpO

2. AkBakomnriekc H13kocnmHoBbIn [Co(H,0)s]3" cnHui

2C0,(S0O,); + 2H,0 = 4Co0S0O, + 2H,50, + O, MeONeHHOo
Cs, SO, + Co,(S0O,); + 24H,0 = 2CsCo(S0O,), 12H,0
. YCTONYMB
E

[Cs(H,0)6[Co(H,0)6](SO,),

SQCKIT=12/5 A
i = 125 4




Komnnekcbl Co(lll)

3. AMMuMakaThl

[Co(NH;)¢]Cly XenTblU
[CoCI(NH;):]CI, KpacHbIV
(CoCl,(NH,),]C 2 usomMmepa
(CoCl5;(NH;),] 2 usomMmepa

Co(NH,)(|Cl, + H,SO, #

[Co(NH,)6]Cl; + 3Kl = [Co(NH,)]lsy + 3KCI

[CO(NH,)]Cl, + 2SbF, + 3KF = [Co(NH,)](Sh,F,) + 3KCI



Komnnekcbl Co(lll)
4. XenaTHble N bUsgepHbIE KOMMSIEKCHI

CoCl, + 3NaNO, + 2HCI + 2en = [Co(NO,),en,|Cl + 3NaCl +
NO + H,O

2CoCl, + O, + 10KCN = K¢[C0,(0,)(CN),,] + 4KCl

[Co,(OH),(CO)(NHy)e]?*



N

o
CH,O0H
40 CoenzymeB,,

Structure 26-40
Shriver & Atkins Inorganic Chemistry, Fourth Edition
© 2006 by D.F.Shriver, P.W.Atkins, T.L. Overton, J. P.Rourke, M. T. Weller,and F.A. Armstrong



CoeaguHeHnsa Co(ll)

1. ManoreHnawbl

CoF, CoCl, CoBr, Col,
T.nn. 1200°C 740°C 678 °C 570°C
LiIBeT poO30BbIN CUHUN 3€ereHbIn YEePHbIW
Ctp. TiO, CdCl, Cdl, Cdl,

TN

Co + 2HC| = CoCl, + H,
Co+1,=Col,

CoF, HepacTBopuM B Boge, ecTb rugpat CoF,-4H,0
CoCl,, CoBr,, Col, pactBopuMsbl, rmapaTMpoBaHbl B pacTBope



CoeaguHeHnsa Co(ll)

2. Okeng CoO 3eneHbin, T.nn. 1805 °C
Ctpyktypbl NaCl, ZnS, AH%,qq = —239 k[x/mMorb

TOnNbKO OCHOBHbIE CBOUCTBA
CoO + 2HCI = CoCl, + H,O

CoO + KOH =

6Co0O + O, = 2C0;0, (600 °C)
3. Okeng Co;0, (= Co,05°Co0), HopmanbHas WNUHenNb

3Co(NO,), = Co;0, + 6NO, + O,

6CoCO,; + O, = 2C0,0, + 6CO,

Co;0, + 8HCI = 3CoCl, + Cl, + 4H,0

7- A4t 3- 6- 6a O
Coy d’: e%t,°; Co,y d°: ty4°€,

Co;0,



CoeaguHeHnsa Co(ll)
4. Twgpokeng Co(OH), pK,=4.4

npenMmyLlecTBEHHO OCHOBHbIE CBOUCTBA

Co(OH), + H,S0, = CoSO, + H,O

Co(OH), + 2KOH (koHu) = K,[Co(OH),]

K,[Co(OH),] + CO, = Co(OH), + K,CO4 + H,O
5. OkucneHne

4Co(OH), + O, =4Co0O(OH) + 2H,O0 MmeaneHHo

CoSO, + 2KOH + H,0, = CoO(OH) + K,SO, + 2H,0
6. Cynbdpug CoS

Co+ S =CoS (600 °C)

CoCl, + (NH,),S = CoS{ + 2NH,ClI



Komnnekckl Co(ll)
1. MeHee ycTton4dmsebl, Yem komnnekcol Co(lll)
CoCl, (p-p) + 6NH; = [Co(NH;):]Cl;
[Co(NH;)6]Cl, + H,O < [Co(H,0)(NH;)s] + NH;
[Co(NH,).]Cl, + NH,CI + 1/2H,0, = [Co(NH;)¢]Cl; + NH; + H,O

2. C nuraHaamm cunbHOro nong

Co(CN), + 3KCN = K;[Co(CN);] KOPUYHEBLIV
2K5[Co(CN);] v, Kg[CO,(CN),g
e1 +—e E|l 44 e
d7

_n_n__n_tzg ‘H‘ﬂ—t—tz@,



Komnnekckl Co(ll)

3. Okpacka 3aBUCUT OT K.4. 1 Npupoadbl NuraHaa:

CoCl, + 6NH; (ra3) = [Co(NH,)4|Cl,
XKENTO-PO30BbIN

[Co(NH,)6]Cl, + 6H,0 = [Co(H,0)¢]Cl, + 6NH,

KpacCHbIN
[Co(H,0)s]Cl, = [Co(H,0),]Cl, + 2H,0
PO30BbIN
[Co(H,0),]Cl, = CoCl, + 4H,0
roniyoom
(Co(H,0),]Cl, + 2HCI = H,[CoCl,] + 4H,0
CUHNU

H,[CoCl,] + 6H,0 = [Co(H,0)4]Cl, + 2HCI
KpacCHbIN



Komnnekcbl Co(ll)

4. OkncneHue

log

Log

5a 2 6
1,584 = Uy

6o 1 6
Uy ey = Ty

Co?*— e~ = Co3*
*e,° — 1,,° [Co(H,0)]** — [Co(H,0)g]**
*egt = g [CO(CN)g]*™ >x[Co(CN)]*"

T+ |-
_H__H__]_ 72;, —H- —H- —H— Tpebyemcs

nepecmpoukxa

E 4 _1__ E % —_

—e- He
mpebyemcsi

_H. —H- —H- —H— —H— —H— nepecmpoukxa




Huswune c.o. Co

1. I3BecTHbI coeanHeHuna Co(l) ¢ nuraHgamu CunbHOro nons

2. KapboHunbl Co,(CO)g, Co,(CO),,

2Co + 8CO = Co0,(CO)g (130°C, 20 atm) npaBusio 18 e~
Pasnaraetca npu 90 °C

3Co0,(CO)g + 2Ba(OH), = 4H[C0(CO),] + 2BaCO; + 2CoCO,

Co,(CO)g + 21, = 2Col, + 8CO HeT ranoreHKapboHuNoB




Boicwine c.o. Rh, Ir

1. CoeanHenuna R, Ir (VI) 65
N3BecTHbI Rhy, IrFy, "*
RhF. = RhF, + %4F, 120 °C iy b
5IrFg + Ir = 6IrF; 350 °C S

2IrFg + 10H,0 = 2Ir0,-2H,0 + O, + 12HF | cunbHbie
2RhF, + 3Cl, = 2RhF, + 6CIF } orucTument
2. CoegnHeHuna Rh, Ir (V)
N3BecTHbl RhF, ITF. (TeTpamepsbl)
RhF; + KF = K[RhF] (B >xmgkom HF) -
41rF + 18H,0 = 41r0,-2H,0 + O, + 20HF I,



CoeguHeHunsa Rh, Ir (1V)

. Okeung IrO, — egMHCTBEHHBIV OKeua, Ir

RhO,, IrO, — cTpykTypa pyTuna
2Na,0, + 2IrO, = 2Na,IrO5 + O,

. Fanorenngbl Rh, Ir (1V)

N3BecTHbl RhF,, IrF,, IrCl,, IrBr,(?)
RhF; + F, = RhF, (350 °C) ) - N
Ir + 2Cl, = IrCl, Irk,
(NH,),[IrCl¢] + 2H, = Ir + 2NH; + 6HCI
2K, [IrClg] + 2KI = 2K,[IrClg] + 1,

Rh(IV) — o4eHb CUSbHbLIN OKUCNUTENDb




CoeguHeHunsa Rh, Ir (1V)

3. Komnnekcobl Ir(1V)

2KCl + 2Cl, + Ir = K,[IrClg] crnabbi OKUCnuTENb

IrO, + 4HCI| + 2KCI = K,[IrCl¢] + 2H,0 TeMHOo-KpacHbIU
N3BecTHa kncnota H,[IrClg] & ."‘

2IrCl; + Cl, + 4HCI = 2H,[IrClg] & Qs %

Ko[IrClg] + 6KOH (koHU) = K;[Ir(OH)e] + 6KCl ® & @ 50
KaTUOHHbLIN KOMMIEKC: I\;az[lr(OH)G]

H,[IrClg] + 3H,0 = [Ir(H,O);Cl;]* + 3CI~ + 2H*
|/|BBeCTHbI opomouvpugatsl: K [IrBrg], (NH,),[IrBrg]
2(NH,),[IrBrg] L 2IrBr; + 4HBr + Br, + 4NH,



CoeguHeHusa Rh, Ir (I11)

. Hanbonee yctonumneasa c.o. gna Rh, Ir
N3BecTHbl Bce MX; 1 Rh,0,

Rh,0,'nH,0 . (';H - [Rh(H,0)J3*
\0
VX/\/\ [RhCIG]B_%
3 HZO’ e > 3 OH-
[IrClel> *He (136) [Ir(H,0)e]>* o, IrO,-nH,0

. Bce komnnekcobl OKTasgpunyeckme, HU3KOCINMnMHOBLIE

E | —— eg
Rh3+, |r3+ (d6)

OCKM = 12/5 A,




CoeguHeHusa Rh, Ir (I11)
3. Komnnekcobl RN(l1I)

[RhVEg]*-
[Rh(NH;)6]Cl5 . t [RhCI(NH,):]CL,
S, W &
000 2l Qx‘b
2 S
7 OH-
[RhH(NH,):]?* - N,: RhCl;-3H,0 * Rh,043-nH,0
3

d

Rhl,|



CoeguHeHusa Rh, Ir (I11)

4. Komnnekcol Ir(11)

[Ir(NH5)ICl,4 [P Clel™

[IrCI(NH,):]Cl,

KCI
K,[IrClg] - IrCl,-3H,0 | — SN [1r(CH,CN),Cly]




CoeguHeHunsa Rh, Ir (I1)

1. Bce komnnekcbl Rh(Il) umetoT octoB Rh,*#*

2. Komnnekcesl Ir(ll) MoHosAoepHbie Ir2t

3. lNony4yeHue
RhCl;-3H,0

CH,COOH
CH,OH, t°

> [Rh,(CH,C0OO0),]-2H,0

4. 3amMeLLeHne BHeLHero nuranaa
[Rh,(CH,CO0),]-2H,0 + 2py = [Rh,(CH,CO0),]-2py + 2H,0O
5. OkucneHne Rh,4*

4+
Rh,(0,CCHy)4(H;0), 1&g~ [RNo(0,CCHa),(H,0)]

6. ObpasoBaHMe nonmmepa }:{
2Rh,(0,CCH,), + C,(CN), — 2Rh,(0,CCH,),-C,(CN),

== - =N



Huswwnme c.o. Rh, Ir

1. Nony4yeHune

RhCl,-3H,0 __PPhs | [RhCI(PPh,),] Rh1+
C,H<OH, t°
PPh,
K [IrCl] -SO-PPhs  [IrCI(CO)(PPh,),] I @ —gle oco
o, p ¢

6 trans-[IrCI(CO)(PPh;),]
2. Bce komnnekcbl Rh(1), Ir(l) kBagpaTtHble, d8 o
rnerko okucnsatrtea d® — d° e
[IrCI(CO)(PPhj,),] + I, = [IrCI(1),(CO)(PPhj),]
3. KapboHurbl '
2RhCl;-3H,0 + 6CO = Rh,(CO),Cl, + 2COCI, + 6H,0

K,[IrClg] _£9:- CHOH 1y (CO),,

Rh,(CO),Cl, @




Rh(l) B kaTanuae

H

PhéT::Rh‘* PPh;

PPh3
s N0
C /7

PPhs T R
PhsP H

C
D ——
l%“:’L\\NI F /
e R

H H
E
PhsP | /

Rh\
- Cl /)\ PPh [napunpoBaHue
3
Wy
R\H Ve orneguHoB

Figure 25-5
Shriver & Atkins Inorganic Chemistry, Fourth Edition
© 2006 by D.F.Shriver, P.W.Atkins, T.L.Overton, J. P.Rourke, M. T. Weller,and F. A. Armstrong
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