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[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

10 11 12
Ni | Cu | Zn
Pd | Ag | Cd
Pt | Au | Hg

Co — kobarnet, Rh — pogun, Ir — npngmnn




CBouCTBaA 351IEMEHTOB

Co Rh Ir
AT. Ne 27 45 77
an. KoHd. 3d’4s? 4d85s’ 4f145d76s2
R(aT.), nm 125 134 136
l,, aB 7.86 7.46 9.1
l,, 3B 17.06 18.01 17.0
v(A-R) 1.70 1.45 1.55

C.O. 2,3,(4) (1),2,3,4,(5),(6) (1),2,3,4,5,(0)



CBoncTtBa MeTannoB

Co Rh Ir
T.nn., °C 1490 1960 2443
T.kmn., °C 3100 3730 4405
A H°, kx/monb 428 557 665
d, r/cm?® 8.90 12.41 22.56
o, Cm/m (-10°) 15 23 21
T, °C 1130 - -
Ctp.Tun Cu, Mg Cu Cu

Eo(M™/M9), B —0.277 (n=2)  +0.76 (n=3)  +1.0 (n=3)

a-Co(TLIK) —7°C, B-Co(rmy)




Xnumumdeckue ceomctea Co

1. MaccuBnpyetcsa KoHueHTpupoBaHHbIMU H,SO,, HNO; 1
LlapCKoW BOOKOU

2. PacTBopsieTcs B KUCNOTaX-HEOKUCIUTENSIX U OKUCTTIUTENSIX
Co + 2HCI = CoCl, + H,
5Co + 12HNQO;, (pa3b) = 5Co(NO;), + N, + 6H,0

3. He pacTBopseTcs B Lienoyax

4. Pearvpyet Cc KNCNOPOAOM NpU HarpeBaHUU
3Co + 20, = Co;0, Co3*, Co%*
5. Pearupyet c ranoreHamu n gpyrumm Hemetannamu

Co + Cl, = CoCl, (800 °C) | /
2Co + 3F, = 2CoF, (300 °C) |
Co + 3P = CoP, (800 °C) | \| S

CoP; =
(Co**)4(P4*)5




Xumudeckmne ceounctea Rh, Ir

1. OKnUcrneHne Kncrnopogom
4Rh + 30, = 2Rh,0, (obpaTumasn peakums)

Ir + O, =IrO, (obpaTumas peakums)
2. OKkucrieHne ptopom
2Rh + 5F, = 2RhF, 2Ir + 5F, = 2IrF,

3. He pacTBopsaloTCS B KMCIIOTaX-OKUCINTENSAX U LLienoYvax

4. llleno4yHoe okucneHue

Ir + 2NaNO; + 2NaOH (k) = Na,Ir'VO, + 2NaNO, + H,O
aHanorm4yHo ansa Rh

2Rh + 3Ba0, = Rh,"'O, + 3Ba0O (Ir — 1rO,)
5. PacTtBopeHune B KNCon cpeae
Ir + 2HNO, + 4HCI + Cl, = H,[IrClg] + 2NO, + 2H,0



[TonydyeHune Co, Rh, Ir

Kobankst Cogepxanue B npupoge (0.002 %)

OCHOBHble MUHepansbl: CoAs, KObansToBbLIN LWNENC, CMansTuT,
CoAs, ckytTepyanT; CoAsS kobarnbsTtoBbin bneck, KobansTuT;

CoAs
Obxur cynbdomnaos: ]

3CoS + 50, = Co;0, + 35S0,
BoccraHoeneHne: Co;0, +4C =3Co +4CO

[Mpoun3BoacTBo kobansTta ~60 ThIC. T. €XXEerogHo

Pooun, Upnann CopepxaHue B npupoge (1-2 1077 %)

[Tony4yatoT nepepaboTkon NNaTUHOBLIX PyA .-

Ir



[TonydyeHune Co, Rh, Ir

Kobankst Cogepxanue B npupoge (0.002 %)

OCHOBHbI¢
CoAs; ck

O6Xxur cy
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[MTpumeneHune Co, Rh, Ir

KOPPO3MOHHO-CTONKME cniaBbl
NPOM3BOACTBO KpacoK 1 amaneu
NpPOnU3BOACTBO MarHUTOB, akKKyMYynsaTOPOB
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

CoeaunHenmna Co(V, 1V)

1. [Nony4yeHne OKCONpPoOn3BOAHbLIX
18Na,O + 4Co,0, + 70, = 12Na;Co0O, (900 °C) Co°*
12KO, + Co;0, = 3K,Co0, + 80, (1100 °C) Co**
Co(OH), + O; = CoO, + O, + H,0 [C00,-nH,0]
Takke nssectHbl Ba,CoO,, Na,CoO,
2. [lonyyeHne pToponpomn3BogHbIX

CoCl, + 2CsCl + 3F, = Cs,[CoF] + 2Cl, d°: t,,°e
XenTbln (dpeppomMarHeTumk)

3. Heyctonumsbl B BOAHOU cpefe
2K,Co0, + 6H,S0, = 2C0S0O, + 4K,SO, + O, + 6H,0
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CoeanunHenuna Co(lll)
1. F'mapokcuna

2C0oS0, + 4KOH + H,0, = 2Co(OH)4 + 2K,SO,
2C0S0, + 6KOH + Br, = 2CoOO0OH + 2KBr + 2H,0 + 2K,S0O,
Co(OH); + 2H,S0O, (koHu) = H[Co(SO,),] + 3H,O 3eneHbIn
2Co(OH); + 2H,50, (pa3b) = 2CoS0O, + 1/20, + 5H,0
PO30BbLIN
2. dTopua
Co + 3F, = 2CoF,

CoF; + 3CsF = Cs,[CoFg]  d°: ty,%e

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



Komnnekcel Co(lll)

1. YcTon4umsbl HM3KocnnHoBble komnsiekebl Co(lll)
C NniMraHgamMmun CUSbHOro nosns
mcknodermne: [CoFg]°- BbicokOCNNHOBbIN, t) %€

4K;[CoFg] + 2H,0 = 12KF + 4HF + 4CoF, + O, bbICTPO
2. AkBakomMnnekc Hu3kocnuHosbln [Co(H,O)s]3* cuHum
2C0,(50,); + 2H,0 =4Co0S0O, + 2H,SO, + O, MeONeHHO

Cs,S0, + Co,(S0O,); + 24H,0 = 2CsCo(S0O, ), 12H,0
\ YCTONYMB
E

[Cs(H,0)s[Co(H,0)5](SO,),

IQCKI =12/5 A
ﬂ—ﬂ—ﬂ—tzg u=0 ’




Komnnekcel Co(lll)

3. AMMmakaThbl

[Co(NH;)6]Cl5 XEnTbIn
CoCI(NH;)s]Cl, KpacHbIU
[CoCl,(NH,;),]ClI 2 usomepa
(CoCly(NH,)4] 2 usomepa

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

[Co(NH,)6]Cl; + 3KI = [Co(NH,)g]l4 + 3KCI

[Co(NH,)c]Cl, + 2SbF, + 3KF = [Co(NH,)4](Sb,F,) + 3KCl



Komnnekcel Co(lll)
4. XenaTHble n buagepHble KOMMNIEKChI

CoCl, + 3NaNO, + 2HCI + 2en = [Co(NO,),en,]Cl + 3NaCl +
NO + H,0O

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

[Co,(OH),(CO5)(NH,)e]2
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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



CoeanunHenuna Co(ll)

1. FanoreHnabl

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,

Thn

Co + 2HCI = CoCl, + H,
Co + 1, = Col,

CoF, HepacTBopuM B Boae, ectb rugpart CoF,-4H,0
CoCl,, CoBr,, Col, pactBopuMsbl, rmapatMpoBaHbl B pacTBope



CoeanunHenuna Co(ll)

2. Okenpg CoO 3eneHbin, T.nn. 1805 °C
Ctpyktypbl NaCl, ZnS, AH®,45 = —239 k[x/Monb

TONbKO OCHOBHbIE CBOUCTBA
CoO + 2HCI = CoCl, + H,0

CoO + KOH =

6Co0 + O, = 2C0,0, (600 °C)
3. Okenpg Co;0, (= Co,05-Co0), HopmanbHas LWNUHErb

3C0o(NO;), = Co;0, + 6NO, + O,

6CoCO; + O, = 2C05,0, + 6CO,

Co;0, + 8HCI (koHu) = 3CoCl, + CI, + 4H,0

7. A4+ 3. G- 6a O
Coy, d’: e*ty®; Co, d°: ty €y

Co,0,



CoeanunHenuna Co(ll)
4. T'vgpokeng Co(OH), pK,=4.4

npenMmyLlecTBEHHO OCHOBHbIE CBOUCTBA

Co(OH), + H,50, = CoSO, + H,0

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

K,[Co(OH),] + CO, = Co(OH), + K,CO; + H,0
5. OkucneHmne

4Co(OH), + O, =4Co0O(0OH) + 2H,0 wmeaneHHo

CoSO, + 2KOH + H,0, = CoO(OH) + K,S0, + 2H,0
6. Cynbcpug CoS

Co+ S =CoS (600 °C)

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



Komnnekcbl Co(ll)
1. MeHee ycTon4umsbl, 4em Komnnekcol Co(lll)
CoCl, (p-p) + 6NH; = [Co(NH;)s]Cl,
[Co(NH;)6|Cl, + H,0O < [Co(H,0)(NH;)s] + NH;
[Co(NH;):]CI, + NH,CI + 1/2H,0, = [Co(NH;):]Cl; + NH; + H,O

2. C nuraHgamm curbHOro nons

Co(CN), + 3KCN = K;[Co(CN);] KOPUYHEBLIV
2K3[Co(CN)s] v, Ko[COx(CN);o]
4 — e _— 4
el e 7 el 44
) d’

!
b, Tl At




Komnnekcbl Co(ll)

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

CoCl, + 6NH; (ra3) = [Co(NH;);1Cl,
XKENTO-PO30BbIN
[Co(NH;)]CI, + 6H,0 = [Co(H,0)4]Cl, + 6NH,
KpacHbIV
[Co(H,0)6]Cl, = [Co(H,0),]Cl, + 2H,0
PO30BbIN
[Co(H,0),]Cl, = CoCl, + 4H,0
ronyoom
[Co(H,0),]Cl, +2HCI = H,[CoCl,] + 4H,0
CUHUA
H,[CoCl,] + 6H,0 = [Co(H,0):]Cl, + 2HCI
KpacCHbIN



Komnnekcbl Co(ll)

4. OkucneHue
Co?*—e = Co?*
"€, = t,° [Co(H,0)4]** > [Co(H,O)e]°*
t,’e,' = 1h° [CO(CN)e]*™ — [Co(CN)el°-

E * E 4
It -

nepecmpoukxa

EA +_ EA o

—€~ He
6a 1 6 _—°
tzg e, — t2gj

6
Je A nepecmpoina




Huswwme c.o. Co

1. NI3BecTHbI coeanHeHuna Co(l) ¢ nuraHngamu cnnbHOro nons

2. KapboHuns! Co,(CO)g, Co,(CO),,

2Co + 8C0O = Co,(CO)g (130°C, 20 atm) npasurno 18 e~
Pasnaraetca npu 90 °C

3C0,(CO)g + 2Ba(OH), = 4H[C0o(CO),] + 2BaCO; + 2CoCO;,

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




Bbicwune c.o. Rh, Ir

1. CoeguHenmna Rh, Ir (VI) 5
N3BecTHbl RhFg, IrFg, “*‘\
RhF = RhF; + %4F, 120 °C ” -
SIrF4 + Ir=6IrF; 350 °C
2IrF5 + 10H,0 = 2Ir0,-2H,0 + O, + 12HF | cunbHbie
2RhF + 3Cl, = 2RhF, + 6CIF } orucTument
2. CoeguHenuna Rh, Ir (V)
N3BecTHbl RhF;, IrF; (TeTpamepbl)
RhF; + KF = K[RhF] (B xxugkom HF)
41rF5 + 18H,0 = 4Ir0,-2H,0 + O, + 20HF IrF

IrFg
(On, *Avg)



CoeaunHenuna Rh, Ir (IV)

. Okeung IrO, — egMHCTBEHHBIV OKeuA Ir

RhO,, IrO, — cTpyKkTypa pyTuna
2Na,0, + 2IrO, = 2Na,IrO4 + O,

. Fanorenngbl Rh, Ir (IV)

N3secTHbl RhF,, IrF,, IrCl,, IrBr,(?)
RhF; + F, = RhF, (350 °C) Iy
Ir + 2Cl, = IrCl, IrF,
(NH,),[IrClg] + 2H, = Ir + 2NH; + 6HCI
2K, [IrClg] + 2KI1 = 2K,4[IrClg] + 1,

Rh(IV) — 04eHb CUIbHLIN OKUCIINTESb




CoeaunHenuna Rh, Ir (IV)

3. Komnnekcol Ir(1V)

2KCl + 2Cl, + Ir = K,[IrClg] cnabbl OKUCTIUTENb

IrO, + 4HCI + 2KCI = K,[IrClg] + 2H,0 TeMHo-KpacHbI
N3secTtHa kucnota H,[IrCly] o .‘.‘

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

K,[IrClg] + 6KOH (koHu) = K, [Ir(OH)g] + 6KClI  ®» o @,
KaTMOHHbIM KOMMIEKC: I\;az[lr(OH) J

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



CoeaounHenuna Rh, Ir (I1l)

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

Rh,0,-nH,0 . (';H > [Rh(H,0)g]%*
\‘0
o [RhC|6]3—%
H0, o )
IrCle* “Horgms; [M(Hz0)e"—g — Ir0;nH,0

. Bce komnnekcobl OKTasgpunyeckme, HU3KOCINMnMHOBLIE

E —— €g

Rh3*, Ir3* (d°)
SCKM = 12/5 Aq




COG,EI,I/IHeHl/IFI Rh, Ir (lI1)

1. Hambon
N3BecTH 0 MUH
bl°*
\ 1 MUH
nH,O
HOBbIE
15 MuH

HH vO.l . 3 6 9 18 |_|=12/5AO

C(NaOH), M



CoeaounHenuna Rh, Ir (I1l)
3. Komnnekcbl Rh(lll)

[RhVF]*-
[Rh(NH3)s]Cl; . t [RhCI(NH,):]Cl,
S, W &
000 (2l Qx‘b
2 S
7 OH-
[RhH(NH;);J2* | RhCly-3H,0 - Rh,0,'nH,0
3
<

Rhl,|



CoeaounHenuna Rh, Ir (I1l)

4. Komnnekcsl Ir(lll)

[Ir(NH,)]Cl, [IF7Cle™ [IrCI(NH,).]Cl,

K [IrCl] | IrCly-3H,0 | —CHCN_ [1rCIy(CH,CN),]




CoeaounHenuna Rh, Ir (I1)

1. Bce komnnekcol Rh(ll) umetot octoB Rh,#*

2. Komnnekcsl Ir(l1) moHoSaepHble 12+

3. lNony4yeHune

CH,COOH
RhCl,-3H,0

CH,OH, t°

> [Rh,(CH;CO0),]-2H,0

4. 3amelleHne BHELLHEro nvraHga
[Rh,(CH,;CO00),]-:2H,0 + 2py = [Rh,(CH,C0O0),]-2py + 2H,0
5. Okucnexne Rh,*

4+
Rh,(0,CCHa)(H;0), g~ IRNA(0,CCH)(H0) 1

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

=M



Huswwue c.o. Rh, Ir

1. Nony4yeHune

RhCI;-3H,0 _ PPhs | [RhCI(PPh;)] Rh+
C,HsOH, to
) PPh;
K,[IrClg] CO-PPhs _[1rCI(CO)(PPh,),] Ir'* @ —gre o
t°, p ‘

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

K,[IrClg] &9 CH:OH |y, (CO),,

Rh,(CO),Cl, @




Rh(l) B katannse

|
Ph;P—_, —H PPh;
H2 CI/RI"\PPh3
Y PPh; B

H

R PP =pnPPhs phop | H
W\f p s a—"" =PPh;
C Y\ J—
R

PPhs T

Ph3P — I _H Pth\Rh/H

— ~
D —
\\V'g F /
R )\Me
. Phsp, | E "
3 \ | /

Rh —
oo cl /)\ PPhs [napunpoBaHue
3
\\y
R 4w oneguHoOB

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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