COBALT

CoCOg fﬁ [Co(H20)6]**(aq) i
mm
H* OH", NH;
[Co(OH)2(H20)4]s)
]
XS NH;
[Co(NH3)6]** aq)
[Co(NH3)6]*"(aq)
]
[Co(H:0)6]* @y *+ 20H @y ——> [Co(OH)x(H:0)s]) + 2H.Oq
[Co(H0)el* @y + 2NHzey ——> [Co(OH)x(H20)al) + 2NHi'(q)

[COCl4]* aq)

4

T

H,0 \ /
Shape

Coordination
Number

[Co(OH)2(H20)a]) + 6NHsaqy ——> [Co(NH3)e]** g + 4H20q) + 20H (o)

[Co(NH3)6]** g

>

[Co(NH3)e]* @y + €

[CO(H20)6]2+(aq) + CO32-(aq) _—> COCO3(S) + 6H20(|)
[Co(H:0)6]* aq) + 4Cl @y ——> [CoClyJ* g + 6H20q

or COZ+(aq) + COSZ-(aq) _—> COCO3(5)



CUCOg(S)

0032_

[Cu(H20)6]* @y + 20H (g

COPPER

[CUCLJ* (aq)

cr F H,0

Kl
[Cu(H20)6]** (aq) o
]
H* OH, NH;

[CUu(OH)2(H20)4])s)

XS NH;

[CUu(NH3)4(H20)2]%" (aq)

—> [Cu(OH),(H:0)sl + 2H:0)

CU|(S)

[Cu(H0)6]**ag) + 2NHzey ——> [Cu(OH)2(H20)al) + 2NH4* g

[CU(H20)6]2+(aq) + Cng-(aq) —_—> CUCOg(S) + 6H20(|) or Cu?gg + COgZ'(aq) ——> CuCOg
[CU(H20)6]2+(aq) + 4C|_(aq) _—> [CUC|4]2'(aq) + 6H20(|)

[CU(OH)x(H0)sl + 4NHsey ——> [Cu(NHa)s (H0)2 1%y + 2H:0q) + 20H (g

2CU% g + 4lay ——> 2Culy + o)




IRON

FGCOg(s) CO5% [Fe(H20)6]2+(aQ)
" @ OH, NH;
[Fe(OH)2(H20)4]s)

@ air, O,

[Fe(OH)3(H20)z]s)
NO -
CARBONATE MO,
W|th3+|ons OH', NH3
and CO3*
) _
[FG(SCN)(Hzo)S] +(aq) SCN [Fe(Hzo)6]3+(aq)
<« LS -
[Fe(H:0)e]* @y + 20H @y ——>  [Fe(OH)x(H0)]s) + 2H20q,
[Fe(H:0)el* g + 2NHsay ——> [Fe(OH);(H20)aly + 2NHs* )
Fe(OH)z(S) + OH (aq) > Fe(OH)g(s) + e
[Fe(H20)e]* @aq) + 30H iy ——> [Fe(OH)3(H20)s]l) + 3H20)
2 [Fe(HzO)6]3+(aq) + 3C032'(aq) —> 2 [Fe(OH)3(H20)s]isy + 3H20() + 3COyq)
[Fe(H:0)e]* gy + 3NHsey ——> [Fe(OH)s(H20)sls + 3NH4" (o)

[Fe(H20)6]* @y + SCN @iy ——> [Fe(SCN)(H20)s]*" g + H20q



CHROMIUM

[Cr(H20)6]** aq)

Zn%/H" 1= air, O,

CAREIa\I(;)NATE [Cr(H20)6]3+(aq)
with 3+ ions
Fe?*/H"
OH", NH or ethanol
" and COz%>
XS NHs

H* ¢ XS OH” v |l on

[Cr(OH)e]3@q | 2k H:0:| CrO 4% (aq)

L N
[

[Cr(H20)6]* ey + 30H (ag) > [Cr(OH)s(Hz0)s]) + 3H20q)
[Cr(OH)3(H20)3]) + 3H" (ag) > [Cr(H0)6)* g

[Cr(OH)3(H:0)3ly + 30H iy ——> [Cr(OH)e]* g + 3H20¢

2 [Cr(H0)e]* (ag) + 3COs(ay —> 2 [Cr(OH)3(Hz0)sly + 3H20¢) +3COz

[Cr(H20)6]3+(aq) + 3NH3(aq) _> [Cr(OH)S(HZO)3](s) + 3NH4+(aq) )
[Cr(OH)3(H20)3]) + 6NH3eg ——> [Cr(NH3)e]* g + 3H20q) + 30H (o
2Cr3+(aq) + 3H202(I) + 1OOH_(aq) — 2C|’O42-(aq) + 8H20(|)

2[Cr(HO)[ ey +  Zng > 2[Cr(H0)e)aqy + Zn*(a)
Cr2072_(aq)+ ZOH_(aq) s 2C|’O42-(aq) + HZO(I)

2Cr0s%@q + 2H'ay == CnO/u) + HOg

Cr2072_(aq) + 14H+(aq) + 6e > 2Cf3+(aq) + 7H20(|)




CO5*
A———

NICKEL

[NiCl4]* (aq)

[Ni(H20)6]*"aq)

20

CN
 ——_—

Dimethylglyoxime o OH", NH5
‘H.DMG’

Ni(HDMG)zs)

N

[Ni(H20)6]2+(aq) + 2OH_(aq)

[Ni(OH)2(H20)4](s)

XS NH;

[Ni(NH3)6]** aq)

—> [Ni(OH)2(H20)4]sy + 2H20,

[Ni(H20)6]*" @y + 2NHszeg ——> [Ni(OH)2(H:0)al) + 2NHi' (g
[Ni(H:0)6]*" ey + CO3”(ay ——> NiCOg + 6H:O
[Ni(H20)6]2+(aq) + 4Cl o —> [NiC|4]2'(aq) + 6H,0(
[Ni(H20)6]2+(aq) + 4CN 9 —> [Ni(CN)4]2‘(aq) + 6H,0(

[Ni(CN)4]* (aqy

SP

or Ni2+(aq) + C032-(aq) _—> NiCOs(s)

[Ni(OH)2(H20)al + 6NHzeg ——> [Ni(NH3)g]*@qy + 2H20q + 20H (o




VANADIUM

VO2*(ag)

2
VO~ aq)

V2*(ag)

V02+(aq) + 2H+(aq) + e_ _> VOZ+(aq) + H20(|)
VO g + 2H'qq) + € > V¥ + HOq
V3+(aq) + e > V2+(aq)




ALUMINIUM

[Al(HZO)6]3+(aq)

. NO
" OH , NHs CARBONATE
and CO3% with 3+ ions

[AI(OH)3(H20)3]s)

H* ¢ ¢ XS OH"

[AI(OH)6]3_(aq)

[AI(H20)6]* ey + 30H (ag)
[AI(OH)3(H20)s] + 3H" g
[AI(OH)3(H0)s)) + 30H )
2 [AI(H20)e]* @) + 3CO3% e
[AI(H20)6]" gy + 3NHagag)

> [AI(OH)s(H0)s]) + 3H20)

> [AI(H20)6]** g

> [AI(OH)e]*@g + 3H20y

> 2 [AI(OH)3(H20)3]sy + 3H20qy + 3COyq
> [A(OH)5(H20)s]) + 3NH4"(aq)




COBALT

cr
CoCOzs | €O | [CO(H20)e]* gy |7 Ls p| [COCl]*(ag)
6 ol LS T T

H,0 \ /

o Shape
Coordination
B Number
+
H OH , NH; Colour

[Co(OH)2(H20)4]s)
LS XS NHs3
2
[Co(NH3)s]" (aq)
oxX | air, O,
3+
[Co(NH3)s]"*" (aq)
[Co(H:0)6]" e + 20H g0 ——> [Co(OH)x(H:0)] + 2H,0y
[Co(H:0)6] s + 2NHseg ——> [CO(OH)2(H:0)aly + 2NHi* (o)
[Co(OH)2(H:0)a]) + 6NHszegy ——> [CO(NHa3)e]* g + 4H20p + 20H (o
[Co(NH3)6]?* ag) —>  [Co(NH3)e]* g + €
[CO(H20)6]2+(aq) + C032-(aq) _—> COCO3(S) + 6Hzo(|) or Co%pq + Cng'(aq) ——> CoCOg

[Co(H:0)e]* gy + 4Cl ey ——> [CoCls]*qy + 6H20)



COPPER

[CUC|4]2'(aq)

Cl LS LS H,O

2 Kl
CuCOzs) | coz  [Cu(H20)6]™ (ag) Culs)
— 41 RED
[Cu(OH)2(H20)4]s)
LS XS NH;
[CU(NH3)4(H20)2]? (ag)
[CU(H20)6]2+(aq) + ZOH_(aq) D [Cu(oH)z(H20)4](s) + 2H20(|)
[Cu(H0)6]* @) + 2NHgey ——> [Cu(OH)x(Hz0)al) + 2NHi'(aq)
[CU(H20)6]2+(aq) + CO32-(aq) _—> CUCOg(S) + 6H20(|) or CU2+(aq) + Cng'(aq) ——> CuCOg

[Cu(H20)6]*ag) + 4CI (xq) > [CuClJ? @ + 6H.Oq
[CU(OH)z(H20)4](S) + 4NH3(aq) > [CU(NH3)4 (H20)2]2+(aq) + 2H20(|) + ZOH_(aq)
2CU% g + 4l g > 2Culg + o)




IRON

FeCOgs COs” [Fe(H20)6]** @aq)
H* ¢ ¢ OH", NHs
RED | Zn2*/H*
[Fe(OH)2(H,0)ls '
|
OX | air, O,
¥
[Fe(OH)3(H20)s)s)

NO OX | MnO,4
CARBONATE OH , NH3 ¢ ¢ .
with 3+ ions and COSZ- H
Fe(SCNHO e SOV | [Fe(H;0)e g
« LS
| |

[Fe(H20)el '@y + 20H @) ~——>  [Fe(OH)x(Hz:0)a]s + 2H20q)
[Fe(H20)s]* g + 2NHaay ——> [Fe(OH)z(Hz0)al + 2NHy'(aq)
Fe(OH)x9 + OH () > Fe(OH)yy + e
[Fe(H20)e]" @y + 30H @9 ——> [Fe(OH)s(H0)sly + 3H20¢
2 [Fe(H0)el** @) + 3COs* ey ——> 2 [Fe(OH)5(H;0)s]y + 3H20¢) +3COyq
[Fe(H20)e]** @) + 3NHa@y ——> [Fe(OH)3(H20)s]s + 3NH4*(ag)

[Fe(H20)6]* gy + SCN g ——> [Fe(SCN)(H:0)s]* gy + H20q



CHROMIUM

[Cr(H20)6]*" (e

T |

Zn?*/H" | RED OX air, O,
CARBONATE

with 3+ ions \
FeZ*/H"

" OH, NH; RED | 4 ethanol
and CO3% \

[Cr(NH3)6]* aq)

XS NH;

Cr(OH)3(H,0)s](s 2-
Js b [Cr(OH)3(H20)s3]s) Cr,0O5 (aq)

- * OH
/

- ox

[Cr(H20)6]* gy + 30H (ag)
[Cf(OH)g(HzO);g](s) + 3H* (aq)
[Cr(OH)3(H:0)s]s) + 30H (o)
2 [Cr(H20)6]3+(aq) + 3CO32_(aq) > 2 [Cf(OH)g(HzO)g](s) + 3H20(|) +3C02(g)
[Cr(H20)6] gy + 3NHagaq) > [Cr(OH)s(H;0)s]s) + 3NH4"(ag)
[Cr(OH)s(H20):l) + 6NHgey ——> [Cr(NH3)e]"ag) + 3H20q) + 30H (g
2Cr¥*qg + 3HOpp + 100H o ——> 2CrOs% ) + 8H20()

2 [Cr(HO)e]* g +  Zng > 2[Cr(H0)e)*aqy + Zn*(a)
Cr2072‘(aq)+ ZOH_(aq) s ZCI'O42'(aq) + H20(|)

20r042-(3q) + 2H+(aq) S Cr2072‘(aq) + H20(|)

Cr2072‘(aq) + 14H+(aq) + 6e > 2Cf3+(aq) + 7H20(|)

> [Cf(OH)g(HzO)g](s) + 3H20(|)
> [Cr(H20)6]** aq)
> [Cr(OH)el*wg + 3H:0




ALUMINIUM

[AI(H20)6])** (ag)

. OH , NH; NO
H 5 CARBONATE
and CO4 with 3+ ions

[AI(OH)3(H20)3](s)

H* # # XS OH

[AI(OH)G]S_(aq)

[AI(H20)6]*" @) + 30H (ag)
[AI(OH)3(H20)al)  + 3H" ag) > [AI(H20)6]** ag)

[AI(OH)3(H20)s]y + 30H () > [AI(OH)e]* @y + 3H20(

2 [AI(H0)6]* @y + 3COs%ag ——> 2 [AI(OH)3(H.0)3]y) + 3H:0q) +3COxq
[AI(H0)6]* @) + 3NHseq ——> [A(OH)s(H0)aly + 3NHs'(ag)

> [A'(OH)3(H20)3](S) + 3H20(|)




VANADIUM

VO2+(a
o))
+5
24
+4 VO~ (ag)
3+
+3 V¥ (@q)
V2+ (a
o))
+2
VOy' ey + 2H ey + € ——> V0¥ + Hy0)
VO + 2H ey + € ——> V¥ + H0)
V3+(aq) + e— > V2+(aq)




NICKEL

[NiCl4]* aq)
t |
Cl L Ls s H:0

| 1

N iCOg(S) COs* [Ni(HZO)6]2+(aQ) CN [Ni(CN)4]2-(aQ)

—  —
LS
4 SP
Dimethylglyoxime S§ie H* OH~, NH;
‘H.DMG’ /
Ni(HDMG)y) [Ni(OH)2(H20)a]cs)
LS XS NH;
. 2+
[Nl(NHB)B] (aq)
[Ni(H20)e]*ag) + 20H ay ——> [Ni(OH)x(H:0)a]y + 2H:0
[Ni(H20)e]*@g) + 2NHzag ——> [Ni(OH)2(H:0)al) + 2NH4*(ag)
[Ni(H20)6]2+(aq) + CO32'(aq) _— NiCO3(s) + 6H20(|) or Ni2+(aq) + COgZ'(aq) _—> NiCO3(S)
[Ni(H20)6]2+(aq) + 4C|_(_aq) S [NiC|4]2'(aq) + 6H20(|)
[Ni(H20)e]*ag) + 4CN g ——> [Ni(CN)aJ*q) + 6H:Oq

[Ni(OH)z(H20)4](S) + 6NH3(aq) > [Ni(NH3)5]2+(aq) + 2H20(|) + ZOH_(aq)



