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Transition Metal Chemistry Gems & Minerals

(a) Paint pigments: vellow, Cds; green, Cry0s; (Tla(es nftransvtmn metal fons are respon- Citrine and amethYSt are quartz (SIOZ) with a
wihits, T 3nd 200; purple, Mns(POgls blue, sible forthe colors in purple amethyst (iron), trace of cationic iron that gives rise to the color.
Ca,05 and Aly03: ochre, Fey0s. green jade (iron), red corundum {chromium),

and blue lapis lazuli and turquoise (copper).




Gems & Minerals

Rhodochrosite, MnCO;,
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Reactions: Transition Metals

Fe +Cl, Fe + HCI
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Pyrometallurgy

¢ Involves high temperature, such as Fe

¢ C and CO used as reducing agents in a
blast furnace

* Fe,0;+3C--->2Fe+3CO

* Fe,0;+3CO --->2Fe+3CO,

¢ Lime added to remove impurities, chiefly
Sio,

Si0, + CaO ---> CaSiO;
¢ Product is impure cast iron or pig iron

Molten iron
PARLRICIEE -~
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Periodic Trends:
eriodic lrends.
. .
Oxidation Numbers
Most common
7 |
6 L » .
5 | | L ] . L
4 [ ] [ ] L L » L L
3l - [} [ ] L] L] L | ] -
2 - - L] | ] [ ] | ] | ]
1 L] L ] - » L L]
Sc Ti v Cr Mn Fe Co Ni Cu
3B 4B 5B 6B 78 —_ 1B
2B
10
Metallurgy: Element Sources
H | He
Li | Be B C|N|O[F]|Ne
Na | Mg AL|ST| P |5 |CL|Ar
K |Ca|Sc|Ti| W |CrMn|Fe|Co|Ni[CufZn|Ga|Ge]|As|Se|Br|Kr
Rb | Sr| ¥ |2 [Nb [ Mo Ru |Rh|Pd [Ag[Cd |In [Sn|Sb|Te | I |Xe
Cs|Ba|la |HF | Ta | W [Re [ Os | Ir | Pt [Au[Hg | TL | Pb | Bi ﬂ
Lathanides|Ce‘Pr|Nd| ‘Sm‘Eu|Gd‘Th‘Dy|Hn‘Er‘Tm‘Vh‘Lu‘
Key
Sulfides Oxides  Canoccur  Halide Phosphates Silicates € from coal,  Carbonates
uncombined  salts B from borax
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Charge of ore,
coke and limestone

Flue gas

Metallurgy:
Blast
Furnace

Reducing zone

< Heated air

Slag
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Metallurgy: Copper Ores

Azurite, 2CuCO;*Cu(OH),

Native copper

Metallurgy: Hydrometallurgy

¢ Uses aqueous solutions
* Add CuCl,(aq) to ore such as CuFeS,

(chalcopyrite)
CuFeS, (s) + 3 CuCl, (aq)
--> 4 CuCl(s) + FeCl, (aq) + 2 S(s)

¢ Dissolve CuCl with xs NaCl

CuCl(s) + CI'(aq) --> [CuCLJ

¢ Cu(I) disproportionates to Cu metal

2 [CuClL,] --> Cu(s) + CuC(l, (aq) + 2 CI
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Electrolytic Refining of Cu

Anade +

Thin sheatf of ol
pure copper o

Solution of Cuso,  Slabs of impure
and HpS0, copper

Transition Metal Chemistry

Chem of transition
metal is largely redox
chemistry

Sc Ti v Cr Mn Fe Co Ni Cu
3B 4B 5B 6B 7B R 18

Transition Metal Chemistry 5

Co(H,0)2* Ni(H,0)2 Cr0> Cr,0,>

Oxidation number of the metal ion?

+_ C0» — Cr,0* +

‘What type of reaction?




19

Coordination Chemistry

¢ Coordination compounds

— combination of two or
more atoms, ions, or ‘
molecules where a bond is
formed by sharing a pair
of electrons originally
associated with only one of
the compounds.

- - Ppt—C1
CH2
Cl
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Coordination Chemistry

Pt(NH,),Cl,

“Cisplatin” - a cancer
chemotherapy agent

Co(H,0)*

Q Cu(NH,),*
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Coordination Chemistry

Structures of Coordination
Compounds

[Ag(NHz).]* Tetrahedral
[HiEl)2
-
") t . .
ol 7 N
A @y
i x S~
J Square-planar L Octahedral
PH{NH3)CL o
T ("
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Structures of Chromate Ions

Electron Configurations H
and the Periodic Table
iy 1s
25 -~ p—»
£ - 3p——»
45 3d 4
55 4d 5p
65 5d 6p
15 Gl
4
57
|:| s-block elements |:| d-block elements (transition metals)

[ p-block elements [[] f~block elements: lanthanides (4f)
and actinides (5f)
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Table 8.4 Orbital Box Diagrams for the Elements Ca Through Zn
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Ton Configurations
To form cations from elements remove 1 or more e-
from subshell of highest n [or highest (n + I)].
Fe [Ar] 4s2 3d®
loses 2 electrons ---> Fe?* [Ar] 4s? 3d¢
Woggrer
W = 5 LA
4s S
3d 3d
Fe3+
el IRYRINYNY
3d
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Ton Configurations

How do we know the configurations of ions?

Determine the magnetic properties of ions.

lons with UNPAIRED ELECTRONS are
PARAMAGNETIC.

Without unpaired electrons DIAMAGNETIC.

Fe** ions in Fe,0,
have 5 unpaired
electrons and make
the sample
paramagnetic.
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Ton Configurations
How do we know the configurations of ions?
Determine the magnetic properties of ions.
Sample Sample
of Fe,0, of Fe,0,
with
strong
magnet
30

Electron Configs and Structure

Cr3+ Mn7+
7 Cré+ B Mn2+ Co*
6 Tiz+ ] L] » Co?
j4+
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Sc Ti v Cr Mn Fe Co Ni Cu
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Electron Configs and Structure

Tizt Ti¢
3 .
Cr3* Mn7+ > Allare d ions
Mn2*
6+
Co* Cr
2 These ions (and d!° atoms or
Co J J ions) tend to have an tetrahedral
Ni2* coordination geometry
Co(H,0)
These ions tend to have an TICI"
octahedral coordination ! MnO,-

geometry (or square planar.)

L Q2 Cro,2-
‘ e Ni(CO),




