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Course Introduction & Short Review of the Elements

Periodic Properties & Periodic Table & Main Group Elements (starts)
Short Survey of the Chemistry of Main Group Elements (continues)
Zn + Ti, Zr, Hf & Atomic Layer Deposition (ALD)

Transition Metals: General Aspects & Pigments

Ag, Au, Pt, Pd & Catalysis (Antti Karttunen)

Redox Chemistry

Crystal Field Theory

V, Nb, Ta & Metal Complex & POM, MOF, MLD

Cr, Mo, W & 2D materials

Mn, Fe, Pt metals & Magnetism

Co, Cu & Superconductivity

Resources of Elements & Rare/Critical Elements & Element Substitutions
Lanthanoids + Actinoids & Luminescence (Down/Upconversion)

Inorganic Materials Chemistry Research

EXAM: Thu Oct. 28, 2021 (in ZOOM)
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QUESTIONS: Lecture 12

1. In which condition (acidic or basic) Cu* tends to disproportionate ?

2. Which one(s) of the followings are superconducting: Hg, Cu,
La,CuO,,, La,CuO,,, (La,Ba,,),CuO,,and HgBa,Ca,Cu;0g4,?
Justify your choices.
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https://commons.wikimedia.org/wiki/File:Frost_diagram_for_cobalt.png

COBALT

m Cobalt-based blue pigments (cobalt blue; CoAl,O,) have been used
since ancient times in jewelry, paints and glass

m  Ancient miners used the German name kobold ore (goblin ore)
for some blue-pigment producing minerals

m In 1735 metallic cobalt was reduced from these ores (first metal discovered since
ancient times) and named kobold

m  Nowadays only minor amounts of Co are produced from Co ores, e.g. cobaltite
CoAsS, the main production being as a by-product of Cu and Ni mining

m The copper belt in Africa (Congo, Zambia) is the main source of cobalt

m Cois used as a metal in magnetic, wear-resistant, high- strength alloys

= Cobalt — LiCO, ! / /Q:“\g;m \}

= OXIDES: 22 T2 RS ,
- CoO: green, rock-salt, AFM (TN =291 K) i‘f” “\ DEM&CESE%SZL(J)BLIC‘ \&ﬁ ': .
- Co30,: blue, spinel, AFM (T, = 40 K) ( 3 ! % o
- C0,05: black - . >
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Freeportf®ebalt

In Kokkola:

Outokumpu — OMG — FreeportCobalt — Umicore

For Chemical
Applications

e Cobalt Acetate

e Cobalt Carbonate

e Cobalt Hydroxide

e Cobalt Oxide

e Cobalt Sulfate

e Coarse Grade Cobalt

Powder
e Recycling

For Pigment and Ceramic

Applications

Ceramic Pigments
e Cobalt Oxide

Plastic Pigments
e Cobalt Oxide
e Cobalt Hydroxide

Glass Pigments
e Cobalt Oxide

For Powder Metallurgy

Applications

e S-Series Cobalt Powder

e R-Series Cobalt Powder
e Granulated Cobalt Powder

e Coarse Grade Cobalt
Powder

For Battery
Applications

Precursors
e Battery Grade Cobalt

Oxide
o Mixed Metal Hydroxides

Battery Materials
e Fine Cobalt Powder
e Cobalt Hydroxide

Raw Materials
o Battery Grade Cobalt
Powders
e Cobalt Sulfate


http://duunitori.fi/tyopaikat/tyo/freeport-cobalt-elmontor-kokkola-susra-1507958

COPPER

Known since 5000 BC:
lat. Cuprum (Cyprus; oldest mining places, 3000 BC)

Occurrence: 68 ppm; mainly as sulphides
Electronegativity: 1.9

Similarities with alkali metals: d%? — d0s?

however, Cu smaller, denser, less reactive, more electronegative,
and forms coordination compounds

Binary oxides: Cu,O, CuO

Compounds with higher oxidation states:
LaCuOg, K;CuFg, KCuO,, high-T, superconducting oxides

How to stabilize the high oxidation states for transition metals:

- combine with the most electronegative anions
- combine with the most electropositive cations
- use highly oxidizing synthesis conditions/high pressures

Enzyme reactions: Cu(l) - Cu(lll)




Superconducting Magnets

e Solenoid as in
conventional
electromagnet.

« But once current is
injected, power
supply turned off,
current and magnetic
field stays forever...

.aslongasT<T,

Magnets for MRI

« Magnetic Resonance
Imaging typically
doneat1.5T

» Superconducting
magnet to provides
static magnetic field :

« Spatial resolution of e
positions of tracer “ g
atomic nuclei.

Patient
Table

Superconducting
magnet

Plasma confinement
torus

Proposed ITER
fusion test reactor
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https://saylordotorg.github.io/text_general-chemistry-principles-patterns-and-applications-v1.0/s16-07-superconductors.html

SUPERCONDUCTIVITY

Nobel 1913

Superconductivity

1911 Kamerlingh-Onnes: p =0
-Hg with Tc=4.2K

"Meissner effect”

1933 Meissner and Ochenfeld:
v =B/H <0 — levitation

High-Tc superconductivity

1986: Bednorz and Muller
- (La,Ba),CuO, with T, =30 ~40 K

Present record in T: i
138 K for HgBa,Ca,Cu304,; Nobel 1987




SUPERCONDUCTING
POWER CABLES

= Normal Cu wires: 20% energy waste

= High-temperature superconductor
cables introduced since 2000s

= |n 2008 the longest cable installed in
Long Island, New York: transmitting
up to 574 megawatts of electricity
(enough to power 300,000 homes)

Typical HTS Cable Configuration

Super insulation

HTS wire layers

Hollow former

- Liguid N2 Refrigerant @ 77" K

Inner cryostat wall |
Outer cryostat wall Dielectric
PE Sheath


https://www.google.fi/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwi5qYGuzuPeAhUEXSwKHTvdB_YQjRx6BAgBEAU&url=https%3A%2F%2Fwww.suptech.com%2Ftransmission_cables_n.php&psig=AOvVaw2-JWXuFowhofBEXP__6qcN&ust=1542824932787805

ITER: International Thermonuclear Experimental Reactor

il

since October, 2007

Cadarache,
France

Nuclear Fusion
Reactor

/Superconducting Magnets




The Meissner Effect

Magnet
Superconductor

Liquid Nitrogen
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Foam Container

T> Tc T<Tc



https://nationalmaglab.org/education/magnet-academy/learn-the-basics/stories/superconductivity-101
https://www.globalspec.com/learnmore/materials_chemicals_adhesives/electrical_optical_specialty_materials/superconductors_superconducting_materials

Lake WA

Super-Maglev Train

603 km / hour
Test line 42.8 km




Superconducting Elements
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Crystal Structures of
High-T. Superconductive Copper Oxides

Perovskite CaTiOS

(La,Ba)ZCU O4+8 YB aZCU3O7_8 Hg Bazcazcu309-8
T.~35K T,~92 K T,~135K



Temperature

Phase Diagram of HTSC
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METALLIC

Tc(optimum)
[Cu-valence = 2.15]

Valence of copper [V(Cu)]




GENERAL FORMULA
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M. Karppinen & H. Yamauchi,

Control of the charge inhomogeneity and

high-Tc superconducting properties in
homologous series of multi-layered copper oxides,
Mater. Sci. Eng. R 26, 51-96 (1999).
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HIGH-PRESSURE SYNTHESIS

e 5 GPa = 50 000 atm
e 400 — 1200 °C
e 10 — 120 min
e 50 - 100 mg

H. Yamauchi & M. Karppinen, Supercond. Sci. Technol. 13, R33 (2000).

HP equipment
at Tokyo Tech




Highest Tc K]

Search for new high-Tc superconductors

Tl-Ba-Ca-Cu-O

Bi-Sr-Ca-Cu-O

Ba-Y-Cu-O

La-Sr-Cu-0

Nb3Ge

Hg-Ba-Ca-Cu-O-F
Hg-Ba-Ca-Cu-O
Tl-Ba-Ca-Cu-O

I

La-Ba-Cu-0

-

150 a
100
50
0 A
1900

1920

1940 1960

Year

1980

2000

(Lag.02520,08)CUO,
(Lag.92570.08)2CUO,
YBa,Cu,;0,
Bi,Sr,Ca,Cu;0,,

Tl,Ba,Ca,Cu;0,,
TIBa,Ca,Cu;0q
HogBa,Ca,Cu;0q

_Liq. Nz
WIIA
ar
14, i
Period 1] 2
H | in A IA WA VLA ws | He
pariod 2| 3 | 4 sle|7]8|9 |10
Li | Be Blcoc|MN|o|F [Ne
period 2| 11 |12 VB 13|14 |15 | 16 |17 |18
Ma |Ma g wve vB vIB vIIB B ug |A] S|P | S |Cl|Ar
Pariod 4| 19|20 |21 |22 |23 |24 | 25|26 |27 |28 | 29|30 |31 (32|33 |34 |35 | 36
k |ca|se|Ti|v |cr|mMn|Fe|co|Mi|cu|lzZn|Ga|ce|As|Se|Br | Kr
Period 5| 37| 28|38 | 40| 41 |42 | 43|44 |45 (46 | 47 |48 |49 |50|51 |52 |52 | 54
Rb|sr| ¥ | Zr|Mo|Mo| Te [Ru|Rh|Pd | Ag|cd| In|sn|so|Te| 1 |xe
Period &| 55 | 58 ?07 72| v3|val7s| 76| 77| 7o | 79|80 |81 |82 |83 |64]85 |86
Cs | Ba |71 | Hi|Ta|w |Re|los| v | Pt |aAu|Hg| Ti|Po| Bi [Po|at |Rn
1Lig. He paring 7| 87 | 88 | 22 |104|105|108] 107]108[ 100
Fr|RBa|[103| BRf |Ha | Sg | Mg | Hs | Mt
Lanthanide 57|58 |59 |60 |61 | 62|63 |64 |65)|66 |67 68|63 )70 |71
saties— | La [ Ce | Pr | MNd |Pm|Sm| BEu [ Gd | Th | Dy |Ho | Er [Tm|Yb | Lu
Actinide g9 |90 |91 |92 |93 | 94|95 |96 |97 |98 |99 |[100{101]|102|103
series— | ac | Th|Pa | U [Mp | Pu|Am|Cm| Bk | of | Es |Fr|Md | Mo | Lr



MmAZQn—lcunOm+2+2n+8
M-m2(n-1)n

1 2
L He
3 4 5| 6 7 219 |10
Li | Be Blc|N|o|F [ne
THREE 12|14 (15|16 |17 | 18
Ma | Mg Al SIi | P | S | Cl | Ar
19|20 | 21 22|23 |24 | 25|26 |27 | 28|20 30|21 | 3233|3435 26
k |Ca|Sc | T |V |[CrimMn|Fe|Co| M |[Cu|Zn|Ga|Ge|As|Se | Br | Kr
37 (38|29 | 40|41 |42 | 43|44 |45 | a6 | a7 |48 |49 | 50|51 |52 |52 | 54
Ro | Sr| Y | Zr [N Mo | Tc |RU|Rh | Pd |Ag | Cd| In [Sn|Sb | Te | | |XHe
55 | 56 ?g 72| 73|74 | 75|76 |77 | 72| 7al80 |81 |82|83 |54 |25 |26
cs|Ba|71 | Hf|Talw |Re|los| ir [Pt |au|Ha| Ti |Pb| Bi |Palat |Rn
ar | 88 | 52 |104|105[108| 107|108 109
Fr {Fa (103 Bf |Ha | Sg | Ms | Hs | Mt
57 | sz |50 |60 |61 |62|63 |64 |65|66|67|68]69]|70] 71
La|Ce|Pr (Nd|Pm|Sm|Eu |Gd | Th |Dy [Ho| Er [Tm|Yhb | Lu
ao | oo |91 |92 |93 |94 |95 |96 | a7 |98 | 99 (100|101 (102 (103
Ac | ThIPa | U [Mp|Pu[Am|{Cm | Bk | Cf | Es|Fm|Md | Mo | Ly




Critical temperature T, [K]
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