
LECTURE SCHEDULE

Date Topic

1. Wed 28.10. Course Introduction & Short Review of the Elements

2. Fri 30.10. Periodic Properties & Periodic Table & Main Group Elements (starts)
3. Fri 06.11. Short Survey of the Chemistry of Main Group Elements (continues)
4. Wed 11.11. Ag, Au, Pt, Pd & Catalysis (Antti Karttunen)

5. Fri 13.11. Redox Chemistry
6. Mon 16.11. Transition Metals: General Aspects & Crystal Field Theory
7. Wed 18.11. Zn, Ti, Zr, Hf & Atomic Layer Deposition (ALD)

8. Fri 20.11. V, Nb, Ta & Metal Complexes and MOFs
9. Mon 23.11. Cr, Mo, W & 2D materials
10 Wed 25.11. Mn, Fe, Co, Ni, Cu & Magnetism and Superconductivity

11. Fri 27.11. Resources of Elements & Rare/Critical Elements & Element Substitutions
12. Mon 30.11. Lanthanoids + Actinoids & Pigments & Luminescence & Upconversion
13. Wed 02.12. Inorganic Materials Chemistry Research

EXAM:  Thu Dec 10, 9:00-12:00 (IN MyCourses/ZOOM)



PRESENTATION TOPICS/SCHEDULE

Wed 18.11. Ti: Ahonen & Ivanoff

Mon 23.11. Mo: Kittilä & Kattelus

Wed 25.11. Mn: Wang & Tran
Ru: Mäki & Juopperi

Fri 27.11. In: Suortti & Räsänen
Te: Kuusivaara & Nasim

Mon 30.11. Eu: Morina
U: Musikka & Seppänen



QUESTIONS: Lecture 10

1. Most stable oxidation state in acidic conditions: Mn, Fe, Co, Ni, Cu ?

2. In which condition (acidic or basic) Cu+ tends to disproportionate ?

3. How many unpaired 3d electrons (oct./hs):  Fe2+, Fe3+, Co2+, Co3+ ?

4. Which one of the iron oxides, FeO, Fe3O4 and Fe2O3, is:
- mixed valent
- antiferromagnetic
- ferrimagnetic
- electrically conducting

5. Give the abbreviated name for HgBa2Ca2Cu3O8.

6. Oxidation state of Cu in La2CuO4, La2CuO4.1 and (La0.9Ba0.1)2CuO4 ?

7. Are the above copper oxides superconducting ?



Mn, Fe, Co, Ni, Cu

https://en.wikipedia.org/wiki/Valence_electron


https://commons.wikimedia.org/wiki/File:Frost_diagram_for_iron.png
https://commons.wikimedia.org/wiki/File:Frost_diagram_for_nickel.png
https://commons.wikimedia.org/wiki/File:Frost_diagram_for_cobalt.png


RUTHENIUM Ru

https://commons.wikimedia.org/wiki/File:Frost_diagram_for_iron.png


Fe, Co, Ni & Platinum Metals (Ru, Os, Rh, Ir, Pd, Pt)

 Horizontal relationships:
(1) Fe, Co, Ni, (2) light Pt metals, (3) heavy Pt metals

 Vertical relationships:
(1) Fe, Ru, Os, (2) Co, Rh, Ir, (3) Ni, Pd, Pt

 Electronegativities: Fe 1.8, Co 1.9, Ni 1.9, all Pt metals 2.2

 Oxides:
- +II: (Fe,Co,Ni,Pd)O
- +II/III: (Fe,Co)3O4
- +III: (Fe,Co,Rh,Ir)2O3
- +IV: (Ru,Os,Rh,Ir,Pd,Pt)O2
- +VIII: (Ru,Os)O4



OCTAHEDRAL COORDINATION
- Common for Mn, Fe, Co, Ni, Cu



IRON COMPOUNDS
 Iron compounds mainly at the oxidation states +II and +III

 Fe(II) compounds tend to be oxidized to Fe(III) compounds in air

 Fe(II) compounds called ferrous, Fe(III) compounds ferric

 ferrite (magnetic spinel Fe(II/III) oxides) versus ferrate ([FeO4]4-, [FeO4]3- & [FeO4]2-) !!!

(c.f. sulphite-sulphate, manganite-manganate, cuprates !!!)

 In rare compounds Fe occurs also at higher oxidation states, e.g. K2FeO4

 Fe(IV) is a common intermediate in many biochemical oxidation reactions

 57Fe Mössbauer spectroscopy is a powerful tool to investigate oxidation states
and other bonding properties of Fe in its compounds

 Many important mixed-valence Fe(II)/Fe(III) compounds,
such as magnetite Fe3O4

 Main industrial-scale products/intermediates: FeSO4·7H2O and FeCl3



COBALT
 Cobalt-based blue pigments (cobalt blue; CoAl2O4) have been used

since ancient times in jewelry, paints and glass
 Ancient miners used the German name kobold ore (goblin ore)

for some blue-pigment producing minerals

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

 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

 The copper belt in Africa (Congo, Zambia) is the main source of cobalt
 Co is used as a metal in magnetic, wear-resistant, high-strength alloys

 Cobalt → LiCoO2 !
 OXIDES:

- CoO: green, rock-salt, AFM (TN = 291 K)
- Co3O4: blue, spinel, AFM (TN = 40 K)
- Co2O3: black

https://www.google.fi/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwjG9uGVuO7lAhU5xcQBHUiWAUsQjRx6BAgBEAQ&url=https%3A%2F%2Fpathfinderkingmaker.fandom.com%2Fwiki%2FGoblin&psig=AOvVaw2VUHUnjtTRSz6SAlKVFvsF&ust=1573983643056054


LixCoO2

In Kokkola:
Outokumpu → OMG → FreeportCobalt → Umicore

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: d9s2  d10s1

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

 Binary oxides: Cu2O, CuO

 Compounds with higher oxidation states:
LaCuO3, K3CuF6, KCuO2, high-Tc 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(I)  Cu(III)



MAGNET
 Magnet: solid/bar/coil that creates a magnetic field

 Electromagnet: electric current

 Permanent magnet: unpaired electrons

 Magnets have two poles: S (south) and N (north)

 Same-type poles repel each other and opposite-type poles
attract each other



Mineral magnetite





MAGNETIC SUSCEPTIBILITY
Magnetization (M):
magnetic field induced in sample in external magnetic field (H)

Magnetic susceptibility:  = M / H

DIAMAGNET:  < 0   (very small)
PARAMAGNET:  > 0   (very small)
FERROMAGNET:  > 0   (very large)
ANTIFERROMAGNET:  > 0   (small)
FERRIMAGNET:  > 0   (large)



DIAMAGNETISM (“NON-MAGNETISM”)

 All materials are diamagnetic
 Due to the movement of all electrons in atoms
 Diamagnetic material repels external field ( < 0)
 Diamagnetism is of several orders of magnitude

weaker phenomenon compared to other
phenomena of magnetism
(material is said to be diamagnetic only if it does not show
other forms of magnetism)

 e.g.  water:  = −9.05×10−6

 So-called pyrolytic carbon is a particularly
strong diamagnet ( up to −400×10−6)

 Superconductors are perfect diamagnets
(in their superconducting state): χ = −1

 Superconductors perfectly repel external fields
(Meissner effect)

Pyrolitic carbon bar
levitates above
permanent magnet

http://fi.wikipedia.org/w/index.php?title=Ferromagnetismi&action=edit
http://fi.wikipedia.org/wiki/Kuva:Diamagnetic_graphite_levitation.jpg


RT MAGNETISM OF PURE ELEMENTS

http://www.askiitians.com/iit-jee-magnetism/magnetic-properties-of-materials/
https://www.google.fi/imgres?imgurl=http%3A%2F%2Felectrons.wikidot.com%2Flocal--files%2Fmagnetism-iron-oxide-magnetite%2F265-004-9B256ADC.gif&imgrefurl=http%3A%2F%2Felectrons.wikidot.com%2Fmagnetism-iron-oxide-magnetite&docid=Ma8oO5HcYu7rpM&tbnid=7S4H9P-II6w3_M%3A&vet=10ahUKEwivu7P55c_XAhWnC5oKHXVpBnsQMwgxKA0wDQ..i&w=396&h=353&bih=398&biw=864&q=magnetism%20dia%20para%20ferro%20ferri&ved=0ahUKEwivu7P55c_XAhWnC5oKHXVpBnsQMwgxKA0wDQ&iact=mrc&uact=8


Ferromagnets: TC [K] Antiferromagnets: TN [K]

iron 1043 CoCl2 25
cobalt 1404 CoF2 38
nickel 628 CoO 291
gadolinium 289 chromium 475
erbium 32 Cr2O3 307
dysprosium 155 erbium 80

FeCl2 70
barium ferrite 720 FeF2 79 - 90
strontium ferrite 720 FeO 198
Alnico 1160 FeMn 490
Alumel 436 α-Fe2O3 953
Mutamel 659 MnF2 72 - 75
Permalloy 869 MnO 122
Trafoperm 1027 MnSe 173
NdFeB 580 MnTe 310 - 323
SmCo5 990 NiCl2 50
Sm2Co17 1070 NiF2 78 - 83

NiFeO 180
CrO2 390 NiO 533 - 650
CuAlMn3 ??? TiCl3 100
LaxCa1–xB6 900 UCu5 15
MnAs 318 V2O3 170
MnBi 633
polymerized C60 ~500



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


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

High-Tc superconductivity
1986: Bednorz and Müller
- (La,Ba)2CuO4 with Tc = 30  40 K

Present record in Tc:
138 K for HgBa2Ca2Cu3O8+δ

SUPERCONDUCTIVITY

”Meissner effect”
1933 Meissner and Ochenfeld:
 = B/H < 0  levitation

Nobel 1913

Nobel 1987



SUPERCONDUCTING
POWER CABLES
 Normal Cu wires: 20% energy waste
 High-temperature superconductor

cables introduced since 2000s
 In 2008 the longest cable installed in

Long Island, New York: transmitting
up to 574 megawatts of electricity
(enough to power 300,000 homes)

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

Cadarache,
France

Nuclear Fusion
Reactor

since October, 2007

CEA Cadarache Laboratory

Superconducting Magnets



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


Super-Maglev Train
- 603 km / hour
- Test line 42.8 km



https://nationalmaglab.org/education/magnet-academy/learn-the-basics/stories/superconductivity-101


“HTSC”

MgB2



Crystal Structures of
High-Tc Superconductive Copper Oxides

YBa2Cu3O7-
Tc  92 K

HgBa2Ca2Cu3O9-
Tc  135 K
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Phase Diagram of HTSC

Valence of copper [V(Cu)]

Tc(optimum)
[Cu-valence  2.15]



GENERAL FORMULA
 MmA2Bn-1CunOm+2+2n±δ
 M-m2(n-1)n
 HOMOLOGOUS SERIES: M, m, A and B fixed, n varies

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).

B

m x (MO1± δ layers)



HIGH-PRESSURE
SYNTHESIS

5 GPa = 5 x 104 atm

HIGH-PRESSURE SYNTHESIS

• 5 GPa = 50 000 atm
• 400 – 1200 oC
• 10 – 120 min
• 50 – 100 mg

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

HP equipment
at Tokyo Tech



Search for new high-Tc superconductors

(La0.92Ba0.08)CuO4
(La0.92Sr0.08)2CuO4
YBa2Cu3O7
Bi2Sr2Ca2Cu3O10
Tl2Ba2Ca2Cu3O10
TlBa2Ca2Cu3O9
HgBa2Ca2Cu3O9



MmA2Qn-1CunOm+2+2n+

M-m2(n-1)n



Akimitsu 2001:
MgB2

Hosono 2001:
[La(O,F)][FeAs]

https://en.wikipedia.org/wiki/File:Timeline_of_Superconductivity_from_1900_to_2015.svg

