
TENTATIVE LECTURE SCHEDULE

Date Topic

1. Mon 13.09. Course Introduction & Short Review of the Elements
2. Wed 15.09. Periodic Properties & Periodic Table & Main Group Elements (starts)

3. Fri 17.09. Short Survey of the Chemistry of Main Group Elements (continues)
4. Mon 20.09. Zn + Ti, Zr, Hf & Atomic Layer Deposition (ALD)
5. Wed 22.09. Transition Metals: General Aspects & Pigments

6. Mon 27.09. Ag, Au, Pt, Pd & Catalysis (Antti Karttunen)
7. Wed 29.09. Redox Chemistry
8. Mon 04.10. Crystal Field Theory

9. Wed 06.10. V, Nb, Ta & Metal Complex & POM, MOF, MLD
10. Fri 08.10. Cr, Mo, W & 2D materials
11.     Mon 11.10. Mn, Fe, Ni, Pt metals & Magnetism

12.     Wed 13.10. Co, Cu & Superconductivity
13. Fri 15.10. Resources of Elements & Rare/Critical Elements & Element Substitutions
14.     Mon 18.10. Lanthanoids + Actinoids & Luminescence (Down/Upconversion)

15.     Wed 20.10. Inorganic Materials Chemistry Research

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



PRESENTATION TOPICS/SCHEDULE

Wed 06.10. Nb: Toivonen

Fri 08.10. Mo: Ahmed, Shamshad

Mon 11.10. Mn: Majaniemi, Thakur, Ahkiola
Ru: Ichanson, Locqueville, Olsio

Wed 13.10. Co: Ekholm, Olander, Syväniemi
Cu: Kolawole, Nguyen, Munib

Fri 15.10. In: Kovanen, Ogunyemi, Svinhufvud
Te: Huhtakangas, Wallin, Kaarne

Mon 18.10. Eu: Sonphasit, Tuisku
Nd: Jussila, Siuro, Perttu
U: Sinkkonen, Wennberg, Partanen



QUESTIONS: Lecture 11

1. Most stable oxidation state(s) for: Mn, Fe, Co, Ni, Cu ?

2. How many unpaired 3d electrons in metals: Mn, Fe, Co, Ni, Cu ?

3. Propose a reason why Mn is not ferromagnetic.

4. Propose a reason why Cu is not ferromagnetic.

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

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



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


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

 Ferrous Fe(II) compounds & Ferric Fe(III) compounds

 Ferrite (magnetic spinel Fe(II/III) oxides) &
Ferrate (highest oxidation state [FeO4]4-, [FeO4]3- & [FeO4]2-) !!!
(c.f. sulphite-sulphate, manganite-manganate, cuprates !!!)

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

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

 Fe(IV) is common intermediate in biochemical oxidation reactions

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

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



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 and
repel perfectly external magnetic field (Meissner)
in their superconducting state: χ = −1

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


Ferromagnetism (in pure metals)
 Unpaired electrons needed (but this is not the only requirement)
 There are other factors as well: exchange interaction
 Fine balance between the different factors/interactions define

whether the metal/material is FM, AFM, or paramagnetic
 Crystal structure/atomic distances affect:

- normal metallic iron FM, but austenite-type iron not
- pure Mn metal not FM (Mn-Mn distance too short),
but some Mn alloys are FM (Mn-Mn distance longer)



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



Hystersis Loop of Ferromagnetic Materials
- Coersivity field & Remanent magnetization
- Hard FM: wide loop
- Soft FM:  narrow loop

https://www.google.com/url?sa=i&url=http%3A%2F%2Fhyperphysics.phy-astr.gsu.edu%2Fhbase%2FSolids%2Fhyst.html&psig=AOvVaw3w3PZAI18JeF1N_SHJraOK&ust=1633878008476000&source=images&cd=vfe&ved=0CAYQjRxqFwoTCOic44TMvfMCFQAAAAAdAAAAABAI

