
Functional Inorganic Materials
Fall 2022

# Date Who Topic

1 Mon 5.9. Maarit Introduction + Materials design consepts

2 Thu 8.9. Antti Introduction + Computational materials design

3 Tue 13.9. Maarit Superconductivity: High-Tc superconducting Cu oxides

4 Thu 15.9. Maarit Magnetic oxides

5 Tue 20.9. Maarit Ionic conductivity (Oxygen): Oxygen storage and SOFC

6 Thu 22.9. Maarit Ionic conductivity (Lithium): Li-ion battery

7 Tue 27.9. Antti Thermal conductivity

8 Thu 29.9. Antti Thermoelectricity

9 Tue 4.10. Antti Piezoelectricity

10 Thu 6.10. Antti Pyroelectricity and ferroelectricity

11 Tue 11.10. Maarit Hybrid materials

12 Thu 13.10. Antti Luminescent and optically active materials

Tuesdays:   12.15 - 14.00 (U8)
Thursdays: 10.15 - 12.00 (Ke1)



LECTURE 3: (High-Tc) Superconductivity
 Zero resistance, Meissner effect, Cooper pair, Josephson junction
 Type-I and Type-II superconductors
 History & Impact (on material research!) & Applications
 New-material discoveries: Design principles, Intuition & Good luck !
 Relations to Perovskite & Ruddlesden-Popper structures
 Multi-layered crystal structure & Homologous series concept
 Aliovalent substitution / Isovalent substitution (= Chemical pressure)
 Mixed-valency & Oxygen nonstoichiometry
 p-type & n-type: Importance of Cu coordination number/sphere



LECTURE EXERCISE 3
1. The following copper oxide compounds are high-Tc superconductors:

YBa2Cu3O7±δ, Bi2Sr2CuO6±δ, Bi2Sr2CaCu2O8±δ and Bi2Sr2Ca2Cu3O10±δ

a) Give the systematic name (= chemical formula abbreviation) for each
compound.
b) Which of the compounds should have the highest Tc (when optimized);
give the reason for your choice!
c) Explain the importance of oxygen nonstoichiometry parameter δ for
these compounds.
d) Explain why a multilayered crystal structure is useful for the high-Tc
copper oxide superconductors.

2. Nb3Sn and Nb3Ge are important ”low-temperature” superconductors and
members of the so-called ”A15 family” of intermetallic compounds.
Please write a short essay with approximately 3-5 references to discuss
few aspects (e.g. history, superconductivity characteristics, application?)
which you find most interesting related to these materials.



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


Superconductivity
- 1911: Kamerlingh-Onnes
-  = 0
- Hg (Tc = 4.2 K)

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

Present record in Tc:
138 K for HgBa2Ca2Cu3O8+

SUPERCONDUCTIVITY

Meissner effect
- 1933: Meissner and Ochenfeld:
-  = B/H < 0  levitation

Nobel 1913

Nobel 1987



Kamerlingh-Onnes Institute,
@University of Leiden, the Netherlands

Heike Kamerlingh-Onnes and J.D. van der Waals



Akimitsu 2001:
MgB2

Hosono 2006 →
[La(O,F)][FeAs]

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


Type-1 Examples:
- Hg, Pb, most of the pure metals

Type-2 Examples:
- Nb, V, NbTi, Nb3Sn
high-Tc copper oxides

https://nationalmaglab.org/education/magnet-academy/learn-the-basics/stories/superconductivity-101
https://www.slideshare.net/hemanshikalra/superconductivity-40826969
https://www.globalspec.com/learnmore/materials_chemicals_adhesives/electrical_optical_specialty_materials/superconductors_superconducting_materials


https://www.google.fi/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwiK2uq8xKjeAhVFBiwKHdo4A_UQjRx6BAgBEAU&url=https%3A%2F%2Fslideplayer.com%2Fslide%2F5171406%2F&psig=AOvVaw2SErlrFlIbX7SR8o3VjurJ&ust=1540794804463336


Ted Geballe 100 years
Jan. 2020

https://www.google.fi/url?sa=i&url=https%3A%2F%2Flink.springer.com%2Farticle%2F10.1007%2Fs10948-019-05361-9&psig=AOvVaw0Mf21_MPbhvJsFbA-Lqplx&ust=1603809689589000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCMCK3PC-0uwCFQAAAAAdAAAAABBL


Bardeen, Cooper & Schrieffer

- BCS theory 1957
- Nobel 1972
- Cooper pairs
- Coupled through Phonons

in convential superconductors



Josephson Junction & SQUID
 1962 Brian David Josephson (Nobel 1973)
 Two superconductors separated by a thin insulating layer
 Tunneling of Cooper pairs through the junction
 Macroscopic quantum effect
 Josephson junction device has become the standard measure of voltage
 Superconducting quantum interference device (SQUID) based on Josephson

junctions: measurement of extremely weak signals (e.g. subtle changes in
the human body's electromagnetic energy field)



Application Examples of (high-Tc) Superconductors

 Cables and wires ( = 0)
 public power supply (Copenhagen 2001)

 Strong magnets ( = 0)

 Microwave filters ( = 0)
 to improve signal reception

in wireless phone towers

 Levitation (Meissner)
 “True” MAGLEV trains

 Sensitive magnetic probes (Josephson)
 SQUID, NMR, MRI

 Supercomputers (Josephson)



https://www.google.fi/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwiH9uKKx6jeAhWIDiwKHVNsBhMQjRx6BAgBEAU&url=https%3A%2F%2Fslideplayer.com%2Fslide%2F6642889%2F&psig=AOvVaw2vpjmfiRwznpTa4yv5ot-b&ust=1540795928931564


http://2013phys4030.blogspot.com/2013/06/current-applications-for.html
https://www.rdmag.com/article/2018/05/creating-portable-high-field-magnet-systems-using-bulk-superconductors


ITER： International Thermonuclear Experimental Reactor

Cadarache,
France

Nuclear Fusion
Reactor

since October, 2007

CEA Cadarache Laboratory

Superconducting Magnets

NbTi or Nb3Sn

https://www.iter.org/img/resize-900-90/www/content/com/Lists/Machine/Attachments/20/tf_bluebackground_fsu.jpg


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

Nb3Sn



Search for new high-Tc superconductors

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

Nb3Sn



Pseudoternary Y-Ba-Cu-O Phasediagram (0.5Y2O3-BaO-CuO): 1000 oC, 1atmO2



Akimitsu 2001:
MgB2

Hosono 2006 →
[La(O,F)][FeAs]

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


Crystal Structures of
High-Tc Superconductive Copper Oxides
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HgBa2Ca2Cu3O9-

Tc  135 K
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Homologous Series of Superconducting Copper Oxides

Bi2Sr2CuO6+

Bi-2201; Tc  20 K

Bi-22(n-1)n: Bi2Sr2Can-1CunO2+2+2n

Bi2Sr2CaCu2O8+

Bi-2212; Tc  80 K

Bi2Sr2Ca2Cu3O10+

Bi-2223; Tc  110 K
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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



Ultra-High-Pressure Synthesis

pressure: 2  8 GPa
sample: 50  300 mg
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OUR HIGH-PRESSURE EQUIPMENT

Pressure: 4-5 GPa
Temperature: up to 1200 oC
Sample mass: up to 100 mg



MmA2Qn-1CunOm+2+2n+

M-m2(n-1)n



Tc versus “number of consecutively stacked CuO2 planes”

Hg-1223
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Phase Diagram of HTSC

CuO2-plane hole concentration [p(CuO2)]
Valence of copper [V(Cu)]

Chemistry

Tc(optimum)
[Cu-valence  2.15]

Hole-carrier concentration
p(CuO2) = V(Cu)-2



in O2

in N2

CuBa2YCu2O7-

Cu-1212 in O2



La2CuO4

 Is this compound superconducting
 How to increase hole concentration
 What is its M-m2(n-1)n type name
 Does it belong to any general structure

https://www.researchgate.net/figure/color-online-Theoretically-predicted-AFM-state-of-La2CuO4-in-the-LTO-crystal-structure_fig3_327134623
http://jes.ecsdl.org/content/151/10/J69/F1.expansion.html


n = electron density = 2 - V(Cu) p = hole density = V(Cu) - 2V(Cu) = 2



Superconductivity phase diagrams, n-type vs. p-type

n(CuO2)  2 - V(Cu)

(Nd1-xCex)2CuO4 (La1-xSrx)2CuO4
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p-type doping n-type doping


