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Superconducting elements
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Superconducting elements
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Superconducting elements

Historical development of the critical temperature of simple elements
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C. Buzea and K. Robbie, “Assembling the puzzle of superconducting elements: a review,” Superconductor Science and Technology, vol. 18, Nov. 2004
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Pressure effect
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Superconducting elements

alkali
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C. Buzea and K. Robbie, “Assembling the puzzle of superconducting elements: a review,” Superconductor Science and Technology, vol. 18, Nov. 2004
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SC Elements considerations

Two groups of SC

The non-transition metals — to these belong most of the superconducting high-pressure phases

The transition metals — with increasing element number, an inner shell (3d, 4d, and 5d levels; for the
lanthanides and actinides, the 4f and 5f levels) becomes filled up within a row
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C Elements considerations (2)

alkali
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metals with the highest electrical conductivity

BCS theory explain these two facts:
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SC Elements considerations (2)

PERIODIC TABLE OF SUPERCONDUCTING ELEMENTS

Superconductivity is not a rare property of metals

Superconductivity is neither found in the magnetic =

compounds, nor in the noble metals or Cu S S

This indicates that superconductivity is ma e ]| | |
incompatible with magnetism, and absent in W

metals with the highest electrical conductivity

BCS theory explain these two facts:
1. excellent electrical conductivity is a signature of weak electron—phonon interaction

2. magnetism breaks up the Cooper-pairs
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SC Elements considerations (3)

The statement that “all metals become superconducting at
sufficiently low temperatures” cannot, in principle, be disproved:

1. difficult to find SC with Tc < 102K;
2. example of highly dilute alloys of the noble metals
(Au shows Tc of 0,2 mK and Cu of 10®* mK);
3. example of a non-magnetic high-pressure phase of iron can become

superconducting with a transition temperature up to 2 K

Cristian Pira Superconductive Materials 8 Supercondictive Materials: elements, alloys and HTS



SC Elements considerations (4)

There is no correlation apparent between the value of the Tc and other characteristic properties

Element | T Cystal | Meling | @0 |4 | 2w | B. Possible correlation between SC and the volume occupied by an
in K structure | point in K in nm in nm inG . . . .
in°C atom within the metallic crystal (small volume is better for SC)
1] Al 119 k.f.z. 660 420 50 500-1600 | 100 Elements showing superconductivity only under high pressure or in high-pressure phases.
2| Am[] | 038 hex. 994
3 | Be 0.026 hex. 1283 1160 Element T-inkK Pressure in kbar Reference
4| Cd 0.55 hex. 321 300 130 760 30
5| Ga 1.09 orth. 29.3 317 120 59 31 | As 0.5 120 [17]
(6.5; 7.5) 12| B 6.0 1750 [11b]
6 | Hf[g 0.13 hex. 2220 33 | Ba 5.1 = 140 [12]
7 | He 415 rhom. -389 90 55 400 (1.8) > 55
(3.95) tetr. (340) 34 | Bill 3.9 26 [13]
8| In 3.40 tetr. 156 109 24-64 | 360-440 | 280 Bi Il 7.2 > 27
9 |ir 0.14 kfz. 2450 420 19 Bi V 8.5 > 78
10 | La 48 hex. 900 140 35 | Ce 1.7 > 50 [14]
(5.9) kfz. (1600) 36 | Cs 15 100 5]
1| Mo 0.92 k.rz. 2620 460 08 37 | Fe 2 150-300 [16]
12 | Nb 9.2 k.rz. 2500 240 32-44 | 39-40 1950 13 | Ge 54 - ca 110 17
13| Np[9] | 0075 orth. 39 | | 1.2 290 [18]
14 | Os 0.65 hex. 2700 500 65 40 | L 20 500 9]
15 | Pa 13 41 | Lu 0.02-1.1 45—ca. 180 [20]
16 | Pb 7.2 k.fz. 327 9% 32-39 | 51-83 800 4|0 0.6 1000 [20b]
17 | Re 17 . hex. 3180 430 190 3| p 4661 - ca 100 21]
E Eh [10] 3.§x 10 l; fz. ;266 ?59 B 4| s 17 1600 21b]
20 su 2'?2 . 23(1}09 12(5} 25-50 | 120-320 | 305 45| 5 36 > 5 122]
n o3 :e:f- : 46 | Se 6.9 > ca. 130 [23]
. etr. .
2| T 439 k.rz. 3000 260 35 93 800 470 s 67 > ca. 120 (7]
2| Te 7.8 hex. 351 177 jg le ;‘2 . ?213_160 E;‘]
23 | Th 137 k.fz. 1695 170 150 T [15]
24 | Ti 0.39 hex. 1670 426 100
25| T 239 hex. 303 88 170 Superconducting elements, their crystal structure and melting point, and some properties
26| Ufa) 02 orth. N3 200 of the superconducting state: transition temperature Tc, Debye temperature QD, London
27 |V 5.3 k.rz. 1730 340 398 45 1200 ; . o .
28 | w 0.012 iz 3380 390 124 penetration depth A, Ginzburg-Landau coherence length &, and critical magnetic field B..
29 | Zn 0.9 hex. 419 310 2532 59 The transition temperatures shown in brackets belong to additional crystal modifications.
30 | Zr 0.55 hex. 1855 290 47 Many of the entries can only be taken as an indication

8 Supercondictive Materials: elements, alloys and HTS

Cristian Pira Superconductive Materials




Kammerlingh Onnes's visions

Construction of a 10 T Magnet with Hg and Pb Wires

Presented at 3rd International Congress of Refrigeration, Chicago 1913

* Experiments with Hg and Pb wires failed

e The coil lost superconducting properties already at small Current
densities and at Magnetic Fields of several 100 Gauss

* The experiment ended with a disappointment and was terminated

1st Pb wire cod 1912

The breakthrough only came decades later (1961)

Cristian Pira Superconductive Materials 8 Supercondictive Materials: elements, alloys and HTS



SC alloys

No pratical use of Superconductors untill the discovery of SC alloys

In 1931, W. J. de Haas and W. H. Keesom, discovered SC in an alloy

In 1941 NbN (Tc = 15K) and NbC (Tc = 16K) were discovered
Nb seems a good candidate for great SC alloys...

In 1953 Hardy and Huulm reported Te=17 K in V;Si and discovered a new class of SC:
A15 (aka B-tungsten structure)

In 1954, Mathias et al. reported Tc=18 K in Nb;Sn
In 1954 George Yntema at Illinois built a magnet out of Nb wire that reached 0.3 tesla

In 1960, with Nb,Sn was realized the first electromagnets to exceed 1 tesla (9 T)
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Mathias rules

Mathias groups discovered hundreds of new SC following 6 simple rules...

1. High symmetry is a good thing,
cubic symmetry is best

2. High density of electronic states
is a good thing

3. Stay away from oxygen

4. Stay away from magnetism

5. Stay away from insulators

6. Stay away from theoretical physicists!

crt R i RO |
s e AN I e

Bernd Matthias
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Valence electrons role

Matthias indicates that the average
number of valence electrons of a material

T represents a key to superconductivity
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Average number of valence electrons n, ——3»

Transition temperature of some alloys of the transition metals
plotted versus the average number of valence electrons solid
dots, Zr-Nb-Mo-Re; open circles, Ti-V-Cr.
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A15 Superconductors

The arrangement of the A atoms (Nb) along the chains parallel to the x,

y, and z axes is highly characteristic. The orthogonal chains do not

intersect. Within the chains, the A atoms (Nb) have a smaller mutual

distance than in the lattice of pure Nb A-15 NbySn (AB,) Structure

hy

Superconducting compounds with the f-tungsten structure [5, 30].

%

Composition T:inK AL in am Ezi innm B.zinT Nb-Chain
V3Ge 6.0 65 \.
V3Ga” 14.2-14.6 65 4 23 Nb-Chain —— .
V3Si 17.1 70 4 23 Nb (A-Atom)
Nbs5Sn 18.0 30 4 24 .. . .
Nb;Ge 232 20 3 iz q /

" After careful annealing, T. values around 20 K could be reached (G. Webb, RCA, Princeton, USA, 1971). Nb Nb-Chain

Cristian Pira
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Sn (B-Atom)
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Organic Superconductors

Table 2.3 Some selected organic superconductors

Material Symmetry of counter molecule T: [K]
(TMTSF)2PFg Octahedral 0.9
. . (TMTSF),ClOy4 Tetrahedral 1.4
Discovered in 1975 B — (ET)ls Linear 15
x — (ET)2Cu(NCS), Polymeric 10.4
k& — (ET)2Cu|N(CN)2|Br Polymeric 11.8
a — (ET)2RbHg(SCN)4 Polymeric 0.5
kH — (ET)2Ag(CF3)4 - TCE Planar 11.1
. . . k1, — (ET)2Ag(CF3)4 - 112DCBE Planar 4.1
Predicted in 1964 by thtle, wti — (ET)2AU(CF3)s - TCE Planar 10.5
. o o A — (BETS)2GaCly Tetrahedral 8
SuggeStl ng pOSSI bl I Ity to h ave TCE: 1.1.2-trichloroethane
112DCBE: 1.1-dichloro-2-br the
room temperature SC due to
Polaron mechanism instead of | ..
H3C\C,Se :s'e,(;./LH3 HC_/ch,s SH(/SNL_H
ra a ol 4 “HA
BCS one I c=c_ i T oe=c 0 I
Hjc./“‘"se sc”‘\CH3 Bl ~C~s s Cn gt
TMTSF ET (BEDT-TTF)
S ; ; S
He e 507 Sen,
] I e=c 0l ]
HjCMS/C ~qe Se.—L\S/CHz

BETS (BEDT-TSF)
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Organic Superconductors (2)

Fullerene Superconductors

Structure and T¢'s of some fullerene type superconductors

Matenrial Symmetry of the salts T:1K]
K3Cgn fce 19.3
CSERI_}CE,Q fcc 33
(NH3)4Na,CsCgg fce 29.6
Cs3Cq0 bct/bee 40
NH3K3Cgg Orthorhombic 28
Rb, (OMTTF)Cgy (benzene) 26

fcc = face-centered cubic, bet = body-centered tetragonal, bec = body-cen-
tered cubic, OMTTF = octamethylenetetrathiafulvalene.
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High Te Superconductors?

BCS predicts for Tc values below 20 K

Some organic compounds become SC at high pressures

guided by what we knew to be a collection of wrong assumptions ana rorever
unfulfilled predictions. : .

The second development (somehow the opposite to Ginzburg's story), an
experimental and very real result of ours, points towards the reason why ll-.ugh-
transition-temperature superconductors are so difficult to make. From it we
have realized that most high-transition-temperatusc aupcrcc_nnc!um::nrs are not
very stable, they are metastable at best. And these instabilities increase as
the transition temperature increases until eventually the crystal won't even
form ir the first place. Fur transition temperatures between 22 *K and 24°K
these metastabilities are still sufficiently long lived to cope with. Therefore,

ssnte on waotsllis

Lild% LI Al eE S

any search for high transition temperatures must concentrate on metallic
phases that should never have formed in the first place. 25 °K may be pos-
sible—not excitonic, not organic—just a relatively unstable intermetallic
compound which is cubic and has an clectron concentration in the range

from 4.5 to 4.8 electrons per atom.

BERND 1. MATTHIAS

Cristian Pira
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In the meantime, hundreds of satellite papers have appeared which approach
room-temperature superconductivity from all sides in varying degrees. In
particular, Ginzburg,'* Schneider,'® and Ashcroft'® have predicted the
superconductivity of metallic hydrogen at astronomic pressures, astronomic
temperatures found only at astronomic distances. The fact that no metallic
hydrogen has as yet ever been discovered does not seem to be much of a
deterrent to the speculation of its possible superconductivity at temperatures
—again, to date, never observed, Whereas here on Earth, alas, the experi-
mental fallout from all these hundreds of learned and imaginative treatises
has been totally, and without exception, nil. Through them, not a single

existing transition temperature was ever raised, not to mention the absence
B i R i e e e L S el ; e
’ N/ 2 p Y2//0¢, )
i P T > f e yu
_" \ oy ( . l\]__,‘ / EJ _.,;\.; I"'l{ I i{;;/ b > _-_-."l |l||r .{ 4
C Ot €utrd 0y 20 - '

The reader will ask of us what have we done during all this time? Well,
boilin relying on metallurgical and chemical methods of decades ago, we have man- :
‘aged to raise the transition temperature to 21 °K,'® which is finally above the Many discus-

sions, 1 have tried to point out that the present theoretical attempts to raise
the superconducting transition temperature are the opium in the real world
of superconductivity where the highest T, is, at present and at best, 21°K.
Unless we accept this fact and submit to a dose of reality, honest and not so
honest speculations will persist until all that is left in this field will be these

scientific opium addicts, dreaming and reading one another’s absurdities in
a blue haze,

Comments on Solid State physics 3, p.93 (1070)
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High Te Superconductors?

Search for new SC with higher Tc mainly in metals and alloys

Oxides not considered — against the mainstream and common understanding

30 | Liquid Ne

NbgGe

 Liquid H, Nb-Al-Ge

20

T. (K)

10 Nb

Was this the limit?
Many said yes

|

0 l I 2. = i
1910 1930 1950

Cristian Pira Superconductive Materials

1970

1990
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Oxides superconductors

Superconductivity (Tc =0,3 K) was found in 1964 in the perovskite oxide SrTiO,

At IBM Rushlikon Laboratory in Zurich, Gerd Binnig (inventor of STM) in a team
with Georg Bednondz push up Tc to 1,2 K with Nb doping

Figure 2.7 The cubic ABX: structure. A prominent example is SrTi0;.
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The discovery of cuprate superconductors

J. George Bernondz and K. Alex Muller (that substituted Cu 3* Cu 2*
Gerd Binnig) open a new era of Superconductivity in 1986
They studied materials which showed Jahn-Teller effect ok 3d Orbitals 3

, X2 —y2 L -

Electron Transfer causes dynamic JT effect > LATTICE VIBRATIONS _ ::+ = 3., o
e

° -0 L7

Candidates for the center: Copper or Nickel

Jahn-Teller Effect
Elongation
of Octahedron

J. Georg Bednorz — From LS to HTS, EASITrain School in Wien, 2019
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The discovery of cuprate superconductors

Vil B

Periodic Table e

B B VB VIE VIB

of the Elements

d Transition Elements

A

f Transition Elements

* Lanthanides

* Actinides|

Combination with six Elements only- still many possibilities

J. Georg Bednorz — From LS to HTS, EASITrain School in Wien, 2019
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The discovery of cuprate superconductors

LaAlO; YNiO, LaCuO,

LaNiO; metallic host

B

E{H LaAl(1-x)Ni(x)03 x = 0.4

| ; ¢ v :
s I SERER

i(1-x)Cu(x) o] < j
= |3 LaNi(1-x)Cu(x)O3 x = Ei ‘J.‘_..i-".- = \ ¢ N
AV

] . w."..'.‘_._.-.'

81

]
- -."-*.". ..‘— Fd

| 1 ¥
o4k % o =
. g A
| ] .m;l;l-'..l.---..n.l.--l-- L
| LH“-?()Y{E}NID:a =0.55x

L s 3 Years Later no encouraging signs...

J. Georg Bednorz — From LS to HTS, EASITrain School in Wien, 2019
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The discovery of cuprate superconductors

A report meets a “Prepared Mind”

A French group reported in 1985 metallic

behaviour between 300°C and -100 °C in a - AR R
perovskite containing barium, lanthanum, R — &,3(@
copper and oxygen e ¢ )
s s .
W
Bernodz and Muller understood the GieEy .;.j“;':e@"??'
potential of the structure as Superconductor ee\
AN
o>
o
C
o
\\
00 Y

k= L L T

J. Géoré 'Bednorz — From LS to HTS, EASITrain School in Wien, 2019
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Creation of Charge Carriers by lonic Substitution

Local Chemical Variation - Spontaneous Distortion Jahn - Teller effect

J. Georg Bednorz — From LS to HTS, EASITrain School in Wien, 2019

ST
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Creation of Charge Carriers by lonic Substitution

Local Chemical Variation - Spontaneous Distortion Jahn - Teller effect

J. Georg Bednorz — From LS to HTS, EASITrain School in Wien, 2019

TN
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The discovery of cuprate superconductors

BLCODOEAL
10E-2 RO [Ohmem] 27. 1. 1988

La—Ba-Cu-

First sign of a Superconductor...

0 ' 100 ' 200 300

TEMP. [K1]

January 1986 | | o
J. Georg Bednorz — From LS to HTS, EASITrain School in Wien, 2019
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The discovery of cuprate superconductors

®  Copper --——----#
® Oxygen--—--
008 !
. Lanthanum |
(Barium) N

April 1986
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The discovery of cuprate superconductors

 The work was published on Zeitschrift fur Physik to avoid refereeing process

At first, a shy reception from the scientific community

August 1986
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The discovery of cuprate superconductors

 The work was published on Zeitschrift fur Physik to avoid refereeing process
* At first, a shy reception from the scientific community
e At Houston, Paul Chu (student of Bernd Mathias in San Diego) read the paper

* Duplicate the work and applying a pressure of 13 kBar push Tc from 30K to 40K

Novemnber 1986

Cristian Pira Superconductive Materials 8 Supercondictive Materials: elements, alloys and HTS



The discovery of cuprate superconductors

The work was published on Zeitschrift fur Physik to avoid refereeing process

At first, a shy reception from the scientific community

At Houston, Paul Chu (student of Bernd Mathias in San Diego) read the paper

Duplicate the work and applying a pressure of 13 kBar pusch Tc from 30K to 40K

Chu announced the result at a Conference

e Koichi Kitazawa of the University of Tokyo also duplicated the Zurich work and in

addition identified the composition of the superconducting part

December 1986
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Lanthanum
(Barium)

SR e

c:3) i e Ve vie vie —— vie — @ ™ 3545 3995

487 5094 5199 5494 55,845 5893 5860 63,55 €538 199 38
49 50 51 52
In Sn Sb Te
Indium Tin Antimony  Tellurium
9.2 201 9595 o 10107 10291 10642 10787 11241 1289 13129
85 ]
Pb Bi Po
Thallium ~ Lead Bismuth  Polonium
17849 18095 183,84 1862 19023 19222 19508 19697 200,59 it 210 221
13 114 115 116,
Nh FI Mc Lv
Nihonium  Flerovium  Moscovium Livermorium
27 28 m m 0 B2 281 %0 285 I 9 m 24
Metallo
3
e

13801 140,11 14091 14424 145 15036 15186

158,85 1625 16453 16725 16895 17305 17437

%

December 1986

Cristian Pira Superconductive Materials 8 Supercondictive Materials: elements, alloys and HTS




i

L) e Ve B 8 viie . W — L] L] oo Ll
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How to increase Tc in cuprates?

: 1 " 5 16 v
I’y na A VA via VIA 40
2 5
B
Boron
o 1201 1401 1599 18,99 2018
' @ Lanthanum ¥
~ Eiaaen
Na (Barium)
4+ e
K
Potassium
4787 5094 5199 5494 55,845 5893 5869 63,55 €538 2 799 38
s 6 G ) £ 5 52
el 5762 In Sn Sb Te
Rubldium PE' Indium  Tin Antimony  Tellurium
91,22 N9 9595 a8 101,07 10291 106,42 10787 11241 1269 13129
[ 81 8 83
Tl Pb Bi
17849 18095 183,84 1862 19023 19222 19508 19697 200,59 I > 0 m
N [ 13 114 115 116
Fr Nh FI Mc Lv
Francium Nihomium  Flerovium  Moscovium Lvermorium
%7 268 m m 270 e 281 280 288 L 9 m 204
Wetallo
137,35
13891 140,11 14091 14424 145 150,36 151,96 157,25 158,93 1625 164,93 16726 168,93 17305 17497

December 1986
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® Copper
® Oxygen

How to increase Tc in cuprates?

E i) ol
; Lanthanum |
" (Barium)
; T A
+ B
Potassium
5094 a9 94 5,84 5893 58,69 8,55 5!
5 37
Rb
.22 €9 4595 a8 10107 10291 106,42 10787 11241 1481 B, 1269 13129
6 81 82 83 a4
TI Pb Bi Po
Thallium  Lead Bismuth  Polonium
17849 18035 183,84 1862 190233 19222 19508 19697 20059 2 - 2 210 m
87 113 14 115 116
Fr Nh FI Mc Lv
Francium Nihonium  Flerovium  Moscovium Livermorium
267 288 m m 0 8 28 280 285 | 9 9
137,33
40, 44, 150, 5196 158, 26 05

Chu replace Ba with Sr obtaining the same effect of the pressure (Tc 39 K)

At Bell Labs Sr compound showed Tc=36 K and Meissner effect was proved

December 1986
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January 1981
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How to increase Tc in cuprates?

5
Boron
9 1201 1401 1599 18,99 2008
'@ Lanthanum ;
Na (Barium)
3 Al 3545 3995
;o S
4 19 d
Potassium
40,08 4496 4787 5094 5199 5494 55,845 5893 58,69 62,55 6538 2 799 a8
5 B ad 49 50 51 52
Rb In Sn Sb Te
Rubidium Indium  Tin Antimony  Tellurium
8762 8891 91,22 N9 9595 a8 101,07 10291 106,42 10787 11241 1269 13129
[ 81 82 83 a4
TI Pb Bi Po
Thallium  Lead Bismuth Polonium
137,33 17849 18035 183,84 1862 19023 19222 19508 19697 200,59 I e 0 m
7 113 14 115 116
Nh FI Mc Lv
- Nihonium  Flerovium  Moscovium Livermorum
%7 268 m m 270 e 281 280 288 L 9 m 204

Metalio

13891

14051 14424 145 15036 15186 157,25 158,85 1625 16453 16725 16895 17305 17437

January 1981
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How to increase Tc in cuprates?

% o) Charge_
L TEServolr
, am laver
= .
s Bl b
. 3891 an  wa ws m wme wa e 0w Conduction
- T P B Po fayer
Sl netim S s el U S o (N Tm a4 S Poliem
o 0
Charge
158,51 = i e ey " oysp o m G ) o . IEEE‘I{:'Ol.f . ¥
; layer
s e oo B Pebtin e o O Ba
[
Chu replace La with Y obtaining a Tc of 93 K!!! Structure of orthorhombic YBa2Cu307

aka YBCO
Higher than Nitrogen boiling point (77 K)

January 1981
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How to publish without the risk of copy

The syntesis of YBCO is relatively easy (shake and bake)

Chu was faced with the same dilemma of Bednorz and Muller: where to publish the results?

Chu asked to Physical Review Letters to publish without review

He obtained «only» to choose the reviewer

Chu substitute in the manuscript Y with Yb and correct the paper just before the publication

Can you imagine the reaction of scientific comunity?

January 1981
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New era of Superconductivity
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40, The Woodstock of physics

AP Wicep bt

The American Physical Society Meeting (March 1987)

Zurich, October 14, 1987

hen, at noon, the news came over the | Alex Miiller, meanwhile, was in Naples, at-

public address system at Riischlikon | tending the annual congress of the Italian

that — for the second year in a row | Physical Society. He would arrive famished,
— two of the lab's scientists had been awarded | straight from the airport (the company plane |
the 1057 Nobel prize for physics, the cheers and | had been sent specially to get him) at exactly |

applause nearly drowned out the impatient ring | 3:55. iy

Cristian Pira

of telephones as reporters began to call in.

Georg Bednorz was promptly invited home for
lunch by his colleague Heinrich Rohrer, one of
last year's Nobel laureates, to feast on herring,
salami ... and champagne,

Superconductive Materials

By 4:00, the auditerium was groaning with
five television crews, more than twenty photo-
graphers and an un-countable number of jour
nalists. All waiting ... until Dr. Miller
finished a hasty snack.
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YBGO

30 |- .
60 -
< L _
g* |

Tc depends on Oxygen content 40 | _
I
i | _
I
20 | ]
Normal I Superconductor
0 Lo—tm— I I T N R
0.0 0.5 1.0

Oxyvgen content x

Teversus x in YBa:CusOs«. Data from Cava et al. (circles)
and from Jorgensen et al. (triangles)
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Characteristic data of Guprate Superconductors

Composition Te.max | Aab Ac Eab Ec B2y | Bzy | Reference
in K [innm inpm |[innm [innm [inT [inT
LE1_33SFD_1?CU04 38 100 2-5 2-3 0.3 60 [3?]
YBa,Cu;0,_, 93 150 0.8 1.6 0.3 110 240 | [88, 89]
BizSraCuQOpg,y 13 310 0.8 3.5 1.5 16-27 | 43 [90]
BizSr2CaCu;0s, 94 200-300 | 15-150 |2 0.1 >60 >250 | [87]
BizSr2CazCuzOqpy | 107 150 >1 29 0.1 40 =250 | [91]
Tl;Ba;CuOs.y 82 30 2 3 0.2 21 300 | [92-94]
Tl;Ba,CaCu;04,, 97 200 >25 3 0.7 27 120 | [91, 92, 95]
Tl:Ba;CazCuzOqgyy | 125 | 200 >20 3 0.5 28 200 | [96, 97]
HgBa;CuO.., 95 120-200 | 0.2-0.45| 2 1.2 72 125 | [98]
HgBa;CaCu;0¢. 127 | 205 0.8 1.7 0.4 113 450 | [98]
HgBa;CazCuzOg,, | 135 130-200 | 0.7 1.5 0.19 108 [98—100]
HgBa,Ca;CuyOqg,, | 125 160 7 1.3-1.8 100 =200 | [101, 102]
Sﬂ"h_35'::91:._]5'::LI|:}4_-rr 11.5 3 1.5 [] US]
Nd; 54Cen16CuO,, | 25 72-100 7-8 0.2-0.3 | 5-6 >100 | [104, 105]

Characteristic data of different cuprate superconductors: maximum transition temperature, magnetic penetration depths A,, and A, for applied magnetic fields perpendicular and parallel to the layers, respectively, as well
as the Ginzburg-Landau coherence lengths ¢, and & parallel and perpendicular to the CuO, layers, respectively. Also the upper critical fields for field orientations perpendicular and parallel to the planes, respectively, are
given. In some cases, at low temperatures the upper critical fields are extremely high, and frequently they were extrapolated to low temperatures from the slope dB,,/dT near the transition temperature.
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Cuprates Phase Diagram

! Cuprate phase diagram mystery The
properties of the cuprates vary with
temperature (y-axis) and the doping per unit
cell of CuO, (x-axis). Theorists are unable to
b explain why the superconducting transition
temperature (thick black line) is so high in
the cuprates. However, if they could
o understand the behaviour of the cuprates in
the pseudogap region (blue), they might be
able to explain high-temperature
superconductivity

non-Fermi liquid

temperature

anti fe romagnetic

Fermi liquid

0 0.2

doping level (holes per Cu0,) Bertram Batlogg and Chandra M Varma, Physics World
under doped optimally doped overdoped (2020), The underdoped phase of cuprate
superconductors
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Cuprates VS Mathias rules

Mathias rules... Cuprates

1. High symmetry is a good thing, 1. Crystal structures do not have high symmetry
cubic symmetry is best and are not cubic

2. High density of electronic states 2. The density of electronic states is not high
is a good thing 3. Oxygen content is high

3. Stay away from oxygen 4. Thereis proximity to a magnetic phase in

4. Stay away from magnetism the phase diagram

5. Stay away from insulators 5. "Relative" (non-gap-doped) compounds are

insulators
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Critical temperature T, [K]

Timeline of discovery of Superconductors

I 7/ [ I [ I I I
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100 R R R R I
YBaCuO : : :
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Heavy-fermions-based
Cuprate
Buckminsterfullerene-based
Carbon-allotrope

Iron-pnictogen-based
(the new black)

Source: Wikipedia
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Discovery of MgB, (2001)

T

Superconductivity at 39K

in magnesium diboride

Jun Magamatsu®, Norimasa Nakagawa®, Takahiro Muranaka“,
Yuji Zenitani* & Jun Akimitsu* T

Mo sheeps Akimidsu opons
the session at Seaitle,

* Department of Physics, Aoyarma-Gakuin University, Chitosedai, Setagaya-ku,
Tokye 157-8572, Jupan

T CREST, Japan Science and Technology Corporation, Kawaguehe, Saitama 332- G - 2 h “I
0012, fapn enie in a nottie

Robert J. Cava

100

An overiooked compound has a surprise in store for physicists. It becomes
eol ] superconducting at a much higher temperature than any other stable
L \‘0. . metalic compound.

- . we (el ol sopemonduaivity las been
BOL - T‘r-:ncl-b.'l br a startling aanowx ement

L 1 Fowrfifleen years, res erchers have been
dehving into the mpstenow and comple
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a0k . 4 ing molerak — virtoaly gooring senple

F 1 metallic compownc becase gey super
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- & 1 Abimitn and wllume ke ol
L - supeoondi it al amames ng 39 degres
above absolte zere in the sinple come
pocd magnesium baride { Mgh, ). Ther
3 - repar] their dicovery on page &3 of this
] A 1 1 " iExae’, inwial st be one of the shorbest
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Nature 410 (2001) 63-64 Nature 410 (2001) 23-24

Figure 4 Temperature dependence of the resistivity of MgB, under zero magnetic field,

Cristian Pira Superconductive Materials 8 Supercondictive Materials: elements, alloys and HIS




Discovery of MgB, (2001)
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Strongly linked current flow in . . .
PDIVCW:lallim S ot High- T, superconducting materials

the superconductor MgB, for electric power applications

D. C. Larbalestier* *, L. D. Gooley*, M. 0. Rikel" , A. A. Polyanskii, Drawid L arbalestier, Alex Gurevich, [. Matthew Feldmann & Anaioly Poiyanskii

J. Jiang®, 5. Patnaik®, X. Y. Gai*, D. M. Feldmann*, A. Gurevich®, Anndioe! 5 ypoere du stlviey Coaver, Dopartmans of Moter &b Seforam 2 e Ergiewartng. Denznnien: of Prries, Dtrorsty of Wimrmsn, Afacben

A. A. Squitieri-, M. T. Naus*, G. B. Eom" 7, E. E. Hellstrom" T, R. J. Cavas:, Winamrs SIA06LISA fr-mas: bkt for v pr et o]
K. A. Regan, N. Regado 3, M. A. Haywardt, T. HeZ, J. 5. Slusky?,
P. khalifah?, K. numaru: & M. Haas?
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30, | Hydrogen,

Double gap

Field (T)

Superconductor

Temperature (K)

Nature 414 (2001) 368-377
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Superconductors at room Temperature
LK-99 (horm July 2023, died August 2023)

In July 2023, a group of South Korean researchers with two Arxiv
publications announced that they had produced a superconductor
with Tc of 400k at atmospheric pressure!
 https://arxiv.org/ftp/arxiv/papers/2307/2307.12037.pdf

e https://arxiv.org/ftp/arxiv/papers/2307/2307.12008.pdf

Sending the article to David Larbastier, a colleague commented as follows:
«Where would you place these authors on a scale from “shameless frauds” to
“overenthusiastic scientists”? »

In less than a month, dozens of Research Centers replicated the results and proved that it
was a fake! The material is an insulator and the magnetic levitation was a result of its

ferroelectric properties due to the presence of copper sulfide impurities
https://www.nature.com/articles/d41586-023-02585-7
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https://arxiv.org/ftp/arxiv/papers/2307/2307.12037.pdf
https://arxiv.org/ftp/arxiv/papers/2307/2307.12008.pdf
https://www.nature.com/articles/d41586-023-02585-7

Superconductors at room Temperature
Andrea Cavalleri, Max Plank Institute, Hamburg (2014)

YBCO irradiated with IR pulses @SLAC

The oscillation of the lattice can be
modulated

A metastable state is obtained for few
picoseconds

W. Hu, S. Kaiser, D. Nicoletti, C. R. Hunt, I. Gierz, M. C. Hoffmann, M. Le Tacon, T. Loew, B. Keimer & A. Cavalleri
Optically enhanced coherent transport in YBa,Cu,0O < by ultrafast redistribution of interlayer coupling
Nature Materials, published online: 11 May 2014 | doi:10.1038/nmat3963
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