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- Magnet Uber
supraleitendem Material
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@ Discovered by Kamerlingh Onnes
in 1911 during first low temperature
measurements to liquefy helium

@ Whilst measuring the resistivity of
“‘pure” Hg he noticed that the electrical
resistance dropped to zero at 4.2K

@ In 1912 he found that the resistive
state is restored in a magnetic field or
at high transport currents
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“Superconductivity is perhaps the
most remarkable physical property
in the Universe” David Pines

Superconducting transition temperature (K)
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Vielfaltige technische Anwendungsmaoglichkeiten, z.B.:
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Materialien mit supraleitenden Eigenschaften

1. Elemente (Nb, 9.2 K).

2. Intermetallische Phasen (Nb;Ge, 23 K)
(UPd,Al;, 2 K)

3. Chalcogenide (LaMogSeg, 11 K)

4. Boride (ErRh,B,, 8.8 K)
(MgB,, 40 K)

5. Oxide (T1,Ba,Ca,Cuz0y, 125 K)

6. Organische Substanzen (Rb/TI),Cq,, 45 K)
(Rb,CsCq;, 33 K)
7.  Oxopnictide
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Etwas Theorie — einige Begriffe

Meil3ner-Ochsenfeld-Effekt: Verdrangung der Magnetfeldlinien aus dem Inneren eines

Il(rl:gl& lll_Lil.

Supraleiters

1T T
BCS-Theorie: Bardeen, Cooper, Schrieffer (Nobelpreis 1972),

Elektronen-Phononen-Kopplung:

Cooper-Paare
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Kritische Magnetfeldstarke

Kritische Stromstarke
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Hochtemperatur-Supraleiter: Bednorz/Miller (Nobelpreis 1987)

La, Ba CuO,
Tc=35K

Vorlesung AC-VI — Materialdesign Prof. Dr. Martin Kéckerling 10



UNIVERSITAT ROSTOCK

1-2-3-Supraleiter: YBa,Cu,0,, Tc =93 K, 0 <x <1 (Sdp. N, 77 K)
3ABX, ==> (A)(B;)(Xy) ==> (YBa,)(Cuy)(0,0,) (Perowskit)

e Sauerstoff

(b)
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YBa;Cus0; 2201 2212 2223 Idealisierte Elementarzellen
von Bi,Sr,Ca,Cu,04 (2201),
Bi,Sr,Ca,Cu,0q4 (2212),
Bi,Sr,Ca,Cu,0,, (2223) mit
zwei Formeleinheiten (von

links nach rechts). Cu-Atome
sind rot, O-Atome blau, Sr-
Atome braun, Bi-Atome
schwarz und Ca-Atome sind
grun gezeichnet.

Substanz Anzahl Ubergangstemperatur
benachbarter in K
CuDz-Schichten, n

BI25 r;CuO;H
Bi}S r;CaCuzClma 2 ca. 80
(Bi,Pb),Sr2CaCu301 045 3 110
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Supraleitfahigkeit in Oxopicniden

1 18
1 s . 2
LnOFePn Periodic Table
1.0L 2 4.00
3 4 10
Li | Be of the
6.94 9.01 E I t 20.18
11 12 18
Na |Mg ements
—_— T 2 4 5 6 7 a9 19 a5 | 3995
Ln — Selten_Erd 16| 20| 21| 22| 23] 24| 25] 26] 27| 2 36
K[Ca|Sc|Ti |V |Cr{Mn|Fe|Co| N
30.10 40.08 | 44.96 | 47.88 | 50.94 52.00 | 54.94 55.85 58.93 58. 4 L b 4 g 83.80
—_— 37 38 39 40 41 42 44 45 46 54
Pn = Pmctggen Rb| Sr| Y | Zr [Nb|Mo| Tc|Ru|Rh]| Pd|Ag
85.47 87.62 88.91 91.22 92.91 95.94 | (97.91) | 101.07 | 102.91 106.42 | 107.87 | 112.41 | 114.82 118 7 121, .75 127.60 | 126.90 | 131.29
55 56 57 72 73 74 75 76 77 78 79 80 81 34 85 86
(5 I IG) Cs|Ba|lLa|Hf |Ta| W|Re|Os| Ir | Pt | Au Tl Pb B| At
13291 | 137.33 | 138.91 | 178.49 | 180.95 | 183.85 | 186.21 | 190.23 | 192.22 | 195.08 | 196.97 | 200.59 | 204.38 207.2 | 208.9: (ZDE. 98) |(209.99) | (222.02)
87 88 89

Fr |Ra|Ac | Rf |Ha| Sg

= (223.02)| (226.03)|(227.03) [(261.11) [(262.11) | (263.12)
N, I ,AS, Sb’ BI 58] 59| 60 62] 63| 64| 65| 66] 67| 68] 69| 70] 71
Yb | Lu
K 174.97

Ce Pr |Nd [Pm|Sm| Eu (Gd[Tb |Dy [Ho| Er |Tm
90 91 1 9242 15036 | 151.97 | 157.25 .. 162! 164.93 | 16726 .. 173.
Th|Pa| U [Np|Pu|Am|Cm|Bk | Cf | Es |[Fm|Md|No| Lr

232.04 | 231.04 | 238.03 |(237.05)|(244.06) | (243.06)|(247.07) | (247.07) | (251.08) | (252.08) | (257.10) | (258.10) | (259.10) | (262.11)

Ferromagnetisches Fe und Supraleitfahigkeit:  LaOFeP, T.~4 K,

Uberraschung!!!! LaOge4Fo0sFeP ~ 7 K
LaONIiP Tc=~ 3K
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LaOFeP (1995) Jeitschko, J Alloys and Compds.
LaOFeAs (2000) Zimmer, Jeitschko et.al JAC

(a) Fe2*P3)

| layer
J
La*+02)*

) layer

ﬂ) l'ler':rrr?r%‘onal; P

a = 4.0353(0) A
c =8.7409(1) A
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Anwendungen:

e Energietransport

e Energiespeicherung (SMES = supermagnetic energy storage)

e Magnetschwebebahnen (MAGLEV = magnetic levitation train)

e Hochenergiephysik
e NMR (Kernspintomographie)

e SQUID (= superconducting quantum interference device)
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- Elektromagnete, z.B. in NMR-Geriten, Kernspintomografen, Teillchenbeschleunigern

Vorlesung AC-VI — Materialdesign Prof. Dr. Martin Kéckerling

18



	Foliennummer 1
	Foliennummer 2
	Foliennummer 3
	Foliennummer 4
	Foliennummer 5
	Foliennummer 6
	Foliennummer 7
	Foliennummer 8
	Foliennummer 9
	Foliennummer 10
	Foliennummer 11
	Foliennummer 12
	Foliennummer 13
	Foliennummer 14
	Foliennummer 15
	Foliennummer 16
	Foliennummer 17
	Foliennummer 18

