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The Resonating Valence Bond State in La,CuQOy
and Superconductivity

P. W. ANDERSON

The oxide superconductors, particularly those recently discovered that are based on
| P o o isd : I

Anderson P W, Science 235 , 1196
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The Nature of the Interatomic Forces in Metals

Livus PavLivg
Gates and Crellin Laboratories of Chemistry, Califormia Insiiinte of Technolopy, Pasadena, California

{Heceived October 10, 1938)

It has been generally assumed that in the transition
elementa (Fe, Co, Ni, Cu, etc,) the 3d shell is filled with ten
electrons or is nearly filled, and that the 4 electrons make
no significant contribution to the cohesive forces in metals,
Evidence is presented here to show that about hall of the
i orbitals (2.56 of the total of 5) are involved in bond
formation, through hvbridization with the 4z and 4p
orbitals, and that the number of covalent bonds resonating
among the available interatomic pogitions increases from
one to nearly six in the sequence K, Ca, 3¢, Ti, V, Cr,
remaing nearly constant from Cr to Ni, and begins to
decrease with Cu, The remaining 2.44 d erbitals, with very
small interatomic overlapping, are occupied by nonboending

electrons which are mainly responsible for the ferromag-
netic and paramagnetic properties of the metals, This
point of view provides a qualitative explanation of many
properties of the transition metals (including those of the
palladium and platinum groups), such as interatomic
digtance, characteristic temperature, hardness, compressi-
hility, and coefMcient of thermal expansion, and it accounts
gatisfactorily for the observed values of the atomic satura-
tion magnetic moments of the ferromagnetic elements iron,
cobalt, and nickel and their alloys, It is also shown to
provide a reagon for the oceurrence of the positive exchange
integrals which give rise to ferromagnetiam,

URING the yvear 1926-1927 I had the great

privilege of working as a Guggenheim
Fellow in Munich under the direction of Pro-
fessor Arnold Sommerfeld. At that time he was
interested in the systematization of the new
quantum mechanics and its application to
problems of spectroscopy and atomic structure,

The extension of the theory to other elements
has also been attempted.

In recent years I have formed, on the basis
mainly of empirical arguments, a conception of
the nature of the interatomic forces in metals
which has some novel features. According to this
view, the metallic bond is very closely related to
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FIG. 3. Proposed spin structure of antiferromagnetic
La;CuQq4-,. Only copper sites in the orthorhombic unit cell
are shown for clarity.

Vaknin D, et al. , 1987 Phys. Rev. Lett. 58 2802
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Uchida S, et al. 1991 Phys. Rev. B 43 7942
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H. A. Kramer, Physica 1, 182(1934)
BERDHEEY A, FHFEE, BEEHMGE, 2003




B RIEE

1TTd

7 R H=Hyo+ H'

2 (O|H'|m){m|H"|0)
ED - Z EI] - Em

e

H = H'(A. B)

) (O|H'|/m)p{m|H'|0),
\ FO !
(44) - Z .El:] — Em

L

PATEEALET/Y H i BERRRLE v] LLG 25 (2 H B 5] 595 8 g #AE A




N

H=_-JS o S : JRik H e
064 o: 15 HF H
0.2% Fe in Cu G.61

“‘53 18 53 B - F Ry sel R - 22 8] | H e RiCHT
S ECE AR/,

0.1% Fe in Cu

R, ~xInT

0.059% Fe in Cu

20 0 0 80
T (K)







Kondo B3S2—FEIRIE FHIRS

|
l | y +o1 oy
ll U (g P4
SRU TR U
o | I‘Lil T**iT
Vo b,
S=0 !

e BT HEERRm T R E e, TBRARGr 2




Ihe&

N

1. 8495 ki, BEE¥, T|FER)

2. Cooper Xf (#EBE¥F, B - FHEIFH)
3. Kondo BigR7S (KR FFEEE ¥ AN miRdkikE, 3ZH#FER)

4. RVB 75, £18A 2 ?



N

HRE#HEREERIVTNL

L ®

g .

@@}@@@@@2 @@g@@@@

i pood

D

FiBR BRENHUESMTE, S
HH e F B3z HL A 551t




E=NERFENSMREBIRETITLAFK RVB ?

N

BERHEAFREIEELETBRRE n, <2




Time reversal symmetry breaking effect observed

in circular polarized photoemission experiement

A. Kaminski et al. , Nature 416 , 610(2002)
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JOURMAL OF EXPERIMENTAL AWD THEQEETICAL PHYSICS

Features of the spin fluctuations and superconductivity of Tl,Ba,CaCu,0;_; according

- to 83Cu and 7O NMR data

VOLUME 88, NUMBEE. 3

A. P. Gerashchenko,® K. N. Mikhalev, S. V. Verkhovskil, Yu. V. Piskunov,

A Y. Anan'ev, and K. A. Okulova

Institute of the Physics of Metals, Russian Academy of Sciences, Ural Branch, 620219 Ekaterinburg, Russia

A Yu. Yakubovskil and L. D. Shustov

Ewrchatov Instimre, 123182 Moscow, Russia
(Submitted 18 November 1998)
T oBlsgme, Torr, Farad B0 - 160 A ek,

Data on the NME line shifts. the spin—lattice

spin—spin relaxation rate of “Cu are obtaine

and superconducting states. The hvperfine co
2aivss of the temperature dependence of the Rmighi sl
of the long- and short-wavelength parts of the
ke wpEoin v wy g ot g Ty TS Sty
wacteristics bi®he spuriuctuationspectrum-amd fhe
rature 15 analyzed for the oxide investigated. © 1999 .
(99)01603-0]
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	           固体中的电子共振价键态和高温超导   � 
	Knight 位移测量提供了铜氧面超导态的关键信息：
	结论

