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LETTERS To

Superconducting Compounds
B. T. MaTtTtHias, E. CorenzwiT, AND C. E. MILLER

Bell Telephone Laboratories, Murray Hill, New Jersey
(Received January 25, 1954)

N a previous paper! an outline was given of the necessary’
though not always sufficient, conditions for the occurrence of
superconductlwty in compounds I"ollowmg the hypothcsxs of an

Sl Pk W B T

Supeccanducting Compounds

Sl T,

(a) Phosphides.—Until now, no Superconductmg phosph
have been known. Recently we have found that MosP beco
superconducting near 7°K and Rh;P, at 1.22°K. We are not q
Lerta.m yet whether these comp051t10115 correspond to a sii

(b) The NlAs Si!rucmre —As mentioned before?! several in
metallic compuonds with this type structure have been reportec
superconductors. However, no superconducting arsenides |
previously been found. NiAs by itself does not show superc
ductivity above 1.28°K.%5 Assuming now that the transition ter
erature, if present, could be raised by enlarging the crystal lat
(as pointed out before!), we substituted the larger Pd partially
the Ni. This, however, cannot go all the way to PdAs, as this al
is not isomorphous with NiAs, nor does PdAs become superc

(c) The Rh-X System. X=S, Se, Te.—From our previous

considerations it had seemed likely that compounds of Rh with S,
Se, or Te should also become superconducting.

We have found that RheSs, which is a well-defined compound,$

hecomes superconducting at 5.8°K.

Matthias et.al. Phys. Rev.89 (4): 884 (1953)

NiAs, RhSe

The following compounds became superconducting at the

- temperatures given in parenthesis: V;Si (17.0°K), ViGe (6.0°K),
. MosSi (1.30°K), MosGe (1.43°K), MoSio.s (1.34°K),

MoGeo.7
(1.20°K), WSio.7 (2.84°K), ThSis (3.16°K). On the other hand,
compounds which did not show superconductivity at temperatures

- just below 1.2°K were Ti;Sis, TisGes, TiSi, TiSiz, TiGes, Zr,Si,
ZI‘zSi, ZI‘aSig, Zl‘4Sia, zrnSia, Zl‘Si, ZI'Sig, VSiz, NbSiu_s, NbSiz,
" TaSis, CrsSi, CrsSis, CrSi, CrSi,, WSis, MoSi». It will be noted
' that in the isomorphous series V3Si, V3Ge, MosSi, Mos;Ge, and

Cr3Si, which have a cubic structure with atomic positions similar
to those in B-tungsten, only the chromium compound remained
o

SETEMET _olESiR, HEhAR
DIEERBIATENE TR FESIN,
BEBER, #IIEHRIMAE...
A oS AIEE %2,
LET "IEXSthgeaiix”

“the ternary materials area is so

fertile that even a blind chicken can
find a grain.”




DETEY “FBIE

Superconductivity at 20 Degrees Kelvin Transition temperature, K

We have found a superconductor
with a transition temperature at 20°K.
The substance is a solid solution be-
tween NbyAl and NbyGe.

During the past decade no substan-
tial increase in superconducting tran-
sition temperature has been achieved.
For the last 13 years, ever since the
discovery of NbgSn in 1954 (1), the
limit of all superconducting transition
temperatures has remained in the vi-
cinity of 18°K. All attempts, through
the formation of mixed phases with
Nb,Sn or other compounds crystallizing
in the same 8-W structure, to raise the
transition temperatures over the values
of both of its end points have been
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unsuccessful, The first attempt to do so
was made by Hardy and Hulm (2)
right after their discovery of the super-
conductivity of V;Si at 17°K. Many
other efforts have been made since.
However, the number of negative re-
sults are so great we shall not list
them. An excellent compilation can be
found in Roberts’ article on supercon-
ducting compounds (3).

The increase of superconducting
transition temperature to 20°K was)
accomplished through the formation of|
a solid solution between NbyAl and
NbyGe, crystallizing in the g-W struc-
ture.

In the 3-W structure, NbsSn and

Tc = 20.05° K

Nb3(AlggGeg,a)y
MOL. WT. = 314.822

° O FIELD
* 10kG MAG. FIELD

T
19.7
194

19.3
19.3

19.1.

19.3
17.5
17.5
17.1

14.9
9.6

7.5
5.8
5.8
6.1
5.8
7.2

5.8

Tc3
19.3

18.1
17.9
17.3
17.3
18.3
14.8
15.0
13.3

Tc4
18.3

17.2
17.2
15.9
15.9
17.1
12.9
14.2
11.2

10.3
6.7

Other phases present

T-NbsGe, (a = 10.175, ¢ =5.145);
NbO,; NbO; H-NbsGe,
T-NbsGes; NbO,; NbO

T-NbsGes; NbO; NbO,

T-Nb;Gej; NbO

T-NbsGesz; NbO

T-NbsGes; NbO

Not measured

T-NbsGe; (a =10.165, c =5.135);
NbO

T-NbsGes; NbO

T-NbsGe; (a =10.16¢, ¢ =5.14,)
NbO (a =4.210)

T-NbsGe,; NbO

T-NbsGe;; NbO

T-NbsGe; (a =10.165, ¢ =5.134);
NbO (a =4.210)

T-NbsGe; (a =10.17;, c =5.14;)
NbO (a =4.216)

T-NbsGe; (a =10.165, ¢ =5.13;)
NbO (a =4.210)

T-NbsGes; NbO

T-NbsGe; (a =10.165, ¢ =5.135)
NbO (a =4.210)

| 19676, DETHMAIEERNE M HREEX (T, >20 K)
I :-=Nb. (Al Ge,). |

300

AN = iNbD,GelBEAT 4RI T23.2 K, (HEESIERIA204!

Fig. 1. Specific heat of NbsAl..Geo - without magnetic field and with 10 kG.

— Superconductivity at 20° K. Scrence 156, 645 (1967).




Ternary transition metal phosphides; High-temperature
superconductors

(superconductivity)
H. BARz*, H. C. Kut, G. P. MEISNERY, Z. FIsk!, AND B. T. MATTHIAS*}

*Bell Laboratories, Murray Hill, New Jersey 07974; and tInstitute for Pure and Applied Physical Sci Uni
La Jolla, California 820983 :

Contributed by Bernd T. Matthias, March 18, 1980

‘L!ofp 1if.

ia at San Diego,

High superconducting transition temperatures of new rare earth
ternary borides

(ferromagnetism /superconductors)

BERND T. MATTHIAS®, E. CORENZWIT, ]. M. VANDENBERG, AND H. E. BARZ

Bell Laboratories, Murray Hill, New Jersey 07874 L\/L& : Science'l 75'1 465 (1 972)

Contributed by Bernd T. Matthias, January 14, 1977

9728 VHr P E = Mm-S
O6- A (A g, Ag, CO P
T ® U YIS B imies
sSi[= :I_II = u 1T} N ToE U
h. (A o, ) B2 AR 019 20 KEYEaS

|
Table 1. Superconducting transition temperatures (T'.)
and lattice parameters for two systems
of hexagonal ternary phosphides

Com- a, A c, A vol, Heat
pound T K (£0.006) (£0.004) A3  treatment*
TiRuP 1.33 onset 6.325 3.642 122.7 am
ZrRuP 12.34-10.56 6.459 3.778 136.5 am, 900°C, a, q
HfRuP 12.70-11.08 6.414 3.753 133.7 s1000°C, sc
TiOsP t 6.285 3.625 124.0 s1000°C,sc
ZrOsP 7.44-5.70 6.460 3.842 138.8 s 1000°C, sc
HfOsP  6.10-4.96 6.417 3.792 135.1 81000°C, sc

* am, Arc-melted; s, sintered; sc, slow cooled; q, quenched; a, annealed.
All heat treatments specified are the last step only.
* No transition observed above 1.2 K.

Compound* T.range, K
YRh,B, —— el == 11.34-11,26
NdR;x,B, M—TGEU:TG 5.36-5.26
SmRh,B, 2.51-2.45
ErRh B, 8.55-8.49
TmRh,B, 9.86-9.73
LuRh,B, 11,76-11.54
Lug ,;Th, ,;Rh,B, 11,93-11.3
Sc, ,;Th, ,;Rh,B, 8.74-8.49
ThRh,B, 4.34-4.29
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Empirical Relation between Superconductivity and the Number of
Valence Electrons per Atom

B. T. MATTHIAS %%Egﬁﬂg

Mo4 St ‘ NbaIr
Bell Telephone Laboratories, Inc., Murray Hill, New Jersey \
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X i X 5.0 55 ¥ 60 6.5
(Received September 28, 1954) %_ ,gmu ND3 05
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The relation between the transition temperature of a superconductor and its number of valence electrons/
atom has been investigated. Optimum conditions for the occurrence of superconductivity seem to exist for
5 and 7 valence electrons/atom. MOLYBDENUM
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Superconductivity in the Periodic System

Davip PINEs
Palmer Physical Laboratory, Princeton University, Princeton, New Jersey

(Received May 27, 1957)

The empirical regularities in the appearance of superconductivity in the periodic system discussed by
Matthias are considered in the light of the microscopic theory of superconductivity proposed by Bardeen,
Cooper, and Schrieffer. A simple model of electrons and ions interacting via screened Coulomb forces is
used to describe the electron-lattice interaction, With the aid of this model, it is shown how the theory of
Bardeen, Cooper, and Schrieffer provides both a satisfactory criterion for the appearance of superconduc-
tivity and a good qualitative account of the variation in transition temperature from one metal to another.
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SPIN EXCHANGE IN SUPERCONDUCTORS
Local Magnetic Moment Associated with an Iron Atom Dissolved in

B. T. Matthias, H. Suhl, and E. Corenzwit Various Transition Metal Alloys

Bell Telephone 1La i A. M. CrocsroN, B. T. MarTHias, M. PetER, H. J. WiLLiams, E. CorENzwiz, AND R, C. SHERWOOD
PO L boratorles ' Bell Telephone Laboratories, Inc., Murray Hill, New Jersey

Murray Hill, New Jersey (Reccived August 20, 1961)
(Received July 15, 1958)

One atomic percent of iron has been dissolved in a series of alloys of the second row transition metals.
The alloys have been chosen so as to give closely spaced coverage from zirconium to beyond palladium.
For each dilute iron alloy, the susceptibility x has been measured from 1.4°K to room temperature. In some
members of the series, the susceptibility is essentially temperature independent, while in others the appear-
ance of a local moment is evidenced by a Curie-Weiss dependence of x on T'. A local moment first appears
proceeding from Nb to Mo at about (Nbo.sMog.4)e.ssFes.01 and persists nearly to Re. Disappearing at this
ol e } ! point, the moment reappears at (Rug.7sRho.25)0.00F€0.01 and continues, becoming large in the alloys near Pd.

| | The occurrence of local moments is discussed in terms of the band structure of the alloys and the perturba-
SUPERCONDUCTING ‘

tion introduced by the iron atom. The giant magnetic moments observed near Pd are related to the large
TRANSITICN susceptibilities of the iron-free alloys in this region.
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Matthias’ words, “Most theories of superconductivity, in my opinion, are merely
descriptions. They become theories only when they are able to predict.
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superconductivity ina N-doped lutetium hydride
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Abstract

The absence of electrical resistance exhibited by super ing materials would have
enormous potential for applications if it existed at ambient temperature and pressure
conditions. Despite decades of intense research efforts, such a state has yet to be realized2.

Atambient pressures, cuprates are the material class exhibiting superconductivity to the
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Hopes raised for room-temperature
superconductivity, but doubts
remain

A hydrogen-rich compound has taken the lead in the race for a material that can conduct
electricity with zero resistance at room temperature and ambient pressure — the
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NEWS | 27 September 2022

Stunning room-temperature-
superconductor claimis retracted

Retraction undermines the bold claim by physicists who said their material conducted
electricity without resistanceat 15 "C.

cally cooled superconductor (artist's concept). Credit
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‘Revolutionary’ blue crystal resurrects hope of room

temperature superconducti
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Natureretracts controversial
superconductivity paper by
embattled physicist
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‘A very disturbing picture’: another
retraction imminent for
controversial physicist
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Possible paths to room temperature
superconductivity
LUO Hui-Qian"

(Beijing National Laboratory for Condensed Matter Physics. Institute of Physics.
Chinese Academy of Sciences, Beijing 100190, China)
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Abstract  Room temperature superconductivity (RTS), as one of the jewels on the
crown of physics, has attracted continuous attention and unremitting investigations from
numerous scientists. In recent years, countless reports on room temperafure superconductivity
have led to great expectations, but their results are controversial. In this paper, we review the
characteristics, assessment, and typical ingredients of superconductivity phenomena, summarize
the lessons leamt from previous RTS reports, and propose 10 feasible paths to achieve RTS in
the future, based on the author's personal experiences. The author also expresses some rational
opinions on RTS. With the continuous emergence of various new materials in recent years,
research progress is bound to accelerate. Even so, we still have to maintain a cautious optimism,
carefully examine every picce of scientific evidence, explore all possible practical applications,
and aim to achieve greater scientific breakthroughs

Keywords  room

materials. high-T, superconductors
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