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It is an honour for me to be invited to deliver the in-
troductory report at this Conference. However, it is hard to
agsess beforehand the usefulness of such a report., leaving
aside the efforts put into this paper, the effeot will depend
on the composition of the auditorium and the ocontents of sub-
ssquent talks, At the time of preparing this review article,
I did4 not have an inkling %o either of these, What is more
important, investigations into high-temperature superconduce-
tivity are based on new results on metal oxide oeramios and
have been carried out mainly for the past six months or so.
New results are contimiing to pour in, Under such circumstan-
ces, it 1s natural to lay the main stress in the introductory
report on the historical aspeots of the problem and general

theoretical remarks,

1. Let me begin with a brief account of the history of
experimental studies on superconductivity, The liquefaotion
of helium by Kamerlingh Omnes in 1908 wqs the first milestone
in this direotion. By the way, liquid helium was produced on~
1y at Leiden right up to 1923, In 1911, Omnes discovered su-
perconductivity in meroury (T =4.1 K). In 1913, the supercon-
duoctivity of lead (1‘0-7.2 K) was discovered. It was obaerved
in 1914 that superconduoctivity is destroyed by the magnetioc
field, the values of the oritical field BO(T) being not very
large (for example, in the case of merocury even at T - O,
when H_ has it maximum value, it does not exceed about 400 Oe).
Naturally, the oritical ocurrent Io was also found to be small,
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the cuthorls) measured the resistance of these ceramios,
though not in liquid helium. 80, naturally, they did not dise
ocover superconductivity in ceramiocs (as far as I know, there
were no "nitrogen” superconductors among these ceramics). The
old samples were recently investigated and were found to be
superconducting, which indicates that there is little or no
"ageing” of these materials. I have heaxrd that such ceramios
were also synthesised in Franoce and Japan before 1986, ale
though they were not tested for superconductivity. This may
well serve as & lesson. All new materials from the oclass of
metals and samiconductors mist undoubtedly be "tested for su-
perconductivity® in liquid helium, and the values of T, must
be determined if a material turns out %0 be superconducting.
Seoondly, a st anamaly in the diamagnetic properties
of CuCl was reparted’’ in 1978 and later; in 1980, the same
effect was obsorncl8 in C48 as well, at liquid nitrogen and
higher temperatures (see rcvicnw"h). These results could
indicate the existence of highetemperature superconducting
phases, although superconductivity itself was not observed
from resistance measurements (apparently, this may be due to

the absence of purely superoonducting chamnels in the samples).

The existence of nonsuperconducting “supermagnetics” also
cannot be ruled out9 o The nature of diamagnetic anomalies
in CuCl and CdS remains unclear so far, and sometimes we
speak of "nonreproducible superconductors®'®®), In the light
of latest results, it is quite reasonable to assume that su-
perconductivity involving some oxides of copper was observed
in CuCl. In any ocase, it would be intereasting to solve the
problem of "nonre uoible superconductors”. The same holds

for the roport1°° which appeared in 1986 even before the pam. .

par3 and revealed the existence of superconductivity with
T,~ 40 K in Eb=Ge-Al=0 films (I xnow nothing about the fate
of this paper or, to put it in a better way, of the result
reported therein),

By the way, even for new "nitrogen* superoonductors,
some nonreproducible results were obtained, which could indi-
cate the appearance of superconduoctivity with '1‘°~ 200-2501(").

It ocan by no means be ruled out that reliable information on
the existence of "roam-temperature" superconductivity with
'r°~zso-300 K will soon appear.

However, the transition from “"helium” to "nitrogen" sue~
perconductors is itself an achievement of enormous signifi-
cance, The striking impression oreated by thias transition is
dus to three reasons, The foremost among these is the econom-
ical ° and technical facotor. A litre of liquid helium costs
about 10 roudbles in the USSR, while liquid nitrogen is avail-
able for just 5-10 copecks. Moreover, the hsat of vaporiza~
tion for nitrogen is an order of magnitude larger than for
helium, and all oryogenic equipment for nitrogen is a lot
simpler and cheaper than for helium, Besides, helium is ob-
tained from natural gsas, and hence it will becoms socarce
with time. Therefore, a switchover to cooling by nitrogen
ingtead of helium is a leap towards a decrease in the cost
by a factor of several hundreds or even thousands. At the
sane time, efforts are being made in electrical and heat en-
ginsering to raise the efficiency by a few percent, or even
by a fraction of ons peroent, The second reason behind such
a keen interest in highetemperature superconduotivity is of
purely physical nature. A disoovery has undoubtedly been
made, although we do come across even more sensational discov-
eries  in physics not infrequently. Ths third reason is the
acocessibility of new superconductors. Piguratively speaking,
they oan be "cocked by every housewife®. Forsonally, although
I have firmly believed that high-temperature superconductivie-
ty is pomssible, I consider this accessibility to be mosat
ltrikina-

2+ The mioroscopioc theory of superconductivity, which
can be called reliable or fairly comprehensive, was first
oonstructed in 1957, i.e, only 46 years after the discovery
of superconductivity. Of course, I mean the theory formulat-
ed by Bardeen, Cooper and Schrieffer'2’, However, this the
or{;}id not grow out of nothing: a lot of work had preceded
it °
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in order to appreciate the contribution made by Schafroth
who was killed in a plane orash in 1959. Like me, he started
by considering a charged Bose su” ) and then put forth the
“4dea of pairing in the most clear and unmitigated form, sug-
gesting that even the electron-phonon interaction could be
responsible for pairing?), Sohafroth et a1.2%) developed
their theory but left the question about the nature and mecha-
nism of pairing unanswered. The pair sise was assumed to
be soall (of atomic dimensions) and the oritical temperature
Tc was determined to a first approximation by the formula
for the temperature of Bose-Einstein condensation of an ideal
gant

, /3
T.- 3,31154/1,1/3_ oty /K )
= 2R 20900 /| Lom-?
[ m* K m 2
‘ 8

where m* is the mass of the pair, me9.1 x 10"25g 1 the mass
of a free electron, and n is the mmber density of pairs with
sero spin, . '

In recent years, and especially now when new superconduct-
ing materials have been obtained, Schafroth's model with
"tiny” pairs is being widely disoussed, and we shall return
to it later. Thus, it is obvious that the gensrally accepted
notion about the introduction of pairing in the theory of su-
perconductivity by Cooper<®) in 1956 is entirely unfounded.
The merit of Cooper's work and, in the first place, of the

subsequent BCS theory'2) lies in the real demonstration of
pair formation ("large", or Cooper, pairs) and of their col-

leotive "condensation" even under & weak attraoction between
eleotrons near the Fermi surface of ths eleatron gas,
The well-known formula in the BC8 thesory

nge-///?c# (2)

was strikingly successful, Indeed, acoording to this formula,
the value of To is determined by only two parameters, vis.
8 « the region of attiraoction between electrons near the Fermi

boundary, and ] ,o¢*N(0) V - & dimensionless paremeter char-
acterizing’ the intensity of this attrasotion. In the original
version of the BCS theory, [ ,e~¥(0)V « 1, where N(0) 1s
the density of states on the Permi boundary and V is the ma-
trix element of the interaction energy. It is not surprising
that the BCS theory is indeed the real microthesory of super-
oonductivity for the chosen model., However, the faot that
this model provides a fairly accurate desoription of real su-
perconductors with a weak ooupling ( A o2 & 1) oan by no
means be considered obvious. As an example, we can consider
the BCS formuls connecting T, with the energy gap 2 (0) in
the superconductor spectrum for T=0, which has been confirmed
experimentally:s

24(0)=352 kg T, >

This relation might not be satisfied for the simplest model,
0f course, the BCS theory was developed and refined (in the
USSR, the contributions made by N.N.Bogoliubov, L.P.Gor‘kov
and G.M,Eliashberg are worth mentioning). The reasons behind
the astounding success of the BCS model are discussed in?7),

3. Let us now go over to the calculation of the oritical

temperature and its possible maximum value R + Jor the phonon
mechanism of superconductivity, i.e, when the attraction be-

tween @lectrons is due to their interaction with the lattice
vibrations of phonons, the temperature 6~0, in formula (2)
is the Debye temperature. For the normally accepted values
©p <500 K and ]| ,op < 1/3, we cbtain T < 500 e™%u25 K. In
general, this explains the fact that ch_ 10-30 K,

In a more realistic  theory, and for a weak coupling (under
the condition ] ,ep & 1), we have

* A
/16#21-/“ _-_X-Z*/”——&—LY—%E)-, 4)

*) The foll 2 text is baned on the material of lecture
delivered by me28) on 26 March, 1987 in Moscow,




where ) and 4 are dimensionless ooupling constsuta for
the phonon (exciton) and Coulomb interaction respeotively,
and ork,/kn is the temperature corresponding to the Femi
anergy R, of the metal. Jurther, in the coomonly used approx-
imation  (homogeneity, isotropy, weak ooupling), we ohtain

2 (5)
Y EVEXNT. f//o)(HHM)

where £ (W, k) is the longitudinal pexmittivity of the ma~
terial, and the angle brackets indicate the aversging over
the momenta ﬁo

It has been mentioned in literature that the requirement
of stability of a metal leads to the condition £ (0,k)> O.
If this be s0, than ] < / in accordance with xq.(S).
superconduotivity would be possible only because <// o
This would indicate the low upper limit for 2, 29, Such o
conolusion, however, is incorrect since the ltabmty require-
sent  aotually hag the form 1/ (0,k) <1 (k0), the values
af £ (0,k)<0, and hence { >4 are sdmissible. This impor-
tant result was obtained by Kirshnit and is associat-
od with the following oiroumstance. The respomse function
obeying the dispersion relstions is not £ but rxather 1/£ .
As @ matter of faot, the electrio field E= 1 T , where B is
the induotion sstisfying the equation div D=4 TS ... The ex-
ternal charge _? can be controlled, mdhonooit un
that plays the rolo of the "oamuse", while tho fielad E is the
“consequsnce™, We camnot u-bitnrﬂ.v change x. and hence the
funotion £ in the formila De S E need not obey the disper-
sion relations. To be more precise, the funotion £ (0,k-+0)
for mmall valuss of k -+ O is also a response funotion, and
heance the necessary condition for the stability of the ays-
tem 1s £ (0,k~0) 3> O, Bus in the theory of superconductivity,
we are more interested in the laxrge valus of the wave vestor
k.Umlly.kilotth.ordorotk’.mdh.mchldin-
pose only the requirement 1/£ (0,k)<1. As mentioned above,
this is in agreement with the condition £ (0,k)< 0, What is
more, just the values £ (0,k)< O are xealised in most met-
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a1s 31032). Ueually, A*. 0,1 (the parameter 4 < 0.5), and
in some ocases 3 (for example, in the FbBi alloys,
A4 2463 see?e ”)).

Yor intermediate and strong ompnngm,? >1. for-
mila (2) under condition (4) is obviously m”uonblc. Tor
this case, a mmber of formulas of type (2) have been pro-
posed with, say,

Aot =(-2*)/(1-2) ©

By way of an example, we cbserved that for ,{I"-O.i. A =1
and ] =3, the temperature T, =0,115 and 2 ,=0.25C respective-
ly” in accordance with (2) and (6). In other words, we ob-
tain the values T,~30 K and 7,~75 K far ~Ug ~300 K.
lnvothormnlrtomnntor! » Obtained on the basis of
Eliaghberg's ocxustimﬂ 032,33) nnd having a semiempirical
or model dependencs, lead t0 high values of r for appropriate-
ly chosen pu-ut-rl. Jor example, the tono'us formila
bas been proposed 1n’3) (we present 1t for /#”=0.1)s

T = o.%[iwfa,?)exp[/:f/(/? 0//)] (™

by - (00 P )F0),
-lfa‘/w)F/w)W/a'

(m 32) for notation). According to 7 » T 0,07 log and

9[7 S 1) /Ka

220,74 91° for ] =1 and ) =3 respectively, For & strong cou-

pllng M /?> 10, 7 z9r (hexe 9 tw/'cﬁ » vhere

@ is a certain mean fnquency in the phonon spectrum, ses ) and 27) ,
Chap.4).

In any osse, there are no restrictions in principle ime

posed on the possible values of T° by the conventional theo-
Ty of superconductivity. Thus, it is olear that large (“high~

tqporutun') valuss of 7.~ 100 K can be obtained for J < 3
and O~ 0 9~9 if at the same time 9,,,,;003.
onhquuttonumth.rmhmu-d,] and § o, can be
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realised for the phonon mechanimm of superconduoctivity, For
each type of material, there exists a maximum value of T
since the parameters 0, and | ave not independent. Thu-.

an inocrease in the value of the electron-phonon coupling cone
stant ] leads t0o a decrease in the phonon frequencies (due
to the screening by conduotion electrons and other reasons).
This effect can be approximately described by the formula
(see 32) 4n tnise oonneotion)t

9 xta)oo/rg (‘{J'c’?); (8)

where 6()00 is the not renormalised ("pseudoatomic®) phonon
frequency and C is a constant. As a result, we obtain the max-
imm  value of T, which is proporticnal to &, .
Superconductors obtained bhefore 13686 were characterised
by parameters leading to mcf,zs K. Hence and in view of the
rough estimates presented above, it was usually concluded
that T, <30-40 K for the phonon mechanism of superconductivi-
ty (see, for example, 27). Chape1)s It was always stipulated,
however, that this conoclusion is not general. For example, it
was mentioned that (J;~3000 K for metallic hydrogen and some
(t not all) caloulations lead to the values T, ~100-300K
(see 27032) gna the 1iteraturs oited therein). Many metals
are inown to have high values of () (for example, 0, (A1) x
~0p(T1) 2430 K, Op(08)2500 K, ()p(Mo)x450 K, and
Op(Be) 1400 K), The high value of Oy for Be even led to
the suggestion’?) that a temperature T,~100 K can be attained
for beryllium under ocertain conditions.
The presence of light atoms H and C in organio supercon-
. ductors raipsed lmpu36 that the high phonon frequencies in
this case might result in large values of T . 5o far, these
expectations have not been fulfilled, but such a poseibility
cannot be ruled out,

4. Naturally, it is especially important at present to
explain the mechanism of superconductivity in recently dis-
covered materials, vis. metal oxide ceramics. Let mo start

with the alloy le, g5ro ,Cu0, and similar materials®*37) witn
2,736 Ko It is mentioned in 4*37) that the superconduotivity
in this case may be caused by the usual phonon mechanism de-
scribed aboves The high value of T is attributed to the high
frequency (U, of vibrations in th. "subaysfem” formed by a
Cu ion -urraundod by s distorted octahsdron of oxygen ions,
A comparison with the superconducting metal oxide ceremic
rlmxo (for this alloy, Tox13 K for x=0,25, see above
) for nearly identical valles of O p leads to T,x36 K
undor the assumption that the density ot states N(O) near the
Puni surface is 2-3 times higher for la, gfrg oCu0, (in 37),
where the alloy h1 8581-0 150\10‘ is investigated, the value
of N(0) is 3-5 times higher than for B&Pbo 8310 203 in accord-
ance with the measurements of the field H ). Taking ] =1,2
for BaPby ,5Blg o505, we get [ =3.1<3.9 for- la, g58rg 45Cu0,.
Putting =3.5 by way of an example and using formula (7)
with an identical value of B -we obtain Tc(l"l.BSStO.lScuob) =
3.2368;1":(8an0.75810.2503) ~ 42 K. The same conclusion is drawn
from quantitative analysis based on the cnculntiom”)
of the electron structure for the tetragonal orystal hcuo4
(such o tations have besm carried out also in 40) Ye Accord-
ing to 3 .40). the values T ~ 30-35 K for A =2-2,5 are quite
natural for the aystem ha_x(lh. Br)x(:uO‘. The light oxygen
atom vibrating at a high frequency wo plays an impartant
role in this case.

A distinguishing feature of the metal oxide ceremics is
that they are characterised by a high value of &, owing to
the presence (associated with light oxygen atoms) of rigid
optical modes of lattice vibrations (phonons) which are
strongly coupled with conduotion electrons. In turn, this is
due to a significant contribution of ionic bond in these com-
pounds. About 20 valence electrons per unit cell contribute
to the formation of this bond (the metallic bond is formed
by Just 1-2 conduction electrons which exert a rather weak
influence on the lattioce). Thus, it can be mssumed that there
is a tendency towards the optimisation of the contributions
from ionic and metallic bonds in metal omide ceramiocs (mon ?
Pe 170).
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the allowed band Jjust near the boundary of the dielectric gap
(see Fig.1). Then the superconducting pairing of the elec-
tron due to their phonon attraction (or due to the attraction
of msome other type, say, of exoiton type; see below) will be
enhanced on account of the dependence of N on £ . Accordinge
1y, the oritical temperature T 6 will be higher than in the
case without a dielectric gap, and will be desoribed, in view
of the -tronf dependence of N(E) on E .by a nonexponential fore
mila (see 4!/ and 27), chap.5, where the calculations are
made in the weak ooupling approximatiom).

Another factor, vis. the increase in the attraction V be-
tween @lectrons, is realised, in particular, in the bipolaron
model of superconductivity. According to this model, a strong
electron-phonon interaction contracts the rather wide conduc-
tion band to a narrow polaron band which corresponds to &
fairly large mass of the carriers, vis. polarons. Because of
this interaction, pairs of polarons may cambine to form a
bound state, or bipolaron, with a large binding energy .
roughly speaking, this corresponds to the oonfinement of both
eleotrons in the same polarisation well). The aggregate of
bipolarons, which are Bose partioles, may undergo Bose-Einstein
condensation whose temperature is desoribed by formula
(1) for a low mumber density n of bipolarons. In the model

under consideration (asee 42) ana the literature cited therein),

this temperature is jJust the critiocal temperature of supercon-
duotivity. Por n~102'=10%2an™> and m* ~10%m, we obtain
T,~30-100 K. The formation of pairs with a small radius (lo-
cal pairs) and their subsequent condenastion foxrm the basis
of not only the bipolar on model, but also some other models 43°

43) + The pair formation in these models is attributed to the
exchange forces of Heitler-London type ("resonating valence
bands®) and to the eleotron interaction in general. The crit-
ical temperature range is found to be of the order of the
temperature typical of antiferromagnstic transition, i.e. may
attain values of 100 K and higher. Models with Bose-Einstein
condensation of local bound pairs differ in general from the
BCS model in that the characteristic interaction is strong in
comparison with the Permi ensrgy. I am not very conversant

with these models and cannot desoribe them in detail. They
will be undoubtedly discussed by many speakers.

6. Contimuing the line of reasoning outlined at the be-
ginning of this talk, let us now considex the third way of
increasing 1‘0, vis. a broadening of the rezion of interac-
timcharacterised by & in (2). The interaction between con-
duction electrons, which leads to superconductivity, may be
caused, apart from lattioe vibrationa (phonons), only by
other electrons (let us ocall tham "bound” electrons), In this
respect, it would be appropriate to speak of the electronic
mechanigm of superconductivity. S8ince superconductivity in
metals is an electronic phenomenon, the superconductivity
mechanism differing from khe phonon mechaniasm is called exciton-
ic 4in order to avoid confusion in terminology. However,
other terms are also employed. The term “exoiton mechaniem”
has been used by me since lang 27°%6) pecause of the clear
picture illustrating the phenomenons in the phonon mechanimm,
the interacting conduction electrans exchange phonons, while
in the exciton mechanism they exchange exoitona (exoitations)
of electron type. In "good” metals (as also in a gree elec -
tron gas), there is only one type of electron excitation, vis,
plasmons, for the energy n‘-na), 4Ege To & first approxima -
tion (for the free electron gas, this is an exaot result), the
plasmon frequency wx,-(m:-,-’f-ﬂ)‘/a- 5.64 x 10% l/;1 (the mue-
merical value corresponds to the charge and mass of a free
electron)e Por n~109am™3, w_ 10" and B @ «E_~10 eV
(for a degensrate eleotron gas, [()P=v”fe‘t"'= 6Ly, o =
= @2/Tn Up )e The plasmons being cmitai'od here are’ longi-
tudinal vibrations in the system of conduction electrons and
their exchange does not take into account the effect of other

_("bound") electrons. Hence, it is natural that the plasmona

are found to contribute in the simplest oase only towards the
soreening of the Coulomb interaction and influence the para=
meter U (see(4)), Some metals or "sandwich®-type aystems,
however, may contain eleotronic excitations othexr than plas-
mons, having frequenoies (U, « W p=Ep/h. In any case, the
frequencies () , may considerably exceed &), uky 9p/h. Yor
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tion. A consistent theory taking these re ts into ao-
oount has not been constructed so far 32,51

In general, the prospects of using the exciton mechanimm
from the position of "high theory" are not clear as yet. As
foar as various heuristic arguments and estimates are concern-
ed, no significant advances have been made during recent
years?), and we can refer to the articles 47049) opa Chaps.t,
4,6-8 in the book 277, Prom a qualitative point of view, I

st1ll believe that it is hard to expect an effective exciton
mechanism for good-conducting typical metals (with By > 1=3eV)

with a homogensous structure. That is why quasi-one-dimensi-
onal and quasi-two-dimensional struotures offered great pro-
mise, as was mentionsd above, the latter type of materials
having mors advantage. It cannot be ruled out, and I think it
is quite likely, that the exoitonio mechanism of superconduo-
tivity plays soms sort of & role in the metal oxide oeraniocs
which contain quasi-two-dimensional conduocting layers of
atoms and a large number of collective eleciron excitations
(excitons)., To be more specific, we are speaking of the ef-
fect of layers 38) gontaining Y, Ba (and, to some extent,
even Cu and 0) on good-conducting layers of Cu and O. The
same opinicn was expressed by Little in a preprint 23) he
sent to me. A more detailed analysis of various models of
this as well as other types is beyond the scope of this re-
port.

7. In spite of the importance of metal oxide superconduce
tors, thers are absolutely no reasons to believe that only
such materials can be high-temperature superconductors. A
broad and unprejudiced approach is necessary in this case,
and we have always adhered to 1t 277, Allow me to reproduce
Table 3, which I presented at the plenary session of the
World Electrotechnical Congress in 1977. Obmserve that no
question mark is put against sandwiches, layer compounds etc.

*) The only exception to this is the discovery of the so-
onlled "heavy-fermion superconductors” in which ths mecha~

nism of euporoox_x‘duotivity may not be of phonon type. Thias

-~ =~=athi1itv that non-phonon (e oot:son‘or
e e m

Such quasi-two-dimensional versions (see 27) p.39 etc.) have always been

my favourites, although no breakthrough was made for a long time
(by the way, these investigations were carried out by small
groups and not persistently). That is why I introduced a mark
of interrogation against layered compounds also in the same
Table presented by me at the Waynflete lectures °%) in 1982,
What is really important is the absence of any knowm re-
strictions on T, especially for the exoiton mechanism. The
condition T, <300 K was mentioned in Table 3 and in 277, In
view of the recent experimental results, I would suggest the
condition

T°,€5001

I must confess, however, that this estimate is based on the
same arguments as the previous one.

If we oconsider fundamental investigations rather than the
practical applications, the main problem today is to under-
stand the physical nature of the high-temperature superconducw
tors that have already been obdtained. Obviously, it 18 neces-
sary to determine the corystal stxucture and other properties
of the new superconductors both in superconducting and normal
states. Much has already been done in this direction, but
some experimental and theoretiocal results are not quite clear
and contradict each other., It would be a mistake on my part
%0 try to draw any definite conclusions at this stage. I hope
that we will hear a lot about this from othexr speakers. Let
me confine to just a few remarks. Thus, it seems fascinating
t0 turn to the study of isotopio effeot and, in particular,
to replace '60 by '©0 in order to determine the role of the
phonon mechanism of superconductivity from variation of To.
Such experiments have indeed been carried out 2} and within
the limits of the high degree of accuracy attained in measurements, isotopic
effect was not observed in respect of Tc in "nitrogen" superconductors.
However, even if we use the dependence chaH-llz. where M is the mass of

the nucleus, the effect should be of the order of just 1X. Moreover, the

isotope orroctwlnv be insignificant or completely absent even
in the case of phonon mechanimm of superconductivity.  Thus,
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TABIR 1

Critical Year 6! Discovery
Material Temperature of its
T, (K) Superconductivity
Hg 401 1911
»n Te2: 1912
b1} 9.2 1930
lb38n 18,1 1954
m>3(u°.750.°.25) 20 to 21 1966
llb30. 2043 1971
NbJGo 2).2-23.9 1973
TABLE 2
Substance He Hz Ne llz 02 uzo

Boiling temperature l‘b

(xl under atmospheric 4.2 20,3 27.2 T7.4 90.2 ’73016
pressure)

Melting temperature T 14,0 24.5 63.3 54.7 273.16
(K3 under atmospheric o
pressure)
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TABLE 3

Buperconductivity Maximm 1bl
mechanism (nature pou e
Material or aystem of the attraction value of T o,max
between the con- (rough ostimtu
duotion electrons) in K)

Metallic hydrogen ox

deuterium, alloys phonon 100 to 200
baged on them

Organic metals, hydro-

gen~-containing metals, phonon 50 to 100 (?)
and so on

Materials with electro-

nic struotural phase phonon or exciton 100 to 300 (?)
transitions

Three-dimensional me-

tals with exoiton exciton 100 to 300 (?)
bands, and &0 on

Layer compounds and

dielectric-metal- exciton 100 to 300
dieleoctrio sandwiches

nlmnm (quasi-one~

dimansi ) compounds exoiton 100 to 300 (?)

CuCl and C4S with impue

rities, obtained under

pressure and as the re- ? 300 (?)
sult of special pro-

cessing

Non-equilibrium but in practice
superconductors %g. t- probable
T <1000 K,

O, max ~
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