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and other compounds (for example PdH) satisfy the requirements.

- The structure is obviously irrelevant for numerous cases of
superconductors. For example the strictly ordered materials having
AlS nbum. f3-W) structure and their amorphous counterparts, {Table
I. [7]) show the 5w1uw3muwﬁ< of the crystalline order alone. On
the other hand amorphous Be has a ﬂn about 330 times higher than
its crystalline counterpart, [81; sc the question can be generally
asked: what is important, the strict crystalline order -030l1m3am
order, LRO) or its loss of leading only to short—range order (SRO)

in the material?

- 1Is the low~dimensionality one of the keys to
superconductivity? Answers to this question are very
contradictory. For ALlS materials the ideas based on

one—dimensional (1D) chains were the first clues [?]1, but it was
rigorously shown later that superconductivity is impossible in 1D
[10]. Despite this contradiction, the 1D models for ALS
superconductors are working well, [11]. To deal with the
dimensionality problem for HTSM is more difficult. There wers
established some low-dimensional models in 1D [12]1 and 2D £13],
but numerous objections are raised against them since the
phenomenon is regarded as to be essentially three-dimensional
L1431, [15]. Some models are working on the basis of mixed
dimensionalities, [1&]. (Note, the low-dimensional mUUTDwnjmm are

working satisfactory.)

Is the superconductive pairing established only by phonons,

R

R
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or are possible other mediators as well? The observations on

HTSM-s cannot provide a definite answer.

Even the rule of the ‘perversity of nature’ is in action:
".«. For a given class of materials those with the highest 4nlm
tend to be less stable and more difficult to make ...", [17]. This
presents itself for the HTS5M in the sample preparation: if the

material has higher and higher ﬁn the actual sample size has

become smaller and smaller, [18].

In consequence of the above enigmas we support the idea that

the fundamental phenomenon is a relevant instability
(metastability) in superconductivity and especially in HTSM.
However to the formulation (in 1972, [19]): "... at the present
there are no higher temperatures {’ ' superconductors’} only
instabilities..." we can add nowadays: at the present there are
numerpus higher temperatures {'superconductors’} and various
instabilities, but it is a pity that their interdependence has not
been clarified yet. In our present paper we suggest a general
instability which we regard to be responsible for the enigmas and

use it to explain the HTS—-phenomenon.
The metastability factors

The metastable structures, or more accurately, the
configurationally frozen metastable structures are important in
physics. The investigation of materials with compositionally,

topologically and/or morphologically metastable is very important.
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triangular faces, and tetrahedral cells.

The packing of an individual cluster consisting of uniform
spheres prefers the coordination number (CN)} of 12. Three types of
the close-packed coordination with CN = 12 are existing: the
face-centered ncuwm (FCC), the hexagaonal close—-packed (HCP) and
the icosahedral close—packed (ICF). The FCC and HCP are
space—filling structures, their periodic repetition is filling the
space properly. These two structures appear very commonly in  the
crystalline materials, having well defined LRO with dense packing.
The ICP structure however is very peculiar: it cannot fill the
Space properly, but leads to the densest. packing, [23]. This
structure consists of twenty slightly distorted regular tetrahedra
(their height is reduced by w factor of 0.925) sharing ocne vertex,
the center of the icosahedron. This tight tetrahedral packing is
the origin of the preference of the icosahedral arrangement, which
—~as calculated by a simple potential—-well approximation [29],- is
the energetically most stable clustering, using realistic soft,

deformable spheres for packing.

Indeed in clustering processes the short range order (SRO) is
striving to the icosahedral formation under certain conditions.
This process was experimentally observed in various liquids and
amarphous solids, [30]; in the formation of extremely small
clusters, [31]; moreover even in the austenitic stainless steel
£32]1. The icosahedral coordination is existing in BmﬁWmen
erystals [33] and in non-metallic compounds [34] and was as well

abserved in metal-carbonyl clusters [35] playing an important role

175

in catalysis. The most interesting fact in this point of view is
the cluster formation in cluster—-beams, showing a preference for
some definite clusters (the number of atoms involved in these
clusters give the so called ‘magic numbers’), which can be
described well by icosahedral arrangements, [36]; so the small

clusters of atoms tend to form icosahedral clusters.

To study the local structures the concept of the so called
Voronoi pelyhedron [37]1 can be introduced in general. These
polyhedra represant the first coordination shells of every atom by
a convex polyhedron formed by the perpendicular bisecting planes
of each atomic bond, [38] {in crystalline materials this
construction is called the Wigner-Seitz cell). In filling the
space by spheres the five—fold symmetry is frequently-preferred in
the Voronoi polyhedra, seeking to the ICP arrangement, [3%91.
Nevertheless the short range local preference of the icosahedral
order cannot agree with the global 1long-range requirements. The
icosahedra (as well the dodecahedra as their dual [40] and
simultaneocusly as its Voronoi—-polyhedra) have not perfect

tessellation in the Euclidean—space due teo their five—fold

symmetry [41].

Consequently the closest cluster packing (ICP) creates a
funny situation: in the point of view of space filling the SRD
prefers the ICP arrangement, while the LRO requirements favor the
different structure because by a periodic repetition of only

icosahedra the proper space filling does not exist. In this

meaning the 5SRO and LRO requirements are contradictory. The actual
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seekin i

g in HTSM. On the other hand the mezoscopic idea is widely
applied ini
pplied for explaining the quantum size effect (GSE) of high

temperature superconductive phenomenon [122].

Further support of icosahedral idea is the similarity of the
PIM arrangement with superconductivity which 1is obvious in the
light of the phenomenclogical Ginzburg-Landau ummnWMnﬂHGLu [1233.
Introducing a certain order parameter in this randomly disordered
material (in meaning of LLRO) [30], an uniformly Tfrustrated
Ginzburg~Landau aoumw of statistical mechanics can be constructed,
clearing up the formal analogy between the Ginzburg-Landau theory
of superconductivity and the gauge field theory of predominantly
icosahedral materials (PIM) £15]1,[601. The disclination network in
PIM corresponds to the Abrikosov TfTlux lattice while the
disclination flux exclusion is the analogy of the Meissner—effect
in superconductors of type HH.. S0 we may regard the enhanced
short-range icosahedral order at the relaxation process as
expelled magnetic flux lines. In this way the

superconductor—
Br-normal phase transition is similar to a phase

transitio
n from amorphous state (dominating SRO} to the dominating

LRO structure, (crystallization).

Isotope effect

Altho
ugh a consequence of the BCS~theory is® the isotope
effect. A i 1
strict isotope effect however was not found at all in
most of the ° ‘ i
e ‘old’, metallic superconductors [124]. Furthermore a

lot of T - :
S mwm higher than 40 K which is hard to interpret by the

Ve r ey

197

pure phonconic mechanisms, [125].

1+ the pairing is mediated by clusters than (on the sam2

reason as for the phonons in BCS}, the cluster mass has to be

responsible for the change of the superconductive temperature. It

is well known in BC3 that the critical temperature Aﬁnv depends on

the isotope mass (M) in the following form:

= (1)

where a is —1/2 in the ideal case. We showed in our previous paper
that [115] this isotope effect is mostly nonexistent including W:m
HTSM too. The comprehensive figures on isotope effects [113]1 have
been redrawn, (Fig. 20. and Fig. 21.) for clarity. The lower than
expected values of a can be explained by the cluster effect, which
means, that the larger cluster mass must appear in Eg.(1). £113]7.
The Dﬁn in these cases is almost independent of the 4nu (Fig.
21/a) which can be explained by the small relative change of

cluster masses for the change of the oxygen isotopes, the

exponents are not constant, but depend on %n {Fig. 21/b.).

Reevaluating a set of the measurements [126]1 from the point
of view of clusters we can calculate the relevant masses. For
wwwncuoqlmlmﬂwcnﬁC1m the frustrated cluster is a

example in the <H

layer between the Ba—-containing layers [1135] (Fig. 12.and Fig.

Thus the cluster mass can be calculated using the sum of
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unuo.pmw nm, [129]. Special superconductor—insulato transitions
were observed in many cases [1291,L133] for increasing
film—thickness, but in nominally homogeneous thin films L1311 no
evidence for the local granular superconductivity was found at low
temperatures. For high temperatures the gquantum—resistance of
pairs Amn = I\hmmv divides the +thin films into two categories
[134]: one of them becomes superconductive, the other insulating
at low temperatures. Consequently there is an obvious bifurcation
between the normal states of +the insulating and superconducting
films with threshold of the universal sheet resistance amnvu
[134]. This critical threshold mn is independent of any details of

the actual sample as its size, disorder, granular structure, etc.

The physical background has been explained [1341 as follows:
Let us consider the Anderson localization [1351. When the
localization length ¢ L(E)) for an electron with energy E is
significantly smaller than the average sire of the Cooper pairs
required for superconductivity, the Cooper pairs cannoct form,
being only localized electrons in the system. Therefore the system
remaing wn‘ﬁzm insulating mﬁmwm even at temperature T=0. In the
opposite case L(E) is greater than the average size of the Cooper
pair consequently the superconductive state can be established.
This leads to introduction of a critical localization length ﬁrng
which corresponds to the average size of the Cooper pairs. If L{E}
is greatest at the Fermi energy mﬂu the rn and Fﬁmﬂv values are
relevant in the point of view of Superconductivity at temperature
T=0. On the condition FﬁmﬂvAFn n:m,m<mnma is insulating, and for

the case Fﬁmﬂuvrn is  superconductive. By increasing mﬂ when

01

i i i d the material
,FAMﬂVAFnu the localization length L{E) increases, an
turns from the isolating state to superconductive. This 1is the
= i itical threshold (R_) in sheet
case when anﬂvlrn_ creating the critica -

resistance introduced before at critical mﬂ = mn.
In the superconductive materials the topological frustration
can change mn in the local arrangements, giving possibility to
turn the material intoc the insulating state, considering the
sandwich—type structure of the HTSM-systems. There is a sensitive
balance of charge from cluster +to cluster behaving as driving
force of the frustration in the materials, [115]. This charge
frustration can be responsible for the behavior of the transport
properties, too, what is an other clustering effect to promote the
discussed Tfrustration [118]. It supposes a percolation—like
connection between the clusters, HWM<H3® a possibility for
transport superconductivity. In this point of view are interesting
the observed
differences of the isotope effects which were measured by the
transport and magnetic properties of the same sample, [136]. In
every case the .changes of 4n,utm to the substitution of oxygen
isotope are larger (up to 60%4) in the magnetic measurements than
in the transport one. That agrees with transport superconductivity
to involve larger, more open’ clusters. Similar percolation

induced conductivity has been suggested by others [1371, but on

other grounds.

Dur idea is supported by the metal-insulator transition

measured in YBCO-svstem in dependence of the oxygen content,
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Table 1. Comparison of ﬂnlm of some selected A_B compounds.
-

structure

Material . A 1S i Amorphous

transition temperatures (K)

Nb_Ge 23 4
Nb_Sn 18 3
g )
V5Si 17 < 1.5
Mo Ge 1.5 7.2
-
Mo..5i 1.4 7.5
-~

Table II1. Linear regression standard deviations (r) and 4n versus

Kio.m for a set of ¥,__La_Ba,_ La nmuncuo

superconductors.
1 =y Y P

&+

Y, __ka_Ba La Ca_Cu.0
= < < =

i- 2~z~y Ty 6+x

N
~

Value at Anno

Q 0.78802 0.030575
0.1 0.8944 0.050893
0.2 0.5834 0.050917
0.3 0.43350 0.0525&8
Q.4 0.350332 0.052568
0.5 0.2618 0.013691
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Table III. Linear regression standard deviations (r) of Nb  thin

films based on the clustering assumption.

Assuption for o

¢.9811
0.7902

Table IY. Check—list [139]

of experimental observations,

consequences and relations to our present explanations.

Status to
EMPIRICAL OBSERVATIONS | POSSIBLE CONCLUSIONS |our present |
suggestion
Cu-0 layers and chains Layers and/or chains
appear in all HTSM, but are important but not OK
there are metallic and necessary
not SC compounds
Magnetic RE substitution RE layers are not
do not affect 4n relevant to SC oK
4nnuox in non—-cuprate the SC mechanism is
ceramic HTSM similar to cuprates? OK
jump in thermal conduc-— strong electron—-phonen
tivity at 4n coupling oK
Incommensurate CDW in A Fermi Surface insta-
BSCO bility is involved oK
No BCS isotope effect non—phonon mechanism oK
Farent materials are strong correlation
insulators effects? OK
P(300K} > Z280ukm in low carrier density
YBCO large effective mass oK
Hall number decreases carrier localization oK
with T
The magnetic suscepti- the magnetic suscepti-
bility is similar in 5C bility is unrelated to
L.5CO0 and YBCO, but also sC oK
in non-SC Fme_‘nCJDmv 2
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Fig.2. A tessellation of the 2D plain

and rhombuses.

sheet by
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Fig.3. The example of the possible

regular pentagons in 2D.
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mn

ig. 9. A characteristic part (1/8) of the elementary cell and its
transformation by tilting.

a. the 1/8 FCC elementary cell,

b. deformation by tilting, seeking to icosahedron (1/3),

€. 1/8 icosahedron, the whole arrangement in insert,

d. a group of icosahedra.
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Examples of the Frank—-Kasper clusters in HTSM-s:

La, <mwzﬂcon {for example: arcund Cu atoms, denoted by )

<HmmdnCJDvia (for example: around Cu atoms in chains,
dernoted by e),

Aurvillius phases (for example: around Cu atoms, denoted
by e}
Cheverels {for examle: around M atoms in M, L and around

6578

L atoms in Kmrkmv.

{(N.B. The parpendicularly twisted squares are well observable.)

Fig. 12
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c. alloys with A 15 structure.
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Fig.15. A schematic diagram of FS nesting in JZ M: 2D.
a wcwp.:mmﬂwzm (nonmetallic, stable)
Ac:mﬁmwa, sesking to stable

b. tuned away from Jmmﬁw:a

nesting in clusters)
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