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Abstract

It was shown that delafossite oxide YsCusO14; prepared by solid state reaction from the peletized
nanopowders Y20:+2CuQ; in air and at firing temperature 822 °C; obeys metallic properties. By
cooling down to +39 °C metallic state undergoes transition which appeals for the first
superconductivity appearing at a temperature higher than that of the ice melting point. Luttinger
model is considered in high temperature conduction regime; and Klein-Schwinger effect is suggested
as a driving mechanisme for the creation of electron-hole pairs.
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1. Introduction

Discovery of high Tc superconductivity (Tc = 34 K) 1986. in the fired mixture BaO+La203 +CuO
(Ba-La-Cu-O) [1], and later recognized as oxide Laz-xBaxCuOs, put forward 1981. by Raveau and co-
workers [2], sparked a worldwide research activity. Chu and co-workers [3] substituted lanthanum
by yttrium, and promoted novel mixed phase Y12BaosCuOss. The firing in oxygen atmosphere at
935 °C resulted in superconducting (SC) transition temperature Tc =93 K. The superconducting phase
was spotted as to be YBa:CusOrx [4]. Several forthcoming reports claimed low resistance states [5]
appealing for possible superconductivity extended up to room temperature [RT]. Samples were of
poor stability and preparation reproducibility practically didn’t exist. Author of this paper proposed
[6,7] secondary minor phase of yet unknown composition, and current prospection of old laboratory
notebook revealed several important hints to focus again the mixed phase fired in vacuum. High
resolution measurement of the magnetic susceptibility [8] performed by Prester and Drobac in the
novel prepared mixture Y203+BaO+CuO undoubtedly revealed one novel Meissner phase, in
addition to the famous YBa:CusOr-s.An estimation of the volume of traced secondary phase revealed
the fraction 1:4300. The Meissner state appeared, by cooling, above ice melting point. Detailed
analysis of DSC and TGA data appealed for an absence of barium in the traced compound and
proposed composition was the delafossite type Y"Cu"Ox. The lowest member n =1, YCuO: was firstly
synthesized in vacuum at 1100 °C by Ishiguro and co-workers [9], and authors suggested the
possibility of more different polytypes. The unit cell was found to be hexagonal P6s/mmc
(orthorhombic- 2H), and dimensions are a =0,6196 nm, c= 1,1216 nm, as it is visualized in Figure 1.
Hexagonal Cu kagomé network is sandwiched between planes consisting of yttrium cations
coordinated by edge shared oxygen octahedra. Cu-Cu distance is 0,352 nm, which is smaller than Cu-
Cu distance 0,361 pm in a pure copper. As pointed by Cava and co-workers [10],ionic structure is
Y**Cu'*Oz, and authors reported strong irregularities, like stacking faults and intercalated secondary
phases. Energies of faults in stacking sequences differ slightly, which gives rise to various polytypes,
like a most known rombohedral (2R) lattice. They appearance complicates the preparation of the
targeted structure with well-defined physical properties, like superconductivity. Van Tendeloo and
co-workers prepared [11] delafossite in air at 1050 °C. The forthcoming preparation in air at 1134 °C
[12] resulted in fully oxygenated delafossite YCuO:s, and subsequent reduction revealed CuOz3 with
intercalated 0,33 mole of oxygen atoms in a hexagonal Cu network. The author proposes in this paper
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a rather simplified method of the preparation YCuO:+s and reports its resistive and magnetic
properties.

2. Experiment

Preparation of YCuO2+s described in this paper differs, in some important details, from
procedures reported by other authors. As it is commonly known, the formation of stacking faults and
other crystal lattice irregularities is more stimulated by annealing at higher temperatures. In this
work it was proceeded the solid-state reaction at much lower temperature 812-825 °C (method named
in this paper “cold fusion”). In order to achieve cold fusion, sample preparation starts with 20 nm
nano powders of Y203 + 2CuO mixed in a ceramic mortar and pressed in a steel die to pellets 8§ mm
in diameter and 0.5 mm thick. The compression force was 3-5 ton, and pellet was maintained in the
pressed die at RT for 24 hours. Described methodology excludes high oxygen pressure in the reaction
cell, and preparation efficiency is demonstrated by appearance of a weak XRD at 20 = 15,51 deg (hkl
= 002) obviously due to the small quantity of YCuOx fused prior the heating stage. An efficient
approach to the preparation and careful control of the solid state fusion resides on the measurement
of the electric resistance of the pellet during the heat treatment, and analysis of its temperature
dependence may give an important insight in the chemical and physical processes being active in the
sample, and such a method enables discrimination of different polytypes. Measurement of the
electrical resistance was performed by four probe contacts ensured by 100 microns gold wires pressed

together with nanopowders.
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Figure 1. Temperature dependence of the resistance of the Y203 + 2CuO pellet recorded in the first heating

(black) and subsequent cooling (red) run. Inset shows the schematic of Cu planes sandwiched between Y-Os

planes in YsCueO1s unit cell.

Figure 1 shows the electric resistance of the pellet during the first heating run extended up to
852 °C. Typical resistance at RT of the pressed powder was several mega-ohms, and it decreases by
heating in air atmosphere up to 350-370°C, while further heating results in a sharp decrease at 395-
430 °C. Subsequent heating was indicated by slow decrease of the resistance with temperature, which
is followed by next sharp decrease at 638-655 °C . Third downturn of the resistance appears at 815-
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825 °C, which agrees with DSC data presented in ref [8]. The annealing time was 42 hours when the
resistance showed a tendency to increase in time. After first heating-cooling run, resistance of the
pellet, measured at direct current Ioc= 1 mA, falls down to 3,2-10 4 ohm at RT. Small kink is visible at
~ 40 °C indicating decrease toward zero resistance. The next five heating stages up to 632 °C and
subsequent cooling result in downturn of the resistance, as it shown in Figure 2.
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Figure 2. Temperature dependence of the electric resistivity of Y203 +2CuO pellet by
COOIil’lg after 5™ heating run up to 635 °C  in air atmosphere. Measuring DC current was 10 mA. Inset shows

possible conducting chains in b-axis direction.

The width of the transition was 1,4 deg. Inset represents possible chain configuration stretched
along crystallographic b-axis. The linear dependence of the resistance, measured at Ipc= 10 mA, on
the temperature starts by cooling at T< 565 °C, and is presented in Figure 3.

It appeared after 9 heating—cooling runs and appeals for the ordering of the intercalated oxygen
in CuO planes. Resistivity decreases down to 0,10 Q-cm at 100°C , which is followed by transition
to SC state at 38—40 °C, when resistivity falls below 107 ohm-cm after cooling to —32 °C. The width of
the transition is very small of the order of 0.1 deg.

Magnetic AC susceptibility was measured in author’s laboratory by use of primary and two
oppositely connected secondary coils. Temperature dependence is presented in the inset of the Figure
3, and the sudden decrease of the susceptibility at transition temperature is complementary to the
sharp decrease of the resistivity.

Oxygen content in the pellet was estimated by its decomposition at 400 °C in 2 bar H:
atmosphere. The final formula may be expressed as to be YCuO2s , 6~0,28-0,36.
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Figure 3. Temperature dependence of the electric resistivity of YeCusOu recorded after 9t heating-cooling run.
Measuring current was 10 mA. Dotted line is guide to eyes. Inset shows the temperature dependence of the AC

magnetic susceptibility of the same sample.

3. Discussion

According to measured data delafossite oxide YCuO:z becomes metallic if Cu plane, sandwiched
between octahedral Y-O planes, are doped up to 0,33 molar oxygen. Metallic conductivity may be
proceeded in the chains spanned along b-axis, as it is shown in the inset of Figure 2. Doping oxygen
anions O1, entering Cu planes, are located in the centres of equilateral and corner sharing triangles,
and there appear two important properties; firstly, Cu-Cu distance is 0,352 nm, smaller than Cu-Cu
distances in pure copper 3,61 nm, doesn’t result to electric conductivity, ad YCuO: is an insulator.
Secondly, strong contraction of Cu-Cu distance sounds for the role of relativity [13] when the Cu
bonds d'°-d? are reduced in the presence of the small sized Y cation [14], and this may imply, in the
future, far reaching consequences regarding the novel interpretation of the Luttinger model of low
dimensional systems [15,16].

Little [17] proposed the possibility of low dimensional superconductivity in long chains
consisting of organic molecules (spines). Parallel to spine chains there could be attached side
molecular chains, and in modern view they serve as a charge reservoir furnishing spine conductor,
similarly as CuOz planes in YBa2CuOy-x are furnished by charges from side planes containing cations
Y and Ba. Consequently, we suppose that Y-Os planes in YCuOz33 serves as charge reservoirs to the
sandwiched Cu-O chains. The first organic superconductor tetramethyl-tetraselenafulvalne-
hexafluorphosphate (TMTSF)2PFs , indicated by molecular chain structure, and recognized as a
possible Little model, has been prepared 1980. by Jérome and Bechgaard [18].Superconductivity
appears at Tc =0,9 K and hydrostatic pressure 12 kilobar. In a forthcoming publication put forward
by Moser and co-workers [19] a weak Luttinger model was suggested for a highly anisotropic
normal state electric conductivity. Korin-Hamzi¢ and co-workers published [20] a direct evidence for
application of the Luttinger model in (TMTTF)2AsFs indicated by a strong anisotropic conductivity.
Very sharp transitions to SC state in Y¢CusO14 may also sound for a Luttinger model indicated by
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long range 1D coherence and stretched phase A¢, since, according to uncertainity expression N-A¢=1,
particle number N is small in a reduced 1D volume.

The next step has been done by Schmitt and co-workers [21] in their attempt to apply Klein-
Schwinger (KSch) effect [22,23] indicated by annihilation of the photon field and disintegrated to
electron-positron pair. However, disintegration needs enormous electric field, order of 10" V/m,
currently inaccessible in the laboratory. Alternatively, authors supposed that KSch effect may be
analogous  to creation of electron-hole pair in solids, when velocity of light is replaced by the Fermi
velocity, and the required final field strength was reduced to the order of 107 V/m. Such a field is
accessible in pinchoff of ballistic graphene transistors, and reported Schwinger conductance was ~0,6
mQ-1

By continuing upon application of the KSch effect as a possible explanation of the
superconductivity in  YeCueO1s, problem arises in the definition of the Schwinger field necessary for
creation electron-hole pairs. One source of such a field may be recognized in the vacuum energy
fluctuations giving rise to a spontaneous photon emission [24]. Very popular manifestation of the
vacuum field fluctuations is Casimir force [25,26] acting between two conducting and uncharged
plates Feas =7+c-h-5/480-d%. S and d are area and plate distance respectively. In order to estimate the
electric field between two Cu planes, distant d = 5,7 A in YéCueOus, it may be recommended the
equivalent force between two ordinary capacitor plates Feap =&+ &0-S-E?-d/2, and put Feas= Feap. The result
gives £~5-10V/m, which certainly matches most applications in the solid state landscape.

4. Conclusion

An assumption presented in my previous paper [8] that insulating delafossite compound YCuO:
doped by oxygen up to YCuO23 becomes metallic and superconducting by cooling below 40 °C
seems to be correct.

It has been shown that application of cold fusion method indicated by the strong uniaxial
compaction force of the mixture of the nano powders Y203 + 2CuO enables the synthesis to YCuO: at
moderately low temperatures near 800 °C, which in turn avoids the formation of different structural
types, but covered by the same unit formula YCuOz3s. Certainly only one of them results to SC state
near room temperature. Simultaneous measurement of the electric resistance during the heating
cooling cycles enables a precise selection of the right structural type indicated by ordering of the
intercalated oxygen atoms in CuO a-b planes, and superconductivity appears at 38—40 ° C. It is
supposed that metallic state in YCuO: delafossite proceeds in Cu—O chains stretched in a-b planes.
Following the model presented by Schmitt and co-workers [21] it is assumed that Klein-Schwinger
effect is a possible driving mechanisme necessary for formation of electron-holes pairs.
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