Crystal growth, Tc measurements and XRD analysis of quasi-one-dimensional SrCuO2, superconductor YBa2Cu3O7
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Abstract

Single crystals of quasi-one-dimensional SrCuO2 were grown by traveling-solvent floating-zone (TSFZ) technique. Transition temperature measurements were performed in superconductor YBa2Cu3O7. The X-ray diffraction spectrum of polycrystalline SrCuO2, YBCO and single crystal SrCuO2 were presented, carried out by XRD. A future extensive thermal conductivity measurement at ultra-low temperature is needed for the confirmation of spin-charge separation theory.
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I. INTRODUCTION
  Interacting conduction electrons are usually described within Fermi-liquid theory, which states that, in spite of strong interactions, the low-energy excitations are electron-like quasi- particles with charge and spin. Tremendous at- tention is attracted in conducting systems that are not Fermi liquids, motivated by the obser- vation of highly anomalous metallic states in various materials. Non-Fermi-liquid behavior is generic to one-dimensional inter- acting el- ectron systems, which are predicted to be Lu- ttinger liquids. One of their key properties is spin–charge separation: instead of quasi- particles, collective excitations of charge (with no spin) and spin (with no charge) are formed, which move independently and at different velocities. This novel and exotic phenomenon was predicted theoretically decades ago and an experimental observation of spin-charge separation, thus spinons and holons, would mean a completely new paradigm for the physics of electron systems where the elec- trons have been “fractionalized”. Many ex- periments have been carried out to observe the signature of the spin-charge separation, such as angle-resolved photoemission on the near-Fermi-energy [1], and transport measurements of 1D system[2-3]. However, the situation is far from being clear. 
In order to study the above-mentioned spin- charge separation theory, single crystals of the typical quasi-one-dimensional SrCuO2 was grown recently. Fig.1 shows the structure of SrCuO2. It contains the zigzag Cu-Cu chains which is so-called one-dimensional.
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Fig.1   crystal structure of one-dimensional SrCuO2
II. EXPERIMENTAL DETAILS
The single crystals of SrCuO2 were grown by a traveling-solvent floating-zone (TSFZ) technique in an image furnace. This tech- nique has become the preferred method of producing large high quality single crystals.

The initial materials are SrCO3 and CuO, several times of weight, mix and ground in a mortar and pestle, bake. After the solid state reaction, we got the SrCuO2 polycrystalline. Press the powders into a rod shape using a hydrostatic press and anneal the rods at high temperature to sinter them. In final, put polycrystalline rods into the floating zone to grow single crystal.

Operating procedure after polycrystalline samples were got:

A. Hydrostatic Press
Powder is put into rubber tube little by little with a guide for the shape of the rods. It was pumped out using a water tap pump at 70MPa for 5 minutes. After pull out, it were molded into rod shape.

B. Sintering of sample stick
A hole was drilled in the top of the rod and it was suspended on the Vertical Rotation Lifter Furnace.
The function of sintering in the Vertical Rotation Lifter Furnace is to improve the density of the rods, and enhance the stability of the eventual growth in the image furnace.

The advantages of Vertical Rotation Lifter Furnace beyond other furnaces are that 1)No contamination of the feed rods occurs due to contact with the alumina crucible at these higher annealing temperatures. 2)A more homogeneous temperature for the feed rod may be achieved.
C. Single crystal growth in TSFZ

Floating Zone Furnace has 4 halogen lamps (max power 500 W) focusing on the center point. The distance away from the focus of the light creates the temperature gradient. The upper is feed rod and the lower is seed rod. A flux was placed on top of the seed. After the zone is melted, polycrystalline feed rod melts and crystallize out of the solvent as single crystal form. Then the lamps were slowly raised. A stable molten zone may be maintained by feeding the molten zone with the feed rod while single crystals are drawn out of the other end.
D. Crystal characterization
Samples were characterized using a variety of techniques. Resistance was measured using four-probe method to determine transition temperature (Tc) with an instrument shown in Fig.2. The distance above the liquid nitrogen in Dewar creates a temperature gradient. R-T curve was got by measuring the sample resistance cor- respondent to different position of dipper. Fig.3 represents the electric circuit of this experiment.
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Fig.2  Experiment instrument       Fig.3  Electric circuit

In addition, X-ray diffraction (XRD) was used to verify that YBa2Cu307  (yttrium- barium-copper-oxide) sample composition agrees with that reported elsewhere and the SrCuO2 samples were indeed single crystals. The position of each peak in powder dif- fraction spectrum is determined by Bragg equation Sinθ=nλ/2 d. Orthorhombic phase satisfied the equation                             [image: image3.wmf]222
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   When the Muller index correspondent to each peak is obtained, Lattice constants could be calculated as equation above.
The lattice constants in the orthorhombic phase of YBCO are a= 0.382nm b= 0.388nm c= 1.169nm.
III. EXPERIMENTAL RESULTS
Fig.4 shows the temperature dependences of the resistance of YBCO. Resistance appeared to vanish at 105K and close to zero below 88K. Transition temperature is 98K.
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Fig.4   Transition temperature measurements of YBCO
Fig.5     X-ray powder diffraction of YBCO
YBCO has two structural phases, an orthorhombic phase and a tetragonal phase. Only orthorhombic phase has characterization of superconductivity.

In Fig.5, comparing with the standard samples, the sample agrees with the orthorhombic phase of YBCO. Relative intensity of each peak was marked.
Fig.6 shows the X-ray spectrum of powder SrCuO2. Müller index of each diffraction peak was analyzed and agreed with those in another research. 

Fig.7 shows the diffraction of single crystal SrCuO2. The scatted points indicated that the as-grown sample was indeed a single crystal. 
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Fig.6      X-ray powder diffraction of SrCuO2
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Fig.7     X-ray single crystal diffraction of SrCuO2
Fig.8   Temperature dependences of the thermal conductivities of SrCuO2
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Fig.8 is referenced from Phys. Rev. B 64,

054412
Temperature dependences of the thermal conductivities of SrCuO2 along the a＇, b＇, and c＇axes. We interests in characterization with T^2 lower than 0.1 and will fulfill the part which is extremely close to absolute zero.
IV. SUMMARY
In summary, I have grown single crystals of quasi-one-dimensional SrCuO2 recently by a traveling solvent floating zone (TSFZ) method. Resistance measurements in superconductor YBCO gave the Tc of 98K. The spectrum of polycrystalline YBCO verified that it is orth- orhombic phase. The X-ray diffraction peaks in powder SrCuO2 agrees with those reported previously and the diffraction points of crystal SrCuO2 verified that it is indeed single cry- stal.
More transport measurements such as thermal conductivity at ultra-low temperature would be very useful to test the theory of spin-charge separation. My future work is to probe the spinons and holons by heat transport measurement and try to provide extensive experimental evidence for the confirmation of spin-charge separation.
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