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Superconductivity is an interesting property of matter in which 
the electrical resistance of a material drops to zero. The 
complete expulsion of magnetic fiﾞelds occurs within a material 
below some characteristic critical temperature (Tc).  It was 
fiﾞrst discovered by physicist Kamerlingh Onnes in 1911 in 
Mercury cooled to about 4 K [1]. High transition temperature 
superconductivity in cuprates was discovered by Alex Müller 
and Georg Bednorz in a lanthanum copper oxide with a Tc 
near 30 K [2]. Further investigation has produced cuprates 
with critical temperatures above 77 K, which allowed for 
liquid nitrogen to be used as a coolant. The goal of this 
particular project was to understand how some of these 
cuprates behave when exposed to higher temperatures for 
extended time periods.

The completed heat treatment trials for NCCO x = 0.15 
demonstrated that the material could be heated without risk of 
deterioration up to 600 °C in Ar, shown in Figure 4, and 550 °C in 
air.

The intent of the heat treatments was to understand  the 
changes in superconducting character of the annealed 
samples exposed to range of high temperature conditions. 
These tests were performed in both air and Argon 
environments. Results were compared in order to establish 
the respective temperature range over which the 
superconducting properties are unaltered. The intent for these 
heat treatments was to determine how large of a temperature 
range and in what atmospheric conditions future projects can 
safely operate at without changing the characteristics of the 
tested samples. Additionally, it is important to note that 
depending on the doping level and type of material there will 
be a preference toward either Argon or air as the optimal 
atmospheric condition. This is due to increased stability of 
one, even if it reduces the available temperature range. The 
samples were tested using the Magnetic Properties 
Measurement System (MPMS) to preform Superconducting 
Quantum Interference Device (SQUID) magnetometry. 
SQUID magnetometry  detects small magnetic flﾟuctuations 
which yield the magnetization as a function of temperature. 
This was particularly useful for giving accurate depictions of 
the magnetic character of the sample. The change in the 
magnetization before and after a heat treatment was  
measured to show how it effected the Tc.

NCCO is an electron doped cuprate with a tetragonal 
structure where Ce4+ is substituted for Nd3+. This leads to an 
excess of electrons in the CuO2  planes, as shown in Figure 2 
[3]. For the heat treatment tests the focus was on optimally 
doped NCCO at x = 0.15. The growth portion of the project  
focused on successfully growing the parent compound 
Nd2CuO4. 

LSCO is a hole doped cuprate compound which has an 
alternating planar structure of CuO2 and (La,Sr)2O2, as shown 
in Figure 2. Charge doping of the CuO2 is the result of the 
chemical substitution of La3+ ions for Sr2+ ions. Some 
temperature and doping characteristics of the cuprates are 
shown in the phase diagram (Figure 1). The heat tests focus on 
under-doped samples at x = 0.07. The longer term goal of my 
research is to grow high quality over-doped samples for 
further studies.
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Figure 1: Standard 
phase diagram for a 
doped cuprate

Figure 2: Schematic 
crystal structure of 
LSCO and NCCO

LSCO and NCCO single crystals were grown using the 
traveling-solvent-flﾟoating-zone (TSFZ) technique. This creates 
a crystalline cuprate by slowly melting and resolidifying the 
compound via a closely controlled solvent that introduces extra 
CuO2 into the crystallizing matter in a controlled environment 
[4]. The grown crystals were examined using the Laue X-Ray 
diffraction technique to determine their structural quality. 
Additionally, Laue diffraction was used to fiﾞnd the CuO2 plane 
of the single crystal samples, as shown in Figure 3. The 
superconducting LSCO samples were annealed in air at 800 °C 
for 40 hours. The superconducting NCCO samples were 
annealed in Ar at 970 °C for 10 hours and in O2 at 500 °C for 
20 hours in order to reduce their sensitivity to oxidizing agents 
in the atmosphere [5].

Figure 3: Laue X-Ray 
diffraction pattern 
for a single crystal 
sample on the CuO2 
plane of LSCO x = 
0.07

Figure 4:  Before (red) 
and after (blue) of 
NCCO x = 0.15 for heat 
treatment in Ar at 600 
°C for 20 hours. It has a 
Tc of 20 K.

The heat treatment trials for LSCO x = 0.07 demonstrated the it 
does not decompose up to 800 °C in air, as shown in Figure 5, and 
600 °C in Ar. Due to the increased temperature range and 
stability, 800 °C air will be selected as the condition for the 
experiment. 

Figure 5: Before (red) 
and after (blue) 
LSCO x = 0.07 heat 
treatment in air at 
800 °C for 20 hours. It 
has a Tc around 16 K.

The decomposition that occurred in the NCCO heat treatment 
samples in air is possibly due to the changes that came as a result 
of exposure to oxidizing agents. This would degrade the 
superconducting character of the sample. Additionally it is 
posited that these oxygen vacancies are crucial to the electron-
doped superconductivity mechanism [5]. LSCO, which is a hole-
doped material, experienced the opposite effect with the heat 
treatments and had less degradation in air. As a result, oxidation 
is likely an important mechanism which inflﾟuenced the different 
results between the atmospheric conditions of the LSCO and 
NCCO heat treatments.
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