
Characterization of possible topological superconductor 

ScInAu2 

Marciaga, G.P., Elmslie, T., Shah, U., Meisel, M.W., Hamlin J.J. 

University of Florida, Department of Physics, Gainesville FL, 32611 

Abstract: 

 Synthesis of ScInAu2 was carried out because of possible interesting topological 

properties of ScInAu2. ScInAu2 is a known superconductor, yet has recent literature predicts it to 

be a topological crystalline insulator (TCI). TCIs like other topological insulators are not known 

to be superconducting on their own, so it would be interesting if a material that was a 

superconductor also had this exotic topological property as well. ScInAg2 was synthesized due to 

having the same crystal structure as ScInAg2 yet not predicated to be a topological insulator of 

any king. There is also a lack of literature on ScInAg2 in general so we sought to take resistivity 

measurements searching for a superconducting transition. Annealed samples of ScInAu2 and 

ScInAg2 were found to not be superconducting down to 1.8K and field sweep data for ScInAu2 

shows a parabolic trend in resistivity typical for an ordinary metal. However, on an un-annealed 

sample of ScInAu2 a superconducting transition was found at the onset of 3K. Further research is 

necessary to figure out if ScInAu2 exhibits unconventional superconductivity only in the case of 

low disorder within the structure.  

 

 



 

 

Introduction: 

 ScInAu2 is such a material that has recently been predicted to be a crystalline topological 

insulator [2-4]. However, ScInAu2 was claimed to be superconductive Matthias in 1976 with a 

critical transition temperature of 3.02K [1]. This is curious because bulk insulators are generally 

not superconductors. Therefore, we sought to determine whether ScInAu2 exhibits the properties 

of a superconductor, a topological insulator, or both. Polycrystalline samples of ScInAu2 were 

synthesized using an arc melter in a general process outlined by Kimball [6]. We found that the 

annealed portion of the sample was not superconducting. While the un-annealed sample of 

ScInAu2 shows about 50% shielding in magnetic measurements with a superconducting 

transition at 3K. Annealed ScInAg2 was also synthesized because it has the same crystal 

structure as ScInAu2 yet is not a predicated topological material as well as a lack of literature for 

resistivity measurements. An annealed sample of ScInAg2 was found to not be superconducting. 

We discuss the implications of these results and how they could show signs of unconventional 

superconductivity in ScInAu2 or possible superconducting impurity phases. 

Methods: 

 Synthesis of ScInAu2 began with gathering elements of at least 99.9% purity from 

companies such as Alfa Aesar. The respective pure elements were weighed out in stoichiometric 

ratio to produce a boule of about 5mm in diameter. The surface of the In was stripped away 

using a razor blade until the entire surface had a silvery shine. In order to avoid loss of the gold 

powder during arc melting, the powder was collected and compressed into a disk using a Dake 



hydraulic press. The elements were then transferred into an Edmund-Buehler Compact Arc 

Melter MAM-1. In order to ensure the inside environment was devoid of possible impurities the 

chamber was pump-and-flushed 5 times and a piece of Zr was used as an oxygen getter by 

melting it with the arc-melter at a medium setting. Afterwards the elements were hit with the arc 

six times with a flip in between each time to ensure evenness in the boule. There was about a 3% 

loss in expected mass, so 4% extra In was added to make up for the lost mass. The assumption 

was that all loss was from loss of In due its comparatively low boiling point. The sample and 

extra In were loaded into the arc melter and the process described above was repeated. 

Afterwards, the sample was wrapped in Ta foil due to its chemical inertness and placed inside 

sealed quartz tubes filled with 75 torr of argon gas. The quartz tubes were sealed using a 

hydrogen-oxygen torch. This tube was then set inside a Lindbergh-Blue furnace and set to anneal 

at 700 C for 3 days. Once taken out of the furnace, the tube was smashed and the sample 

recovered to be prepared for an x-ray diffraction slide. The sample was cut using bolt cutters and 

about 1/5th of the sample was set apart to prepare the slide. The sample was ground with a mortar 

and pestle under ethanol until the resulting powder looked homogenous under a microscope. The 

ethanol was evaporated in a desiccator, this dried powder was then mixed with a small amount of 

lab grade petroleum, and transferred onto an x-ray slide  

The Siemens D500 diffractometer used a CuKa source to generate x-rays and the 

corresponding diffraction pattern for ScInAu2 was found on materialsproject.org [2], and was set 

to scan from 20 degrees to 150 degrees. The XRD data was then analyzed in GSAS-II which is a 

software program that can be used to characterize material using powder XRD data. Before the 

actual crystal data was analyzed an instrument parameters file was created using a known SiO2 

standard. Afterwards the powder data and the CIF file containing the lattice parameters and 



crystal structure of the material were imported into GSAS-II and a fit was generated by 

optimizing different parameters at a time. Besides a minor impurity peak the annealed sample of 

material otherwise matched the theoretical XRD data therefore we made correctly made 

ScInAu2. 

Now that the identity of the sample was confirmed to be ScInAu2 the remaining 4/5th of 

the sample could be used to prepare a resistivity measurement inside the Quantum Design 

Physical Property Measurement System (PPMS). The PPMS uses a digital signal processor 

current source and phase-sensitive voltage detection for its AC transport option to give resistivity 

measurements. Before being mounted into the PPMS however, the sample was cut down to a 

thin rectangular sliver roughly about 2mmx1mmx0.1. by using an electric discharge machine 

(EDM). Next we had made gold contact points on the sample where we would attach our wire 

leads. This was done by placing double sided tape on the top half of a clean glass slide, followed 

by the sample, followed by another strip of double sided tape below the sample. This sandwich-

like structure would allow us to cut thin strips of aluminum foil and place them over the sample 

and they would in turn be held down by the adhesive on the double sided tape above and below 

the sample. Using 3 pieces of aluminum foil to divide the sliver into 4 regions along one surface 

(the side we sanded down) then it was placed inside a gold sputtering machine. Once the gold 

sputtering process was complete then the aluminum foil stripes could be removed and the sample 

would have an alternating pattern of gold and its own metallic silver hue. The edges of 

straightened platinum wires were dipped into Epotek brand epoxy and placed onto the gold 

contact points on the sample using a microscope and tweezers. This was done on a glass slide 

which was then placed into furnace to allow the epoxy to cure. Once cured and taken out the 

sample then had the other ends of the platinum wires soldered onto a puck made for the PPMS. 



A pair of voltage leads and a pair of current leads were placed on the gold contact points with the 

distance between the two voltage leads being around 0.80mm. The connections were tested using 

a voltmeter and an AC Transport box, something along the order of sub 10 Ohms was expected 

and observed between the connections. Once this was done then the sample was finally mounted 

onto the PPMS for resistivity measurements to be taken. These measurements were then 

imported into Origin in order to make plots out of the resultant data. 

Nearly identical processes was carried out for the ScInAg2 sample synthesis, XRD 

analysis, and PPMS measurements. 

The un-annealed sample of ScInAu2 was not resynthesized from scratch. Instead about 

1/3rd of the originally synthesized sample was cut and replaced into the Compact Arc Melter 

MAM-1, the same procedure was carried out and the sample was re-arc melted with negligible 

mass loss, therefore no Indium was re-added. This newly arc melted sample was not annealed, 

and instead was directly prepared for measurements on a Superconducting Quantum Interference 

Device (SQUID). The preparation for SQUID measurements consisted of taking a gel capsule 

flipping one of the halves over, and trapping the ScInAu2 sample between the two halves 

oriented the same direction (both open sides pointing same way) to minimize possible motion of 

the sample once inside the SQUID. 

 

 

 

 



 

Results/Discussion 

  
Figure 1: The XRD data of the annealed sample of ScInAu2 shows that our fit of the data is fairly close. There is a 
small impurity peak around 35 degrees, but otherwise the pattern is well fit, indicating that ScInAu2 was 
synthesized. The fit was created using GSAS-II (citation?). 

 

 
Figure 2: Resistivity of ScInAu2 versus temperature. The annealed sample of ScInAu2 shows no steep drop in 
resistivity down to 0 that would be characteristic of a superconducting transition. The inset shows a close up of the 
data from 0 to 20 K. These results contradict earlier reports that ScInAu2 is superconducting at ~3 K [citation]. 



 
Figure 3: ScInAu2 electrical resistivity versus applied magnetic field measured at T = 2K. A weak parabolic behavior 
is observed, typical of a metal. 
 
 

 
Figure 4: SQUID measurements were taken on an un-annealed sample of ScInAu2 down to 1.8K. There was both a 
zero field cooled (ZFC) and a field cooled (FC) measurement done that showed a superconducting transition typical 
of a type-II superconductor. The magnetization values were converted into shielding fraction % in order to figure 
out what portion of the sample was superconducting. In this case 54% of the sample was shown to be 
superconducting. The inset of the graph shows magnetization versus applied field and demonstrates a critical field 
of ~125 Oe. 
 



 
Figure 5: The XRD data from the sample of ScInAg2. The fit matches all the peaks of the data and there seem to be 
no detectable impurity peaks. 
 
 
 

 
Figure 6: Electrical resistivity vs temperature graph for annealed ScInAg2 sample. Lack of characteristic drop to 0 
indicative of a superconducting transition. Inset shows a close up in the sub 20K temperature range. 

 



ScInAu2 was more recently claimed to be a crystalline topological insulator, which on 

their own would be unusual if it had superconducting surface states [2-4]. The resistivity 

measurements shown in figure 2 for the annealed ScInAu2 show no superconducting transition. 

While the field sweep data in figure 3 shows a weak parabolic shape that is typical of a metal. 

The ScInAu2 sample seems like an ordinary metal. In order to see what resistivity measurements 

of a similar material would look like, ScInAg2 was synthesized as a comparison due to having 

the same crystal structure, and lack of literature on the material. Figure 6 shows the resistivity 

data for ScInAg2 and also shows no superconducting transition. The two resistivity 

measurements follow the same trend, and show that annealed samples of ScInAu2 and ScInAg2 

are not superconducting. However, due to the claim from Matthias in his paper published in 1976 

that ScInAu2 has a critical temperature of 3.02K, it was worth investigating the reason for the 

discrepancy with the present work [1]. Due to the lack of synthesis methods in the 

aforementioned paper we decided to take SQUID measurements on a sample of ScInAu2 that was 

un-annealed in a process described above in the methods sections. Figure 4 shows the magnetic 

measurements taken that were turned into shielding fraction percentage. It shows the typical 

trend of a type – II superconductor, and furthermore 54% of the sample began superconducting 

at around 3K.  

Conclusion: 

The samples are not superconducting if they are annealed. The contradictory result of the 

SQUID data with the resistivity data for the ScInAu2 warrants further investigation to 

characterization of this material as it could have exotic properties. Therefore, XRD data should 

be taken from this un-annealed sample to determine whether any phases other than cubic 

ScInAu2 are present. This is especially worth investigating because many of the compounds 



ScInAu2 have not been characterized and as such they themselves could host a variety interesting 

physical properties. Resistivity measurements on the un-annealed sample should be taken 

because if the Residual Resistivity Ratio (RRR) is higher it could be indicative of unconventional 

superconductivity, as the system could be sensitive to disorder. Also a SQUID measurement on 

an un-annealed sample of ScInAg2 would be interesting on account of possibly revealing a 

superconducting impurity phase of some ScIn alloy present in both the silver and gold sample 

that could explain the superconducting property of the un-annealed sample of ScInAu2. 
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