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 We have attempted to synthesize LaBiTe3, CeBiTe3, and LuBiTe3 using three different 

methods. Our first attempt to synthesize the materials by a flux growth in a pyrolized tube did not 

succeed. With this knowledge, we did a flux growth in a crucible and a modified solid state 

reaction, which was to be followed by a vapor transport. By using an X-Ray diffractometer, we 

have found that we had not made LuBiTe3, LaBiTe3, and CeBiTe3, but rather various different 

combinations of Bi and Te, with some concentration of the rare earths.  

 

Introduction 

 Topological insulators is a relatively new form of matter, which were predicted in 2005 

by Kane and Mele8 and experimentally confirmed in 2008 by Hsieh, et. al.9 A topological 

insulator is a material which is conducting at the surface, but the bulk of the material is an 

insulating10. Under pressure or chemical doping a topological insulator can become a Weyl 

semimetal and then a normal insulator3. Some known topological insulators are Bi2Te3, Bi2Se3, 

Sb2Te3, TlBiTe2, TlBiSe2, and the Bi1-xSbx family1, and there are various predictions for other 

topological insulators of the same type. Some of the family of compounds of type RBiTe3 have 

been predicted to be topological insulators4, with LuBiTe3 and LaBiTe3 being very likely 

topological insulators because LaBiTe3 and LuBiTe3 are similar to the Bi2Se3 crystal structure, a 

known topological insulator1. Yan, et. al. have also theoretically predicted that LaBiTe3 and 

LuBiTe3 are topological insulators due to their bulk band structure and its topologically 



nontrivial surface states1.  In the 1970s, several of the predicted theoretical insulators were 

synthesized, including LuBiTe3 and LaBiTe3
11. However, many of the physical and electronic 

properties were not characterized. By using various pseudo binary phase diagrams by Rustamov7 

and Geidarova6, we attempted to synthesize three possible topological insulators: LuBiTe3, 

LaBiTe3, and CeBiTe3. By synthesizing the predicted topological insulators, we hope to prove 

the materials are topological insulators. By discovering and studying topological insulators, 

scientists are able to then implement them into the study of spintronics and quantum 

computing10. 

 

Experimental Method 

 We synthesized the materials using three different methods: flux growth in a crucible, 

flux growth in a pyrolized tube, and modified solid state growth followed by a vapor transport. 

Note: all tubes used for firing are closed quartz tubes unless stated otherwise.  

Flux Growth in Pyrolized Tube 

 The starting materials used all from Alfa Aesar. We used the rare earth elements: 

lanthanum, lutetium, and cerium, the Bi2Te3 binary made previously with bismuth and tellurium, 

and purified tellurium.  The Bi2Te3 binary was made by placing stoichiometric amounts of 

bismuth and tellurium into the furnace, with a heating time of 12 hours to 650°C, dwell at 650°C 

for 24 hours and cool to 25°C in 1 hour.  The tellurium was purified by placing the tellurium in 

the furnace for 10 minutes at 450°C.   

We aimed for a molar ratio of 2:1:3 of R:Bi2Te3:Te, where R is Ce, Lu, and La. Once we 

measured the elements, we placed them into the pyrolized tube. 



 To pyrolize the tube, we placed ¼ inch of acetone into a quartz tube and ensured that the 

acetone coated the entire tube inside. We then used the hydrogen-oxygen flame to heat the tube 

until it turned black. The tube was finished when it was completely black and entirely opaque. 

The carbon coating left behind acted as a boundary between our elements and the quartz tube.  

 The firing schedule for this growth is as follows: heat to 600°C in 5 hours, dwell at 

600°C  for 1 hour, heat to 900°C in 10 hours, dwell at 900°C for 96 hours, cool to 500°C in 24 

hours, dwell at 500°C for 24 hours, quench in air.  

Flux Growth in Crucible 

 We decided how much of the rare earth element to combine with Bi2Te3 and Te by using 

the phase diagrams shown in Figures 1 and 2. We did not find a corresponding phase diagram for 

lutetium, so we estimated 35% of Lu2Te3 and 65% of Bi2Te3. By using the atomic ratios, we 

were able to find the corresponding mass ratios to make 1 gram of material. Once we measured 

the elements, we placed them into a crucible and quartz tube and placed that into the furnace. 

The firing schedule is as follows: heat from 25°C to 750°C in 12 hours, cool from 750°C to 

585°C in 2 days and 12 hours, dwell at 585°C for 2 days, flip tube and remove from furnace.  

 Once removed from furnace, we did a chemical etch to remove the excess flux. We 

attempted 3 different types of acid and found hydrochloric acid to be the only acid which did not 

destroy the crystals and the flux simultaneously. We found doing weak etches with a layer of 

water and two to three drops of hydrochloric acid over the span of a day to three to be the best. 

However, it is not possible to remove the flux completely, without destroying the crystals. 

Modified Solid State Growth 

 By translating Rustamov et. al.’s paper5 from Russian to English, we were able to attempt 

and alter their methods for creating single crystals of NdSbS3
5. In our case, we used their 



methods to create LuBiTe3 and LaBiTe3. Four different variations of this method have been 

attempted, each one with different firing schedules.   

 The starting materials used were LaCl3 and LuCl3 from Sigma-Aldrich (99.99%), and 

Bi2Te3 binary we made. Due to LaCl3 and LuCl3’s air reactivity, all the work was done in an 

argon environment. The first process of the growth was to create a pill made up of stoichiometric 

amounts of RCl3 and Bi2Te3, where R is La, Lu, to satisfy the equation below: 

RCl3 + Bi2Te3        RBiTe3 + BiCl3 

The elements were then crushed into a powder and pressed into a pill, with the maximum force 

not exceeding 2,500 lbs. when making the pill in the press. The pill then was placed into a tube, 

with some quartz wool halfway down the tube. The tube was then placed into the furnace. The 

table below shows the difference between the four different variations: 

Table 1: 

Various Firing Schedules for LuBiTe3 and LaBiTe3 Pills 

Variation 1 2 3 4 5 6 7 

Open/ 

Closed 

Tube 

Open Partially 

Open 

Closed Closed Partially 

Open 

Vapor 

Transport 

(Closed)  

Partially 

Open 

Firing 

Schedule 

Heat up 

to 780°C 

in 

vertical 

furnace 

and 

dwell for 

4 hours. 

Cool to 

40°C and 

remove. 

Heat up 

to 780°C 

in 

vertical 

furnace 

and 

dwell for 

4 hours. 

Cool to 

100°C. 

Dwell at 

100°C for 

2.5 days 

Heat up 

to 780ºC 

and 

dwell for 

16 hours 

in a 

vertical 

furnace. 

Cool to 

40º C 

and 

remove. 

Heat up 

to 600°C 

in 

vertical 

furnace 

and 

dwell for 

4 hours. 

Cool to 

40°C and 

remove. 

Heat up 

to 600°C 

in 

vertical 

furnace 

and 

dwell for 

4 hours. 

Cool to 

40°C and 

remove. 

Place in 

3-zone 

furnace 

with 

temperatu

res 

600°C-

600°C-

550°C. 

Place the 

tube 

between 

600°C 

Heat up 

to 600°C 

in 

vertical 

furnace 

and 

dwell for 

4 hours. 

Cool to 

40°C and 

remove. 



and 

remove. 

and 

550°C.  

All variations where attempted on LuBiTe3 pills. However, only variation 1 was done with a 

LaBiTe3 pill.  

The vapor transport after a modified solid state growth has yet to be conducted. However, 

one pill was the only vapor transport growth.  

 

Results 

The flux growth done in the pyrolized tube did not create RBiTe3. Instead, as shown in 

the X-Ray powder diffraction in Figure 3 for CeBiTe3, we found that what we had created 

consistent with BiTe. With the knowledge that CeBiTe3 was not created, we did not do an X-ray 

for the other two materials. Even though we did not create RBiTe3, the crystals created for the 

elemental mixtures of Ce and Bi2Te3 and Lu and Bi2Te3 created nice hexagonal crystals, as 

shown in Figures 4 and 5.  

 For the flux growth done in a crucible, we found that we did not create the desired 

material RBiTe3, where R is La, Ce, and Lu. As seen in the X-Ray diffraction plots in Figures 6, 

7, and 8, all of the materials are Bi2Te3, rather than RBiTe3. Note that we compare CeBiTe3 and 

LaBiTe3 with the known X-ray diffraction pattern of powdered LuBiTe3 since changing the rare 

earth element in the equation would shift the X-ray pattern, but not significantly alter the 

intensity of the peaks. With the confirmation that this growth plan did not work, we followed the 

growth plan of NdSbS3 from Rustamov et al.5. 



 The last attempted growth produced the same results as the previous flux growths. Even 

with the varying growth firing schedules, and following the methods from Rustamov et. al. as 

close as possible, we have been unable to form LuBiTe3 or LaBiTe3, in either polycrystalline or 

single crystals. After each modified solid state, we took a powder X-ray of the material in the 

center of the pill. As seen in Figures 9, 10, 11, 12, 13, 14, and 15, we have created other 

materials, such as Bi2Te3, but not LuBiTe3 or LaBiTe3. Without creating RBiTe3 through the 

modified solid state reaction, then it is not logical to continue with the vapor transport, since the 

vapor transport creates single crystals from poly crystals. If the poly crystals are not RBiTe3, 

then the vapor transport would not help synthesize RBiTe3.  

 

Discussion 

 None of the attempted growths worked, however it provides a basis of which method to 

avoid when synthesizing RBiTe3, where R is a rare earth element.  Further translation and 

analysis of Synthesis and production of neodymium antimony sulfide single crystals by 

Rustamov5 is necessary to replicate their methods exactly, given that their method is known to 

work when synthesizing similar materials to RBiTe3.   

 Further studies of other materials with similar elemental profile to RBiTe3, such as 

RXM3, where R are rare earth elements, X is P, Bi, As, Sb, and N, and M is O, S, Se, and Te, 

could and should be done in the future. We did an extensive search for all possible combinations 

of RXM3 with the R, X, and M elements stated above and compiled a table. We found all 

possible combinations which have not been characterized and/or studied. Synthesizing all 

possible combinations would expand the field of condensed matter physics. A portion of the 

table mentioned can be found below: 



Table 2: 

X = Bi 

 Sc Y La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu 

O 

85-
103, 
132-
136 

102, 
137, 
138, 
176, 
175, 
193, 
212, 213 

108, 139, 
140, 176, 
175,193 108 

108, 
121 

108, 
176, 
175, 
193 

108, 
176, 
175, 
193 

176, 
175, 
202 

176, 
175, 
202 

209, 
210 

176, 
175, 
211 

141, 
142, 
176, 
175 

143, 
144, 
176, 
175, 
193 

145, 
146, 
176, 
175, 
177, 
178 

147, 
176, 
175 

148, 
174-
176 

S 149 149 
150, 151, 
152, 153 153 

109, 
153, 
154 

152, 
153 155 156 109        

Se    131   110 

116, 
157, 
158      111 

156, 
159, 
160  

Te  

113, 
161, 
162, 164 

156, 162-
167 

112, 
117, 
168   

113, 
164, 
169  

167, 
170 113 171 113  

113, 
172, 
173  

113, 
165 

Where the numbers correspond to a reference table not listed here. By utilizing the information 

accessible, and by consistent trial and error, one can further understand and share previously 

unknown knowledge about topological insulators and other types of materials.  
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Graphs:  



 

FIG 1. Reproduced pseudo binary phase diagram of La2Te3 with Bi2Te3 from Geidarova, et. al..6 

  

FIG 2. Reproduced pseudo binary phase diagram of Ce2Te3 with Bi2Te3 from Rustamov, et. al..7 

 



 

FIG 3. X-ray diffraction of the material made in the flux growth in a pyrolized tube. The rare 

earth used to make this material was Ce. The pattern above from our material, which is the blue 

pattern, is a close match to BiTe X-Ray pattern. This analysis was done in MDI Jade and its 

material database.   



 

FIG 4. A photo of the material which was supposed to be CeBiTe3, but was actually BiTe. It has 

a nice hexagonal structure.  

 

FIG 5. A photo of the material which was supposed to be LuBiTe3, but was actually BiTe.  



 

FIG 6. X-ray diffraction of the material made in the flux growth in a crucible. The rare earth used 

to make this material was La. The pattern above from our material, which is the blue pattern, is a 

close match to Bi2Te3 X-Ray pattern (in light blue). The red pattern represents the LuBiTe3 X-

ray pattern. The LaBiTe3 pattern should be theoretically the same as the LuBiTe3 pattern, just 

shifted to the left since Lu has a larger atomic mass.  



 

FIG 7. X-ray diffraction of the material made in the flux growth in a crucible. The rare earth used 

to make this material was Ce. The pattern above from our material, which is the blue pattern, is a 

close match to Bi2Te3 X-Ray pattern (in light blue). The red pattern represents the LuBiTe3 X-

ray pattern. The CeBiTe3 pattern should be theoretically the same as the LuBiTe3 pattern, just 

shifted to the left since Lu has a larger atomic mass. 



 

FIG 8. X-ray diffraction of the material made in the flux growth in a crucible. The rare earth used 

to make this material was Lu. The pattern above from our material, which is the blue pattern, is a 

close match to Bi2Te3 X-Ray pattern (in pink).  



 

FIG 9. X-ray diffraction of the material made by the modified solid state reaction (in an open 

tube). The rare earth used to make this material was La. The pattern above from our material, 

which is the blue pattern, is a close match to Bi2Te3 X-Ray pattern (in light blue). The red pattern 

represents the LuBiTe3 X-ray pattern and the green pattern represents the LaTe2 X-ray pattern.  

 

 



FIG 10. X-ray diffraction of two materials made by the modified solid state reaction (in a sealed 

tube and open tube). The rare earth used to make these materials were Lu. The pattern above 

from our materials closely match Bi2Te3 X-Ray pattern (in green on the bottom plot). The blue 

pattern represents the LuBiTe3 X-ray pattern and the red pattern represents the BiCl3 X-ray 

pattern. 

 

 

FIG 11. X-ray diffraction of the material made by the modified solid state reaction (in a partially 

open tube). The rare earth used to make this material was Lu. The pattern above from our 

material, which is the blue pattern, is a close match to Bi2Te3 X-Ray pattern (in light blue).  



 

FIG 12. X-ray diffraction of the material made by the modified solid state reaction (in a sealed 

tube). The rare earth used to make this material was Lu. The pattern above from our material, 

which is the blue pattern, is a close match to Bi2Te3 X-Ray pattern (in green). 

 

 



FIG 13. X-ray diffraction of the material made by the modified solid state reaction (in a partially 

open tube). The rare earth used to make this material was Lu. The pattern above from our 

material, which is the blue pattern, is a close match to Bi2Te3 X-Ray pattern (in green). 

 

 

FIG 14. X-ray diffraction of the material made by the modified solid state reaction (in a partially 

open tube). The rare earth used to make this material was Lu. The pattern above from our 

material, which is the blue pattern, is a close match to Bi2Te3 X-Ray pattern (in green). 

 



FIG 15. X-ray diffraction of the material made by vapor transport growth. The rare earth used to 

make this material was Lu. The pattern above from our material, which is the blue pattern, is a 

close match to Bi2Te3 X-Ray pattern (in pink). 


