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Copper intercalated Bi2Te3 topological single crystal Cu0.14Bi2Te3 was grown using Bridgman method. The
transport properties were studied by temperature dependent resistance measurements at various pres-
sures. Pressure induced superconductivity was found with Tc for ambient phase �6 K. The evolutions of
crystal structure with pressure were investigated by high pressure synchrotron radiation experiments
that reveal structural transitions occurring above 9.8 GPa. The superconducting properties of Cu0.14Bi2Te3

are compared with that of undoped topological compound Bi2Te3.
� 2013 Elsevier B.V. All rights reserved.
1. Introduction

Recently the studies on topological insulators where the bulk is
a gapped insulator but the surface or edge state is a robust metal
protected by time reversal symmetry, attract intensive attentions
of condensed matter physicists [1–8]. Theoretical studies predi-
cated [5] Bi2Te3 a one of three dimensional topological compounds
with strong spin orbital coupling that gives rise to the topological
nature [6]. The topological superconductor is the analog of topo-
logical insulator [8]. Previously we found that pressure is an effec-
tive way to induce superconductivity in p-type Bi2Te3 topological
compound [10]. This is an alternative example in addition to in-
duce superconductivity in Cu intercalated Bi2Se3 topological com-
pound [9]. Here we report effects of pressure on Cu interacted
Bi2Te3 topological single crystal inducing superconductivity in
the ambient phase.
2. Experiments

Cu0.14Bi2Te3 single crystal was grown using Bridgman method
reported previously by Horák et al. [11]. Stoichiometric amounts
of high purity elements Bi (99.999%), Te (99.999%) and Cu
(99.99%) were used as starting materials. The crystals could be
cleaved easily along the basal plane. The powder of Cu0.14Bi2Te3

grinded from single crystal was applied to X-ray powder
diffraction.
Resistance measurement at high pressure of Cu0.14Bi2Te3 single
crystal was performed by four-probe methods in a diamond anvil
cell (DAC) made of CuBe alloy. Pressure is generated by a pair of
diamonds. A gasket made of T301 stainless steel was covered with
cubic BN fine powders in order to protect the electrode leads from
the metallic gasket. The electrodes were slim Au wires with 18 lm
diameter. The gasket, preindented from the thickness of 250–
60 lm covered with pressed MgO insulating layer, was drilled a
hole for sample chamber. Single crystal samples were cut perpen-
dicular to the [001] axis into small pieces about
90 lm � 90 lm � 10 lm with soft hBN fine powders around as
pressure transmitting medium. The pressure was measured by
ruby fluorescence method. A thermometer was mounted nearby
the diamond in the diamond anvil cell to monitor the sample tem-
perature accurately. The temperature is down to liquid Helium
temperature. More details of the experiments set up are described
in Ref. [10].

To study the effect of pressure on the structure of Cu0.14Bi2Te3,
angle dispersive X-ray diffraction (ADXD) experiments at high
pressure with synchrotron radiation were done at the BSRF with
a wavelength 0.6199 Å using symmetric Mao Bell diamond anvil
cell at room temperature. The powder sample grinded from single
crystal was loaded into gasketed diamond anvil cells with silicon
oil as pressure transmitting medium.
3. Results and discussions

Bi2Te3 has a rhombohedral structure with a space group R-3m.
The crystal lattice is formed by a periodic arrangement of layers
aligned perpendicular to the trigonal c axis with the order –
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Fig. 1. The crystal structure of Bi2Te3 with the possible Cu interrelation between
the van der Waals bonded telluride layers.
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Fig. 3. The x ray diffraction patterns of CuxBi2Te3 as function of pressure showing a
phase transition above 9.8GPa.
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Te(1)–Bi–Te(2)–Te(2)–Bi–Te(1). The interaction of Te(2)–Te(2) is of
van de Waals bond. It is believed that copper atoms are mostly in
the spacing of van de Waals layers Te(2)–Te(2). X-ray diffraction
experiment was used to judge whether copper is really doped into
the Bi2Te3 single crystal. The X-ray pattern can be indexed with
a = 4.385 Å and c = 30.480 Å, of which c is larger than the undoped
Bi2Te3 (a = 4.385 Å and c = 30.465 Å) however a remains un-
changed. Therefore, we deduced that the copper atoms are located
in the spaces between Te(2) and Te(2) layers. Fig. 1 shows the crys-
tal structure of Bi2Te3 with the possible Cu interrelation sites.

The effect of copper intercalation of Bi2Te3 under high pressure
was studied by the electrical transport measurements. The temper-
ature dependence of electrical resistance for Cu0.14Bi2Te3 at se-
lected pressures was shown in Fig. 2. No superconducting phase
was found at ambient pressure or at pressures lower than 8 GPa
above 4 K. A clear superconducting transition was observed at
the pressure of 8.5 GPa before a crystal structure phase transition
occurs, with the superconductivity critical temperature Tonset

c is
about 6 K as shown in Fig. 2.
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Fig. 2. The resistance versus of temperatures for CuxBi2Te3 at various pressures,
showing a superconducting transition above 8.5 GPa.
Our preliminary studies on the effects of pressure on the struc-
ture of Cu0.14Bi2Te3, as shown in Fig. 3, indicated that a structure
phase transition from ambient phase to high pressure phase I can
be observed at about 9.8 GPa. Comparing with Bi2Te3 the phase
transition takes place at higher pressures. Interactions between
nearest Te(2) atoms are van de Waals bonds that are very weak
and compressible. Copper intercalating into the space between
two Te(2) layers caused covalent bonds of Te(2)–Cu–Te(2), which
are much stronger and less compressible than van der Waals
bonds. Therefore, the structure of Cu0.14Bi2Te3 is more stable than
that of undoped Bi2Te3. Therefore the superconductivity observed
in Cu0.14Bi2Te3 at 8.5 GPa occurs in the ambient phase probably.
It is reasonable to assume that the superconductivity observed in
Cu0.14Bi2Te3 is topological related since it will be natural that the
ambient phase keeps its topological non-trivial feature before crys-
tal structure phase transition at 9.8 GPa.

Single crystal of copper intercalation was grown. Superconduc-
tivity was observed in ambient phase. Higher Tc was found in cop-
per intercalated Cu0.14Bi2Te3 than that for Bi2Te3 topological
compound.
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