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Abstract The Bi,Te;-based thin films have been prepared by electrochemical deposition on stainless-steel
substrates. The microstructure and composition of the films were studied by X-ray diffraction (XRD) and
electron probe microanalysis (EPMA). The deposition mechanisms of Bi,Te; thin films on stainless-steel
substrates were preliminary investigated using electrochemical impedance spectroscopy (EIS). The results
showed that the similar deposition mechanisms were obtained for Bi-Te binary and Bi-Te-Se ternary sys-
tems, i.e., the Bi* ", HTeO; and H,SeO; were electrochemically reduced to form simple substances Bi(0),
Te(0) and Se(0), respectively, then the BiyTes-based compounds were formed by reacting Te(0) or Se(0) with
Bi(0). For Bi-Sb-Te ternary system, the HTeO, was first electrochemically reduced to form simple sub-
stance Te(0), and then the Bi,Tes-based compounds were formed by reacting Te(0) with Bi'" and Sb(I1I).
The deposition processes were controlled by electrochemical polarization.
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Table 1 Composition and concentration of the electrolytes

Solution [Bi*"/(mmoleL™") [HTeOJ J/(mmoleL™") [Sb(II)}/(mmol-L™") [H,SeO;]/(mmol-L™") [HNO;]/(mol-L™")
Bi 8 — — — 1
Te — 10 — — 1
Sb — — 9.75 — 1
Se — — — 5 1
Bi-Te 8 10 — — 1
Bi-Sb-Te 2.6 10 10.4 — 1
Bi-Te-Se 8 9 — 1 1
K2 R TOAR R AN IR SR LA R 13 2L & S5
Table 2 The simulated results measured at reduction peak potentials in single element solutions
System Rg/(Qecm?) Oa/(Fes" lecm™?) n Ro/(Qecm?) Ry/(Qecm?) L/(Hecm?)
Bi 0.38 1.01x1073 0.705 440 — —
Te 0.50 7.00X10°* 0.800 26.80 24.57 24.01
Sb 0.86 6.00x10°* 0.889 54.50 37.50 9.10
Se 0.71 437X107* 0.871 9.202 — —
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Figure 1 Nyquist plots measured at reduction peak potentials in solutions containing (a) 8 mmolsL ! Bi*", (b) 10 mmolsL™' HTeO5 ,
(¢) 9.75 mmoleL ™! SbO"+0.5 moleL ™" tartaric acid and (d) 5 mmolsL ™' H,SeO;
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Figure 2 Equivalent circuit
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Figure 3 Cyclic voltammograms of stainless steel (SS) elec-
trode in 1 molsL ™! HNOj; solutions and in 1 mol-L ™! HNO; solu-
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and Bi : Te : Se=8:9: 1at20mVes '

(101)(0}5) (IOIO)A(1 10) (225) Bi,Te; f-50 mV
n A e-25mV
J - d-120 mV
A — Stainless-steel 80 mV
C- m
J\._}\ b-100 mV
‘\ a-50 mV
T T T T T T T T T
20 30 40 50 60 70
26/(°)

B4 Bl ASEEAL YT XRD Ei: Bi-Te (a, b);
Bi-Sb-Te (c, d); Bi-Te-Se (e, f)

Figure 4 XRD patterns of the films deposited at various ca-
thodic potentials in solution containing Bi-Te (a, b), Bi-Sb-Te (c,
d) and Bi-Te-Se (e, f)
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Figure 5 SEM images of thin films deposited at various potentials
(a, b) Bi-Te, (c, d) Bi-Sb-Te, (e, f) Bi-Te-Se
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Table 3 The chemical compositions of the films deposited at various potentials
- ) Elemental composition/% L
Deposition potential/mV (vs. SCE) Stoichiometry
Bi Te Sb Se
a: —50 ) 40.18 59.82 — — Bi,Te;
Bi-Te
b: —100 40.00 60.00 — — Bi,Te;
c: —80 13.96 63.54 22.70 — Big;Sby13Tes.17
Bi-Sb-Te )
d: —120 11.92 60.15 27.93 — BigSby 4Te;
e: —25 40.35 53.27 — 6.39 BizozTez'(,()SGO‘}Q
Bi-Te-Se )
f: —50 41.63 53.01 — 5.35 B12‘08T62'65seo‘27
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Figure 6 (a) Comparison of Nyquist plots measured at —60
mV in Bi-Te, Bi-Sb-Te and Bi-Te-Se systems, the ratios: Bi :
Te=8:10; Bi: Sb: Te=2.6:104:10; Bi:.: Te : Se=8:
9 I 1; (b) equivalent circuit
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Table 4 The simulated results measured at —60 mV in Bi-Te, Bi-Sb-Te and Bi-Te-Se systems

System Rg/(Qecm?®) Q) /(Fes" 'ecm ?) ni RY/(Qeem®) Q3 /(Fes™ 'eem ?) n R2 /(Qecm?)
Bi-Te 0.11 0.83x10°* 0.879 927 0.71x10° 0.978 3614
Bi-Sb-Te 0.40 3.52%107* 0.855 12.61 0.19%X 10" 0.5945 39.87
Bi-Te-Se 0.14 1.13x107* 0.833 630.8 0.12X 1072 1 13.03
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