AL ATF R LA S F 20 4

Synthesis and Characterization of New Thermoelectric
Materials Including Bismith Element

oy oAiaps
pEREIHFE EL

SEARL Lz



AR AT R T HAL NS 3 84

Synthesis and Characteristic of New Thermoelectric
Materials Including Bismuth Element

T R Student : MingFang Wang
hERE D EHTE BL Advisor : Chi-Shen Lee
Bl = Rl ~ &

T * ;Lg,;n;i:gﬁ—
N

A Dissertation
Submitted to Institute of Applied Chemistry
National Chiao Tung University
in partial Fulfillment of the Requirements
for the Degree of
Master of Science
In

Applied Chemistry
June 2004

Hsinchu, Taiwan, Republic of China.

PEARY LR



g4.31px R 2HFE P21
B i~ g By AT
i &
A9 %ié* Sn~In~BifrSe ~ % & 1073K T & £ 371t & 4

Sn4_891n2Bi5.llsel6 ’ J'_ Foig 1: B8 iﬁ%-&’j—ﬁ; i Q‘F'];f# ° P {‘g& 2 FE"&%; C2/m
52 ¥ Bch a=13.5303)A ~ b=4.12088) A ~ c=15.2553)A  B=

jus!

115.70(3)° ~ V =766.4(3) A= Z =154 % §_f>* monoclinic » B & #18

2 R &5 Ri=0.0437 ~ WRy=0:1175"% Snysoln;Bis iSeiq 4 d T 7 a
FhenE LB A NaCl 5 N2 s E A w & Bk A g B d 42 E
2.941(2) A 2. Bi-Seétit hm = & Z B> W -

" Snyln,BigSe s -7 22 242 & #1718 2. DOS £2 Band B & 1 #* it

EFEAE G RFDRBNOLIEN - F v IFLZRET IS FRTIE

2 208-393K #RMEEAR 2 a TR L EMETEEGTE R
% 4p 7 ° Seebeck & & 300-700 K # Bl T 5 5 -544pV/K » > N 4] &
YA o 7B T 0 power factor & 1.6854 uW/ecmK? o 4= 3 crFT 7 R 0 F
2% Sn~Bi 7 £ 6|pF 5 8 T ¢ Seebeck @5 Sn # 4r @ d -424 nV/K
B 5 350 pV/K o



Synthesis and Characterization of new Thermoelectric Materials Including

Bismuth Element

Student: MingFang Wang Advisor: Dr. ChiShen Lee

Institute of Applied Chemistry
National Chiao Tung University

Abstract

A new quaternary compound of Sny goln,Bis ;1Se ¢ was synthesized by
direct combination of the Sn:In:Bi:Se = 4:3:7:18 at temperature at 1073 K.
The structure was determined by single-crystal X-ray diffraction. The
compound crystallized in the menoclini¢:space group C2/m with a = 13.530(3)
A,b=4.1208(8) A, c = 15.255@) A, =15.70(3)°, V = 766.4(3) A’, and Z
= 1. The final R values are R; =0.0437 and WR, = 0.1175. The structure of
Sny g0In,Bis 11 Se;q features three-dimenssional framework consisting of wide
rectangular NaCl-type infinit rod type unit running parallel to the a-axis,
which are stitched together by Bi-Se at a distance of 2.941(2) A.

Theoretical study base on the model compound of SnyIn,BigSe;¢ using
density of state and band structure analyses suggests that the material is a
narrow band gap semiconductor. The four probe electroconductivity
measurements in temperature range between 298-393 K show decline of the
resistivity of Sny goIn,Bis ;Se ¢ with increase of temperature. Thermopower of
Sny g0In,Bis 11 Seyq 1s ~-544uV/K over temperature range between 300 and 700
K, which indicats n-type semiconducting property. The room temperature
power factor of Snygoln,Bis ;Se;q is 1.6854 uW/chz. Preliminary studies on
the effect of relative composition of Sn and Bi to thermopower indicate that
the average thermopower is varied between -424 and 350uV/K at room
temperature.
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