T ISSN 1340-3966

1t T E R MR AR

REPORTS
OF
THE HOKKAIDO NATIONAL INDUSTRIAL RESEARCH INSTITUTE

B ———— - . o . 1— /—__‘__

735 ‘ |
1999+ 3H .

T ¥ % 17 Be
JtiBE T EH AT ZE R



AbiEE T B ST i 5573 %

RS
HeEER
HANA KL= b QI E 2 O TEMFUHEE -weereeereeeesseeseeees

MEEEZERR, M 5, WK

KD BHEIRIE % WS 2754 AW E DG TR ovvvvesseseersssssrrsnnssass

LRI B, FEHIS

— 8] X
Low Temperature Electrical Properties of f-In2(1-x)Bi2xTe3 Semiconductors «-+*
Jiro Nagao and Marhoun Ferhat

Materials Division, Hokkaido National Industrial Research Institute,

AIST, MITI

7*%]35%%5@)’{ D g [é* ........................................................................



T ANARV — ORI R PE L Z D 20 R FHEE by

F—J—=F I HAINA FL— 1, FIEHEHT, ROBT I, BB GE

BB, H

Z5*, B

HANA FL— M, WEETADEME, B WROBEEMREFAZEDEIIREWI &

E, THMICHATRZFELZF > TWb, RIBEIRICBIT LT ANS L — F OERCPHEREZHS
PIZTBHE LB, HANA FU— b EHOWRAT ARFR - Skl & B EEm Bty O A5EkET

2% o7z,
1. EUBHIC

HINA FL— b, RRT A, ZBALREREDN
AL SEEICAET HKROWETH Y, BiokE I
BB, RIRFANA FL— b (FBSHAY VDT
AZUNA RL—bESIING) &, BAREDEHGZ
B U RKEFDEHERERE & AAAR T IIL /T 52
EVHLPERY, FIFERFIRRT AERE L CHfFS
NTWBY, X7 g FL— FEFRLORERE LT,
TANA R — s OYIEPIIZEE N B I20NT, H AN
A FL— M, BREFNALEME, FEECRED SEO%
EBEAOKERE FIZKEVWI LAY, ZhETOYWE
WO Z LN E oz, TS O
&, BNIZOELTRT LIS, A BHICBWTL

HRAAREEHRT DR
(1) HAWE - KR AT L

EREBAOLA

HZ - FEHORRORAEE

FIAT B
Q) Mk 3ekit

(2) HAS MK

R - MMMERRT D
(1) WA RF4
(2) AMMES T A
(3) AMRRS AT A

R RMEZFAT SHW
(1) AXERR 2T 4
(2) TORD S AT 4

AR R

B HZNA FL— hOERSHI ST 5 BELER & T20FIAR
HONE
FHCRIHTREEZE L LN T WS, KRETIE, b
HANA R — s OTEHFIBHM O b, BT
2D DWW THISEDBUIR 2 fBAT 5,
EIDTEHRAIE, TANA FL— NOFHEEN
WEHEERATAZ 0L, EROmb AR L V&
ANF— WP ORRFH R RIAT AR, - Wk ETH
Bo RIRA AL, AMICHE L CHRBAENKRE L, MRk
HHIEZTH Y, HENEAMEZAVF—& L TH

LR T ROV A TS

fFahTwd, —J, HEEBGEOFELSE, K
SRIAT A DPRBE & ) FEH S L5 ZEMLIR BRSSP e\ 2
o (BAIRBESH ) THRD60%, AIHD’0%), 7
=i F—b LTRIRRESRD SN TS, B
1B, HETHE SNDLRAFTZADKE > L, RE-160T
DT 52 &0 X Dk - FEShTwa?, i
AR, TEIANF—PREVIEDPRETH D,
Bl ziE, BAEBRB L WA RKHBEZEILT T ~ b TIE,
RIRH A DRAE LT HIVF —DI15% AT E R ENT
Wh, T2, MLRERY AL, BFEY 7 EE S DA
B X 2RISR S ooz, ERlED 5
WHEDPHETH B TANA FL— FOEHEES X
WA R R IUL, EROTVALF RO RV F—H#%k
ERALIRL AR T & RS 50 FFIC, KT
BT, BNZEMIIRLERRAEICBNTS, HAN
ANV — NOBEESIG SNEZEFIOENTWES
(self-preservation) Yo BIfE, # ANA FL— b & W
IR AT, - Wk HAT ORI BT, KR
BT % self-preservations) £ ORI AHRET ST B9,
F20 THMAIRE, LK & SR Ik
EWIZ &, BN OMEIC X ) FELRE 2 EE T
BEe Z llp &, FHWANA FL— b OBSEEZFI B L 720
BEGHENThH S, BHTEOFE(LLHIIZ, B
DYNVZEROWGEF L LT, KEOLREIIC LY HE
L 72K DRlfRE A R 5 KGR Y 2 5 2 95BE 2 AL
ENTV2Y, WHREGBIERE L ORDSFIBE SN 24
IOEME, MEMERITKE VWD, BRELES
B, 3 b B RS 1 A R O/ N L ATIT BRI
BBHZEThHh, 7OVRTANA KL— i, BEH
P OREHF+ST~+10C THEL &5 Z AT EET
HY, KREGROGHFBAT R T 2 BT, THH
BARE L COREAME &0 7, F72, HANAL K
L— Mg, RERLY, EHERETLZ LIS, M
ALIREE (BEGEEE) 2EEICRETE AR,
CORMARIHA LT, HEROKESE L Y IRGIRERY
AMREFTNE, WHARE, HHEMNLE &DZESH
TR BT AREEIOFHEIMEHESI NS L EZ 5



JbiE TR HET35 (1999)

o AR, HWERERBMROBENS, 71 b
éﬁXA4%v FRBREGHEEIRES L L L
DT, KEHH L VKBS ExIGE LTH AN, FL—
s OFIHTTREMEA G ST b,

2. HANARFL—MOBERBE

HANA FL— s DEBEN A u%%’l‘ikwﬁ‘l‘ﬂi, %z
DFEGHEEIGER TS, FANA FL— MESIE, Ko
FORER T B L HEAEDO P T AGF 15 F o210 F %
DL RO, B2k, RERTADERGTHB A

12-HEDR! O (TETHAKNDECAHEDHON)
{DODECAHEDRON)
\/ \/
UNIT CELL CONFIGURATION
OF STAUCTURE |
7
:
. 5,

‘Black clrcles Indicals small cages
White circles indlcale large cages

K2 x& N4 FL—bOfEREE (RaEEIE)

YDA R L— MERICBIT K5 (EREICITERER
T) OWREERLTWS (Holderb” DFIZHINE), K
SFiE, 120k (FfAFIRME) & 4EAE (AATI2E -
ANATTE) B L TV b, Sl 0BT
A2 & 14TR6ME, SaF8EDLHED, SR ST
Who A Y VT, KSTORERT AL HAEDHIZ,

\%ioaﬁéﬂfwé BRI E TN B KT T
(461El> A T (8E) OEK»L, AFUNAF

— N OBEGAIHEE, CHa - 5.75H0E 2B, A5V
“%&m ST OMEES 750, KA E IR S, EBR
2 E DR S NIKHIEE, X5 UaTFERAB LR NE
DS THEHELT B 72012, 6LLEDEE 75, KK
X0, K1glZhf LTHI200cc (EHEIRREIRE) DA 5 >
PAFENT WD Z &2k ), KERTADRR - ki
fh& LTOWEEHENIEHFTE 5,

AT VLUNDF A %GB E, TANL FL— Ok
L, KOTSRS A S EROMEEICL Y, 18
(1214 & 14TK), DR (120K & 16[H1K) R UHE (2
TR O 12k & 20 4) 1 E 50, & IRIESE
fﬁﬂi RTHY, HREIAHTRRICET S, A5V, =5

v, —-%'iﬂﬁ)'“%:fﬁk iIi""l TUNy, BEL LRI

BT 5.

772/\4 FL— MEROBRIZ, KEFERRC, kTR
X V){H&J_’C%ﬂf\/‘% HANA FL— bk &EKD

mﬁm< RDFEHIT, KEHSITERT A EEZ 5N 5,
3. HERTFEEEOEIE
HANA N b=+ OERTFERMEE, K k) —F

A= ANA FL— MIIFET BIRE LR OBE (@
HEFEHIR) TEENSE, 22T, BREISICBITETA
A4bv b®$m$ﬁ ﬁ@ﬂmﬁ%ikb% EX
ZiE, WAEFE150x10°m EAEFETI10MPa®D R 7
ﬁrﬁﬁ%kﬁmmmﬁ#@bﬂ%(@m Far |

EHELR
¥ . 150x106m3
fHE : 10MPa

| ‘I‘EfE =]

F3 HTFEEFOREICHVS hKE

DT ERER, B —VREEEF L BEGICLY
WESNT, RV LI~ 1 THEGERER S NIz, KET
IBU BB, AT A =TIk CR
#£0.5mm~1.0mm, #J15g) & # A &I L CHllE Sz,
R &N AR, 83, A5, _BRERTT T
ISVTH A

FNFNDITANA R L — MEREEEEE, TAN
A Rl — MERGBITEE % BRICAERL T, %’_'ZE(m
BB AFEEN 2 MET A2 FETROO N, K4
&, 27N FL—FOHIEMNTH B, WE-30TIZ
BWT, KETTHI48MPaD A ¥ ¥ H ADIEN BT
BEN2, ETONVIFHE LN, R4(a) O—
FEEREICBITAENETIE, BEHNOTHIRTDORXSY ¥
BNA FL—MIRDATNTWAEIEEZRT, AT
Wh S4B ICERNOT A LML LT, EH
Q%M%ifﬁEéﬂto%@@,&VMVﬂm?%;

LIk, B—EREICBIAFEEEE SN
((b) DEE), BELFESOHHEY %2 TRk ERE
BOETZEICEY, A¥ A FL— b OERFERES
P (REET ) ATUE STz oD # A L H R
b, FRERECRE Sz,



HANA FL—  ORilmfF & £ O TR ST

4.8 12

MPa
MPa

/
/
E

PRESSURE

PRESSURE

48

0.9

45 o8
o 10 20 30 40 50 60 60 &5 70 75 a0 85

TIME hr. TIME hr

-25 -20

c
o}

-25

-30 /
-30

-35

TEMPERATURE
TEMPERATURE

#0610 20 80 40 50 60 %5 65 70 75 80 85
TIME nr. TIME hr.
(a) (b)
K4 XZ2NA FL—OEREHRGEREICS T BED EREOER
zZ1t

(a) @ NA FL— ERBEE,
(b) /A KL — MEREBE, <3FEHESD

10" ey

N
: ¥
- uH‘ —
1 Eﬁ%
o +—C 0,—j
—
g —— n
—=
D‘y
& 10!
a v =
a C.H,
N H
102
T
10— " 1 . " i N
-80 -60 -40 -20 0

TEMPERATURE °c

X5 ii. X8y, ZRILEBERCTONDONA KL — b OERFH

K5, MESNIEE, 2¥Y, “BALRERDY
TSy OFEEEMBCH L, TANA FL— Mg, Rk
FERIRL S DR - BEOSETERETH Y, BELRE
PRI LS &0 AR MR D ST B b RS
Bo TOMEMEREE D LI, FANS FL— F2FH L
e RIRA A B - WL ET & B BT % MR
%o

4. HANA KL — FIREHROESR R

41 KRN REE - ik

E5IC/R LIZEHTANA FL— M, ZNFNOFEE
JERHAR & D IRIRESEOREEN &GRS XEETH Y,
AR RETH 5, BIZIE, T804 FL— 1
i, BEM-12CUTZS5IE, KSEULTOENTHE
CHES B LG h b, —F, RERFADERDTH
HAY I, mE-BCUTETHEHL2TE, AR
ECEFR T E v,

RE-78CTL LT B W Th, KETRETKOHFIIX
FUNA FL— badHEEb e, RRETAY YA
FL— N OB IR A Z EDWEETH L (FTANA
R L — b Dself-preservation®#s) o RIRA A7 - Wik
Tz self-preservation®h B & FI ¢ & 1LE, EROBILF
RPOME-T8CLUTICB W THM R A YA FL— |
ERIET ALY, IS rRIECENS S Z &
kb B6IE, REEDIKOHIISEL LAY YN A

100um

X6 KODIZEBUAXEZNS FL— MFOBREKSEETEE (RE-
15C, XKE)

FL— MRTOEFEMESE TH S (RE-15TC). &
BHE, ENEHRTATY) —REDOAY VN FL—L %
AR L7 (EEE2C), @R Z2AKEZPEH L Th b IRE-
ISCITwHERI S NIz, CORBTEIEFPORY B I
T BHE, FARBEET A %L, AT N, FL—
FRE LAD TV, T AEDHENS, REBDH
85% (IFESDER) HIAZ A FL— b ERFED SN/,
HANA R L— ML BRET X RIEBEREICDOWT
&, BEEORESEICHD LN TS, ST 2T
i, EERBENEOTAMEBEL T, EENAE
5,500km¥fi % B 720D H ANA FL— b O slEH M,
REAABR R F A B O RALRAR SRR ST, fekow bl
e EnY, FIUCE B L, B ARREEEINAL
HRDBIZ TR B, FHANA FL— P RO BRMHE
i, WAL AR L V20%l ERWE RFED SNz, Tz,
KA A%NA R — MET 570 E2EHE, B
ERE) LTV a KB BILREOMIRE A o
TWwh,

42 BHELH

HANA FL— M X ABREGEHTIE, FANSF
L — b OBESEMT CO BT B L2 t, SRS g b
DIREE - ENGHT, BEEEFIR L2582 17752 9,
R, BHEGREARE U TR HE TR B0 % T
IMPalL T &9 5% 51F, IREFHEAITC~-50C T, £
¥, ZEBALRERT IO ELT S (F5), 7277



Jb#EE TR HE735  (1999)

L, ZEMbiRFE L 27 i, FIATREZIREHEREE
b,

HANA R L — b+ OMEAEEE, ERPICTRDO SN
TSREEE R &, BAFRFEIC L DK A T LR
ThHAHY, HANA FL— b Ek—TADHEALES %
AHi, FTANA FL— b ER—TAOMELEEE AR
5L, HANA FL— b OEREEL, kA TES
N5,

Gas+n(Liquid) & Hydrate+AH: (1)
Gas+n(Ice) & Hydrate+ AHe (2)

ZZT, nid, TANA FL— bOHBEERTAFIET
HY, TAGFEKGFDENY ORGFE T A5+
¥ Thh,

HANA B L — b ORI, 7% b b kT i
M DIEE & 7713, Clausius-Clapeyron® B4R % i 7297,

dp = AHi 3)
dT TAV
P:ES

T . HEXHEE
AH, : FHE bEE
AV . AHZBIEE 5 KL

HIAGITRE: ) HANA FL— P Esk Ok) OBl
BB B ARG AUE, AIZRITAE S B LIE A bR
FE (Vo) IZELLCRY, XX h Lo,

A V=Vg

_RT

. @

ZZT, ZiE, JEMEEF (compressibility factor) T& ¥,
EEFBOBEAMAI L OFELET (BBEKKE .
7=1), (4) FA*5, Clausius-Clapeyron® BfRIE, KA T
RKEhb,

d(InP) _ AH:
d(1/T) - ZR

(5)

(5) ®ick Y, KnAd FL— h-FREKNA FL—
- A DB S 2 LT O TR E RS
kobhd, T, MEOE (AH-AH) &, (1) &
E(2) s, KIS T 0TI OROFE(LE
BICE L v, TOBBREYD, N FL— ok ()
PROLNG,

F1E, EROFEICE RO VN, FL
— &, TEMbREENA FL— RO TuNNA FL—

. HZELES (AH) KFEE (n)
7 ADER NARL—bOK+HA|NIFL—rok+HZ| (Gas « nH.0)
. 58.1kJ/mol 18.3kJ/mol
A (102.7kcalrkg) (32.4kcal/kg) 66
L s 65.2kJ/mol 22 1kJ/mol
ZBUERRT | (90.0kcallkg) (30.5kcalkg) 72
e 128.2kJ/mol 26.3kJ/mol
JHNY (87.7kcal/kg) (18.0kcal/kg) 17.0
5k 6.0kJ/mol
7 (79.8kcallkg)

F1 HANAS FL— b OHEE(LESH & KIE

N DIZALER E KB TH L, AF NA FL— D
M LRI, KICHNT, #29%kE v (BAEED
~0)e ZEMLIRFENA FL— R E TN, FL—
b OAZEALERI, KITHERT, 10~13%KE v, T A
NA FL— M3, HEEEROKZ S 2L, KITEALE
BEG IR & 2 BRI D B o

YNVERL S, BEOCU EoW#i— — X2 L TiZ,
BIZAE TR NA FL— AL, EERETHY
IBTTRECH S (B5), —7F, KETFORETHANA F
L= MR A0, ke VA B S5 0END
bo KOHWANA FL— MMUIE, FALETLKRERIC
BOWTIHERIETT 508, FAOPEE ) KOPIES
TR, 7z, BOBREEICERT M LEHIL,
K= TARICHART, K—HARTRINEL 2B (F),
RIRIRIT BT 2 EREGBME Y LTH AN FL—
RIS A 7200, IR X D RLEEET LKA
WERWT, FANA FL— MERREHEEPTFHS
720 BTIE, EBE20wt%, 40wt% X US60wt% DI J — b

-
x
. ] “fﬂ
&
. 20win A
.1 £ 0wt %|
& Saturated| V: - %
aturate apor | -
= Pressure| _p/ sowts/| MAowt A
1 - Z AA
LT
w 7 X =
g A
[ ¥ /4~
2 VAWE
o /aw
L o
0.1 " N P
-50 -40 -30 -20 -10 0 10
TEMPERATURE °c

®7 T4/ —IKBHEICHT 5 ZBERFE/NT KL — b OERFERERME

KEHIZDOWT, ZBLRFENA FL— b OERCEHS
HaflE LR TH B, FIREOMBEEERR K-
A=A FL— bOREEFERLE (KFOowt%, B
DT, BEEOTY 7 — VKBROFKETH 5,
okm X D EWIRESHFEZ 51, RKETTHAT Ik
RECMMbRENA FL— bET 5 (X8), =5/
—VEFIET A, ARFEEEEAT e, E



HANA F b= b OEIREFNE & % O TERF B HT

@ (b)

8 I &/ —IKEHFO-BERERFE/NT1 L —F (-11.0C, 0.9MPa)
(@) /A KL — &R BIEAR,
(b) IREEL f=nA KL — bRTF, MEH T ZOERIZ20mm

BaATh o 2IRESHFICBWT, EHIMPall T TR

IBLRENA FL— b OEERATEETH 5,
5. £&8®
KIRH A DEFREE - Bk, A7 N4 FL—L+ %
FIHTAZ L2k Y, R bR X ) KRR

NBMREMEIVRS Nz BRIZ, KICK B RAZ g R
— N OFEEEISIZDE  (self-preservation) % FIH T 572
i, KRORERMEICET AMEPERETH 5,
HEEIH0C ~-50°C I 35\ TR FT o] B 2 i B 15 2L A
PRI D0, BF, Ay v, TEMbEERT ST
IRV DITANA R — b OERTFE M HIE Sz,
CDWRBEIRICBNT, 2%V, “EbRERT T O
DI ANA FL— M, FEJTIMPabl T CA Bfifak 5]

RET®Hbo HANA FL— b OMEERIL, BEE
H720) DILET, Kz LAlL Z & PRI NI,

KIRT A DU, - Wik, BREGRLEOTANA R
L — N BEA B R RIEE & LT, 2hENR
HANA Flb— hORE - SREMT L, A5 —HnEl
EDINY B ¥ TEMROBEPLETH b, FHiC, =
B 7% B - SRR OZREE LT, KIZH ZASERHNIC
IR L72IRER S T ANA R — MEROBIERICES
WA, FHITHE < A REEERE ORI & AT A3
BRsEE L EZ DN A,

1)

2) #IUEZ, LNGH—

9)

10)

11)

5 FSE

MR B, REFAGERLELTORXY NS FLA
b, B - FFaRE 108 (No7), 511-520.
DA —, BRILEEE,
254pp, 1991. '
Yakushev, V.S. and Istomin, V.A., Gas-Hydrates Self-
Preservation Effect, Physics and Chemistry of Ice,
Hokkaido University Press, Sapporo, 136-140, 1992.
HEEIEFERR, KOPTO Ry B bl OB,
AL AR, 40 (No.14), 41-44, 1998.

A B, PERA—, TANVF-FEIAT L, T
AT — - EFES, 195242, 1992,
IR, B, KA OGEERE~D

H, FIANZYTZT) T,
603-608, 1982.
LI, WETCHEA, IRIREE, WHES, CFC
(Chloro Fluoro Carbon) -11 (CCIBF) 7 AL — 1%
BBy A7 o, EETHERE, 22 (No2),
241-248, 1996.
WEEIBZEER, WHZF, HHE—, RRBICBIT AT
ANA RV — b OERFEERE— T AN F L —
M & BB BB E R OIERERE —, ETHHEAT A
V- FEREHHE TR, 209-212, 1998.
Holder, G.D., Zetts, S.P. and Pradhan, N., Phase Behaviors
i Systems Containing Clathrate Hydrates - A Review,
Rev. Chem. Eng., 5, 1-70, 1988.
Sloan, E.D., Jr., Clathrate Hydrates of Natural Gases - 2nd
ed., rev. and expanded, Marcel Dekker, New York, 705pp.,
1998.
Gudmundson, J. and Borrehaug, A., Frozen Hydrate for
Transport of Natural Gas, Ind. Eng. Chem. Res., 415-422,
1996.

27 (No.8),



L iEE TS RRTHRET35 (1999)

Gas hydrate properties at low temperature and its
engineering applications

Key Words: Gas Hydrate, Utilization, Natural Gas Storage, Cold ThermalEnergy Storage
Takao Ebinuma, Tsutomu, Uchida, and Hideo Narita
Summary
Gas hydrates include huge amount of gases in them, and have large latent heats. It is possible to apply the properties for new

engineering technologies. In this study, phase equilibrium conditions of gas hydratesare investigated at low temperatures to
discuss two new technologies by using them: a natural gas storage-transportation and a cold thermal energy storage.
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Molecular structure analysis of biological macromolecules
which regulate freezing point of water

Key Words: structural biology, nuclear magnetic resonance, ice-nuclear protein, anti-freeze protein
Hidemasa Kondo and Sakae Tsuda

Biological macromolecules which regulate freezing point of water have high potential for industrial applications. Proteins
such as ice-nuclear protein (INP) and anti freeze protein (AFP) are members of such molecules, which could be obtained from
nature. In order to understand the mechanism of their freezing point regulations, elucidation of three-dimensional structure of
INP and AFP is crucial. We have examined three-dimensional structure of proteins by using nuclear magnetic resonance (NMR)
spectroscopy and X-ray crystallography. In this review, we describe about three-dimensional structure of INP and AFP on the
basis of the NMR experimental results.

A central domain of INP derived from Pseudomonas sp. is thought to be a nucleation site for the freezing, comprising tandem
repeats of high-fidelity consensus sequence. We have determined the three-dimensional structure of the peptide fragments having
various length and sequence, and found that hexapeptide segment forms a typical hairpin-loop conformation. It is suggested from
this result that the unit structure of the tandem repeat region is made up with 16 residues, and the model of the three-dimensional
structure of the central domain can be constructed from the repetition of this unit structure.

RD3, AFP of Lycodichthys dearborni, is composed of the two domains, both of which inhibit growth of ice-crystal, having high
homology in amino acid sequence with each other. The three-dimensional structure of the N-terminal half domain of RD3 (RD3-
NI) with linker potion connecting the C-terminal domain was determined. It was found that ice-binding site of RD3-NI located in
one side of the molecule so as to form a flat surface, which will allow complementary interaction between RD3-NI and water
molecules of ice. Furthermore, structure of linker portion was determined and found to be rigid. On the basis of these results,
whole architecture of intact RD3 molecule could be proposed.



Low Temperature Electrical Properties of f-In2(1-x)Bi2xTe3
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ABSTRACT
The electrical conductivity and Hall coefficinet of f-In;Tes with various Bi concentrations have been measured from 80 K

to 300 K. The activation energy of carriers decreased of the two orders of magnitude with increasing Bi concentration. This

shows that Bi is an effective donor in f-In2Tes

l. Introduction

Indium telluride, InpTe3, has a zinc-blende type crystal
structure with a large number of defects in the In sublattice.
It is known that this compound has two polymorphic
modifications, i.e. a low temperature a-InoTe3 and a high
temperature f-InpTe3 with the same structure {1]. In a-
InpTes, an ordering of the In atoms and metallic vacancies
prevails, whereas the vacancies are distributed randomly in
the B-InpTe3. This structural phase transition significantly
affects the transport properties of carriers and phonons.
Zhuze et al. [2] measured the electrical properties of InyTe3.
They observed a difference in the activation energies of
carriers between the a- and f-forms of InaTe3 and pointed
out that this difference is due to the change of carrier
mobility during the structural phase transition. Zaslavskii et
al. [3] have investigated the thermal conductivity of In2Te3
and observed anomalously low thermal conductivity in f-
InpTe3. They suggested that the lattice thermal conductivity
can be significantly reduced due to the strong phonon
scattering on randomly distributed vacancies in f-IngTe3.

A low thermal conductivity is one of the conditions to
achieve a high thermoelectric figure of merit, Z=a26/(ke+k]),
where a is the Seebeck coefficient, ¢ is the electrical
conductivity, and kg, k] are the electronic and lattice
contributions to the thermal conductivity, respectively. For
a good thermoelectric material, the high electrical
conductivity, high Seebeck coefficient and low thermal
conductivity are naturally required. The electrical
conductivity, Seebeck coefficient and electronic contribution
to the thermal conductivity are closely related to the carrier
concentration. An increase in the electrical conductivity

leads to the decrease in the Seebeck coefficient and the
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increase in the electronic contribution to the thermal
conductivity. This shows the difficulty in improving Z by
controlling these parameters in conventional materials . On
the other hand, a lattice contribution to the thermal
conductivity is only related to the phonon energy and
distribution [4]. This means that the lattice contribution to
the thermal conductivity can be controllable without
changing the electrical properties. Therefore, materials with
low lattice thermal conductivity may achieve higher Z. In
this paper low temperature electrical properties of f-In2Te3
were measured. The effects of Bi doping on their electrical
properties were discussed. The thermoelectric figure of
merit at 300 K was estimated.

Il. Experiments

Polycrystalline f-In2(1-x)Bi2xTe3 samples were
prepared by the rapid quenching of the molten mixtures.
Stoichiometric mixtures of high purity (6N) In and Te were
sealed in an evacuated quartz tube (10-3 Pa) and were melted
at 1200 K for 4 hours. Continuous stirring were used to
ensure homogeneity. The molten mixtures were slowly
cooled to 923 K and then quenched in an ice bath. The Bi
doped samples were prepared by adding Bi powder into the
stoichiometric mixture. The samples were cut into the size
of 3x3 x 1 mm®. An X-ray diffraction (XRD) measurement
was carried out to confirm the formation of f-InaTes.
Electron probe micro-analysis (EPMA) showed that the
synthesized B-In2Te3 samples have 38-40% In and 60-62%
Te.

The electrical conductivity and Hall coefficient were
measured from 80 K to 300 K using the standard four-probe
technique. Ohmic contacts were made by the evaporation of
Au films. The ohmic nature of the contacts was confirmed

throughout the above temperature range by the linear
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current-voltage characteristics. Measurements of the Hall
coefficient were performed in a magnetic field of 0.65 T.
The Seebeck coefficients were measured by a small
temperature gradient method with AT=10 K at 300 K.
Measurements of thermal conductivity were carried out by a
laser-flash method at 300 K.

Ill. Results and discussion
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Fig.1 XRD spectra of B-In2-xBixTe3 with (a) x=0, (b) x=0.01, (c) x=0.03
and (d) x=0.05.

The XRD spectra for the f-In2Te3 samples with
various Bi concentrations are shown in Figure 1 and are in
good agreement with the results reported previously [1]. For
all samples, no structural change is observed by doping with
the Bi into f8-InpTe3. From these results, the added Bi atoms
were substituted in the In atom sites well in this composition
range. From the thermal conductivity measurements by the
laser-flash method, it was clear that the thermal conductivity
at room temperature was 9.1 mW/Kcm whose value didn't
change by Bi doping. The lattice contribution to thermal
conductivity is closely related to the lattice properties. In
conventional materials, it is known that lattice contribution
to thermal conductivity can be defined from phonon density
of states [4]. Usually, a doping of small amount of
impurities strongly affects the lattice contribution to thermal
conductivity, because introduction of the different atoms in
the lattice yeildes a deviation of lattice constant. However,
we consider that this small deviation can be relaxed in the
B-InoTes because of a large density of defects.

Figure 2 shows the temperature dependence of the
electrical conductivities of Bi doped samples. The electrical
conductivity increases with increasing Bi concentration. For
the 5 at% Bi doped sample, the room temperature
conductivity is two orders of magnitude higher than that in
the non-doped one. The electrical conductivity decreases
with decreasing temperature in all the samples, which shows
the semiconducting behaviour that is characterized by
impurity conduction. In the 100 K to 250 K temperature
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Fig.2 Temperature dependence of electrical conductivty of
B-In2-xBixTe3 with (a} x=0, (b) x=0.01, (c) x=0.03 and (d) x=0.05.

range, the activation energies Ea are estimated to be about
51.0 meV, 43.2 meV, 24.0 meV, and 21.4 meV for 0 at%, 1
at%, 3 at%, and 5 at% Bi concentrations, respectively.
These results show that Bi is an effective dopant for f-
InzTes.

Electrical conductivity measurements on a
stoichiometric f-InyTe3 were reported by Zhuze et al. [2].
They found that the f-In2Te3 shows an intrinsic
semiconducting behaviour between 200 K and 670 K. For
non-doped sample in this experiment, the electrical
conductivity at room temperature is two orders of magnitude
higher than that they reported. Furthermore they reported
that the activation energy for f-InoTe3 of 1 at% Bi doped is
estimated to be 560 meV [2]. Sen and Bose [5] investigated
the electrical properties of a f-InaTe3 single crystal. They
observed an increase of the activation energy from 44 meV
to 620 meV by heat annealing at 350 K, which is due to
annealing out of defects. Zahab et al. [6] reported the
activation energy of f-In2Te3 thin films below 300 K.
They observed a temperature dependence similar to ours and
their activation energy was estimated to be 30 meV. They
suggested that free In atoms form energy states localized
near the conduction band edge in the energy gap region. An
annealing leads to the depopulation of localized levels near
conduction band because free In atoms may bond with Te
atoms in different lattice sites. Therefore, the small
activation energies in present samples are associated with
the remaining localized energy states near the conduction
band edge.

Figure 3 shows the Seebeck coefficients of f-InaTe3 at
300 K. The Seebeck coefficients decrease with increasing
Bi concentration. The Seebeck coefficients are lower than
those reported before [2]. Generally, the Seebeck coefficient
decreases with increasing carrier concentration. These low
values of Seebeck coefficient corresponds to a high carrier

concentrations. From the electrical conductivity, Seebeck
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Fig.3 Seebeck coefficients of B-In2-xBixTe3 with various Bi
concentration at 300 K.

coefficient and thermal conductivty obtained at 300 K, the
B-InoTe3 yields a maximum value for ZT at 300 K of 10-5
for the 5% Bi doped sample, which is considerably smaller
than the desired value of ZT=1. However, this value is
higher than that (ZT=10-8 at 300 K) previously reported for
the same semiconductor [2,3]. It should be noted that the
~ semiconductors involving the point defects can control the
electrical properties without changing the lattice thermal
conductivity by the impurity doping. Those materials may
be achieved much higher ZT with an optimization of carrier
doping.

V. Conclusions

The electrical conductivity and Hall coefficient of f-
InpTe3 with various Bi concentrations have been
investigated from 80 K to 300 K. The electrical conductivity
for stoichiometric sample is two orders of magnitude higher
than that previously reported. The activation energy of
carrier decreased with increasing Bi concentration. The
Seebeck coefficient decreased with increasing Bi
concentration due to the increase of carrier density. Using
the values for electrical conductivity,Seebeck coefficient and
thermal conductivity obtained at 300 K, the thermoelectric
figure of merit ZT at 300 K was calculated to be 10-5 in 5
at% Bi doped sample, which is much smaller than the values
obtained for state-of-the-art thermoelectric materials.
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Selective nuclear hydrogenation of naphthalene, anthracene and coal-derived oil over
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VT = AR SRt k574 vy, 7RI VB LD
AR OZ IR RIS

T.Kotanigawa', Mitsuyoshi Yamamoto, Tadashi Yoshida
JICA
J. Applied Catalysis A : General, 164, 232~ 332 (1997)

VT =7 L FHEE L 72Mnp03-M(M=NiO,Zn0O, LayOs)filiit # W TF 78 L, 7T b9 v B L ORRELHOKE
ERISEAT o 72458, FEEOSERWLKFMKEIMEI D, L RREES CEITT A2 EPELPII R o7 %
72, b EIEHETH o 72MnpO3-NiOfilt i O Ho-TPDHIE % 47 o 7245 &, MmO3-NiOf#EDTPD/ % — > D ¥ — 7 [3423K T
HAHEDIIXFL, VT =7 L& HEE L 72 MnpOs-NiOfilfit TId350KAHEIC ¥ — 7 2SN, (KRS CRKFELSETT 2 2 &
DI 0 772,

F—=U—F V7 =y AEFERERIAE, SEROBOKEIL, SERFERILEY, TPD



NBAEFRILDOEE

Effects of temperature on growth and intracellular proteins of Norwegian
Typhula ishikariensis
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