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Effects of Pressure on the First-Order Phase Transition of

CLIL;SI’ISL, and CU.BG886

Shuichiroc ANZAI#* and Kunio O0ZAWA

Department of Physics, Tokai Research Establishment, JAERI

(Received February 6, 1984)

CuySnSy, and CugGeSy; undergo the first-order transitioms at Tg and Tg,
respectively. The transitions have the characteristics of the less con-
ductive (below Tg and above Tg) to well conductive (above Tg and below Tg)
states. These transition temperatures, measured at hydrostatic pressures
P up to 8 kbar, are expressed as follows: Tg(P) = (232.5+0.5) - (9.520.1)
x P K and TG(P) = (334.6x0.2) + (2.91%0.05) x P K. The latent heats of
the tramsitions at P = O are 1.3 kJ/mol for CugSnSg and 6.9 kJ/mol for
CugGeSg. The magnetic susceptibilities at P = 0 show no anomalous
changes at Tg and Tg and their diamagnetic values are in agreenment with
the sums of the ion-core susceptibilities of Cut, 5%~ and Sn“t or Ge'tt.

A Gibbs free energy is proposed on the system in which the distortion
of the lattice frame and the thermal dissociation of current-carrier ions
from the lattice frame are coupled. A simulation, based on the free energy
expression, indicates a possibility that the lattice distortion is co-
operative with the carrier ions in the interstitial sites in CugGeSg,

while it is repulsive in Cu,SnSy.

Keywords: CuySnS,, CugGeSg, Phase Transition, Pressure Dependence,

Simulation
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Cus Sn8y & CusGeSs (3 EBWIENME BIULFF oRFETI0 ™ Qeem ; dpaT
<OV TaEE, DTAMEIR LA L, CRLOMEE, Theh, GBHEAET, ~ 230K
T,=330K>" THERT 2, CuSnS,HERD o &4 - LHROAIRICEDRD T &8
HmoTOBY, (a) o, BEMBTE LS ICRAICEAL, Ttk TREICHNT 5,
ZRLTOEETS, dp dT<0THL, (b) il (T <Tg) TORHEDEML 2 vF-
i, BEE (T>T) OFNLIORE0, (O BHF » VP —RIECHEEL T3, CusSnSy
T B EBTD Y — VIERIEE DIRO T &I LT 35 () BETOR SR,
Pnma — D, T&H D, e CuldFOBREBERTFE, SOSndbDIDFELIASY, £/, 213
K (<Tg) TOBEXHREHRRFEICSOT, KO L) RHRENS 5 V2 (DERTORKIE
LC, ZoRBIEELOERFREEI LGy, Lbl, ol Lo BifrEEo h,
k1 ARIEHEIE RS - T B, (el Ele) id, COBEBT, BTEBIOCulsl 4 YH8iR L, <
NPBEEHE L - TERECHFEG L TOAAHEEETEL TV 5, 7, ({1 E, LORESER
RTEAOD, ZRERBEEBS I EACLORE T A -5 -0 b L A BEEB -
THOBTEAET LTS,

—%, Cus GeSe i, TglBOCAMNE Y 1 KIEHE L, OEBOBMRIHET1k]
mol THAPL FR (KT T, COWERERKNESE S8 -720—P 4, 32 5%
LAY, 391K (>T,) THEIE LAWK X RENRT ¢, FETEB SR o &
CETENENHELTOEY LALIoGBIcEbL) poARREE LT
PR B AT STV,

B4y ORI TER EOBETOEMNOMHEEARM<L &3, HEEHREDL T,
BIRMOHEDC P SHERENEDTH D, £0 T, AT, LidoEBIELT, ko
EONERE VAl v YEToT, BIHTH, APHILSCTORECET 5 p, WL
gy, EBOBE, BL0I, BKETOT T BRNKELONEHELRET L, B4
T, BTESCEESOEFOLEME, BIHUB~BBEH L+ v RBLOEEER -
DANERHI A F-FEXEEEL, THICETNT, CuSnSs 2 CusGeSsd p (P) D g
LD alb—Ya vEiT), E0HITH, ZALSK2VTORITET 3.

2. £ B b %

21 HHoHES

Cu, S, Sn (MiE4ANELE) &Ge (ON) ZFEICEE L, COODESYE, AFREH
BWHT 4000 T TRARINERL, ERORE Y VEOERME L1, Cu,SnS, D &iCit
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Cus SnS; & CusGeSs (F¥BENME (BRUKHFEpREFRTI10 ™" Leem ; dpaT
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T B EBTD Y — VT E DIRO T EAHEI LTV 3% () 8 TOR SR,
Pnma — D}, TH 5. o) CulBTFOBEBHRTE, SPSndbNI0E LIRS, Fi, 213
K (<Tg TORKXBREFRTICO0T, KOLHw8Ess 2 V2 HERTORIE
LT, CORBREFLOEFFEEIsNEY, UL, EnEFnolE Lo BirgEo h,
k| EEHIEERL - T3, (ch&lelid, ZOBEET, BTEBIPOCuEA4 YRR L, C
NOBRHARERL » TEERFS LTV AR EZREL T, F72, (1, COERBHIER
BTV, BAMEEEES L A SHOKE ST A -5 —0FE LI L 2BEEE L -
THWATEZRLTVL A,

—%, Cus GeSs & TgieBOCAME Y 1 Kk L, £OEBOBHIH I T 1k]
Smol TH YL FR (TG T, COWERERKIES L b1 - 720 P 4, 32 5%
E5Y, 391K (T o) THRIEL MR X BEFRE CR, FERTE SN TR ORI
EEBEOENBERLTOEY LaLIoEBIcE bU) pOFERREE I LT E
FE S ERTLL,

BT Ay OBEETEH EORT OEMOMEBEER~N L &G, BEBRREOA T,
WP RGOWEC L L 6 BEECLDTH S, £07T, FHTE, LEoEBICELT, RO
KARMERE VI 2 vy VAT, E3HTH mpEHI >V TOEEICET 5 0, WAL
Fy, BBOBE, 550K, BKETOT RTDLENKERORESRERET S, 54
T, BTEBRCECINEFOEMNE, BTIHEUE~RBEL( A YBLEOEEHEE S
DANEHRI AN F-EXEEEL, THICETOT, Cu,S5nS:$CusGeSs @ p (P) DR
B (bD s $ ab—Va VAT, EHEITHE, 85I 20 TOMRNETT 3.

2. £ & N ik

21 HAHoBEm
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1000°CE T, Cus GeSs. TR I040CETHEL, LIOWMEEAERL, Th oDz
B~ D7 I T00°CT 1ERIBEH L Th b, B4 L. BoniSHERREIIERIKGLOREY
RARL T, sHOBMFX GEHREIEE, CusSnSs > $5004, CusGeSe V) 0FER
TOEIEIC L - THIBTE, £/, FNFNORBOBTEHOBEBITROBO TH - 7.
Cus3nSs P a=1363A, b=767TA, c=640A ; CusGeSs : a=983A, a =857 ¢ b
O, WESATOBE &1 —% 3,

22 REFHE

ERAET & Ty, H5UKEBOBAI (CusSn Sy DBA) & dHy (Cus GeS; ) O
EERBERIEENREDSCILL > THIE L foo TP T2 &EiEh L3, THETN, Al
B & REBIRA TR T, BIBEOKVLESR, MEOYAEE L, MROCERTOEEERE
%79, DSCORIEIC!E, 4E(LRFOMBEE (2603K) LREEHRBR (247k]/mol ) %
LU, 2RFT Y VEBOBMMIEE (3420K)&FORMEBBE (565k ] mol ) RV,

CusSnSs &Cus GeSe DBMARBOHLE Yy %, FREFICT P T, OHILOHEEHIKT
L fro WHHE T4kOe THY, R 2K min TH -7,

BEBABO p A2 4T EICL - THIE L7z, CueSnSs DB, B ONTFEEDSSE
Ni A v #L, THIECulFE v L. Cus Ge Sy DEEICE, REDL FEHAICGa
A8, Zhitln—Ga SfICL-TCulm TEMES /o, AB LT OERATERET S
#31T, Cus SnSs DEBSICH, TEF L. 2ra—Z%, CusGeSs TH, T#% VHIET
HE A EEHE L, RIZZK min THh -7,

BKETOT EToORERLR, 20z, pOBEEMEDTARMEENML 2. E14,
FEBCSNTR, X7 EBICEHL TR, TRIERH-THE, n -y VEE
FEEE L, TGRlECE, 3c¢Stoy)a—vlazHni, DTARERBC TR, Al Os%
SEMES LCHEY, R=8K min Té -, '

3. £ B & XK

3.1 GRRELEBER

Fig. 113, 25~20K/ /min DR TKH - GBHEF LEFHERL TS, LT,
DSCHIE LTy -/ ORMABREFEBEEOREL Ui, MHE 6&BREEIRIVKEY 5
75, dHg % dHg EHE DEAELTG, R=01CAR L dH @ 69k] mol THD, Th

) Cu,SnS, ©a=13558A, b=T681A, c=6412A (C#5)
2-1351A, b=T88A, c=641A (XHS6)
Cus GeS, (a=983 A, o —80.7° (L#t4)
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1000°CE T, CusGeSe TIHI1040CETHMEL, FEEOWMBEABEMLI, ChoDEBE
Bk @E i T00°CT 1EREM L TH 5, B L, BonZHRERRRREOSRE
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CusSnSs  a=1353A, b="7867TA, c=640A ; CusGeSs : a= 9.80A, a =897, THhd
DIEE, WEShTLAE LB T3,

2.2 RAEHE

BRI T & Ty, 50 KEBOEMIH (CusSnSs DBA) & JHy (Cus GeS; ) @
ERERUEEEADSCILE > THE L fro TR T2 c&EHER L cld, ZNEH, FE
AR BEBRAETRT, BHECHWESRE, MECTHEME R, MBRHTERTOREER
T4, DSCOKIFICHE, 4% bLREOMBER (2503K) LFBEEE (247k]/mol ) 7
LU, AF T VEEORMERE (3420 K)ETORBEER (565k ]/ mol ) EHV,

CusSnS, &Cus GeSs DEIRMBOMMEY %, AR T PT,, OHLIOCHRERIRT
AEL 2o WiHE 74k0e TH D, RiZ 2K min Th -7,

ZHEEESREO p & 4T FEIC L - THIE L7, Cus SnSy D&, MBlols 34
Ni AvHL, ChiRCulFas s L1, Cus GeSs DEAIE, HBOIK FE31CGa
20D, Zhicln—GCa &2l - TCuli P2 &S ¥, FREIRTOERTTERET D
Fbic, Cus SnS. DEAICH, TEF L+ kin—2% CusGeSs TR = H+ VHIET
HHEARTWEE LI, RIZ2K min Tdh - 7,

HKETFOT, EToDRERE, ThEh, oOBEALEDTAMERRAL -, E7%
FEASHBICONTIR, X7 EBKHEL TV, TJAMEILSH/I-TH, n— ¥y VYx[E
FARE L, TGAEICE, 3cStD¥)a—vilafvf, DTAREREOTE, Al O3 %
SBEES LTHY, R=Z8K min TH -7,

3.1 SEREBEIGBR

Fig, 143, 25~20K./min DR TRHPAEBRELEFRAELRL TS, TIT,
DSCHEFE LT —2 DBAEEAEBEEORE & Ui, MPELE bEBEREZIRITVKEFT S
7, dHg® dHg ReEDIRE L0, R=01tAEL7 dHg 69k ]/ mol TaH, h

) Cu,SnS, a=13358A, b=T681A, c=64124A (HS)
a=1351A. b=T768A, c=641A C(XHS)
Cus GeS, :a=983 A, o =897°(X#4)
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3.3 BRIEM=E

g7k EP (kbar ) 1051 %5 Cus SnSy ORFEHE In (p(P, T) 0 (0, 290] xiT D4R

AFig. 4icmd, p T (0, 2000 1F, BOEHNFA s EBIRIOSHOP =0, T=290 KK
BI% o0l (302 cm) THb, P=0THE, oRTORTLEbicihaiRL, Ty KB
T4 RTE, F0k BY, [RREIELHICEEY, TULLDEPEVETHL, O
EEy, YR LICRESNE LD L BT E, REMCE, T3>TiTHE%, pEdRLLSD
O BEEELA T, PAMIMT S, TIETORETL, Tyiikd pns CO@FHSH
KE 5, £, LEBCE, de dT<0THB, e, 290) p(0, 290) P DEME L b
EEDL, BEHERC ERPIOEO 09 4E THEYT 2 (Fig. 2(b) ) Lol THFA 7 44k
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Cus GeSe @ o™ (0, 290013, 072 +cmTH-»T, CueSnS, ODTHID W HNE
o Fig. 33, BHET®, TgMaom plT)/ 07 (290) DEEFELETRT, /L, R=1K/
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2135",
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SN 5 2.6 17878 1805~1739 0.9803 0.9345 193 0.662
SN 6 8 1586 1587~1487 0.9855 0.6285 2.08 0798
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