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KA, RIS TSR LR AL CDW A9, #E 1 6145 CuS, A AF5E CDW R S 22 ] 35
G e ARl . T, A 1 S AR AL R i 4 b R — AN R AR B A R AR ARG i AR Ak, (HAE
o(T) FHLIAEE C(T) IhZe b If A AR R, H X — 55 PR IR NG M £ X Lk 5¢ T CuS, it
FEBUIR, AR AE R 8 AR A R AT R A R, R AR IR TEM BB TEARIR A F PR 8 T
2x2x2 AR AR BE AL, EREEALE T CDW fEFE B RS o 7E ML SRl L, R FH A 2E- 8 f8 RN 7 5 7S T AG = I
Wy 2 R R T T R G TR, S B R AT LLE A ) CDW, Rl fEBE T, 1 Je T R
AR, TE LS T T(p) AHIEL, MIRIZ5 H T CDW 58 50 158 4 19 52 50341

RIFF CuS, H=F &P, CuSe, Fl CuTe, 1B T 48 T4 78 USSR % Az FAAT fof el BH Sl i 57 1)
ST CuSe, B R TR YA R AF S O PR AN TE . 45 SRR 00, W3R J nT LA o 088 S el 1, (H D
i Se BT AWM AL E I HV IR & CuS, B9 TV, X — W IR R T HES Se B4l T CuS, 1Y
CDW HYIMI . W T CuTe, (X HEE i 5 W 7 KA A, IF B 7, 4K, 56T CuTe, 94148 4R 4 2,
TG A R T £ AR R IR 25 SR O R, AR K S R Y CuTe, db AR PR 4RI 57 HOE 5 i
S, X Tt — R CuX, HFEE BB F (S, Se. Te) B b iyt fb i A EE 2 X,

AT 5K A FH 8 R TR A R 5 1 WA A B CuTe, B8, il 2R 48 R AF H R IR 540 . o
iz | WAL A ST, 15 BT RN 240, DU AR AR CuX, 1R 2 (A 1 B A oG
fFE.

1 SWHE

AR T AR SR P R R AR B R N B A 7 B )1 R 6/8 X T E L AL R LSS S IR S RS .
P2, ¥4 Cu M Te My A4 FEAb 24 11 Ho S8 /IR A AE M RTSKAA, 7€ 5 GPa. 900 °C £ F 3R 1 h; 285, 44 Jm
Iy R, R R B, T E R T 1B B, AT 3RS UL Y CuTe, $4 . Il Huber-
Guinier {7 #§ { F1 SmartLab 9 kW &1 43 BERT S, 20 510058 1 4E & 080 R FER iy X BT 4 (XRD), FF:
{8 FHl Jade F1 Fullprof #4417 T f8 brfb A &5 ARG 1% . FE L E 1.8~300.0 K F1 0.4~ 1.8 K T 948 i FLBH
R R AL 03 2 A1 B Quantum Design 28 ) A8 72 A8 P 48 2 42 (PPMS-9 T) it & He® ik
PR IR 2R 58 (MPMS3) 52 B4 o Hev, e BEL 30 X R FH B offE D A 72, Bb ARZ0 IR P 4 At 74 725 o

2 SELERMTIL

B 1(a) by e il i R 2544 A U CuTe, 540 I8 5, T LU B, CuTe, S HAT 48 Y6 (1 AL 57 77 B
. & 1(b) N CuTe, FHIRZEH /R E . 5 CuS, 25U, CuTe, L HAT 7 I 4544, 25 181 #F K Pa3 (No. 205) .
o B4 Cu 1T JABIA 6 4> Te i+, TR 19 CuTe, /\IHI{A; CuTeq /\ T 44 T A7 T Ji i () 1T 00 57
D5 o7 i, A M 3 Te, —BRRIE 2 B Te, HLITHI O T NaCl dh g 19 2 B 0 8 5 4> Te J7 8
A 34 CuliFHI 1A Te, FoTH 9 Te 5. I, BERE™ 45449 1Y CuTe, A LB VEE Cu 574 8 T
ST G A Te, - RARMI Y 25 SR G5 MM B . & 1(c) T B AR & i B 5 XRD i, 1] LA £ B
[ (200). (400) i1 5106, FBH CuTe, 775 A SR FETE, I HH b — AN 0B K7 10 2 VR be o K PR 5
SR BIF B R A, E— AR A 22 35 B9 XRD, W& 1(c) Bz, Bt AIAT ST nl LA gl 7. 05 45 A 38 b
k. FFH Fullprof i {2 %F 5 K XRD %0 #i #E17 Rietveld 45 HoX5 16, v LA 2, BT A7 Ay I 58 R A7 #8405 15
ARG, 13 2B A5 AN T2 R,=1.69%. R,,=2.68% | x’=1.54, fh 4% § %L a=6.603 4(4) A, LA 45K 53
R [5-6] —F.

FEVEANFRAE T CuTe, B 0 S IRSEH Z )5, K T CuTe, B g 76 # K F R HEZ T . K 2(a)
$10.4~300.0 K #& X AL BHZE po(T) #i14k, v LE B, L 2RI 4R SR, BA R
(residual resistance ratio, RRR) & p(300.0 K)/o(1.6 K)=118, B CuTe, .S FE i HA A% = 0 . 765
BIEE AT, fARN o(T) B R IRT P/, 76 AR X TCAT M 2%, 5 CuS, [ p(T) M4 2 E A .
AR X (T<50 KD, dhiA o(T) o] LA 2R R ARAT A3, B o(T)=p AT, Horfr: py S F 4x da B, 422
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Fig. 1 (a) Photo of CuTe, single crystals; (b) crystal structure of CuTe,;
(c) refinement of the powder XRD pattern (Inset is single crystal XRD pattern)
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Fig. 2 Characterization of CuTe, electrical transport: (a) p(7T) curve in the temperature range of 0.4-300.0 K
(The solid line shows the low-temperature resistivity data and the p(T)=p,+AT" fitting curve of CuTe,);
(b) enlarged view of the superconductivity at low temperatures

J T it — L BE CuTe, ¥ &b B S %, TR RAE T CuTe, M REETT I K 3(a) N
CuTe, H. bR M N 5 Oe SN T 75 % 3% (zero field cooling, ZFC) A4 (field cooling, FC) X T 11
Wi £, TT LAY i s 2, £F T=1.25 K i}, ZFC F1 FC B #R LI T B PiRE (S 5, 5 A0 iR A
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HUZ IR 7, A —3, YFERMN iR 25, B S PR IART B0 100%, 200 B A K %
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83.3 A1 194.9 Oe, #4fE KR K pH = ®y/2nél, (D, Wtk H T, &=h/2e=2.067x10"" Oe-cm’) 15 £ G-L #
TR £,=1300 A BE—FIH K R R 1o H, =(P/An 2 )In(Ag, /Eq), TN B IR E 1,=1100.8 A, i@ i3t
HA3E] G-L B8 kg =16/€.=0.85, FHRTF 1/ V2. R4 FARZ B 68 19 5544 kg, =1/ V2, Abrikosov ¥ it
SRR IS T 2 K, ko <1/ V2, A IE A TRE; 25 T2 K, ko >1/ V2, HA A RE. 3
T, #E—AESE T CuTe, J& T45 25 S 44
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Fig. 3 Characterization of CuTe, magnetic properties: (a) temperature dependence of the magnetic susceptibility of CuTe,
measured in the ZFC and FC modes under an applied magnetic field of u,/4=5 Oe in the temperature range 1.0—1.5 K;
(b) isothermal magnetization M(H) curves at different temperatures below 7.; (c) temperature dependences of
the lower critical field u,H,, and the upper critical field u,H,, of CuTe, fitted by the G-L formula

J3—J7 1, BT AR T DAARGF b 52 WA S 04 S B AR DL OB S AR M, i — 20T CuTe, 76
R T AL Es, RIS 2 HEEB S AN HORGE R . WK 4(a) Fis, F#S T ICAETE T=
1.28 K BFF 3 H 80 T B S A B AR o AR AR 4 HERT A, HLAAER C J2 Gibbs [ 1R Y U BRI 8- S AH
RN AR, RS S AR B AR, B RA S E R AN LA EZME(RIAC£0), I H b2
H 58 PR BRI 35 Bk AR 1E— 20 0B CuTe, HA A 3 A9 RRE, H HEAAEE 11 Bk AR
T B 55 BH S g v IR ) T, W) B ARGE . ki — 2P NG, AT LLE B, CuTe, 16 T, BT A9 LE A
5 Wk AR B A, FZ4AE 100 Oe #E ST 0 58 20l o o T 3 — 25 RO IE 5 545 B, AEIRIR X 4
il 7 C/T-T* , W& 4(b) iR, CuTe, FEARIR TR 0 HA R EFRAE . RS AE T, 22 13 % 0T LA B #4
R IR R, BIRA Ry O/T=y, 18T, H:y, WEKRIEFE, FLWETHFITTHE; 8 iR
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FSE 5 TR, FEAR A T5THk. 76 1.3~7.0 K B3R X a4, il it % CuTe, 1E# 25 09 L A o 47
LR PRI, P45 3] y,=5.8 mJ/(mol-K?), 5=0.627 mJ/(mol-K*), M4} FE i A X 0,=(12n*nR/58)(n=3 K
2 3 0 R T8, FRAR AR R B R=8.31 J/(mol-K) , i i 8 1T 15 CuTe, I FEFEIRE 0,~210 K., R
SCHk [7] AT, CuTe, FYAEFEIR B BAK T CuS,(0,7350 K) I CuSe, (00,2250 K), iX & {1 T Te i J5 1 5
BRT S A Se (T, T BRI T, M 6, FIH AL fE k22 AR (N ER RS, il F 8L 0.13)
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SRR, Wl 4(b) B9AE BT R, B VS B AC/y T =1.35, MRAE BCS S5 # & IS 194 T, Y
T=T, 5}, FLAZR 0 BRAS & B (A 1.43, SCE A5 BCS Sl & 8 SR MBS (5 T or 353, sE— 210
CuTe, J& T 55455 (1) BCS M 14
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Fig. 4 Characterization of specific heat of CuTe,: (a) C(T) curves at low-temperature in different magnetic fields;
(b) low-temperature specific heat of CuTe, plotted as C/T vs. T” at zero field (The inset shows
the temperature dependence of normalized electronic specific heat C,/T)

Sk TR T 4 T b A UURT AR AR R 1 AL LA, O CuS,. CuSe, Fl CuTe, (9 AH I S AT Xt
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FAH Z Fi X CuS, B TERF SR 45 21, CuS, FF i CDW 5 SC fE7E3e 4+ ¢ 25, 5 J1 T LI R CDW,
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R 1 CuX,(X=S,Se, Te) A RHBSESMERTSH M

Table 1 Superconducting- and normal-state parameters of CuX, (X=S, Se, Te) system'>*" 214

Sample T/K 1oH.,(0)/O¢ UoH 5(0)/Oe Eq/A Aq/A KoL
CuS, 1.56 1232 502.9 809.0 901.0 1.11
CuSe, 2.43 610.0 375.5

CuTe, 1.30 83.3 194.9 1300.0 1100.8 0.85

Sample y/(mJ-mol™"-K ™) B/(mJ-mol K™ oK ACHT, Ao

Cus, 5.4 0.099 388 1.07 0.47

CuSe, 75 0.335 250 131 0.38

CuTe, 5.8 0.627 210 1.35 0.50

3 45

AT il = 5 BT ¥, 72 5 GPa, 900 C 25 F N B IR 4 T Wi R A9 CuTe, Hifh, JFA AT T

TEYN B 25 /0 NP e 4E . MK XRD 45 3201, CuTe, HA 57 454 . H By i ARG P 3t 25 2R 1o,
CuTe, P11 T, 230 1.3 K, B8 SR BT 100%, BA AGE SAAE . i 85153, CuTe, R Il
FHE pH,, F G B woH, 53 Wk 83.3 F1194.9 Oe, #F— 3 HE 5] T G-L B8 £, =0.85 , B K F
1/ V2, B CuTe, J& T4 B F4K . CuTe, LT AR BEAE AC/yT=1.35, JEH BT 55 H5 A BCS |
SARAY 1.43, E—UET T CuTe, JE55HEA A0 BCS #H SR, ANHF 5T 45 3 Ry 4 T A THURT B A 88 Bk 45 4
CuX, & Z 1 Tl PEAR AL T e B S 56 50 .
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High-Temperature and High-Pressure Synthesis and
Characterization of CuTe, Single Crystal

SHI Lifen'?, WANG Ningning'?, LIU Ziyi'?, CUI Qi'?, ZHANG Xiaoxiao'?,
LIU Qingyuan’, SUI Yu’, WANG Bosen'?, SUN Jianping'?, CHENG Jinguang'*

(1. Beijing National Laboratory for Condensed Matter Physics, Institute of Physics,
Chinese Academy of Sciences, Beijing 100190, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China;
3. School of Physical Sciences, Harbin Institute of Technology, Harbin 150001, Heilongjiang, China)

Abstract: The 3d transition metal dichalcogenide MX, (M=Mn, Fe, Co, Ni, Cu, Zn; X=S, Se, Te) with
pyrite structure has attracted widespread attention due to their novel physical properties. Among them, the
CuX, (X=S, Se, and Te) is the only known superconducting system, for which the superconducting transition
temperatures (7) are 1.5 K (CuS,), 2.4 K (CuSe,) and 1.3 K (CuTe,), respectively. Because they can only be
synthesized under high-pressure and high-temperature (HPHT) conditions, earlier reports on CuTe, are based
on the polycrystalline samples and the detailed physical properties have not been reported on single crystal
so far. Here, we synthesized high-quality CuTe, single crystals under HPHT conditions at 5 GPa and 900 °C
using the Kawai type 6/8 two-stage multianvil apparatus and performed detailed crystal, transport,
magnetism, and specific heat measurements on its physical properties. The results showed that it belongs to
the weakly coupled type- Il superconductor with 7, about 1.3 K. We systematically compared the relevant
superconducting parameters of CuS,, CuSe,, and CuTe, and further revealed the relationship between their
density of state near the Fermi surface and superconducting properties.

Keywords: high-temperature and high-pressure synthesis; pyrite; CuTe,; superconductivity
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