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Abstract
TaSz, as a typical charge density wave material, exhibits rich physical properties depending on
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its crystal structure. However, the growth methods and acquisition mechanisms for TaS: with
different structures vary. Research on obtaining different crystalline phases of TaS: in a single
transport phase using the chemical vapor deposition (CVD) method remains scarce. This paper
successfully prepared TaS: single crystals using the CVD method and obtained TaS: single crys-
tals with different crystalline phases by quenching and furnace cooling the growth end (low-tem-
perature end) at different temperatures. Quenching at 800°C yielded the 1T phase TaS:z; quench-
ing at 500°Cyielded the 6R phase TaSz; and furnace cooling yielded the 2H phase TaS:. This study
not only provides a new experimental perspective for understanding the physical properties of
TaS:z but also provides an experimental scheme for growing different phases of TaS: in a single
process.
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1. 5l

TaS, 1E NI &8 M & AR MR, BRSNS Z S FENE T RS &2
o VE N —Fh LAY () L fer 25 FE P (CDW)M L, TaS, EILH £ R SR S5 F26 7, 45 1T #1. 2H A, 6R
FHEE[1]-[5]. XLe2 A B BA MR AR, HREFEES TS &8 R FRAASENZ R, 2
I AR B ) LG S IS R BT, 0 1T-TaS, & —Fh Mott 424, A Ta [R5 Hfar 25 B0 A e
WK TER, HEERERRRAKIRETAEAE . I AE S5 A CDW MAE, £:5E 521 B 5
HL TR IR [6]; 2H-TaSy A — PP B 44, 7EmiR N 2 IRAT N, FEAE 75 K BT A7 s far 2
WARAR, ARIR NAAER FEAR[7]; 1M 6R-TaS, BRI MZMHER T2, PRAE—Fh R IR A Ta 48 B
IRE R 4, IR 2 RS & 55 & 1) RIS RFIE[8]: 4Hb-TaS, Hidnth 1T 5 1H Z5H 50 ¢ fil
LB, HZ A RSG5 R B e PUE RS G R T R BON IR R F RN 3 5 S 244
VIR MR R [9]-[12]. HE AT, XTAE SRS 1 1) TaS, fill & 5 ERSRANF[13]-[15], W1 1T-TaS,
T KAFEI[16], 2H-TaS, T BEBAH R =R, 6R-TaS; 1 1T-TaS, JIFAZE 800°CHHI[17] [18], &
M, HET B i 22 SO e % — AR K A R 2 R 6 = REGVET T, 75 2@ nT it
7 1 1 B AL

B KA R —Fp AP 077k, B PGEA N CASE T mRERRA, AT A RO 4 R R 2 W S
[19]-[21]. FETHEEBIR[22]-[26] JEI1[27] [2815 J7 2% TaS, B A ATHIPE S, VK nT i i )74
HH R EAER A AL B ) S84, RES B AR BN AR B N TaS, i A, M85 B3R A se s g —
SIS AR AN R SR AT TaSo. VKR BE B RE T “UREE” i BEA S50 S AL 22IRES ik
sz AR Sk S50, Z AR E5REE . CDW [P IITEARE71[29]. DRI, RS KR EXT TaS, fhfA
GER S R A R A A, 6 T S LA R - PERE DG . SRR AR TS & R AR TE B T MR
HH R R A A R

AT T AR KR (S00°C . 800°C) M APvA Xt TaS, B 45k 5HIE RS2, B 78 R BIAE 800°C
K GAT TR 1T AHIY TaSy; £E 500°C KIS NIFF3] 6R A TaSy, {EN ARG E] 2H A TaS,, AF|

ik
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T ek F T AE [ B G R TaS, 2 @it Ik . Bl DUBWE g ), R P AL 25 SRS AR XU X
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Figure 1. XRD patterns and crystal structures of different TaS: single crystals. (a) XRD patterns of different TaS: single crystals;
(b) Schematic diagram of 1T-TaS: crystal structure; (c) Schematic diagram of 2H-TaS; crystal structure; (d) Schematic diagram
of 6R-TaS: crystal structure

1. R[E] TaS: B & XRD R@EAHLEEME. (a) FE TaS: 28 XRD Eif; (b) 1T-TaS: @ALEMRER; (c) 2H-TaS:
BIETRER; (d) 6R-TaS: RIFLEHRER
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N T BRI R BV KRR A AR AR T, DLJCRE o2 5 e il e FRATTAE 500°C . 800 CIRLEE T K133 1)
6R. 1T AHFE AL UL AV 1) 2H FE b AT 7 XRD RAE, Wi 1(a)fi7n. ASFEIFE TaS, £ 5 F L& XRD B
H, XRD 20 #4006 LU 000 FTHEHT R 5], R\ARGEFSEERET o f, JHEA b, X
TR =FPANE] S AH TaS; MIghd s, FRATHRTRE ST T RAR &M, W 2 fos, 800°CHK
FRFN 1T A TaS; =54 0.05; 500°CHKIFEI 6R A TaS, I E%E N 0.05; JA331 2H A
TaS, M 0.11, #RARGRER S . WS o W] DUR AT RA% e R 2], MR A hs A
A ¢ 15, 800°C VK AAFIH 1T-TaS, 1 ¢ 44 5.888 A. 500°C ¥ k13 5ff) 6R-TaS, I c 14 35.8 A
WA 1R 31) 2H-TaS, [ ¢ 154 12.063 A. &AM TaS, 1 ¢ 185 HAth SCik b (0 #RIEAARFE —F[30]-[32].
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Figure 2. Rocking curves of different phases of TaS,. (a) 1T-TaSz quenched at 800°C; (b) 6R-TaSz quenched at 500°C; (c)
Furnace-cooled 2H-TaS:

2. N[E)4E TaS: BUIRIBHALZE. (a) 7E 800°C TR ABY 1T-TaSz; (b) 7E 500°C A B 6R-TaS:2; (c) ¥4 HY 2H-TaS>

B 1(b)~(d) 7 A N 7R T 1T-TaS, 2 AN P3ml. 2H-TaS, 725 (B # A P6s/mme~ 6R-TaS, %%
BN R3Im (ARG R . W 1(b) AT LA H, 2 1T-TaS, H— N =AM Ta 57 AR, AT
FUEHE S IR =AMk ZIH. B4 Ta JR7i1 S J& 776\ FRcA. wlE 1(c)ffiR, 78 2H M,
Ta JR 7565 S JRF L= ARSI, W ¢ fho7 S S-Ta-S 2, ENAFIEsmILANEE, 2 E N 2
SHVGIEEAI AR . Rk, 2H-TaS; HA R EN 4ERiE. XFT 6R-TaS; & H/NEAC S HER M 1H 1 1T-
TaS, JZ2H A, WK 1(d).
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Figure 3. Raman spectra of 1T-TaS> quenched at 800°C, 6R-TaS> quenched at 500°C, and 2H-TaS: furnace cooled
3. 800°CE K HY 1T-TaS2v 500°CEKHY 6R-TaS: LAK K< HY 2H-TaS: Fi 2 [EliE
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BN IR SRR S SRS R, FRATSE AR AR TaS, B i 347 T H0 2 SO 5250 . @it f#H 532 nm
BOGIE =R N ORI R 25U B, Wl 3 fork. ATCUE HARFEAE TaS, ido 2 BEA prEm, 17-
TaS, 7EERARZE(90 F] 140 cm™' 2 )R Sy S U A5 2440 S AR . B S R I (ZE 200 3] 400
em ' Z AR E N F[33]. 2H-TaS, b2 K H, 7E 290 cm ™! (Eoo) 1 404 om™! (A1) SR WL EE 3 /N 2
ENDEF T FRE, By £TANRENEN, A RMEAMRII, X152 81 0 SCHERET 7T —8[34] [35]. 180
em™! (XU FAFEYR  CDW 2K gepw = 2/3 TM BEIT 75 22 ANHE RS S5 00 s, isiiaRE Bl
CDW AHAZ [ 2H AL AP IRE IL[36] [37]. K 6R A TaS, HIF. ik 5 1T P2 eig . 2H M
SIS FAT IR, B 6R FESHRAEAE 1T A1 2H AHPURFE . 2H B BRI Bsey Ares 180 cm ™! U4
HABHBLE 6R AR S [4]. 5 —J7TH, 1T FES I 2 TR 6R FE SRR R . A2, 6R Ffh
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10000 4

1000 +

100 4

10 -

p (MmQ cm)

14 187.5K

353.0K

0.1

0 50 100 150 200 250 300 350 400
T (K)

Figure 4. Relationship between resistivity of 1T-TaSz single crystal quenched at 800°C and temperature
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Figure 5. Relationship between resistivity of 6R-TaS: single crystal quenched at 500°C and temperature
5.500°C&XHY 6R-TaS: B REEARIERETHL R
T WIS AH I TaS, IS 5, 0% AH 1) TaSy 3EAT 1 22 RO 4 Ve IR R AIE o FRATT i SE
FU T 800°CVEKAF R 1T-TaS, HLdh e dh Y PR EE, Wil 4 From. MEHR LA H 800°C k45 2 1
1T-TaS, Ff i f P A BT 25 B D 6 AR IR RE A 353 187.5 Ko 353 K A& AR FRLTHT 25 38 13k [ 30r /A J3E FL 77 25
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BB IR, 187.5 K AT /A i FLnr 25 F5E V% 1) 5 A A i FL A7 25 P VR PG AR (Ui B, 3 5 HAth, Sk A 410 1)
P77 2 R B A Ui P R A R R — [ 38]-[41]

B 25 7 K UL P (R B AR, 7E 500°C Ry K B AT #5321 6R-TaS, ¥, FRATWEF T K43 2] 6R-TaS, H. 4%
HLPH BRI DGR, a1l 5 Bom . 6R AH (1 Ha Ay 2 B A6 0 5 1T AHISAL, LAt STkt 4aE H 320
KA AR 55 P A 380 P I8 [0 A B R 2 PS5 0 A AR VDL RS, 305 K A A J3E R mp 2 P88 90 [ 5 4 A S HL AT 25
JEBFR IR . LS HaT UE H 500°C K13 2111 6R-TaS, F i I P A FLfaf 25 B2 i 3 AR TELFE O 320.5
K, 305.5 K, X5 A STk HRE iy e 2 8 8 i AR Ui P B AR RE— 4], IEAh, HHT 6R-TaS; HLAHfE
iGN EAE S, AT ICEX SRR MEERIT T, W& S HrTLUEH 6R AH TaS, %
HLBHIRE N 2.8 K, IX 5 H Al SOk P 4R A — 20 [42]. NIRAIE 6R-TaS, B AR S, ATNE T 6R-
TaS, [IRESE T T 5 A SRR 30, Wil 6 Bias, 6R-TaS, FIPTRERE AR IR B A 2.8 K, 52 H SR B AH
—3, HRERS L 80%.
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Figure 6. Volume fraction of 6R-TaS: single crystal superconductor quenched at 500°C
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Figure 7. Resistivity of furnace-cooled 2H-TaS: single crystal as a function of temperature

& 7. k% H) 2H-TaS: B R ERERE TR R

XA AS BN 2H ARFE Ah2EAT T A AR B IR AL S R BT T, W& 7 o AL 7 spal DL HHP v
73 [¥) 2H-TaSy # i 1) FEA 25 P AR N 76.5 K, 355 JF Ay SCHR o 0 F) R A 5 PR Ul e A UL 2 AR
IR¥F—2h[26].
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