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Fig. 1. Crucibles, quartz tubes and furnaces. (a) From left to right: Ta tubes, Pt crucible, alumina crucibles, Mo

crucibles, silica plugs and silica tubes. (b)—(e) Pit furnace, single-temperature zone tube furnace, double temperature

zone tube furnace, and atmosphere furnace.
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Fig. 2. Photograph of NagBi single crystals and binary phase diagram of Na-Bi system: (a), (b) Single crystals of

NasBi grown by Kushwaha et al. [45]; (c) binary phase diagram of Na-Bi system [44], (d) single crystals of NasBi

grown by this work.
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B BE R LE Bl 3t N B AL BRI 3R R B N A 2,
A 1100 °CHERF 10 h, JFZEFEIRF] 800 °C Jm &
Oy, BERESRIR~FZ1°80.2 mm x 1 mm x 5 mm [
KRR SR, B 7 F i B8R T A4
K H B WTeo 548, XM 7 1L AR A2 K H Te Bk [
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Fig. 7. Binary phase diagram of Te-W system. The
inset is a photograph of WTesy single crystals 1671,

4.2 HgCr2 Se4

HgCroSey M YolIroO7 #4 KL 2 & - 4 T 5 11
T Pk Weyl %% K 7 44 R} 162630 398 3+ S 45 L AE
HgCrySey ' R AFAE — X Weyl &1, H AL T 9% K g
0B, LLRT 0B 7T K I HgCraSey & — AN £k
Fil 2 T AR, B B I P R R
B, HgCroSey 1 H AR A I 97% [ & hE Ak
1081 I LA TR -k R AR A% p b 3 B0 HH AR K 1 472
FEBH I % (09, S (2, 7E4ia M )5t LA & ARPES
TR A R B Wey] s A7 TE FRE 3.

W% HgCroSey K222 KL, Forh He A1 Se
AT ¥ R DA R L s 78 SUE, Cr BB s %
A, DRGSR FH B 704 T S B R B A 1) B
T 5 L L A e (VI R IR 888, IR Hig A Se (175
SRR, BB, 2) Sl NE UM REBET, &
SINFH A AL & 9. HgCroSey [ L& F-7E 1969
OGBS A M AR R A K R 0T R
F AICI; #1 CrClg fEAL i /1 5T, B8 A=K L 5

MRl B %, K Hg, CrflSeff81 : 2 : 4R
EEREATICLE, SN 3 g, #£300 °C4EHF30 h
TENETIRAR AR RGN 1 g1 AICT; 83
CrCl3 ¥y oK, IR GG HIRF AR A S . Wi
21 HL23 B A D88 N K P B X S
oy A SR AR, R E N800 °C, iR B LY
9100 °C. 23410 d MR, BE#E 1S 2 RSA
1.5 mm x 1.5 mm x 1.5 mm &4, B \EIMNE
DA KGR TH B S A, 4] 8 (a) AT,

K8 (a) HgCroSes 1 (b) ZrSiS [ 5 A
Fig. 8. Photographs of (a) HgCraSeq and (b) ZrSiS
single crystals.

5 Node-Line ¥ 4 B o % g5 £ K

Node-Line -4 J& #BHE 73 4b—Fh B A & 45
TAMAIRL RS E o, R e 1T A
B AN IR B R A E SR (2%, SRRl AR
A Node-Line # ¥l #i& 7l 5 B Node-Line #4 £} 5
CusPdN [ 7rSiS 18] 1 TiB, 5k P &bkl 12
ARk, T RS R 45 H I Cus PAN AR, 1H2&
A T S B R, (E R X L A T )
A KR AT O RIE 73, AR B IRATE % BN
ZrSiS Fl TiBo X P AN BHE L A 1K

5.1 ZrSiS

P Pl 5 ZrSiS ik (Zr 7] LA #e HE; Sinl
PL# 8 Ge, Sn; ST LL& 4t N Se, Te)se — R
Dirac Y Node-Line - & J& # Kl. ARPES L4 7
ZrSiS & I T Node-Line & 20 ) B 7245 2074 ]
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fsf B fd A 5 0 e il 19701 ZeSiS B R A
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HELE TR, X tHIA#EE B T 3 # Node-Line %7
KT BIAFE.

ZrSiS M4k T LA i 4 B S A A% i 16 7 vk Bk
T B Zr, SiAIS BN R 12 I8 EE R B
1:1: 1, MELREL NS ¢ RAVER
G, BNATEE Rl & 2 5. R EE
B, B STE R T MASRERK, ARE AR
PE. R FRATREC T P B UTHR: 46 BA100 °C/h
(38R TR 2 400 °C (S BT I3 2 444 °C), SR
Ji 4847 20 h; LA 50 °C/h i3 T35 25 1000 °C
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JEIIAN0.3 g Lo B RAE AR R, 3 0
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KSR 10 d. fEA e M i 7RS4
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o ) ¥4 o 1) 22 by RS R 45 R TR /NI
BRI LR (1) 5 AR E T AR 4k ST B R
¥R, SR G A AL, RINKIRAE 15 2 R~
BORIF B4 PR IR AT B B k. 31X — A5AT LA
ZrSiS W4 i R — MBI R, fE 5 i 1o AR
RNER, H ZrSiS 53 T WHE Z 74 Ui 4 i

5.2 TiB,

TiB, £ 51 # B 4035 ZrB, A HIB,, #( /2 AlB,
RIS T Sk A R B, BG5S /E A% &
HEPE R G IE T, X —2K MR & Dirac
) Node-Net T2, B 1 22 K /2 H1 PYFf Node-
Line AHE 40 A U IR 5 4 P4 Ti A0 B #R A2 16
MAEH ST E (T 5N 1668 °C, B A &
2076 °C), KA KX AN B B AT — 5 1 Bk R
PE. RO XX — R AR AR K R RE, R
Fil Co, Fe 8 ALYE Ky Bk 745 5o 1% A= 4 B oy
T 7677 i 45 #R 38 FRTE TiBs H WL 3 Node-
Net HL T2 251 DL K AE ZeBo HOWLI 3 B K 4 H REL
LG PO R B R A ALE B FIE K TiBy
ENT R

B9 (a) TR N ALB I oo 8 /T LR
B AT BE JRELLI N B G R I 10 50, IR e 2
1300 °C BP]il: B G sV MRAE AL B S i . JF
H I A BE R B0 T 1) 20 £, ARFEE 9 (b) Fiow
) Ti- ALAH P 1791 W A3 33X A 65 30 AL B RE %
Wi T, DRHR A AVVE B 7). FRATR: Ti A B i
BT ALEURIZ IR 1 - 2 2 20 (O EL1 2 BVRE A )R, BN
FAiast b, JRER A ORI IR R HLpp
AT Re]. BLEEERE A 15 hin# & 1500 °C
FHYEFE20 h, 2RJ5 LA 1 °C/h i35 3 (495 % 1300 °C
JE g e, BRI IR, AR =R, B
RAH YR A BRI R A B AT E S, B
BN 900 °C B L, 2RI ALBIE A LR, X
BT IS B R OR, B AAS SR FH #h R Bl ik
B YR L IR Y IR T v, T e 2 5 0 KR 4 T
VAT, SR G B I IR A AT IR I, 2Bk S A
FTH M ALBWIE . 8 i axX i 5 v R 45 3 RH 2
90.2—0.4 mm KN TiBy B Ak}, [F Ak
H AIBy 54 (577 FOR) A R TiAL B (1Y
77 FOR) ATAIB, (RUREIRAR (53 W A4 ) 5 H 30

1900 e
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Fig. 9. (a), (b) Binary phase diagram of Al-B and
Al-Ti systems; the inset of (a) is photograph of TiBa

single crystals (78,791
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6 H A IE AR
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T DA R BR R 28 R i i ME 2L, FRATTR A T AR
2718 mL i) Ta EAE IR B, HEiEN4 g
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EAE, KRR IR 0. K AR
AR HE R IR 235 78 Ta B, SR )5 PR IR
UFH) Ta EENATE T, PRI A 908 /R 2
N T R T Ta B R R A 0 ik
NG IR, 5 hINFAE 200 °C 468720 h, R )5
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FEVKIK AR K 0 58 5 4 Ta B EUH, TRON BT
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T W B AR AR (TR R B 2R T BR A A
FTK 43) H A B RSk AR 0 3 ) X5 2R AT 49 P
W R EE S D ORI & 45 R, AT LUE BB
7 KHgSb B FE 2 48, &4A SbIAH. K 10(d)
(KR AR A Sb [KIAT 506 21 (0 28 2 ) — bk R AE
15 min [FIAR) X 26 E, 7T EUK I, KHgSb 1A
HRIERSS, Sb AAHB AR B B Ui BRIX AN AR A
BE S R 5 21818 o ik, 7oA Sb FLR.

ARPES S2564F 58 1 £ KHgSb #. & A7 1E “¥b
TR 2K 77, KHgSb & M FE 16 T 1) 5 5 1) 4% 7 5]
SIG I 6 E FR R i — > i (27200,

6.2 MoP

M e 6 )R 2R, Dirac 20K TR 2
VU = 1 1), Weyl B oK K R A2 P 5 fil I 14, 11
MoP, WC Fl TaN & #4} B0 4 7 5 He epr 47 76— Fi
W =EEIFRTOR T XM KT SR,
TR T H AR I E 2K, AR5 1 x4 4h
AR AR
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Fig. 10. (a) The unit cell of single crystalline KHgSb; (b) a top view along c-axis and the three-dimensional model of
layered structure of the crystal; (c) the X-ray diffraction pattern of (001) surface; (d) the X-ray diffraction pattern

of KHgSb powders; the blue line represent that the measurement is immediately performed after grinding in oil; the

red line represent the same progress on the same samples after 15 minutes.

2600 F (a)
2400
2200 5
o 2000¢
£ 1800F - 4\
s —
8 1600 T 150 1730 \
£
£ 1400 F § . N
T 8 2
12008 f s |l/g £ g
100087~ 935 O
800 9 1 1 I2 1 1 1 1 1 1
0 10 20 30 40 50 60 70 8 90 100
Ge at.% Mo
K11

1000 T T T T T T T T
900 F
800 F ]

700 F

600 | Rkl 577 £

500 F

Temperature/°C

400 Kb
300 F

GeP

200 ¢
100 F

0
0O 10 20 30 40 50 60 70 8 90 100
Ge at.% P

(a), (b) 2219 Ge-Mo Hil Ge-P (I —TEAHE; K (b) HIPIIE KN MoP F #. & 8 [87,88]

Fig. 11. (a), (b) Binary phase diagram of Ge-Mo and Ge-P systems; the inset of (b) is a photograph of MoP single

crystals (87,88]

MoP [¥1 2 di A REE L 4F i 3t C & B 15,
B2 T Mo HUME R &1, 10 HL A & 38 14 B 4 57
SRR Mo &8 ¥R, P T7E MR FHRIZRSEL
BRI F, — HE A A . Shekhar %5 59
AL R JTEAERK H T MoP B HL, SEER
J713 0% Mo B AR PRy A 4% B 10 1AC Hebe il i o
A, BN L AR5 A1, 12 =il X 2 1000 °C, KR

[X 79900 °C MR X 8 A Be il LA 23, fE
A3 1 mm AR JF ISR T HRCH R
BH 2 DL B TR S B BT X A5 v BAR AT BA
AR MoP R, (ER AR K. Zed AT AR
K, w11 (a) M 11 (b) Bros, KL Ge B2 8% 7] I
VA BT Mo A P BT88) R B ATT i 43R Ge
VEBNFE AR AAC XA B f. 15 56 Mo B, P HURN
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Abstract

Topological semimetals have attracted much attention and become a hot subject in condensed matter physics,

and single crystal growth is the basis of the physical investigation on these materials. At present, the research of

topological materials has formed a cooperation circle: presenting materials by theoretical calculation; single crystal

growth; verification by experiments on single crystals. Single crystal growth has become a bridge between theory and

experiment. Here in this paper, we introduce the single crystal growth of the topological semimetals presented in

recent years, including topological Dirac semimetals, Weyl semimetals, Node-Line semimetals and other new classes of

topological materials. The detailed growth methods are summarized in this paper for each material.
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