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Fig. 1. Schematic diagram of the structure of liquid ammo-
nia experiment setup, this device can achieve low temper-
ature liquid ammonia reaction and ammonia extraction.
Path 1 is used for producing liquid ammonia and for low
temperature reactions; path 2 is used for separation of
product and liquid ammonia after the end of the reaction;
and path 3 is used for removing ammonia residues after

reaction.
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Fig. 2. (a) Powder X-ray diffraction (PXRD) and Ri-
etveld refinement of Ko gFeaSes, the inset shows the
structure of Kg.gFeaSea with 122-type (Reproduced
from Ref. [11], copyright 2010 American Physical So-
ciety); (b) optical image of the Ko gFea_ySes sin-
gle crystal from self-flux method (Reproduced from
Ref.[26], copyright 2012 American Physical Society);
(c) the Fermi surfaces of Ko gFeaSes from ARPES
(Reproduced from Ref.[24], copyright 2011 Macmilan
Publishers Limited).
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Superconductor

B3 (a) KoFeo_,Sey @ {KHHIANS B, ZEMIEE R T
AR TR, A R T A SOHE I S
B 24, (b) 245 A RS HIRICHE ¢ T IR (c),
7 Fe %R SR /5 x /5 Mk 4 (31)

Fig. 3. (a) Phase separation in K;Fea_ySes crystal,
the left inset shows the diffraction of the superstruc-
ture in main phase, the right inset shows the super-
conducting gap in minority phase (Reproduced from
Ref. [24], copyright 2011 American Physical Society);
(b) crystal structure of the 245 phase and (c) the view
along the c direction, showing V5 x5 superstructure
(Reproduced from Ref. [31], copyright 2012 American
Physical Society).
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Fig. 4. Pressure dependence of the T for Tl ¢Rbg.aFe1.67

Sea, Ko.gFei.7Se2 and Kg.gFei.7sSe2 (Reproduced from
Ref. [8], copyright 2012 Macmilan Publishers Limited).
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Fig. 5. (a) Powder X-ray diffraction patterns for AzFe>Sez(NH3), (A = Li, Na, K, Ba, Sr, Ca, Yb, Eu) samples measured

at 297 K, CuKa radiation; (b) magnetization and electrical resistance of nominal NaFepSea(NHz)y; (c) magnetization and

electrical resistance of nominal Bag gFeaSe2(NHz), (Reproduced from Ref. [33], copyright 2012 Macmilan Publishers Limited).
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Fig. 6. (a) The structure of Lig.(NDz2)o.2(ND3)o.sFeaSes at 298 K (Reprinted from Ref. [34], copyright 2013
Macmillan Publishers Limited); (b) the structure of (Lig.sFep.2) OHFeSe at 298 K (Reprinted from Ref. [41], copyright

2015 Macmillan Publishers Limited).

207412-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 20 (2018) 207412

S SRS, AE AT B AR 52
T. = 36 K (A€M, X7 fE /& Sedlmaier & [0
A A HL A 5 DY T s A R R AL T L, BT
Ying S57E NG5 #) R HEE NH; J5 T, #2310 2362 FE b
HI IR AR 1E (43 K), B K P& XS T, 5200 258 K
FEMZARm. 7] IS H 458, A, FeoSes %
HEBRE 43 KBS) S X R Tz = 0.3+
mn, BEXERE T4 Fe E£50.15 MHEF. X—HB4E
5 J5 I 28 1 HAth FeSe ey i 8 44 1 s 20 L
L.

5 LiOHFeSe #y & 3 Ao fi

JRUE T s A P R B — e At A ML R
FFE R DU Rt SRR 8 AL S N, (R 1K
— RYIFESARAFAE = S s, S SP mfase
PR, BT ERRE S SR KRB
UL TE A A7 A RAE 7 THAZAE AR K IR A, HIR AR AL
P IR S ENLEE, U SO R m
SRS HAE 2 SRR 1 3& A ER I & Bk
AR AT RL. o [ BB K 22 BR AR 72 21 120 ]
R BT, KT — A2 S F € 1 FeSe
R S A ——LiOHFeSe, HB S H# AR ¥ 5
1540 K BA b, 05T s il e S LB TR
MEMA R, LiOHFeSe [ & 1A 45 1 FH FeSe /2 ARk
SR Z B HEBRT R, HAl 2 AR R 2 8] H
WL 58 I S AR, B, A A5 58 1 I 5 b
FARWEFLBE 0 7O S R DL R

7.067 A

(Lig.s4Feg.16) OHFeq 95Se
P4A/nimm

BHOR S REE LR A&, Bl s & X 4
LEATI S T RO AIAZ LR (NMR) =Fh AR T
B, KEHAHAE T2 WM B SR S5 8. 108 A
R A E N (Lig sFeg.2)OHFeSe, F.A5 ZrCuSiAs
RUZE ) (1111 2Y), 7E46 )2 FeCh & 4 JE % 7 I
(B 6 (b)) BL48) SR 2 )5, [FeSe] 2 A1 FE &5
Wn# 9.3 ALt BB, MREELA B
A 420% IEUR Fe, HALZEMN A +2. X L8 Fe?T
LS E 0] [FeSe] ZEN LT IIER, % B BLT
122 Y S5 K 1R il <6 8 BH 5 1

fd Ak 3R I R 7R (Lig sFeg.o) OHFeSe [ T, £
AL K, H T 5748 IR B R4 2 28 FeSe M BHA &
HORE . kA, G TRIRE J2 v ) Li A 25 F 1 Fe
FHES FHUAR IG5 T 2 &b i sE, X 3804
SHRBER AT HIAE. BS, Sun %5 B4R A
U K A s B ) % (L Fe, OH)FeSe ¥ i, H
A ] — JC FeSe A& S FAR IR 3EAT & k. Bt
B R AR T, (R Ik JR AL 5 Yk 5 3
41 K (I Li< @ M 20s AL BERE 5 ). 12 45
BUA ¥ Li K Fe B RN 2 o B 46 ok DU 78
[FeSe] =¥ Fe 2 fir, MG 5E 18 i, @it
R4 5 H 2 Bk, Woodruff 25 1] i 5 308 T
# 5 LiOHFeSe & BAIVE R, H 0 N Z R 2
T (Li—,Fe, OH)FeSe #1RL I BRI, FEiZA S,
A FE AR A8 BIREAT )77, 5 FeSe IO NTUR 14 IR 45 — 2k
A R UESE, Sk B 8] B8 J= 1) HLA 45 2% 0] T A 4
NH) FeSe #1115 T T f R /2 e AT /D .

® M =
8 KFS245

008

004

|l ~ 006
— 0010

9.318 A

10 30 50 70

8 FeSel1111

7 BIKME TG, KaFeaSes (245 ) LB SARTEA R (Lio.saFeo.16) OHFeq 98 Se T L i, dfA4i 1

FEAEAR L2 g (4]

Fig. 7. Illustration of hydrothermal ion-exchange process from KaFesSes (245 phase) to (Lig.gaFeo.16) OHFeq.98Se

single crystal (Reproduced from Ref. [46], copyright 2015 American Physical Society).

207412-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 20 (2018) 207412

BE J5, 40 B AT ) B R A B 7S AN B T A
FoR, I3RS T KL (Lip sFeg.2) OHFeSe
S (B 7) V0L bR R AN AE & A 45 4 BT R
By 1E B SRA 2 A R K Fea—,, Sea H11H Fe
23 iy WTAS) it ELAE H T g B s R T A8
IR V00T B OK T PR 28 . R I T A 2 A e
SH B (Lig sFe.2) OHFeSe 1 i A2k i 48 S A4k} 1)
HEEH SR, T, YT S0 7 A 1) %t
HHL T 5 4% (Lig sFe.o) OHFeSe ¥ 5 I & 1 VR4
e AL 8 Fr s i e Hs H R 2R AR U
WA 2 BoR, B )T, SC-LARI T, 8 e
WiAmE], G FE S P = 5 GPalf FF 4 H B SC-1T
FH, T B T, B & 8l i, 78 12.5 GPa ik
52 K, tWSC-IMMBRAET. 5 T 10 K, X2&H
IRAE A 1) FeSe 8 544t 580l 50 K 18 5 4%
A BT OSTHAL R R AR ERE, miEd
FHERFE R THEZHIEESEE. WHEERE
P ANE 8 () 0 HLFH 2 FR Ho% B, v LATE M i R
H SC-TAHFI SC-TT FH 1 1E &5 25 73 31 N $ oKt Ak (B
p o T2) FIAEF KWK (B p x T, 1 < o < 1.5),
1M H. SC-1 2| SC-II AR AR A7 AE AR B B I AH 7, 1X

120 -

2.5
2.0
onset
100 ¢ 1.5
1.0
<
~
LY
0 2 4 6 8 10 12 14
' P/GPa
1
0 TR 0
| L
T M o8 -
O 2 L
g °E f, &
g r I r6 .
=3 r o N o
é —X— Ru '-20‘0 r4 Q@
= —44 L Z I e
5 e LT g
A b
—6 T T T T T T 0
0 2 4 6 8 10 12 14

P/GPa

B8 (Liy_,Fe;)OHFe;_,Se ¥ & ik Ik J74H E (49]
Fig. 8. T-P phase diagram of (Li;_;Fe;) OHFei_ySe
single crystal (Reprinted from Ref. [49], copyright 2018
Macmillan Publishers Limited).
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Fig. 9. Crystal structure (a), (b) and Rietveld refinement for Nag.39(C2N2Hg)o.77FeaSes at 295 K against neutron
(c) and X-ray (d) data (Reproduced from Ref.[55], copyright 2017 Royal Society of Chemistry).
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* 1 HATKIE 2 4E)E FeSe(S, Te) H: T4
Table 1. Typical intercalated FeSe(S,Te) based superconductors.
Chemical formula Synthetic method Space group Lattice parameter/ A Main property  Ref.
= 8.74536(8
Ko.sFe1 gSen Solid state I4/m ¢ ®)  AFM Ty =510 K [27]
¢ = 14.1002(2)
a = 3.8273(6)
Lip.9(NH3)g.5FesSe Liquid ammonia I4/mmm SC T, =44 K 59
0.9(NH3)o.5FeaSes q / ¢ = 16.518(3) ¢ [59]
a = 3.8148(2)
Li ND ND FeaSe Liquid ammonia I4/mmm SCT. =43 K 34
0.6(ND2)0.2(ND3)o.sFeaSesa q / ¢ = 16.4820(9) ¢ [34]
: .o . a = 3.79756(2
Lig.56N1.72D4.63FeaSes Liquid ammonia P4/nmm e 10‘3070((1; SCT. =39 K [40]
= 3.843(1
Ko.3(NH3)o.47Fe2Ses Liquid ammonia I4/mmm “ 1) SCT. =44 K [39]
¢ =15.56(1)
=3.87(1
Ko.3FesSeo Liquid ammonia I4/mmm @ ) SCT. =44 K [39]
c=14.28(4)
a = 3.7870(4)
Na, Fe Se Liquid ammonia I4/mmm SCT. =37TK 35
0.65(1)F'€1.93(1)°€2 q / ¢ = 13.6678(4) c (35]
a = 3.7991(2)
Na, NH3)g.60Fe Se Liquid ammonia I4/mmm SC T, =45 K 35
0.80(4) (NH3)o.60Feq g6(1)Sez q / ¢ = 17.4165(4) c (35]
= 8.00283
Liz (CsHsN)yFea_,Ses (annealed) Solvothermal P4/mmm a SC T, =40 K [50]
c = 23.09648
= 3.458(6
Liz (C2HgN2)yFea_,Sea Solvothermal I4/mmm @ 6 SC T. =45 K [60]
¢ = 20.74(7)
= 3.453(2
Lis (CeH12N2),Feo_ - Ses Solvothermal 14/mmm * 2) SCT.=38K  [56]
: ¢ = 32.450(9)
= 3.8565(2
(CaN2Hg)FeaSea Solvothermal I4/m “ ) PM [61]
¢ = 21.4257(6)
= 3.77871(4
Lio.sFeo. o OHFeSe hydrothermal PA/nmm “ “) SCT.=40K  [24]
¢ = 9.1604(1)
a = 3.8145(7)
Nag.5(C2NoHg)FeaSe Solvothermal I4/m SCT. =45 K 55
0.5(C2N2 Ha)FeaSe, / ¢ = 22.1954(8) ¢ [55]
a = 3.7932(7)
Nag.5(C3N2H1g)FeaSes Solvothermal 1222 b = 3.8422(8) SC Tc =46.5 K [55]
¢ = 20.356(3)
= 3.808(2
Nay.o(C4NoHio)FeoSes Solvothermal P4/nmm “ 2) SCT. =46 K  [55]
c=12.464(2)
= 3.8331(1
(NHs), Cso.4FeSe 14/mmm “ () SCT.=312K [62]
c=16.217(1)
a = 3.750(3)
EDA),Li Fe Se Solvothermal I4/mmm SCT. =46 K 51
( JyLizFeq g76(1) / ¢ = 22.303(8) c [51]
= 3.855(8
(EDA)yNag g20(7)Feo.765(1)Se Solvothermal I4/mmm ¢ ®) SCTc. =44 K [51]
¢ = 23.50(1)
= 3.767(2
(EDA)y LizFeq s741(2)S€0.4508(2) Teo 54(s)  Solvothermal 14/mmm “ ) SCT.=26K [51]
c=22.94(1)
= 3.859(3
(EDA)yNag g(1)Feq.ss(4)Se0.52(1) Teo.482(6) Solvothermal I4/mmm “ 09 8021; SCT.=30K [51]
c=22.
= 3.925(3
(EDA)yNag g(2)Feq s7(5)Seq.51(3) Teo.49(3)  Solvothermal I4/mmm “ ) SCT.=30K [51]
c=24.33(1)
= 3.562(3
(EDA)y K 17(4)Fep.83(3)Se0.52(1) Te.477(7) Solvothermal I4/mmm “ 03 57E1)) SCT.=23K [51]
c=23.
= 3.6886(3
Lio.s5Feo.15 OHFeS Hydrothermal P4/nmm “ ) FM T. =50 K [63]
c = 8.915(1)
= 3.6879(2
(NH3)Feq.25FeaSa Hydrothermal I4/mmm “ 2) FM Tc. = 60 K [64]

¢ =13.1134(8)
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Abstract
FeSe-based superconductors, as an important part of the family of iron-based superconducting materials, have
attracted intensive research interest in the field of condensed matter physics. The exploration and preparation of such
superconducting materials is the basis for studying their physical properties. At present, the exploration of FeSe-
based superconducting materials mainly focuses on intercalated materials and epitaxial single-layer FeSe films. Among
them, the intercalated FeSe-based superconducting materials have unique properties and are numerous in variety. This
paper introduces a series of FeSe-based high-temperature superconducting materials discovered in recent years, covering

K;FesSez, Ay NHsFeSe, LiOHFeSe and organic molecular intercalation FeSe, etc., their properties and impacts are also
briefly described.
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doping
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