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Fig. 1. The sketch of the crystal structure of “111”-

typed iron based superconductor.
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Fig. 2. The sketch of the Fermi surface for LiFeAs.
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Fig. 3. (a) Evolution of T¢ as a function of the doping of concentrate of Co, Ni and Cu; (b) T versus the doping electrons.
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Fig. 4. ARPES intensity at EFr of (a) LiFeAs and (b) Cu 6% doped LiFeAs with photon energy at 51 €V;
(c), (d) ARPES high resolution cut along high symmetry line I'-M at k. = 0; (e) extracted kr locus of LiFeAs and

Cu 6% doped LiFeAs [33],
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Fig. 5. (a) Temperature dependence of the Hall coefficient Ry of LiFeAs and LiFeg.958Vo.042As single crystals;
(b) evolution of Tt as a function of V and Co doping in LiFe1 _;TmgAs (T'm = V and Co) single crystals; (c) effective

moment per Fe/T'm site as a function of the doping concentration zfor LiFei_;Tmg,As (T'm = V, Co, and Cu)

single crystals [36].
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Fig. 6.

(a)—(e) Resistivity as a function of temperature for LiFe;_,CozAs at five selected Co concentrations;

(£)-(j) FS contour of LiFe;_,CogzAs for five representative Co concentrations and their extracted FSs from cor-

responding ARPES measurements for each doping; (k) spin-lattice relaxation rate "®As 1/T1T as a function of

temperature for five Co concentrations measured by NMR; (1),(m) evolution of the exponent n, ">As 1/T1T and FS

nesting factor with Co substitution a 3],
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crystals; (b)—(f) same as (a) both with a zoom on each resistivity curve, for each sample, p/p (300 K) is fitted using

p = po+ AT™; (g) exponent n as a function of z; (h)—(k) evolution of the hole FSs (red) and electron FSs (blue) as
a function of z in LiFe1_,VzAs; (1) the hole FSs (red) and electron FSs for LiFeg.ggCog.12As [36],

PR IR il LiFeAs REARA B AT JEH e ik 10 Ha 1
RET LM, 75 T s Bk T RIS O S Kl B4, &
AN EEE AR K 0. D EBE TS
I (Co-1% B2%) K fhifF o fEAT FULE Tk AR LA
T, HFEE A K o WK, KE Lifshitz 5%
. Co-3% B 4% 15 o fEH 5845 FULE PR REL LA
T, A NIVF R TETORRE R UL R IRE T o BATISR
ML BB FERINS, BT A, ~ 4.5 meV
(24, /(kpT.) = 7)1 B o LB SAERR A, 7F
T K T B REE B B S RERR R ok, X
HEBR T A 2 H A BE T R 5 1T BRI R S 42
A R O o B S o (8 SR VPN NS R i )
HRAL, Bk R K 7 AN A B O T AN R S oK T 2
V1) 1 P A T s T R Sl o A8 3 A A FH )
B T AL HE A F 2 0T B K T PRI () R T R Y 4
PN A R ARG, R AE LiFe; _,Co,As
A FR Hp U R B SO T 2 K T SRR R DL

24, /kpT. = 7RPGIEE SR B G S
XFALEE.

FAh, BRI 3R, AH AR
[FeAs/Se] |7 2 8] B BE B %€ 1 JZ 6] As/Se-4p H
AR FAE F, R R p (B O R (49,
[F) B 7 4% 55 40 o B K /NBLFE As/Se B Fe ~F 1 5
J5 44 521 As /Se-4p HL T Fll Fe-3d B 1 1 AH BLAE H
BEIE RV E p, BEANIE L M IALE. /N S
B alE I K/NAT DIESRAE T W p, BEHF FUTE o
REAlT (dys/dy.) T, FEREH B IE L4
GARAR 1L SRR, p, BEAT RN B REAT (duy) HIAS
SOH AR ANk R e R AR ). B RTE R S
] Fe(Te, Se) A 2 H S0 O 20 W 5% 21 ¥ 4 48 4 4k
i, TREPIESE T Fe(Te, Se) & #hfME G4k 7. i+
LiFe; _,Co, As & R 1) fn % 5 £ o 1 [FeAs) JZ 0] BE
BN, I BB TGS RN AR 45 R A AR T DA R
BA R SR f S, B AR A &AL
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0GR BITE LiFe;_, Co, As 1A 22 Hh [ B 0 5% 211 41
Y AR AN S0 AN KR v - < JE A R A7 AE.

3 NaFeAs # $48 & & &, F g 5| 48

5 LiFeAs it 7 A A~ [7], NaFeAs B} AH 43 53
KA T DY J7 AH B I A2 AH Y dn A 25 0 A (T ~
52 K). REKBEAHAL (Tn ~ 41 K) Ml 32
(T. ~ 9 K) Pl Ak ph 45 5 LaFeAsO 214U, H
JVE AE TH] 1) A2 e Bk M, A5 T Y o b 7 1) R S Bk 1
HeB, o oo Bk EEHED) S @i 3d i UE R 4R
0% B TN He 70, A 45 R RN ISRk T R AR
Bl 32 W R I R T A A T B o AR A TR
FEJ& N B, H UL AT LLZ5 HH NaFeAs #4& 5 1 5 A
[15,49-52] 8 (a) N Co#s 4% ) NaFe; _,Co,As
S AHE, 5 AR LR 2.8%Co 5 & M 15
FIEF R K ME 20 K PO NaFeAs RRAA 1 5 4
AR i B 42 i N 77 )5 e K ATIA 31 KU fEi% T,
MK R J) 43 GPakt, H As i 2| Fe “F1H
O B 8 e /N R I B A 9 1.38 A [ As-Fe-As
() S £ g5 R I 30 1 DY 1 44 S A 109.47°, X 1 B
S5 MRS HSREYE0L B st T
AEB L X I8 ) NaFe;_,, Co, As fll NaFe; _,Cu, As
FE ST /g, fE MR IN KBY B, 3T, ¥ & 7
3T K PLo2l B8 (b) NANE Co 524 X 15
H NaFe;_,Co,As 7EJE 77 T W S E A1k, % T
T35 44 X FE i NaFe; _,Co,As (z = 0.06) K, i
A 8 oy e A 0 e B M e AR L SR A AR, AR IR
I Hs B 3 R e IR ek B I ) R 3 S B 24 R
J1idE— B K, T ik B i KAB FFFF 46 T BRI, 14
TRV BE s 38 KJF a9 s, ol ik V& 8 R AR
T T, MR — P i B NaFeAs & £ 8 5 1 A2 IR
5k T R AT 4y 3L HR AN [ 45 4% IX K
NaFe;_,Co,As Ff it 47 L4 JE 38 1 U (RIXS)
WM& SIS R B, 5400 & RRRE IO 2R AR /),
NS R Re R R <8k 1.

WA, OB Va5 2 AR AR
TenHIAH AR, B Sy EA Cy e X #RiE,
B ILT A TR G DU 5 A B A 1) O e B R
PE, PRI 7 SR A A B S S T & ) . AE
Ba(Fei_,Coy )oAse A 2, Wil b 77 [m) it n — i€
JEJIAE 2 BRBE S AN 2 I, 16 R Ml i A8 I B T
DL SEARGE R AR T, 2 b W82 381 52 25 1) W FE R 9

a A0 b il 7 19 (1 2 53 0L, 7F BaFeg(Asy_,Py) 1K
FHR T R A T T RN T R DA
MR T S SARIIAELE PO [FRELE NaFeAs
PR FR R TEL T T M 5% 21 F - B A 1 A7
A 110:57=990 oy 3t T S A i AR T DA B
RSB A& R R B9 (a)—(1) A NaFeAs
REGRAZE [ 52 58 & 10 meV . A [F)3 FE T 52 2% 8] Al
A B A 98 I P 0 il R i 11O, ol B A 3 S 11
B ERELE 61 K (> Ty ~ 52 K) LAT (3 E B
AR Co B W AR VERHE, iR B N3 75 K
I, HAT R R TSR BAT Oy WX ARIE, JREIAE
NaFeAs BEAHH 1, #2322 & T T 1 DU J7 AH 25 6 A e
Fy il P52 X ) L 452 38 LT o B AB S5 M IR ARAE. T3 0,
TE [ 5 (1l B, 4 B R AR S Re A G, 1
B K REZ 10 meV [FIBE &AL, i1 1% )
SRR, X BE e R A PR HL T o A 4 R
J R BRI M T R R R VR AR AE, B Bk
Pk V& AE T T T AN TSR DL A 5 9 oK RS )
AT LA FE AR LK.

60
(a)
NaFe;_,Co,As
50 |
40 o T
m Tq

5 30 F SDW
&~ AT,

20 | sA A

Iy
Aa
104 sc ~
0 " 1 " 1 " 1 " 1 " 1 A
0 0.02 0.04 0.06 0.08 0.10 0.12

z in NaFe;_,Co,As

40

z =0 (Ref.[16])
z=0.010
z=0.028

(b) NaFe;_,Co,As

]
[ ]
A
*

0 I 2 I 4 6 8 10 I 12
Pressure/GPa

8  (a) Co#5 7% i) NaFe;_,Co,As # 5 #il & 150

(b) AIF Co 4 X 1) NaFeq ., Coz As £ JE 71 T I

SR AL 5]

Fig. 8. (a) Phase diagram of NaFe;_,CozAs [50];

(b) T(P) phase diagram of NaFe;_,CogzAs with dif-

ferent doping levels (517,
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T=26K

n/2ag
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dI/dV/pS

T=46 K

[T
0 2.6
dI/dv/pS

dI/dV/nS

T=54K
(h)
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0 0.4
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T=61K

©)

dI/dV/pS

T=175K
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B9  (a)—(1) NaFeAs BEAHIZE B E S 10 meV AN [RIE B T S [0 ) 5L I8 3t F 41 4 ik i (161

Fig. 9. (a)—(1) Temperature dependence of anisotropic STS features in real and Fourier space at 10 meV at different

temperatures on NaFeAs (16],

4 LiFeP

LiFeP Jo 5 4 Bl R I S AR N 6 K1
G 0T 5 B SR 0 2, 5 LiFeAs i
SREBR AT AN, LiFeP (48 S 47768 S AE MR 1Y
B 922 P K RSF LiFeP 8 R AR K, H Al
A K LiFeP ) PE H) TAE HL# /b, 3 EAE 4 LiFeP
(R A A8 Sk o [90—04 . X} LiFeP §h 4K HEAT G 5F
FEREE N IR S0 TR, TR FRE T N(T)
B R LML R, 1X — 5050 45 SR B K B LiFeP
(R S REBR A AE T REBR AT 9L A — AN EH il
MG, K g5 SR 32 ST, b
(I LLIERAE AC/ T, IEELT T2 19°)) T A RERR Y
AR 3 B S 4K LiFeP Fl KFepAsy 1 ACT.
WA S5 B9 3 N A 20001 41 10 iR, /R4 LiFeP

AC,/T:/mJ-mole~ 1. K—2

1 T./K 10

K10 LiFeP KJTH Te KT 1 K TR KBS L AIRAE
AC/Te FHBSIREE T WX R, BEIREIH 52 IEE 5 4hE
BRI AC/Te o T2 120]

Fig. 10. A plot of log AC/Tc vs logTc, with the dashed
line corresponding to the BNC trend for the iron-based
superconductors [20],
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BAKREWA 7, H2 NMR 7T TAER L T 1%
FORHA 2 v S Bk ik ¥ A7 7E 29, LiFeP 72540
JEERT, Fl S HASRE T, PL1.23 K/GPalf]
LM TR O3, AT LiFeAs & #0| T, 58
H ~1.5 K/GPa ifii 5 A /s 7051,

5 B 4

LiFe; _,Tm,Astk &9, Co, Nifll Cu %% 5]
NHFRERT, B N—4 Cos Ni B:JE T
FINTE AT, B AT R W B 1) T3
1, (5 Cu B 2447 0 W B Bz R TR, Co
B FETORRE N LR, M BB ORTH (25 Y 2R
KT ) B K (WL 4i). 78 3 K TH Bl 45 22 96 R 38
M ESHFA P FE ) 7 2 B K TR 25 U8 2 oK
i & W a3 ik B B e R R R E, 2T SOtk
BSR4 DL S AH R HE B 0s PR AR A, X
Ui B Z A R BRI A — A SR WA — 2 KA
{10 2t A% 15 Bl K T PR 35 A0 DA R R BK 95 25 DA 9%, Cu
40} LiFeAs & & 1 9 KT s W AR H N, A2 H
HEPEHAETT o RR T 218 N UTEITORBE AR, AH
INES RO K T 2. VB 24 5] N2 U 7,
7 BT 4, 51 N B 1 4% I A 434 % 308 28 U PR ) 4k
b, BET FEGE S T, PUEFEC. VIBRE Cu B¢
FAL, e H SRS o BB o BE A AH G
1 25 7 B oK THT, AR (1) 2 8 5] A Ik A 25
oK TH 3 1K, HEf AT DO SR B R Co B 4 &
FHOK TR E DL AR 9 R WRARAT S 1R T8 A0 25 A 56
VIHIL SR, Kik— DLW, LiFe;_,Co,As & R Al
LiFe;_, V., As ¥ 2 A T K MAARAT 9 H B0 I AR IR
KH T B RGN T I FORBER T K
R E. AN, 7E LiFe;_,Co,As ik & Wi g2 5] T
AT TR I FEER IR, FETUHAE %R R
CIRVUE 278V UE2 TN SR EZEE (/€ AT S g R E )
{P1E. NaFeAs BERFH AT T fi 4 45 46 % A8 F s 4k
AR FHmm T T MEERAETIERAREN
HL 7 S A BT LiFeP 3B A KR S 30
FCHE ST LD BB B TR B LiFeP &
T REB A FREBR T AU SR, LiFeAs & 5%
AR ARG, ERBRNRICYE S
(AU PR R, o A 5 ) 1 B O EL R AR PR R
TS50 i, AERIE AR T RESLRH A (ARPES
STM) Kt e. @it 3d k4 BB, 5INET
BB B R TR R T TR R G S B 2 6

TRV LI G, 728K I8 S Y BB 7007 T vh &
PR EOAE .
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Abstract

“1117-typed iron based superconductors have three members: LiFeAs, NaFeAs and LiFeP. The family of LiFeAs
itself does not show any long range magnetic order but become superconductor without chemical doping. NaFeAs
displays the separation of structural and magnetic transition, suitable to investigate the origin of the two transitions.
LiFeP has been proved to be a nodal superconductor. The structure of “111” compounds consists of [FeAs/P] layers
intercalated with two alkali metal layers, which makes single crystals easy to be cleaved into two equal counterparts
with non-polar surface and thus is favored by the surface characterization techniques, such as the research of angle-
resolved photoemission experiment and scanning tunneling microscope measurement. Up to now, fruitful results have

been achieved about the study of “111” family. In this paper, we summarize recent progresses on this family.
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