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Study on crystal structure of 122 - type Fe — based superconductor
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Superconductivity R&D Center (SRDC) , Southwest Jiaotong University, Chengdu, 610031, China)

Abstract; Based on the density functional theory, using full — potential linearized augmented plane wave
and improved local orbital and GGA method, the structures, energies, magnetism, electronic bands, and
densities of states of the superconductivity 122 type AeT,Pn, compounds were calculated and analyzed. The
superconducting transition temperature ( T;) of AeT,Pn, was analyzed with the bond lengths, bond angles,
magnetism, electronic bands, and densities of states.  The favorable factors to heighten T, for 122 — type Fe —
based superconductor was given.  The results showed that [ Fe,As, ] black series have the strongest spin —
polarized magnetism, most stable antiferromagnetic structure, obvious splitting of spin — up and down bands at
Fermi level, and canonical tetrahedral FeAs,, and the T relatively higher than [ Ni,As, | and [ Fe,P, | series.
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ORI, 7E“ 1227 RUE AR F v, S50 & BEER
TRHFRIE 17 82880, B4 ik I R 4 8 FIw I U R
0] DLk AR H S R R S R B X T RR AR
AeFe,As, ,Ae A] DS Ca,Sr F1 Ba,3d 3 JEICE 1 Fe
ATLABE Mn, Co 1 Ni B X, BEE TR As A LI P
)

1 AR

AR SCEET Rz R BIE (DET) R I 2 e
SRV TR 285 e 1 Ry S 3 Ty ik (APW + o)
Fl—eh HE S ABL (GGA ), 1 FiT WIEN2K'™ £ {7
FPAL 58I T X AeT, Py 1425 2544 F L T~ REAT HY
AR EFIE T B SRR IE T, &
GEMAIETE 1 I 10 Bk S WY IU 7 FIE S 45 F 1Y
MEGEHE , ESSHE , L - BB AR BE AR . 3
S, M 2SR N 5 2 H 9 RE e BT PR B -
6.0 Ryd,Ba A9 muffin - tin 2280 2.7 a. u. ,Ca,Sr,
Fe,Ni, Co, As, P 1] muffin — tin A2 2.0 a. u. .
PTH A R R Ry X Kyax =7,/ B AT kS
FERCH 300. BRI AE y e 2 1L
/NF 0.1 mRyd.

2 WL

=JCHLY) AeFe,As, HLA i — 414 ThCr,Si,
TADUT5 AR A , 25 (B RE 14/mmm , Z =2 iS5 B
SERBAFIESE [ Fe, As, |57 HIRZE5 K 5T £ Ae i
T 2 WSS HES, WAL 1 (a) PR, s A
JET AR )2 : Ae J5LF-2a(0,0,0) ;Fe 515 4d
(0.5,0,0.5);As J5i ¥ 4e<OsO’ZAs,P) ,Horp ZAS,P 4N
N AR AR I NS

R
® A Op. O A ® e OF. O
Ca) fROghi (b) TN
B 1 AeFe,As, M TEH

ASCHPTHFALEE 10 MfTAEALG ), o Ae =

Ba, Sr fll Ca, 34 E R T & Fe, Co F1 Ni 5
+ BRI 0 S PR As R TR TR A
MM SED TR 1.

# 1 (Ba,Sr,Ca) (Fe,Co,Ni),(As,P), 1k & &9 dh #5548

Mo Z2MEBE @,b/nm ¢/nm  V/nm®  Z_,, Ref.

BakFe,As, J4/mmm 0.3962 1.3017 0.2043 0.3545 [8]
Srke,As, 14/mmm 0.3924 1.2364 0.1904 0.3600 [9]
CakFe,As, J4/mmm 0.3912 1.1667 0.1785 0.3665 [10]
BaCo,As, 4/mmm 0.3954 1.2652 0.1978 0.3515 [11]
BaNiyAs, [4/mmm 0.4112 1.1540 0.1951 0.3476 [9]
SrNiyAs, J4/mmm 0.4137 1.018 8 0.1744 0.3634 [9]
CaNiyAs, 4/mmm 0.4065 0.9946 0.164 3 0.369 8
Bake,P, J4/mmm 0.384 0 1.2442 0.1835 0.3456
Srke,P,  I4/mmm 0.3825 1.1612 0.1699 0.352 1
CakFe,P,  [4/mmm 0.3855 0.998 5 0.148 4 0.364 3
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FHEFTIIES AeFe,As, St 25051 T4 2.
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BORHIRERL (3. 81 ~4.40 ), H 352 iy i
T Fe(1.82 ~2.15 py) 5Tk. CoFe AL WIAIHEAEAR

X4 /N(0. 87 wy ), i NiAs 1 FeP {64 W REHE L
A DL ZIEAST T

%2 (Ba,Sr,Ca)Fe,As, 1k % 84 & B A K2 & # A 5

ok L 25 [a) B a/nm b/nm ¢/nm V/nm® Z_s Ref.
BaFe, As, A 14/mmm 0.396 2 1.301 7 0.204 3 0.354 5 [13]
RIEAR Fmmm 0.557 4 0.561 5 1.294 5 0.202 6 0.353 8
SiFe, As, A 14/mmm 0.392 4 1.236 4 0.190 4 0.360 0 [14]
R IEAR Fmmm 0.5518 0.557 8 1.229 4 0.189 2 0.361 2
CaFe, As, e AH 14/mmm 0.3912 1.166 7 0.178 5 0.366 5 [15]
R iRAH Fmmm 0.5458 0.553 1 1.168 3 0.176 3 0.368 9
%3 (Ba,Sr,Ca)(Fe,Co,Ni),(As,P), 442 # ikt Leypb &, BB sER EREIE M / (up/f. 0. )
L 273 () AT [z M_tot M (5o v ca) M (¥e,coni) M aq p)
14/ mmm A e AL -30 414.473 6 3.81 0.01 1.92 -0.06
BaFe, As, Fmmm B etk —30 414.474 4 3.56 0.01 1.82 -0.07
Fmmm SRR -30414.482 5 0.00 0.00 0.00 0.00
14/mmm Ep/EIE A -20495.4110 3.85 0.01 1.93 -0.06
SiFe, As, Fmmm ATkt —20495.412 2 3.82 0.01 1.90 -0.05
Fmmm SRR —20495.417 9 0.00 0.00 0.00 0.00
14/mmm, A e Ak —15 496.496 6 4.24 0.02 2.08 -0.04
CaFe, As, Fmmm B e Ak ~15 496.498 6 4.40 0.02 2.15 -0.03
Fmmm SRR — 15 496.500 1 0.00 0.00 0.00 0.00
Baoy As, 14/mmm B et Ak -30 897.206 1 0.87 0.01 0.42 -0.01
14/mmm A -30 897.204 6 0.00 0.00 0.00 0.00
B As, 14/mmm B e Ak —31 406.642 9 0.00 0.00 0.00 0.00
14/mmm R -31406.643 0 0.00 0.00 0.00 0.00
SN, As, 14/mmm B etk —21 487.586 7 0.00 0.00 0.00 0.00
14/mmm R —21 487.586 9 0.00 0.00 0.00 0.00
CalNi, A, 14/mmm A e AL -16 488.681 8 0.00 0.00 0.00 0.00
14/ mmm ARl -16 488.681 9 0.00 0.00 0.00 0.00
BaFe, P, 14/mmm A e AL -22738.645 0 0.06 0.00 0.03 0.00
14/ mmm A -22738.645 1 0.00 0.00 0.00 0.00
e, P, 14/mmm A e AL -12 819.590 7 0.07 0.00 0.03 0.00
14/mmm SRR - 12 819.590 7 0.00 0.00 0.00 0.00
CaFe, P, 14/mmm A e AL -7 820.694 0 0.03 0.00 0.02 0.00
14/mmm SRR -7 820.694 1 0.00 0.00 0.00 0.00
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K5 Jy Fe,As, JZNEBHY FeAs, UK ZEH.
fF— FeAs, 25405 6 1 As — Fe — As i fg, H
2 NS A A T TN BT [001 ]S-I, I8 o
15 A 4 ASEM AR T (001 ]V, 320 B £

B S5 FeAs, k&M a4t A

4 35 T 5 (tetragonal ) Fil IE 52
(orthorhombic) ff#& 45t v 5 Fe, As S HEUC R T
A RRBEAEEA. PR Pn - Pn BECOZAE A% S
B e 75 10) B AR I R IS (As B P) B TRLEE,
FALET AeT,Pn, kb 2 4> T,Pn, Je2 2 a1 BE
B0 HRIEH P IR IR Ae IR TERH
FEROC. Hodn, Ba B 5242 (ry, =0. 278 nm) K
F Sr(rg, =0.245 nm) 1 Ca R F ¥4 (re, =
0.223 nm) ,BaT,Pn, F /) Pn — Pn [A| A8 K KT
(Ca, Sr)T,Pn, ) Pn — Pn 5. 8 & 581 W 24 6
G 5T RO R R DR AR A D ok R 3 46
BT T W42 (rp, =0.172 nm, r;, =0.167 nm,

Ml ry =0.162 nm) B 55 FF )N, BT L[ Co, As, |
1 Co — Co H S K 15 [ FeyAs, ] 19 Fe - Fe B
(0.28 mm) 2R %, [ NiyAs, ] 0 Ni — Ni ft K
(0.29 nm) HIZRLE. P IERJm ML As 58, I
[F) i ) AN AH B A 241 [ FePny ] DU T4 B9 14
FRWSAR , BRI Fe, P, ] op PO AR FR 2 DA KA Fe
—Fe K (0.27 nm) [t [ Fe,As, | H /. [ T,Pn, ]
Y T — P B — R EEE T F1 Pr 1Y R 5 200
SERIMHE I, Horfr [ Fe, As, Y Fe - As R IR,
HRZ50.24 nm. FEPUTE A7, Fe J57 14 3d BB
G3BEN 1, Mle 2 41, BB Y 3 A 1, BLIE AT
LI 4s HUBTE AL E 4 4> 5 B PO T R 35w 4
sd® 24, A BORT sd’ 2 G PUBEBCKE S TP, A
B PUTALE . KL FeAs fb G W) FeAs, 2544 %
R TIEPTE A, As - Fe — As B/ o 1 B i
21T 109°28”. CoAs Fl NiAs fbE ¥ ) TAs, 4544
iy 2 XE DU A, AR NiAs, S5 44 f 29 RS BE R T
CoAs,. BRI P J5F R BAE T, Wi FeP, 4544
PRIMAT 47 79 5% o) S5 P8 T O 23 1 DU T 44K X FR ) FeP,
VU EMAZEF i Fe [ 145 AR FFACIR AT REHE . CoAs,
A1 NiAs, S48 i 5~ B0 Dk B BB = FRAIC,
It Co FI Ni JELF-EH . FeP, S5H AT Fe Ji1
T R ) AT D T 25 A ) WS ol P, 3 B T X T
(ERREEN

k4 AeT,Pn, Stk bt K Aokl /i

M K Pn - Pn/nm K T-T/nm K T - Pn/nm o/ (°) B/(°)
0.280 7
Bake, As, 0.3788 0.3785 0.2802 0.2403 0.2391 111.06 111.62 108. 68 108.71
0.278 7
0.278 9
SrFe, As, 0.3462 0.3414 0.2775 0.239 1 0.238 7 110.24 110.54 108.94 109.54
0.2759
0.272 9
Cale, As, 0.3115 0.3063 0.276 6 0.2388 0.2382 108. 86 110.41 109.00 190.24
0.276 6
BaCo, As, 0.375 8 0.279 6 0.235 8 113.99 107.26
BaNi, As, 0.3517 0.290 8 0.234 4 122.57 103.35
SrNi, As, 0.278 4 0.292 6 0.236 9 121.64 103.75
CaNi, As, 0.259 0 0.287 4 0.2356 119.24 104.82
BakFe, P, 0.384 2 0.271 5 0.2259 116.44 106. 10
SrFe, P, 0.343 5 0.270 5 0.2250 116.41 106. 12
CaFe, P, 0.271 0 0.272 6 0.224 0 118.74 105.05

6 #(Ba,Sr,Ca) (Fe,Ni),(As,P), K&
PR L. A BaFe, As, 3 i %5 7XB 2% 1] LA
A b e ) M A8 T BE ( ~ 38 K, 1T CaNi, As,
R 5 AR i H A 0.62 K. ol LI i, AeT, Pn,
AP R EOR BE R/ i g+ 4 8
TUER Ae XA F, HoE S ilm AL AR IR T, MR
N Ba > Sr > Ca. H A7 8l 5 Il 5% 72 il Y

FeAs LG Y, BAT G TR PRI T AR FeAs,
Lk, LBt A T A 30T P R R A B A (R,
A BRI RATRE BIRENE R SRR REVE AR . 1B 2%
ALl BE s 1 S5 AN B I AR FeAs 2RME5 )
AR REAT , 25 5 20 A1 K% 1 205 4 1 52 e ML
B e I S O O RO
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