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(2014 4E 5 A 14 HIgH; 2014 4E 6 A 19 HIKEME R )

B3LYP/6-311++g** /K-F LT | FeHo [z FeH F i€ ML 1 3 B AL RN, I35 SRIR 45 RiEAT T
Puig. 45 RRIIHIEA 5 FeHa (PA1) M FeH(*A), FHeS Xt BRI VE R 354 B 5 0. FeHy AT
Coy XFFRTE. B8 SHZMEE 1K & H 4 24 Murrell-Sorbie B HUHAT LG5 B H AT 35 RE R EL. Hi LA T
DR BADGIE S, I b 2 ADUR IS T TS FelHo 70 70 i e s 8. XA i 3 e s #or
W& W]: H+FeH 42 B FeHa (Coay) 47 FIBIEAAAE — AN 4.68 eV IRIHAPE, 54 H—Fe—H S GY > 1. N

Fe+Hy —HFeH, AH = —0.08305 6V, &5 3.

KR S8, BEZ NG (DFT), Bt 047956 ek

PACS: 31.15.A—, 67.63.-1, 31.15.aj, 31.50.-x

1 5 =

ERNESE &8 F, AR TFAHAS
[Ar].3d5.4 s2. T 6 NNdHTMAELE, B REE
B 2 AL B, AR IR 1] B (R R A B ) Fe-
Ho WA E 4745, 2 RIRYEL M g R
Wit R AN OELENENY, HTAFEE
() 6 SRR A, S e ATT IR D' 1 UL S A 5 AR AR 1)
B AR wmEHER XY, SEEEALY
E AU e 08 3% b BB 16 A Ak 25 ) T A 44 2.
BRI A ALY I ) £ RAEF BT A2 W
WEFE. 923 b, Ogzin 2 B4 9 5 A 56 52 B 28 B R
FAE T FeHy 4 1 Korsgen 2 P F B0k g 3L 6
LML T FeHy L[4, Ishimatsu 0 F X 5 & i vk 5
CEIERER T BA AT E S EEAY, W
FeH, CoH “5 745 #J; Narygina % [ Fl] X 5 2%
B A Mossbauer W B 78 1 78 2840l 5 Hu A% 1) & e
30 GPaH11600 K W4 J 1 1 02 45 44 1) FeH; Mat-
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suoka %5 18] 5t FeH & 4 1 L B HEAT 7 900358 A0 B 18
B4, Brown %5 20100l REIL IR B 7T T A
FeH, 43 Miller %5 [ F SOl 7 RSB 78 7 A
5 FeH, M 4 8 — S AP0 B 25 1 B 751
fE. Hig I, Martini ¢ 2l | CASSCF HiEWF 7T T
FeHy Fil FeDy 1 5 X FR A & 31 50 1% 1) 1 410 &5 #4 1;
Minot 2 13 F G645 45 1+ 55 iAW 78 7 Fe ik
B NEAN Fe—H 1K R HLT45#4; Tanaka %5 ' F
Z HF K (MCSCF) 7705 T FeHs MK fE
BRI = EAM AL E L), Siegbahn & [15:16] 7 i
Rz Ay TSR B Doy 1 5Ag, Marian
2 D2V AR T SO B 5 4R B 1% rh (R 40 45 4 2%
I A1 T B 25 B FeHy M1 FeDoy 431 25 il 0155 #R 4
i IR 5 B 9; Xuefeng &5 [ Y 2 56 A 8 7 1
T T AL FeH, 16 N 1L 8 48 — S I 40 A,

1 /& FeHy 43176 T it B I (¥ 53 BT 45 i R 25
T 90 A WL SCRRAROE, 17 3% P 40 A 34 A bR B 72 1%
O F B L P S5 R RIAL 2 I N Bl 77 2 A B )
B A Gaussian09 B2 60 42 4t (1) 55 B 32 67

* PU)EHE T EMDE ('S 14ZA0113) FIFHER 2 AR S (HHES: ycjj2014127) BEBHMURE.
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JIERTIT T FeHy 731 1) B AR AL AT 7341 95 BE pR AL,
Xt T i Fe (2L AIE BRAS R il ML AT B 12
SHEMrA.

2 FENH AN G A AT B L B K

2.1 FeH M FeH, 9 FHIBEERWL

1E Gaussian09 45 i 1) = Fh %5 B vz o8 77 ¥k
(B3LYP, BP86 Al BSLYP*) /£ 6-311++g(d,p) 41
JKF- b X FeH A1 FeHy FA W] B M) A 22 85 5 %A

VREZE D01 o5 (5 48 SRS

TS =R F o 7 B R RN B e ek B BT
[R5 10 02 % B V2 SR ER R R I BSLYP ik, EDVR &
HF /DFT, fl 324 Beck #1552 14 (B3) )] 5 Lee-
Yang-Parr 21 S8 #uiZ of 45 & (55 P2 o 7. SR
Fih % 32 bR 2 BP86, Rl 1988 4F Beck #2 H! FJ4H 5%
Z B (B), 5 1986 4F Perdew 12223 i 14 {58 32 B
(P86) 45 &r I FEIZ R 5 10 38 =P B3z bk F 1)
R T A S EEEEN, £ &) BSLYP
Jiik.

#1 FeHo r THIFGEM K UAIZH (Fe—H 8K Rpen, #4 ZHFeH). B R (—F), MXTGEE (AFE), HIiEMH

AR ((52)) PHRBIER

B3LYP/6-3114+-+g(d,p)

QU-1 TR-1 SE-1 SI-1 SI-2 SI-3 SI-4
(Cov, A1) (C2v, ®B1)  (Cav, "A1)  (C20, 'A1)  (Cau, 'A1)  (C20, 'A1)  (Doon, ' 22,)
—-F 1264.82676 1264.81079 1264.74177 1264.73661 1264.73343 1264.73148 1264.72349
AE 0. 10.0 53.3 56.6 58.6 59.8 64.8
Rrent 1.624 1.534 1.693 1.541 1.499 1.476 1.603
/HFeH 145.3 102.7 81.7 32.9 106.0 72.7 180.0
(S?) 6.0 2.1 12.0 0. 0. 0. 0.
freq 534(145) 660(101)  484(49)  1157(553)  857(75) 421(45) 798(128)
1651(747)  1803(232)  1441(119)  1845(6)  1974(71)  2049(85)  1539(2389)
1765(30) 1831(39)  1444(79)  2662(388)  2076(68)  2259(135) 1854(0)
BP86/6-311++g(d,p)
—-F 1264.9963482 1264.98305 1264.89789 1264.93334 1264.93334 1264.93334 1264.65637
AE 0. 8.3 61.8 39.5 39.5 39.5 213.3
Rpen 1.618 1.518 1.690 1.501 1.501 1.501 1.598
/HFeH 145.1 100.0 83.6 102.9 102.9 102.9 180.0
(52) 6.0 2.1 12.0 0.0 0.0 0.0 0.0
freq 589(112) 580(106)  464(51)  722(102)  T722(102)  722(102) 743(123)
1712(348)  1855(146)  1417(89)  1920(200)  1929(200)  1929(200)  1738(411)
1762(30) 1885(34)  1437(130)  1967(45)  1967(45)  1967(45) 1826(0)
B3LYP*/6-311++g(d,p)
—-F 1264.65568 1264.64484 1264.57049 1264.57345 1264.56929 1264.57345 1264.55348
AE 0. 6.8 53.5 51.6 54.2 51.6 64.1
Rpen 1.617 1.529 1.693 1.532 1.498 1.532 1.600
/HFeH 142.3 102.0 82.3 34.0 105.8 34.0 180.0
(52) 6.0 2.1 12.0 0.0 0.0 0.0 0.0
freq 588(122) 644(101)  482(52)  1154(522)  852(68)  1154(522) 802(114)
1667(613)  1818(209)  1435(79)  1870(9)  1975(56)  1870(9) 1532(2628)
1768(33) 1847(39)  1441(123)  2509(296)  2084(41)  2509(296) 1852(0)
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HASHF R WE T FeH 2 7 LL4A AR E
A, N —1264.23694 a.u, EIRMRKEE R, N
1755 cm ™!, FTUAARCHE FINN4EERIZS T
MJEAs. BT R = 0.1557 nm (P @i % 0196,
TENLA, 55256 (H P FH#E 55 0.1620 nm Al
PRAINF 1764 cm™ FFEHRLF, HT 0 T4 E
AR, MR U T Fe i 7 3 AR
7, 385 HER FeH & T, %9 T4 H
EMAM IR, B 55 AR T i 8, B
BRI, ARG T A4k, X Hy 4y
T 1050 T 35 B R BB 70 EF STk [19] #iE. A T T
T A Bt FeHo () R3S, A SO = Fh 3 BEVZ B 7Kk
4 2% TG R A0 ) B A RE A Y, =R O v 48
5 HAM O, M BNFETS, AR Ui TS FeHy A 4
AR B LT TR B R B BE AR Ak R
F14GH T FeHy 76 1, 3, 5, 7 A N HES I 5%
IRREE M e Y, v 2 SR B AR SC kAT 1
WHIE, HETRERE K m, ACATHIH. Kb QUAR
ROER, TRIAR=EE, SECRLER, SILER
—H A, B3LYP/6-311+-+g(d,p) 45 Hi 1 7 fE Bl
KEERM BN QU-1, XFRMEA Cyp, I THTEN
SA;. Fe—H F#i#% A A R® = 0.1624 nm, & H
THREENE = —1264.82676 a.u., § 5y 145.3°.
BP86 il il R = 0.1618 nm, ZHFeH =~ 145.1°.
B3LYP* il RO = 0.1617 nm, P15 f1 4 142.3°.
—HEAMEESYRA AP LA, Hrp
SHEASRE, SRONES TN e RS R A
5 6.8—10.0 keal/mol. - &l Hb 3 75 = 53.3
kcal/mol (B3LYP), 61.8 kcal/mol (BP86), 53.5 k-
cal/mol (B3LYP*). —H s, B3LYP J7 ik Wil
VU A Aa e f AL, o = AN A Co, L, EATI
Fe—H## K 43 74 0.1541 nm, 0.1499nm, 0.1476
nm, ‘EATHIEE M 558 32.9°, 106.0° F172.7° Fil—
NEE Doy, WA, Fe—HEE K H0.1603 nm. X
DY A H4) 7Y () BE B AH 2 7F 10 keal/mol BLN. ‘B 1]
5 H A5 BN HE A §E 8 AH % 50 keal/mol PL L,
BP86 J7iE Tl A W R AR e 8, — A~y Fe—H
KM 0.1501 nm, N 102.9° 1] Co, #4 BLFI— A
KN 0.1598 nm [ Doy #. B3LYP* T A
=P R R PR Fe—H 4 K43 5 59 0.1532 nm
A10.1498 nm, £ 537 34.0° F1105.8° 1] Co,, 14
BIPL K — Fe—H 8+ 4 0.1600 nm ) Doy, F4L.
HbHTFLESE - E8REMHIENESH I
HAREE 5 50 keal/mol LA L By LSS & R A AR

AR, BT L E S M =R RE M E. A
R 1A LUE H FeHy 70 70 AL T4 M AR 226, IR
T, RUEASCRA MRS T ESRIE L.

2.2 EASFeH, 9 FHISRIBEST

AR SR SR 5 F VL 72 SR 2] X Fe-
Hy 5 T W S B IE BT A, FH =R iz sy
IR FeH, I3RS 5 A, BHA Co, SHFRMER
AN XA N T TR FeHy 431 (0 55 fifE
W, FHE T FeJi T H R Hy 4 T Al FeH 7 1
RSB TE. el e (1) X H e
fREIE, YRR, BRI ERIEE RS A,
WR A, NI R AL 1% 3 4 T B AR .
Jof6 Fe+Hy JBIE. Fe B A D, FIZEEEIET. thik
& ODg T BE, KRR T B RN Coy o T REAS
A& R AN 25A1 +5 A, +5 B, +5 Bo, HAH Doon 571
BEM Ho FEAS LT RN Co, 2 T REIAS AT I R
ARXIAL, EATMERN 2°A1 + %A + °By + By,
£ T XPAq, 52 il I8 Fe(PDy)+Ha (X15y)
& B A FeHo (XA I & B 85 fif 18 10 2 —;
A B AT LL4r M 8 B FeH (X*A)+H(2S,) FI
Fe(°Dg)+H(2S)+H(2S,) A A H B i@ 8. 4%
TR, A FeHy(XPA) 3 TAHU T =EAAEHE
fif RIS

FeHy(X°A4) —

Fe(°Dg) + Hy(X' ) - (a),
FeH(X* ;) + H(?S,) - - - (b), (1)
Fe(5Dg> + H(ng) + H(ng) T (C)

23 M5 ATARAEILT LA FoH, B
SR LT

HEEFeH, 50 TR T AB B4, HA (1)
g5 R I, BT AN EE T AT X A,
WHLE AT, B4 FeHy IE B A Co, FRYE, KM
R 2 44 100 e SR 15 B (1 73 A7 35 e ek 08 1% B
AR

V(Rl7 RQ; RS)
2 2 2
= Vith(Ry) + Vi (Ro) + R (Rs)
+ VF(‘Z%h (Rlv Ry, R3)? (2)

A A BIRRTR, 3% 2.2 5353 A1 K H 4 25 Murrell-
Sorbie R & & B, Ho BIELHE W SCHR [26—28]. H
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T HT A B R IE I A R TSR RS, BT RART LLA
MR 7R R UE NE, G EIEEES AR
S h %) 2 A BRI 2 AR o e 0% A 4 Bh .
H T HEASWFHRRI FoRMRN R, TS E 45
AN (RY = 0.155729 nm, RY = 0.55729 nm,
RY = 0.007441 nm). BT AICHFHEER FeH, 43
T HA ABy BIR A, W N ALFRGEFEMT T

L p=R; — RV(i = 1,2,3), L HIXFHR P AL
V|

S
— — 0

51 V2 V2 p1

oo | 1ol

2| = | —= ———&= 2|
V2 V2

S3 P3
0 0 1

(2) R VL (Ri, Re, Ra) A = K B, R I T
e

Vioh, (Ri, Ra, Rs) = PT, (3)

Horp P2 Ui, 2 LT g AR N AR 55 A
KK, T A=A B R KL, T35 FeH, [
XERREE, WO eI IZEA I N

P = Cy + Cysy + C355 + Cys3 + Cs5153
+ Cgs2 + Crs2, (4)

1 — tanh <712‘°’1>] [1 — tanh (%;?’ﬂ (5)

2% 3R E 23 A L STk [19].

H T B3LYP Tl 7 B A Co, X FR 1 ) F1HE
BTN, ARSI BEE K B3LYP/6-
311++g(d,p) 2RI HIEHE, 5 T%K2.

My =320 n0m !, y3 = 16.0 nm~ !, C;—Cr
HIE N2 3 FTBIE RS, [E5E ZHFeH = 145.3° 3%,
DL Fe—H $A K N0 5k 43 2% 34 RE I THT, FF %34
R 1 THI 7D 30 - 45 95 R it 2 %5 21 A5 24 45 K]
(B 1); Bl mAEETEE S, 3 Rgr = 0.3099 nm,
RIEATTA BE B R R AT RE 2, ik Fe JR 7V H—H 8
NS B4 B RS o S (A A R 2k, B el I 2
WL~ Fe—HI[EE, Bl Rper = 0.1624 nm, &I
kAN FeH 76 H-P AL BEAAE, k57— AR Pk
Ao B G BIH r SE A R i 2R BRIV i 4 A 3
ME 1 AIE H FeH+H [ B L35 %2, & — AL fE
L, TE P A A — AR IE N 4.68 eV B,

T =

ZHBEIRE S FeHy 70 7 I TALBE— 8L A
B2 LR WA A T hEa M, 5
T ARG R — B MAZ IR 56 DU 2% 25 5 g
2 m] LU ), £E Fe J5l 71030 — AP 2l A
5 T2k S B RE I 28 7T A % T30 — AL
M3 TR Y, 1281 58 DU 2 25 35 e H 2 RS 7E Fe
7 —, WAARTAE—LH T E; A
56 2K AR T LA %0 7 IE A — AL
X% 2R B 2 B A 1) 70 M 95 E R B0 2 75 FeH,
O3 Y AETA 7 B PR ILT I 5 e A 3 A T SR
#2 FeHz B THIIHH

Frir1 = Frore(FeH, FeH)=10.63 x 102 ¢V /nm?
Frir2 = 0.85 x 102 eV /nm?

Fao = 1.39 ¢V /rad?

1.0

0.8 |

0.6

Y/nm

0.4

0.2 |

0 0.2 0.4 0.6 0.8 1.0
X/nm

1 FeHs 77 FHIMARE (1:—4.68 eV, 2:—4.5 eV, 3:—4

eV, 4:—3 eV, 5:—2.5 eV, 6:—2 eV, 7:—1.5 eV, 8:—1.0

eV, 9:—0.5 eV, 10:—0.3 eV)

0.3

-03 1

—0.6 —0.3 0 0.3 0.6
X/nm
2 FeHs 47 F 1 Jig %% B (1:—4.68 eV, 2:—4.4 eV,
3:—3.9 eV, 4:—3.185 €V, 5:—2.94 eV, 6:—2.5 eV, 7:—2
eV, 8:—1.5 eV, 9:—1.0 eV, 10:—0.8 €V, 11:2.5 eV)
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#3 FeHy 70 T I ZARTR E 25

C1: 6.687 x 102 eV

Ca: 9002 x 103 eV /nm

Cs: 2.359 x 103 eV/nm? Cy: —6.016 x 103 eV /nm

Cs: —3.960 x 104 eV/nm? Cg: 4.402 x 104 eV /nm?

~1: 32.0 nm~! v3 16.0 nm~1!

C7: 1.424 x 104 eV/nm?

WHFLIEES FeHy 70 1 HI3) 122 FE A SR 1
Moy 7 HisE, FE-ANGEN AR H
Bl LA ml A 72 BRI 1E H+FeH—FeHo (Cy,) I
FAAE— A 4.68 VIR B, HiAH 2, HiZk
3238 T 9 JC B RE S N, A 5 A H—Fe—H 4 &)
Vi

0.9
0.6
0.3
S0
0.3 f
—0.6 |
—0.6 —-0.3 0 0.3 0.6 0.9
X/nm

3 FeHo 7 FHIMM4iEHE R (1:—4.68 eV, 2:—4.5 eV,
3:—4 eV, 4:-3.709 eV, 5:—3.5 ¢V, 6:—2.97 eV, 6:—2.631
eV, 8:—2.49 eV, 9:45.0 eV)

3 & w

1) H =% B2 iR (£ 4% BSLYP, BP86 Al
B3LYP*) J5 %, 7E6-311++g(d,p) 2& 4H /K ¥ L5
FeH, (RS B %R, 1538 H B FeHa (XPA )
EEHTES, 5XMIREMLI & R —8 A&
FeHy 73 T KRS FRAE Ny Cop R FRAE, o145 JLART 44
S H{E B3LYP/6-311++g(d,p) /KF L BT
Rure = Rure = 0.1624 nm, JR T-1LAE —4.68 €V.
PRANHR N o (A1) = 534 em™!, vy(By) = 1651
em™!, vg(Ay) = 1765 em ™t RAHBE. A HE
WAL

2) AT H ML FeHy FIFA R 0 TR IE
I, IO T %51 0P 45 40 2 0 ) 22
H.ONES BRI AR ES R Z T LI H: &
V3 i H+FeH—FeHy (Co,) FAFE— D HPHE N
4.68 eV [FJ A PF, FEA FeHy 2 b fa e, [N I8 iE
Fe+H,; —HFeH I, AH = —0.08305 eV, i% < M ifi
TE 2 TR B, " TG REAS =y, X AN RE & AT DL HH
PO I S BB PR AL R R A2 T IR FeH o 1 I B

IHIE F] PLAE Fe JR TR HE ELS Hy 70 5 AL 5288 7 )
ELAEREE .
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Abstract

Among the three methods (B3LYP, BP86 and B3LYP**) in density functional theory (DFT), the best tools for
predicting the ground state of metal hydride, the B3LYP method for predicting the harmonic frequencies and geometric
parameters of the ground state of FeHa gives result in good accordance with the experimental data; so it is employed to
optimize the structure of molecules FeH and FeHs in possible geometries and multiplicities based on 6-311++g(d,p) level
in searching of the structure with the lowest energy. Results show that their electronic states in the ground states are
FeH(*A) and FeHa(° A1), supposing that the two molecules have three and four unpaired electrons respectively, with spin
polarization effect, and they are paramagnetic substances, and the stable structure of molecule FeHs is of C3, symmetry.
The Murrell-Sorbie potential energy function-the sufficient analytical potential function form for biatomic molecules-with
4 parameters in molecule FeH is derived via the least square method. Their spectra data and force constants are deduced
according to the results. The analytical potential energy function of FeHs is also obtained from the many-body expansion
theory, which gives the analytical potential function of triatom molecules of the single-value potential surface consisting
of three parts with single body terms, two body terms, and three body terms. The deduced analytical functions for FeHa
in this paper predict successfully a global minimum stable structure of quintet FeHs with a 4.68 eV depth potential trap,
and other higher energy stable and saddle structures. This potential function predicts the balanced ground structure
and the second derivative force constants of this molecule. According to the potential function of FeHz(Cb, ), when it is
formed from H and FeH, a potential trap with its depth being 4.68 eV is excited and the complex molecule of H—Fe—H
is easily formed. The reaction of Fe+Hs —HFeH is exothermic with AH = —0.08305 eV.
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