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# 1 BeC 7T 6 DAEREMRIRCHR

Table 1.  Dissociation relationship of six electronic states of BeC molecule.

X RE R /om !

& A-ST
AL (EQ) A (+Q) FERE Y
Be('S,)+C(*P,) X35~, ASII 0 0
Be('S,)+C('D,) b'A, clII, dlzt 10124.12 10169.70 10192.66
Be('S,)+C('S,) oly+ 21679.58 21581.62 21648.03

FHCHE (S A Halkier 25029 $RA5 A9 S /M
L 73 _ pL-1/7 _ 1\3
Eoo — EcorrL ECOI‘I‘ (L 1) .
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A W) B T %8 Davidson B 1E )5, 375
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TEHAThR ARSI TR, 2R 0 B
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SER R AR, I T8 BeC 31 HYA X8
RONAB IE I, AR SO =y DKH3 WA % 0000 Lk
FHRHEIETE (24 DK).

(4)
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IS, ¥4 B . Barker 2% (0 38 5o 25 — J5t 3 31 55 3 A
Be JF 5 — A S SHEMRBHN I 21846 cm!
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it (10169.70 cm ) AL Davidson 1 1F 1Y fig

1 (10124.12 cm t) B TIEME (10192.66 cm 1)B4.

JIT LA, FEAR SCHURIFSE T I PR A 5 A 3 18 I 1
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AT BeC 43 F 5 AR AEMZE. T ASnS

S ERsnAs (WP s 777G sg X, fiff
ASTIASEA TP E et £k, Rtk o]
X 2 AN KRR AR [R] A% H 285 22 TR A FE 5 1 AH
YER, 7 TS 2IMERR Y25, 7R 15 o 2 ] B X
XA AT L. WE LA RUE -, X 54
HL A R, MR AR W IR A
LEVELS.0 2 7 X i3 S S5 17 404 7T LU SRAS A
NG A, BAABUE L 2. A TETX L, &
A0S g S T A A RN AR 2. X
BeC 73 F R X35, HAMEAH A N 16%26%36%
46" 171569271966976° F 16*P26*P36%P46% 1 1%*56P 660
700, FRATTTCI A B ER Sl 2.1873 eV, HBkfigie
SR 34 N RSREEE. L ARIE TS IR G
AGyj = 902 e !, FATIHA SR A 911 cm Y,
A SR AR By = 1.165 cm ' LY
AHRY B SEERAE 1.162 cm ' AEF BT, RIBFFRATHIE
TSRS AL IS S5 AT &

wE 1 R, ASOA SIS x8 %N [FRl—A4~
fi B3 I Be('S,)+C(P,). W £ M AT AR
—EEBIEXE LSRR R SRR B A, DS TH Y
TS FEEE N2 AN B, ASTIASTE - {57 & Ff i
HARSHRE, KR FEEHE TAS

—52.40

—52.45

Be('Sg) +C('Dy)
—52.50

Be(1Sy) +C(°Py)
—52.55

Potential energy/Hartree

—52.60

1 1 1
0.15 0.30 0.45
Internucler separation/nm

Pl 1 BeCsr+ 5/ H F&8 M #Haeth 4k (1 Hartree =
2625.4984 kJ /mol)

Fig. 1. Potential energy curves of five states of BeC
molecule (1 Hartree = 2625.4984 kJ/mol).
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#£ 2 BeCHFX33%, A3, blA, I FIdIS+45 5 MAMDLIESSL

Table 2. Spectroscopic constants of the five states of BeC molecule.

T,/cm! R./nm we Jem ! weTe fem ! 10%we yo/cm* B,/em! 103 /om! D,/eV
X33~ 0 0.1673 918.08 7.350 17.87 1.1783 15.644 2.1873
Cal. [6] 0 0.1661 937.9 9.6 — 1.19 — —
Cal. [7] 0 0.1693 905 — — — — 2.04
Cal. [§] 0 0.1667 951 8.42 — 1.183 — 2.39
Cal. [10] 0 0.1683 925 11.25 — — — 2.14
Cal. [19] 0 0.1680 — — — — — 2.04
ASTT 8916.35 0.1771 772.74 8.692 199.89 1.0518 28.367 1.0777
Cal. [7] 9033.41 0.1799 — — — — — 0.92
Cal. [§] 9466 0.1756 764 14.69 — 1.0752 — 1.16
Cal. [10] 8961 0.1791 874 26.26 — — — 1.03
blA 7823.39 0.1675 933.50 8.301 7.56 1.1714 16.700 2.4408
Cal. [7] 8872.10 0.1693 904 — — — — 2.27
Cal. [§] 8732 0.1668 956 7.6 — 1.1757 — 2.63
¢l 10909.21 0.1760 834.80 7.138 9.20 1.0551 14.365 2.0933
Cal. [7] 11291.76 0.1778 818 — — — — 1.97
Cal. [§] 11618 0.1758 847 6.94 — 1.0612 — 2.24
dizt 12139.14 0.16698 936.21 17.553 126.98 1.1764 16.000 1.9060
Cal. [7] 12582.24 0.1693 905 — — — — 1.81
Cal. [§] 13579 0.167 955 7.3 — 1.1732 — 2.02
V: Cal. IR FFI(.
16%P26%36%P46% 11956660 7O #4 3. 18 17 2H 250 #r 1
T L 250 LT L — S0 % T I .o,
ASTIZS. SCHK [7,10,17) HORF MRCISD+Q J5iksh 2 ’ ;
NI TSI G, For3cik [10] 3 -2t .
FHE MR R 5 A SO SRR I B, e A - 2 A
TP B ARSI AR AP IO BB g Lo
BERZH 1.0777 eV, REls 45 8 MR, A 6l
5 AR ESEIE Be('S,)+C('D,) XA = AN e
0.15 0.30 0.45 0.60

FA&: blA, o, dizt. NE 1 R RLE ) X A
SWHAARIREBE. X = A RBFREE 2
YRR BB E 25 37, 34 A1 28. sl XHEAT]
(I PR AR o3 BT 2 B A A 6 B O 5 A S
AL, o B B SRR, T bt A FT dP et B H T
BINEA 52 Z A FHE.

3.2  EKiE4FH

KM icMRCI J7i%, 18 ce-pCVQZ HEZH 1B
AT BeC 431 5 MHFSEZME R = 0.1—
0.8 nm MK AMRIE, 255 aE 2 pros. E 2
ATRLVE AR AR B NG, 5 AN HL AR A B
YR E, RS Bed+CO—, Bl Be 2k &1

Internuclear separation/nm

B 2 BeCsr¥ 54 TAMMMAE (1 Debye = 3.336 x
1030 C-m)

Fig. 2. Dipole moments of five electronic states of BeC
(1 Debye = 3.336 x 1030 C-m).

F, 1 C AR 3 A 3 A AT Mulliken H
o A Jey AT LR S B ) R AR M ke s XY A% ] BE AR /)N
i, Be 4l IE L, CfF i, T 2 4% ] BE LA R A,
Be Fl C W JEFH A e ey, FARAR IR T
ZAE, [FIAF, Be Al C JEF %) Mulliken Hfuf tH.43531]

BeC 43 T & 75 3 38 W BRAT AR, X FIF
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J&Z ootk e st o BoAA AR W AR T X
AT BeC 4 FAZBEIFEALE 0.1—0.8 nm Y
AT—X33~, c'TT—b'ALL K ' TT—d'ZT 45 =N 7
VFBRIE BRI R, THEZE RN 4 s, AT
— X3 A —MRABEH AT H — D &SR3
KASZ [l A8 X5 [ H. Wright Fl Kolbusze-
wskil™ L & Borin Al Ornellas® 7£ 1993 43 i 11
BRI T XML, BeC i T WK A SH A
BRI, 1520 A EE 5 rgE
B eI brALL R T dY st JA] i R AT 1
JE G5 A% ) B A8 Ak e A BRAR 32 R TR 1
T A 5 W e B 28 S BRI R B8 A A S e 5
AL

MR BRIEBEFEE ], ASTT — X35, ¢ TT—b'A
DL K T —diet 2 ] 9 B A R S ARV BRAE . AR
PEHTIE Molpro THAAS 2 1) 4 F R R4 DL S BRE
fHHEE, W LEVEL 8.08% #2)%, #453k15 TiX =
A FVFBRIE B 9 2 Se- BRI -, 55 5k 3 s,

0.30
Be
]
~ 0.15f
g
8
]
8 o
(9]
&0
o
2
5 —-0.15F
C
—0.30F
1 " 1 " 1
0.15 0.30 0.45

Internuclear distance/nm

3 BeC 4 F A Mulliken H 7 43 i
Fig. 3. Mulliken population for the ground state BeC

molecule.

1.05 -

1: ASI—X3%
2: c'II—b' A

3: cl—d's*
0.70 -

0.35

Transition dipole moment/Debye

1 1
0.15 0.30 0.45
Internuclear separation/nm

Pl 4 BRIE AR BE 2R

Fig. 4. Transition dipole moment curves.

R 3FNHTIA v—v" ZEBUERT 0.1 BRiE W
B 22 SE BB K . AR R IR 22 m- R R B, A
LA APl 7 ' 2 B, XA B9 Franck-Condon
PR, 2B R IR 3l it 7 B0H R i 4 3
AU PR B R R, AH N Y T B BRAE L R
K, XM 3 TR RATLIE . A AT AIXSE,
CIIATBA DL B c T AP s+ 33 B0 285 22 [A] ) S o7 B
FZR/N, ASTT— X532, ¢'II—Db'A, cIT—d'zt
B2 M8 0—0 BRIE Y 9 2% v - FE 8 I 0 K F oAt
PRSNAZ B T

R 8 1 1) B 2 - BB R, dE et (5) AT
DX SR s A0 B R fa S F i T

1
Ty = ZAV’,V”7 (5)
K Ay i B SRS 22 IR ER T LR R AL, 7T

H (6) IR
2 — So prgan
Ayr g =T7.2356 x 1075°, #/;:A
x |(®, (R)| D (R) ¥, (R))[, (6)
Hor p & B MR W, F W, 2 PR 3N R AL, DOV
BRIEABAR I, (2 — 80,41 1.47) /(2 — B0, ) & 5 REBRAT
DRI T R 450 T A3, bA, cHIFIAIET
SR ETE Y =07 % s MNMRIFEH TR G
#ii. Pelegrini &1 3 i /] 6-311+G(3d1f) J&
ZHF MRSDCI J7 %, iH5 T A3l — X35 BRaE A
Vo= 0—2 % 3N RSIBEIIW R F v, Z5 Ry
TEZR 4 H. NFEK 4 7B, Pelegrini 4010 1145
P25 R A S8 R B4, THABAR SIS A
AR SR iy H TR A R G B B S I A

3.3 MRS EEEE

H T, 24570 F A aedioin 2R 5 — i
114 . Rydbery-Klein-Rees(RKR) J52 Jiif i F1355 [ 134
PUrk A = Fhig s, (15 2 0 #0122 £ s A5 A
SCHE ST A R FIE X b S ne sk gL, Hrp
N X AR Rydberg pRELET 7EAH R S B0 1%
BUF A TR BPLA 4R
10

1+ Cu(R - Re)"

k=1

V(R) = —D. e~ C1(R=Ry)

i

(7)
X D, EEAFEE, R, Mo TIFEALE, O T
TSE O TR AR R 2238 BB N E, SUE it
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Table 3.

Franck-condon factor for A3TI— X35, clII-blA, d1'=t— ¢l transitions.

1// 1/// FC yl l/l/ FC 1// 1/// FC

! l/// FC l// l/// FC l// l/// FC

ASTI—X3%~
0—0 0.5439 0—1 0.3653 1—0 0.3049 1—2 0.4143 13 0.1670 2—0 0.1080
2—1 0.2660 2—3 0.3601 2—4 0.2276 3—2 0.1654 3—4 0.2908 3—5 0.2691
4—2 0.1763 4—5 0.2255 4—6 0.2993 5—3 0.1561 5—6 0.1639 5—7 0.3216
6—3 0.1070 6—4 0.1273 6—6 0.1339 6—7 0.1052 6—8 0.3348 6—9 0.1183
7—4 0.1095 7—5 0.1000 —T7 0.1618 7—9 0.3342 7—10 0.1531
clll —blA
0—0 0.6237 0—1 0.3153 1—0 0.2701 1—1 0.1740 1—2 0.3999 1—-3 0.1368
2—1 0.2689 2—3 0.3470 2—4 0.2322 3—1 0.1518 3—2 0.1803 3—4 0.2122
3—5 0.2964 4—2 0.1894 4—4 0.1027 4—5 0.1045 4—6 0.3042 4—7 0.1238
5—3 0.1634 5—5 0.1435 5—7 0.3138 6—3 0.1236 6—4 0.1268 6—6 0.1567
6—8 0.2968 7—4 0.1289 —T7 0.1495 —9 0.2690 85 0.1219 8—8 0.1212
8—10 0.2380 9—11 0.2025 10—12  0.1699
dlz—clnn
0—0 0.6164 0—1 0.2717 1—0 0.3232 1—1 0.1693 1—2 0.2617 2—1 0.4016
2—3 0.1699 2—4 0.1850 3—1 0.3901 3—2 0.3513 3—5 0.1510 4—2 0.2362
4—3 0.2156 4—4 0.1073 4—6 0.1068 5—3 0.3014 5—4 0.1011 5—5 0.1501
6—4 0.3109 6—6 0.1613 —4 0.1292 7—5 0.3175 —T7 0.1442 85 0.1801
8—6 0.2945 8—8 0.1054 9—6 0.2192 9—7 0.2612 10—7 0.2563 10—8 0.2265
F 4 A3, bA, TS AT MIRSI R R S A A
Table 4. Radiative lifetime of the vibrational energy levels for A3TT, b'A, ¢!II and d'Xtstates.
BT ekt %ﬁﬁ / us
v =0 v =1 v =2 v =3 v =4 v =5 v =6 v =T
A3l — X332~ 14.66 14.64 14.46 13.82 12.99 12.16 11.65 11.31
Cal.l0l 14.0 14.5 15.6
clT—blA 191.10 166.59 161.38 159.48 151.88 176.09 197.32 239.85
el —dizt 2730.00 1010.00 630.00 460.00 380.00 330 280.00 230.00
#5  BeC /)y TSN ARERESEUE
Table 5. The values for the analytic parameters for the ground state of BeC molecule.
28 C1 C2 C3 C4 C5
ZHUE 4.584720688 6.825173375 4.979780662 2.012372055 1.900852427
2R C6 c7 C8 C9 C10
ZHUE —5.415648763 —6.033517345 12.82526525 -6.086434893 0.939009741

I e VA R JEE i IR 2K

=1
X E (R) FR WAL R, Ak KT 35
REME, V(R,) F/nHYEAZ MR R, AL A b ik 015
FIREUE, N ELG BN REEE

BH. HTHIATED, D, fl R, BUH T A TR B
THAAH.

N T AR AR LS S8, A SR 1stOpt
6.0 BFBS R YRR e 4 SR DAL SEVE X BeC 43
B x3e- MR BB B AT T AL
10 SRS HET, ande 5 g, 45 203 7 i w22
E/NF 5.03 x 107 a.u., FRIIZMHTHGE KT LA
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R R S SR 2L,
4 % ®

R RS BE B S 1 MRCIH+Q Jridk, A83C
WFIE T BeC 35— FIERE B it A Bt 17 114 i 2
X3z~ 4 MEFE A (AT, bA, cIAA'ET)
IS, TR X HAS SR BE 2, JE0
F LEVEL R PG5 20 T HI 196k 5 4. 115
(285 3 5 BB R I SE B AT S AR AT, YRyt
BRI T 5 AR AR, 25 R FRUI7E
XL R B0 R, Ak BeC R M1l BedTCo.
ARICGATHE T BN AL VFERE ASTT— X382, clll—
b'A, c'I—d'xt I BRAEFE, H A FE A R A R
TEMAE | Franck-Condon K ¥ DL S50 3t F5 v 45
R AST— X3z~ Ml IT—b'A A & BRIT 1458 5
TR e ps B, T—dtst H K BRIT R R S
ol ms . JE, WAL @S R
Rydberg pREHL G 345 T FLA B8 #h 2K 6 1)
Braeikat.
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Spectroscopic properties and analytical potential
energy function of ground and low-lying excited
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Abstract

Diatomic molecule BeC has a complex electronic structure with a large number of low-lying excited states
that are all strongly bound electronic states. Thus, the BeC molecule has the abundant spectral information. In
this work, the potential energy curves and wavefunctions of X3%~, A3IT, b'A, ¢'II and d'X" states of the
BeC molecule are calculated by using the internally contracted multi-reference configuration interaction (MRCI)
approach, which is based on the use of a dynamically weighted complete active space self-consistent field (DW-
CASSCF) procedure. To improve the reliability and accuracy of calculation, the scalar relativistic corrections
and the extrapolation of potential energy to the complete basis set limit are taken into account. On the basis of
the calculated potential energy curves and wavefunctions, the spectroscopic constants (T, Ry, We, WeTe, Wele,
B,, a., and D,) and permanent dipole moments of those states are determined, the results of which are in good
agreement with the existing available experimental and theoretical values. The obtained permanent dipole
moments indicate that the electrons transfer from Be to C and the polarity for molecule is Be®*C®~. The
transition properties of the spin-allowed AS3IT—X3%~, c!II-b'A, c'II-d'ES" transitions are predicted,
including the transition dipole moments, Franck-Condon factors, and radiative lifetimes. The radiative lifetimes
for the ASTT—X3X~ transitions are predicated to be at a us level, and the good agreement with previous
theoretical values is found. Radiative lifetimes for ¢'TI—-b'A and c'IT-d!'T" transitions are also evaluated at
the levels of ps and ms, respectively. The PEC for the ground state is fitted into accurate analytical potential

energy functions by using the extended-Rydberg potential function.
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