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BeCl 73 1 FHASHZ S HHASH LA TR
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CLZR A OGO 545 B BOR TR S Sei %, #h RIS KR, #ii 273165)
(2011 4F 2 18 HWHl; 2011 4E 5 H 4 HUEME SR

12 H% Davidson 1& IF ) £ 2 2% gl A EAEH J77%, 1€ aug-cc-pVTZ B4 /K- I, X BeCl 4> 7R AFIA R £ &
FE UM B AT T B0 o 50, T VR S B G 4 v T AR AR E R B AR B B P s (X2 D)
MU — R 2 (AZID) %5 1 95 A8 #2630 & 1) Murrell-Sorbie fift # #5AE OB, BRI A (X220 ME M A
T B GE S ok SR [6] AR SLEE) A De = 3.74 eV, R. = 0.18173 nm (0.17970), we = 857.4 cm™*!
(847.2), wexe = 5.03 cm™1(5.14), B. = 0.7103 cm™! (0.7285), ae = 0.0059 cm™~1(0.0069), & — 4 &k & (A%IT )
) Do = 3.02 eV, Re = 0.18369 nm (0.18211), we = 832.7 cm™1(822.1), weze = 5.93 cm™(5.24), Be = 0.6953 cm™*
(0.7094), e = 0.0065 cm™"(0.0068), T 5145 W5 S WA FF A 14T S 4, T8I Level F2 77 SR BUR 142 A 1% 12 3))
f) Schrodinger J5 435 J = 0 I BeCl 2> T-3X 4 L T A 4 3R 3h e 2%.

KR BeCl, £ 2 HAAMILAE VS, WSS RE 2k, Jeilk 8
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5T 5 7 e R HUR IR 1 5 0 W B T
72— 43 F-3#RE B HUETE Born-Oppenheimer T
BUR X FrIReE . L gty 15 DAOGIE T
Fftoe AR 0. BeCl 2 1 4E SRk [ A k2t
FECES I B A m AL G, HAE b2 R
V)R 25 R AR B 2 5 2 B b 32 B AR ORI A,
FL AT A IR RS A R R SR A SO A M IO AT
KFEME S Z—. BeCl 77 F I HE R TS
I X2t MIPRAS A2 W3S (X2ET)
BB BE (1B 9%, Farber A1 Srivastaval? 75 3 (1) #4k
22 B e Sk 4.51 eV; Hildenbrand I Theard®! Fi|
FH B 49 H B4 3.98 eV; Carleer 45 4 1]
S TR B8 5 49 3.45 eV; Gaydonl®) #E (XU
ThHTrEMES ) — A s wUE
H3 3.0 eV. X T ¥k A AT &/ ae M wE oY, K
JLSCHRIRIE. Colin 2% (6] %} BeCl 43 1 f il Jj H
BRI N AZIT—X2 2+ BKAE 0-0, 1-1, 1-0
A 2-1 W7 (BB oy AT, AR AP S EE ST
WHON T, = 27992.90 cm™!, w, = 822.11 ecm™ !,
WeTe = 5.24 cm™ ', B, = 0.7094 cm™!, R, =
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0.18211 nm. Rajamanickam %5 [7] Jf] Singh’s £ %
#he i 2k ) A Hulbert-Hirschfelder #5%k ©) #&
TR TS X220 ERGEA 4.50 eV. T34k, K
T BeCl 43 FIUR S RTHRE R . itk ot LA
JIER PO S IBN RER AT FIE AR WARIE.
ke, T HT I D REAA R T ST SRk, AT 0
KT J5 5 i ) e ) A A 40 PRI A 5
A [10—16]

AJHRIEZE H 2 2% A S EAEH (MRCI+Q)
JIVER BeCl 43 1 IR JLAS M A iy e il
LR AT VHA, FF N H Murrell-Sorbie fi# AT #4HE bR 2
0L 25 R B — O A& 1 A e it 42 SR A5 AH B L
T ARG H, vFH A RS I S B A
G BT, JF R Level #2 )3 KAl XU 112 1) #4323
) Schrodinger J5 F%, £33 J = 0 ISR K
SRR

2 ITEF*

BeCl 77 1 B 2 Bk 25 [0 35 Bl 26 41 41
A F A ORCA 27 O 75 58 42 3 1 2 1) [ i
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¥ (CASSCF)8! iF 8 (g 3Lk kT 2 2B A&
AUE AR (MRCDM-200 5052 lle i, 5520 P A
W — it BeCl 7 T #%Y, 7% A Dunning 7!
R aug-ce-pVTZPU (5 57 BLH Dunning 415 H
WAl = zeta W2 4), H AR HF B ¥ 3% 07 7
LTS 3] BeCl fa& Y, — R RHAHLETHT
A1 Moller-Plesset (MP2)[22] f31 )7 5t 55
Iy BRI, VIS T R R R A
FE %I, = 4& CASSCF I, ¥4 T HE 55 MR
F MP2 508 1 B AR BE, KT S A AR
TEBEAE 0.015—1.990 2 [1] {3 IE 1F ) CASSCF
TSI S, IF e TR S G DU R
H Davidson 1& IF i) MRCI 1145, Bl (MRCI+Q) it
.

X MRCI+Q vH5 15 2 1 3 RE i 2k 81 5 2 K H
= ZH0% 11 Murrell-Sorbie (MS) BA % (23] 52 111,
AR R B AR A S IMEAL, W MS BB

3
V(p) = De — De(l +) ami) exp(—aip), (1)

=1

Hrb p = R — Re, R A T HI#%IA1E, D N ESRTE,
a; AMESE. UG F Re, De M a; B9 ARRGE.
H MS BRETS B =B PUBY O

fo = De(af — 2az), 2)
3
fs = 6D, (102 —as — ), 3

f1 = De(3a] — 12a3ay + 24a1a3). (4

HIX 8 ) H KA BE I 2

= WZR%, s)

o = - (Do 1), ©)
e = ,/477{;62, )
WeXe = %[f}j‘ff+15(1+ "gjg‘éeﬂ, (8)

Hdr o A5 T2 TR, Be 2RI SN T, ae
FAERIPERE S R T, we AN we e 23 4 1 PR AT
IR AL

XTSRS RE T 5 22 A Le Roy 42
L Level 8.0 F2F 124 52

3 HRER R
3.1 BeCl HFEESMPASHE ML

& H aug-cc-pVTZ 241, SCF it 5 4 f¥) Be
J& F B [21s6p3d2f] WL 4 2] [5s4p3d2f], Cl Ji f
1 [42s17p3d2f] Wi £ [6s5p3d2f], W i K bR £ s
Bk 96. MP2 SR F HL - (5 B B AR BLIE A R
SR, HARELIE N[6]—N[13] [ H 1A B 4F 0.015—
1.990 2z [1], $L¥5 & 9 ASHLF, M CASSCF 5%
FH CAS (9,8) HE17. CAS T ML ECh 1016,
ZH A5 PR 3 (CSFs) U 2352. MRCI+Q 4% ]
(R A 25 g CISDIRSI(RI B L XU & CI, BEFEHL
JEHEAE —1.5 Hartree—1000.0 Hartree 117 1%L H
TS AL B, MRCT — i A B AR 23 TR RS %
25 1) PR P FEMEAE 43 L B K Tyey = 1076 Hartree
Al Tpre = 1074 Hartree, =% 0] K/ A — 20tk iy
— %% Davidson & iF 261 52 i, BeCl 3L A Jy W
B X20T, 3R IR 2 A IO S A
2, FA LU AR I VYA — AT MRCI+Q #4fg
M2 5, X808 R = 0.1 nm—0.8 nm, 3t 70
AN, S RATER 0.01 nm. & 1 /& MRCI+Q 415
ZI1¥) BeCl 20 T ML ZEAM AR £,

Be(*P,)+CI(°P,)

V(R)/eV

Be('S,)+CI(R,)
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K1 ss— 4 Aaeih g (Rl RIAR
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h 28 WY o N — AN SR A, S5 ik
7t R. = 0.236 nm [T AHAZ. AR, B b5 th 2k
R BeCl i) TP AN AR 1 & A PR Oy 7
SE IX B HL AR AR R M, A o T IR S
I IRES IR HE, 2T E Be AN Cl 13628 K
KA IR FRAE, SR 5 18 T R 1 B R 5 v 8 o)
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IR R AR A ) 2 I (B0 B e P 8 e PN S N e €1
B D71 S e BeCl 43 1 H 1 25 X6 FR 1k 0 it 4
B, FATTAY A Gaussian03 F2J¥ 27, #£ aug-cc-pVTZ
F41F B TDDFTR®! J7vEiH 4 Be T HIBRAR LA
AR M =R, 402 1S, (0 eV), 3P,(2.09 eV),
1P, (4.88 eV)---. HIRIFE Tt 5 CL R 7 (1 5 IK )L
AN ZEAMPUER, 45582 2P0 eV), (8.76 eV)(Vi:
A I 1 43 B R R sl O, AN A e LR
PRk, HAe RS, AERATCL TSR, vAN 2%
) WL RE R RARI AN T A4S
& Be(* Sy )+CI(2P,) F1 Be(®P,)+CIP,). HIJF 74
MRS Doop, sBEASTT 21328 Z A1) ORI OG R,
Sy — Xf, Py — I + 11, B AL EJE, A
M BEFUES, a5 Fhr g u, ATA%0 A 29 Al A
R Be(Sg)+CICP,) W4 T30 22+ 211, A
1 TS A R LR, e i e R as X2 0T Al
BUMAAS 211, BT S50 B SCHR b i R 4 B i B i
A, WATEK LA U 2, B U2 6 W25 i A
FR Be(PPy)+CICP,) M 1857 221 (2), %11 (2),
2YTOMIZA, L6 ANHLTFAS. AT, 0 R A B A
PR, 7 =A 200, =AN 201, — A 20~ Fl—A 2 A
[F ¥, & aug-cc-pVTZ H:41 T il TDDFT J7 %) ik
TP R R, = 0.18173 nm (1) BeCl #E1T %
B, feit RIS, 2 738 SR I R
PEMGURRE 250, 210, 210, - - - 3XKE, TRATrl6 I 1 1
LSRR o X220+, A2IT F U1

32 MSERBHERSFRIEEH

= MS R BT R G T B AR
IMETI AR R ARG LBl A. HE 1
(1) MRCI 75 25 B oR, % EE R KT 0.4 nm
KA, BaEi gk O Bl m T B R 5 R
KT 0.58 nm 2 A7, 12k s H BUAS B )3 5, 3
TAREARNG B, U MS B8 E LA fiE ih 4 0,
1%L 0.10 nm—0.58 nm [A] [) MRCI TF 5 5. K 2
WS ER RIS X2+ RIS — kA& AT (4
Arak B, BN BUE B TS S 8 K 22,
BIRAE Do I8 AL IS eV, AT RZ B BE R, IR FLA7
s nm, 24 a1, az, az AKX AZE nm~!, nm—2
Al nm—3, FABEHE 411 MRCI 5, o2 K
29°0.01 nm, Bt LA LT AR 1) R 22 AT U ABlA
F4 (£0.005 nm). & 1 4 H T Re, Do ) MRCI i}

AR, MS A EL A AR R IR SR A

30
N . (a)
HE RE ‘
x5t
D./eV 3.74094 £0.01268
2 -
o 0 R./nm 0.18173 +0.00044
§ a,/nm™' 32,1243 +0.6957
10| & @/nm™*256.321 £22.286
a;/nm= 994.55 +109.52
O -
0.1 0.3 0.5 0.7
R/nm
30
b
e E= (k)
AT
D./eV 3.01597 +0.01146
. 20r R./nm 0.18368 +0.00401
§ a,/nm™ 33,9887 +0.8082
10k a,/nm=? 273.859 +25.859
as/nm~ 961.63 +130.39
O -
1 1 1 1 1 1 1 1
0.1 0.3 0.5 0.7

R /nm

2 MS®BEER (@) 3& X250+ 1 (b) WRES A%IT
Hme MLkl A

# 1 BeCl H7FIE (X232 FEER (A1) [ Re Al Do

Re/ nm Do/ eV
J7i:
X2y+ A2IT X2y+ A2IT
MRCI 0.1840.005 0.18-0.005
MS #14&  0.18173 0.18369 3.74 3.02

0.1821106]  4.51[2]
3.98(3]
3.454]
3.0l5]

IO AH 0.179706]

MS B EHUA 1 Re 85 5250 (1 LA, LA 1E
PR KT S5 A, AE i 224 0.002 nm, ] WLALA
g B R s B T B AL, TR
1) 52 56 &5 H 1) &5 SRS TR, n Sk [2] /3 8] X2 0T
A AL F B R RS N 4.51 eV, SCHk [3] i k15
HRIE A 3.98 eV, Carleer %5 H & il &5 J7 1515
i 3.45 eV, Gaydon [FIEAE A 3.0 eVIL XF i
RA AT SERERIBTST, AW SCHIRRE. MS 5
S X220t A AT IR S fERe e 3.74 eV
F13.02eV.
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# 2 BeCl 7 1A KBS L Eds

& WiRiS welem™1 WeZe/oem ™1 Beo/cm™1 ae/em™1

X225+ A 857.4 5.03 0.7103 0.0059
S 6] 847.2 5.14 0.7285 0.0069

A211 RIS 832.7 5.93 0.6953 0.0065
S 6] 822.1 5.24 0.7094 0.0068

R 2 MK YE MS U575 21K 2 B A
FIROEE KL L SRR B, RSO A 1
PRINFR IR R TS G0 A8, i 223 4E 1% /e FAf
W AR R L T SR A

3.3 BeCl HFEABSMM A SR EER

N F Le Roy $2 £ [f) “Level 8.0, A computer
program for solving the radial Schrodinger equation
for bound and quasibound levels” F& /5 124, Xf W
g XX M AT Jiv A7 W] RE R 4R 3 AE L (IR
) J = 0 # b T R = 0.10 nm—
0.58 nm i [l )4 MRCI T 5153 2 (1] 48 /> HE m AN
AT MS BEAUGAFRR) X220 FI AT A1) B fii
WBR Do(X2XF) = 3.74094 eV = 30172.7 cm™ 1,
D.(A%IT) = 3.01597 eV = 243254 cm~!, {2

AL MR RH = 0.0001 nm, F2r X3 R =
0.06 nm—9.90 nm. ¥ [ 37 J5 5 4% o8 %45 MRCI
TS ESCE T 1 P 475 B8 2, B IX TR) A 1 4 e b 3
bR H50 73 3l 1k T e B ek £ (R < 0.06 nm) TR T B
(R > 0.57 nm). X} X257+ fl A2IT 7%, 430tk 5
133 56 F 47 MR EE, £ 3 IR TS
Pyt 1.

T A2 A5 W ERAS UL R =
0.236 nm A58 X, Wit A SAFETES . XTI A2IT 25
firrFne Mgk, WK 2, L XAk V(R:) = 1.1344eV=
9150 cm~ 1, &b F Level tHE M v =12 flo =13 2
), WU TR, A2IT — X25F H1 7 & BRI Ok
W, MR e T V=12 RELR, WA T AT
A BeCl 7 W n] GevE Bl 2 U2 i fifk 25, 1
RT v = 12 4R3I W K, H AL i
5 BH 0

# 3 BeCl 4p T3Ea MO AS MR BN Rk

v G(v)/lem™1 v G(v)/lem™1 y G(v)lem™! y G(v)/lem™1
2x+ 2 2zt 2 2yt @ 2zt 2

0 413 327 14 10864 10171 28 19588 18487 42 26560 23580
1 1233 1114 15 11543 10834 29 20151 18977 43 26969 23745
2 2039 1891 16 12213 11485 30 20704 19451 44 27363 23866
3 2831 2657 17 12872 12125 31 21248 19908 45 27738 23926
4 3607 3412 18 13522 12760 32 21782 20349 46 28091 23965
5 4372 4150 19 14163 13392 33 22305 20771 47 28422

6 5128 4866 20 14797 14018 34 22819 21176 48 28728

7 5876 5549 21 15424 14636 35 23324 21561 49 29006

8 6615 6195 22 16044 15239 36 23819 21924 50 29248

9 7344 6829 23 16655 15823 37 24305 22265 51 29452

10 8065 7478 24 17259 16385 38 24781 22582 52 29618

11 8776 8144 25 17854 16929 39 25245 22873 53 29738

12 9480 8819 26 18440 17461 40 25696 23140 54 29805

13 10176 9498 27 19018 17981 41 26135 23377 55 29815
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4 % %

AT BeCl 4r F HE & LA 7 ¥k
A 18 ¥ Davidson & 1E 1 £ 2 25 AL & M H AE
H (MRCI+Q) J5 7445 4 aug-cc-pVTZ JEA AT T
BT R VT, R FH B IS IR B R A S T 4
I 208 X I PR L 2 AR B 2 g AR B, g I

B X2oT Mo AT Wil iz i =
Z ¥ ) Murrell-Sorbie B8 HUHAT L4, 153 4
RO, P g5 RS ST A AR
FiAk, B SRR 14> F-421n) Schrodinger 77 F#
BN TRESE —WRSE J = 0 IR AEH
FETOI T 4 ok, P £ b LS BeCl 435K
IO RNELE EFTE AL T K.
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Abstract

Potential energy curves (PECs) for the ground state and several low-lying electronic excited states of BeCl molecule are calculated
using the multi-reference configuration interaction method with the basis set of aug-cc-pVTZ where the Davidson correction is con-
sidered as an approximation to full CI. The symmetries and dissociation limits for these electronic states are determined through group
theory. The PECs of ground state (X>XT) and first excited state (A?IT ) are fitted to the Murrell-Sorbie potential function, and from
the fitting parameters the spectroscopic constants are determined to be D, = 3.74 eV, R. = 0.18173 nm (0.17970), we = 857.4 cm ™!
(847.2), wexe = 5.03 cm™*(5.14), B, = 0.7103 cm™*(0.7285), and a. = 0.0059 cm™'(0.0069) (where the values in parentheses
are the cited experimental results) for X257 state and D, = 3.02 eV, R. = 0.18369 nm (0.18211), w. = 832.7 cm~%(822.1),
WeZe = 5.93 cm™'(5.24), Be = 0.6953 cm™ (0.7094), and cre = 0.0065 cm ™ (0.0068) for A®IT state of BeCl. All the calculation
results are in good agreement with the experimental values. In addition, we use the level program to calculate the radial Schrodinger

equation of nuclear motion to obtain the vibrational levels for the X? X and A IT states.

Keywords: BeCl, multi-reference configuration interaction calculation, potential energy curves of excited states,
spectroscopic constants
PACS: 31.50.Bc, 31.50.Df, 31.15.vn
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