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Development of an analysis considering effects of intermolecular vibrations
and its application to the H>-HCI dimer

Keisuke Asaka, oYoshihiro Sumiyoshi
Graduate School of Science and Technology, Gunma University, Japan

[Abstract] We have developed a new method of a least-squares analysis for molecular
clusters consisting of two diatomic molecules aiming for determining precise intermolecular
potential energy surface(IPES) from spectroscopic data. The IPES, V(R, &, &, ¢), is
described with the Jacobi coordinate, where R denotes the distance from the center of mass of
a diatomic molecule to that of another, and the angle between vector R and the axis of a
diatomic molecule is defined as & and that for another diatomic molecule as &, and ¢ is the
dihedral angle between the two planes defined by R with a diatomic molecule and with
another diatomic molecule. The method has been applied to the H>-HCI dimer. The
four-dimensional IPES of the dimer has been determined from IR spectroscopic data in
combination with a high-level ab initio calculation at the CCSD(T)-F12a level of theory with
the aug-cc-pVQZ basis. The bound states for para and ortho states of H>-HCI were calculated.

[F] KFED O3k~ 2258 CHIR A L 72T Y, ZOREMEZH LM
THHIT, KEDTNORDD TV T AL —DN N ENERIITOITE -,
ZILER K CFICB W CEM Y FONEEITEE I ETH D0, £ OIEM: FAE
HVIZIX, KFEHSFEEMDTEOROSFHMEAEHAOERNP AR THH[L]. &
TRRBET AR TIE, FITKFE ST & 2515 D WILEARR S 17> B K D LB rY) B 72
RN RLEINTE., N6 NT — 2130 FRIFMEERRT v v L pimE 2B
THEEREREZATVDICHLEDLT, ZNOOERT — X 2 EEMH L TR T
YU NVHIEAIRET D E WY ATIXIZ E A EiThvTWiwny, Al KFESTE 2
A0 TFHDWIXEBRD TR D 28K T A2 —DRT v v )Vl & 5T —
HINOIRTET DN HIEZBF L, Fi % H-HClI ORI L7-.

[#EATFIE] = 2 CTlE, EBRICHNT 21T o 72 Ho-HClI O R Z2FlICiEi 5. & Iv
=721, 7 7 AZ —2ROEHRIC G Lo 2AEE & J, Hy 3 L OVHCI O fiE
B, J, BLOH2 & HCl OFLOEERER 037 A —& & AT,

=2 ) hz -1 ’ J— .12 i
Hcomplex = bH2J1 +bHCIJz +[Zj|:_R 88R2 R + ( RJZ ) :|+V(R1 911621¢) (1)

LTS b0, 22T, b, b lTZREH Hads KLUV HCI DEIERE
B, wlxr 7 A —OWRER, j,=j,+*), ThHDH. Fiz, ALV 1 OEEION
TH,F=J+1 & L CENERFHEERR EOBMMaHEZZE XL 91T L.
W, Hz & HClI DIRENEENIZOWTIE, S FRHEAER~OZEN NI W EREL T
WAL, ORXoSTEMHEERRT v WV (R, 6,0,,¢) 13 2 BEE TR L, I



PEEEC 3510 2 KRV (R, 6,,6,,4)

3 |max|max

V(R 0,6,.¢) = {Z ST gHRIA,, (@, 92,¢)}exp[b'l'2' AL (0.0, 4)R] @

i=0 kl,l,n

& RIEBECORI/1HV™(R, 6,,6,,4),

|mex e CrI11I2| A (9 ’9 ,¢)
Vas(R,01,92,¢)= Ign fn(buz'pﬁlu (61,92,¢)R‘) 1|z::zn1 2 .

DOFTHRLZ[2]. 22T, 6 & 6,i%, H:BLOHCI OFELEFSEEEIIR &2
ND 2T FOREH ry, AT A, glEREZERFmE, RENLZED
ﬁﬁ&@zﬁﬁfﬁé.ik,%ﬁ@@ﬂ@WﬁM@@mWﬁLRﬁméwﬁﬁf

WHAAIC B 2T 2 B335 Ch 5[3]. @QLVE)XFob™, g, CHixrRT v
YN T AL THD. BEERTEA (6,6, ¢9) (21, Ure OZHR1 R O 4 R,

I ' P 4n
A0 =3 [ 1 0, (00 @

V. 22T, LIE, LE LOASOEEERT S, £z, EBEIEIN=2, 11=6

<

FCOEEZZE L. =X —FEAMEOFFICEE LTI, [R5 (3 ER R R4k
ERNTORONIV h=T v H BB L, 51 B EHERS)ES) oW T, Distributed
Gaussian % JLE B4k & 9% DVR(Discrete Variable Representation)iZ: & F 7= [4].

[Ho-HClI ~DJH]  Ha-HCl 2D\ TiE, Anderson & OFRINGIL Sy 00T — & 738
HEINTWBIB] £, T VESKICEHMEHEANT MAPNARLIZE > THHIE
TN D 5[6], BRI RS DT O A B DIENTITIIE Oy o 7o, AfgHTiE T
1%, €/ ~—OREEESZBEL CTWNDDT, RINGNHOT —X 2 HEFHT 5 HIT
Hisk72uN, 2 Z T30k 5 D4 7 EE Z VT HCL |/ ~ — ORB LR IC R 1T % para
D J=4 FTOMEMRER &, ortho D J=4 F TOMEESERIL L OP=1«0 (PiXJ
OISR A7) O F-RIIRENEER OG5 11 AOEBJEREEZFHEL, £
5 & [AIRFIC FFELT 2 X 9 1S/ T IRFEATIC L » TROEED™ & 5| JJEC, Cl L
D5 DODINT A —H wfgilt U=, &/ RN TlE, CCSD(T)-F12a/aug-cc-pVQZ
L~UL O ab initio 51 TR B 72 o FRIM AN =L ¥ — 2 (2 K UR) DT T /L
B TR LB DEV(R,,60,,¢) DFIIE L LTHWE. j <3, j,<11, v<35 (2~
10 A 12 M2 BLE) O R O LIRS A AV, (ORISR LTz v b =T v DfT
FIESEZFH R L7, ortho & para Dz Ete/I )V h=7 ATHIEMHEEL, Thx
AL TV X —FEHEA 2. BEAEOFEITIZIUN R FOF RS 2T A
ITO # iz, AEO &/ R TH L7255 21 33MHz T, EBRKE O 10MHz
X0 3EFFEERE V. Z T ortho IREED P-doubling @ J K17 D A 227 72 DR
KTHD. HL, AERELIZRT v uid, ERlO P-doubling % BEIZ 99.6 %LL |-
OIEECTHBATAOIHENTET TS, BIUEET —X 2L, AEKRMFEICET S8
T A= EEwET HFICL T, ETFT—FOBBMEIIHEMRETHL. 5%,
EVEWIZETL IROT—2 LI, BHMOHPBH SN THWD IV EOSNT
— X B ORI 21TV, L0 ERERRT v v VI OWRIEZIT D .

[ 3CHR] [1] M. Lanza, et al., MNRAS 443, 3351 (2014). [2] R. Bukowski, et al., J. Chem. Phys. 110,
3785 (1999). [3] K. T. Tang, et al., J. Chem. Phys. 80, 3726 (1984). [4] H. Karabulut, et al., Int. J. Quant.

Chem. 104, 16 (2005). [5] D. T. Anderson, et al., Chem. Phys. 239, 253 (1998). [6] £ &5, 4 FHEidia
Arlimaa 2 54, 1C12 (2001).

©)




