VRIJE
UNIVERSITEIT
° AMSTERDAM

VU Research Portal

Formulation and implementation of the relativistic Fock-space coupled cluster method
for molecules

Visscher, L.; Eliav, E.; Kaldor, U.

published in
Journal of Chemical Physics

2001

DOI (link to publisher)
10.1063/1.1415746

document version _
Publisher's PDF, also known as Version of record

Link to publication in VU Research Portal

citation for published version (APA)

Visscher, L., Eliav, E., & Kaldor, U. (2001). Formulation and implementation of the relativistic Fock-space
coupled cluster method for molecules. Journal of Chemical Physics, 115(21), 9720-9726.
https://doi.org/10.1063/1.1415746

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

« Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
* You may not further distribute the material or use it for any profit-making activity or commercial gain
« You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

E-mail address:
vuresearchportal.ub@vu.nl

Download date: 24. Aug. 2022


https://doi.org/10.1063/1.1415746
https://research.vu.nl/en/publications/0b4645f9-8109-49a7-b134-42de73cecaff
https://doi.org/10.1063/1.1415746

JOURNAL OF CHEMICAL PHYSICS VOLUME 115, NUMBER 21 1 DECEMBER 2001

Formulation and implementation of the relativistic Fock-space coupled
cluster method for molecules

Lucas Visscher?
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1083, NL-1081 HV Amsterdam, The Netherlands

Ephraim Eliav and Uzi Kaldor
School of Chemistry, Tel Aviv University, 69978 Tel Aviv, Israel

(Received 18 July 2001; accepted 17 September 2001

An implementation of the relativistic multireference Fock-space coupled cluster method is presented
which allows simultaneous calculation of potential surfaces for different oxidation states and
electronic levels of a molecule, yielding values for spectroscopic constants and transition energies.
The method is tested in pilot calculations on thahd HgH molecules, and is shown to give a good
and balanced description of various electronic states and energie200® American Institute of
Physics. [DOI: 10.1063/1.1415746

I. INTRODUCTION used a 3530p21d16f11g9h9i7k7! basis and correlated 36
electrons.
The relativistic coupled clustdiRCC) method for two- Here we describe the implementation of the Fock-space

and four-component molecular wave functions has recentlgoupled cluster method in the one-hole and one-particle sec-
been implementedn the MOLFDIR? program system and ap- tors in themoLFDIR? and DIRAC™ program systems. The ba-
plied to several moleculésThis scheme is applicable in Sic procedures are similar to those described eari@rthe
single-reference situations, where the state of interest can Iséngle-reference scheme, and only the new features will be
described approximately by a single Slater determinantdiven in detail. Pilot applications to the nd HgH mol-
which may be closed or open shell. Various flavors of mul-€cules are presented. The aim of these calculations is to dem-
tireference coupled cluster schemes ekiste most widely onstfate the_ fg_atures anq feasibil_ity of the method rather than
used being the Fock-space appro&€fhe relativistic Fock- provide def|n|t|ye potential funcnons.or spectroscopic con-
space coupled cluster method has been applied in receftants, and basis sets of moderate size are therefore used.

years to a large number of atoms, yielding high-accuracy
results for a variety of transition energiésnization poten-
tials, excitation energies, electron affinitiésSeveral appli-
cations to molecules have also been performed, using th&. Relativistic Fock-space coupled cluster method

one-component Douglas—Kroll-Hess apprdach or the The starting point of the method is the Dirac—
four-component Dirac—Coulomb—Breit Hamiltonidn-2 Coulomi—Gaunj Hamiltonian in the no-pair approxima-

Atomic applications enjoy the advantage of sphericalion, which may be written in second quantized form as
symmetry, making possible a separation of the angular-spin

Il. THEORY

variables, amenable to analytic integration, from the radial |:|:2 ZPEQ 4 E 2 VPQERS 1)
: : : : . & FQEPT 4 st VRSEPQ
functions, which are integrated numerically or expanded in a Q QR,
basis. The angular momentum methods needed for integragigre ZP=(Q|h|P) is the one-electron integralVEQ
ing over angular and spin variables are well kndwihey = (Rg|PQ) is the antisymmetrized two-electron interaction,

make the computational implementation of the RCC metho%g and EES are the replacement operators defined by

somewhat cumbersome and less straightforward, as radigly|qysl® The no-pair Hamiltoniaril) has the same form as
integrals have to be multiplied by factors arising from the nonrelativistic Schidinger operator, differing only in the
angular-spin integrations. In particular, antisymmetrizedgefinition of the integral& andV. This leads to straightfor-
quantities, used routinely in molecular coupled cluster proward extension of the nonrelativistic coupled cluster method
grams, are not suitable for spherical implementations, as thg relativistic closed-sheéff and open-shéil implementa-
direct and exchange radial quantities are in general multitions. Here we address the multireference valence-universal
plied by different angular-spin factors. This is more thanFock-space method. The equations determininglte&cita-
compensated by the need to solve only radial equationgion amplitudes in a complete model spd&enay be derived
making it possible to use very large basis sets and correlafiscom the cluster equaticn

many electronga recent calculation of element 114 levéls

[TvHo]:Q(VQ_QHeﬁ)coanv 2
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where P and Q are the usual projection operators, afid that the resulting terms will have the foriy and Xg5,
={exp'T’} is the normal-ordered wave operator. corresponding td®— Q transitions in the0,1) sector. The

The Fock-space excitation operatﬁris defined with summation m_d Ices are not aﬁected.
respect to a reference determinant, which we take to be (2) New diagrams, resulting from the second term on the

closed shellthis restriction makes application more conve- right-hand side of Eq(2), will be added in Eqs(VLD-4) and

nient, but a single open-shell determinant may also be em(—VLD'S)' These are Brandow's *folded diagrams,” which

ployed. In addition to the usual decomposition into terms appear in multireference many-body methods. The modified
. A i LD-4 ith the indicesl A [
with different total () number of excited electron$, is par- equation(V ), with the indices! and A replaced byE

. . and V, respectively, is augmented by the term
titioned according to the number of valence holey (and B v = . i . i .
valence particlesr) with respect to the reference determi- ZrTE(Her)g, while the two-body equatiofVLD-5), with

nant the indexAé replaced by E, includes the new term
' —Pas2eTE; (Heﬁ)E, where the permutation operateyg is
defined in(VLD-6).
> 'T',(m'“)>. (4) (3) Elements of theH 4 matrix occur in the new dia-
! grams described in item 2 and in E8). They have the same
_ _ _form as the amplitudeZ{(FE— Fy) prior to addition of the
The coupled cluster equations can be solved hierarchicallyyqeq diagrams. Diagonalization of this effective Hamil-

since equations foF in a given sectorT (™™, do notinvolve  tonjan yields the electron affinities of the system described
amplitudes from higher sectors. After convergence ispy the reference determinant.

achieved in a particular sectd%l,eﬁ is diagonalized to yield The implementation was performed striving to minimize
all energies ofP(™™ states in that sector relative to the cor- the modifications to the existing single reference cbde,
related energy of the reference determinant. Thus, a largehich is based on using efficient and parallelized matrix—
number of states may be obtained simultaneously. This is amatrix operations. The two arrays of dimensiNpN, and
advantage over the single reference approach which requird$4 N3N§ used to store thd@,; and T, amplitudes were ex-

a costly four-component Hartree—Fock and four-index transtended to hold N,+N.,)(N,+Ng) and 1/4 {,
formation step prior to the calculation of each CC energy. An+N,J)?(N,+ N,)? elements(the variousN values denote
added advantage of the method is that full spatial and spithe numbers of occupied, virtual, active occupied or active
symmetry is built in by including all relevant determinants in virtual orbitalg. This allows simultaneous storage of ampli-
P, avoiding symmetry breaking which may occur in single-tudes and effective Hamiltonian matrix elements of all sec-
determinant open-shell approach&sAll calculations re-  tors of Fock space up to the two-hole two-particle sector. In
ported here are at the Fock-space coupled cluster singles atttls manner, only one set @barallelized computational ker-
doubles(FSCCSD level. nels needs to be called for all sectors, making the code easy
to maintain and improve.

Having all amplitudes available at the same time, we
could in principle solve the equations for all sectors of the
Fock space simultaneously. This computationally attractive

The first stage in applying the Fock-space CC methodscheme makes convergence more difficult, and we decided to
involves solving the equations in tti@,0) sector. This is the stick to the conventional scheme and solve the equations
usual single-reference problem; its implementation in thesector by sector. The resulting additional work may be re-
framework of two- and four-component relativistic functions duced, without loss of computational efficiency, by skipping
has been described in Ref. 1. Here the extension to the oneecalculation of the converged amplitudes that belong to
hole and one-particle sectors will be delineated, using théower sectors of the Fock space, but this was not necessary in
notations and equations of the previous publicdtiamd list-  the calculations done so far. The time spent in the CC part is
ing the changes and additions required. Details will be giverusually rather small compared to other steps of the relativis-
about the one-particle sector; the scheme for the one-holgc calculation (in particular the four-index transformation
sector is similar and can be derived by analogy. Equat®n required to obtain two-electron integrals over the molecular
of Ref. 1 will be denoted as E¢VLD-n). four spinors. To illustrate the procedure we look in more

The spaceP(®? is defined by designating selected vir- detail at the modifications made in the evaluation of The
tual spinors asactive virtuals P(®Y comprises all determi- equation(VLD-4) for the one-particle sector.
nants with one electron added to the reference determinantin - The T, equation is solved iteratively by constructisg,
an active virtual spinor. Adopting the labelihgf occupied  from which T will be obtained upon division by} —F,
spinors byl, J, K, L and virtual spinors bA, B, C, D, ac-  using T amplitudes from the previous iteration. Extending
tive virtual spinors will be labeled bi,F and inactive ones the ranges of the arrays and calling the standard single ref-
by V, W. The working equations for determinifig®? clus-  erence subroutine then gives tHdeef)E terms and all con-
ter amplitudes ar€VLD-4)—(VLD-16), modified as follows: tributions toT\E’ (except the folded diagramas a subset of

(2) All terms in (VLD-4) and(VLD-5) have, after sum- the completel; array. After this simple generic step, it only
mations are carried out, the general fokfi and X}®, re-  remains to add the new terms of the previously mentioned
spectively, corresponding to one- or two-electron excitationstem (2) above toT{, using the available H.q)g values.
in the (0,0) sector. Here the relevant indices are changed s@Vhen the iterated amplitudes have converged,Hhg ma-

-3 (
m=0 n=0

B. Implementation notes
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trix is diagonalized to yield the energies associated with th@ABLE I. Spectroscopic constants of therholecule.R. is in A, D.inev,
addition of an electron to the reference system. The precisghe’ values in e

formulas for this sector read R, 0 D. 0
I2(0'27747T4)12 +0
A__ A K+A+C ATC KoA A . gruTg 9
SP=FA-2> FETRTE+ D, HATS- D) HETR—(FA Experiment
K.C c K Reference 41 2.666 2145 1.55 0.614
—FE TA+ HK TAC+TATC + VAKTC Present calculations
e)Te KEC c(Tek+TkTe) ,;; ECTK DC/FSCCSD 2.691 214 1.47 0.50
DCG/FSCCSD-BSSE 2.711 209 1.32 0.53
AK _CD KL _AC .
+ X VepTEK — > VEGTKL - (5 Other calculations
K.C<D K<L.C DC/CCSOT)? 2.685 217 1.53 0.58
PP/CCSDT)° 2.668 215 1.57

The Hamiltonian matrix elements are given alsle,()E

=SE, and the iterated amplitudes are obtained as *Reference 21.
PReference 42.

Te=| S (Heﬁ>ET¥)/<FE—F¥>. 6)
F . . . . .
timate their contribution by comparing Hartree—Fock calcu-
Equation(VLD-5) for the T, amplitudes is solved in a lations based on the Dirac—Coulomb and on the full Dirac—
similar manner, except that the effective Hamiltonian matrixCoulomb—GauntDCG) Hamiltonian. The energy difference
elements appearing in th®, array belong to the (9,2p) between the two sets of calculations gives the magnitude of
sector and are not used in the current work. the Gaunt energy correction as a function of bond distance.
This slowly varying function was fitted to a fourth-order
polynomial and added to the potential energy obtained in the
IIl. THE I, MOLECULE DC/FSCCSD calculations. This should be a good approxima-
The I, molecule and its anion and cation provide goodtion for the states studied here, because the dependence of

test cases for the performance of relativistic electronic strucl® Gaunt interaction on internuclear separation does not
ture methods, because calculation of their spectroscopigNange much upon the addition or removal of an electron or
properties requires inclusion of both electron correlation andnclusion of electron correlation. Since our basis set is rather
spin—orbit coupling effects. In this work we concentrate onSTMall, basis set superposition erro8SSEs are non-

the ground state of the neutral molecule and the statededligible and need to be corrected for.. They were calculgted
reached from it by adding or removing one electron. Thes@! the FSCCSD level of theory using the counterpoise
are all well characterized experimentally, and previous theoMethod and fitted to an exponential form. We calculated 25
retical work may be used for comparison. Since the goal oPOtential points in the range of 2.0-4.0 A. The minimum of
this paper is to demonstrate the application of the relativisti©€ach curve was obtained by quadratic fit, using three points
Fock space method in the context of molecular calculationsSPaced 0.005 A or less around the minimum. Other sgfctro-
no extensive studies of basis set or active space convergeng€PPIC constants were calculated using the prograveL.

have been carried out. The contracted pVTZ basi setd The spectroscopic constants for t&; ground state of
active space used are identical to the ones used in the earli§}e neutral specieSable ) are in line with previous work’ _
calculation of de Jongt al?! on the same molecule, to fa- The bond length is found to be about 5 pm too large, which

cilitate comparison with the single reference CC approachi.s mainly due to truncation errors in+the single particle basis.
Thirty-four electrons were correlated, freezing 4and The calculated constants for tH&, ground state of the

deeper core orbitals, which give insignificant contributionsNegative ion(Table 1) are in reasonable agreement with the

when calculated in this basis. For the same reason, corelike

Vlrtua.‘ls (with energies above 10 harmeﬂer.e e.XCIUded from TABLE II. Spectroscopic constants of the lon. Units as in Table I.
the virtual space. In order to reach quantitative accuracy, the
basis should be extended by at least @héunction, and Re we D, WeXe
probably also functions of higher angular momentt#rBuch

- 2_4_4 12y +
calculations, while feasible on a more powerful computergyperiment '2 (05703 Fuie
will be rather time consuming, and are left for future work. Reference 25 3.20% 0.005 110+ 2  1.01
All calculations reported here were run on a PC with 512
Mbytes of memory under Linux. Present calculations

C/FSCCSD 3.20 116 0.91 0.37

Our standard approach is to use the four—componer}gCGlFSCCSI}BSSE 3.04 112 082 036

Dirac—Coulomb(DC) Hamiltonian, with the contribution of

the (S9S9 class of two-electron integrals estimated by aother calculations

simple point charge modéf. This method does not include NR/MRCI+SC! 3.22 116 116  0.36
the effect of spin—spin interactions as contained in the BreiPP/MRCH SO’ 3.22 109 0.98

or Gaunt operators. Since these small interactions may hav8gterence 22.

an effect on the calculated potential energy surfaces, we e&eference 26.
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TABLE Ill. Spectroscopic constants of thg fon. lonization potentials in
eV, other units as in Table I.

Relativistic Fock-space coupled cluster 9723

TABLE IV. Spectroscopic constants of the HgH ground stRigis in A, D,
in eV, other values in cit.

Re We le WeXe Re We De Be WeXe
_ I3 (ogmimg) Mg 3 HgH(o?0") 2 1
Experiment Experiment
Reference 43 2461 931 071 Reference 41 [1.766 [1203 0.46 [5.39
‘ Reference 31 1.741 1385 0.46 555 75
Present calculations Reference 36 1740 1387 046 555 83
DC/FSCCSD 2.61 242 9.13  0.67 Reference 29 1735 1421 046 559 121
DCG/FSCCSDB-BSSE 2.63 235 9.15 0.64
) Present calculations
Other calculations DC/FSCCSD-1 1.679 1664 059 584 57
PP/SOCt ) 2.69 217 DC/FSCCSD-2 1.703 1555 0.55 565 84
bc/ccsoT) 2.61 238 913 DC/FSCCSD-1+BSSB 1.721 1552 0.32 555 62
e o4 m DC/FSCCSD-2+BSSH 1.750 1423 029 533 100
_ 2 (ogmymg) Mg 12 DC/FSCCSD-1+BSSB+(13eT) 1753 1359 040 530 89
Experiment DC/FSCCSD-2+BSSB+(13eT) 1.758 1361 0.40 526 108
Reference 43 2362 995 0.75
. Other calculations
Prelse”‘ calculations GRECP/FSCCS[13e-T)-1% 1730 1424 041 562 81
gg(';/?:gg(s:gl}BSSE 22'25 2?;63 99'77;3 g'ggl GRECP/FSCCS3e-T-22 1738 1362 041 556 93
: : : RECP/MRD-CY 1.777 1309 0.32
. PP/ACPF+SC 1.722 1414 0.44
Other calculations
PP/SOCY 2.69 208 aReference 35.
Dc/ccsOoT)’ 2.63 227 9.74 bReference 34.
o s aars ‘Reference 33.
I2 (o'gﬂ'uﬂ-g 1_[u,3/2
Experiment
Reference 43 1382 10.71 0.46
Present calculations action (MRCI) calculationé*?® using larger single-particle
DC/FSCCSD 291 158  10.80 0.58 basis sets but treating spin—orbit coupling perturbatively.
DCG/FSCCSB-BSSE 2.94 152 1076 060  \jth this method one can also calculate other states of
Other calculations the negative ion that differ by two excitations from
PP/SOC} 3.09 132 the ground statt_e. In the Fock space method _these shquld
DC/CCsOT)® 2.95 140 1097 be calculated using a different reference determinant or using
s aaris higher sectors of the Fock space. We studied briefly
. 12 (0gmumg) Tyare the excited 2[1;,, state observed by Zanngetal?’
Experiment h . d g b KV b d with f 0.02
Reference 45 11.54 who estimated it to be weakly bound wit @, of 0. _
eV and a bond length of 6.2 A. This state may be considered
Present calculations to have the configuration023775,1,2775,3,2771,1,2772,3,205,
DC/FSCCSD 2.88 168 1151 051 gng the excited configuration3m 1,73 3075 3005 Of the
DCG/FSCCSDB-BSSE 2.91 162 1147 0.49 : ’ : oo
neutral molecule was therefore used as reference in this case.
Other calculations The?Il, ,, state then belongs to thelf(Lp) sector of Fock
PP/SOCt 3.11 112 space, and may be calculated without technical problems.
b . . -
bc/ccsaT) 2.91 156 1165 The resulting potential energy curve does not show a mini-
1 (ot mty2s mum at this level of theory. Sharp and Gelleffnesport
Experiment 21T eTuel T MRCI calculations with inclusion of spin—orbit coupling and
Reference 45 12.66 utilizing a large basis with three sets €, d,f,g,h,i polar-
‘ ization functions. Experimental data are well reproduced, in-
Present calculations dicating that large single-particle expansion sets are needed
DC/FSCCSD-BSSE 2.97 129 1257 079 t reliabl Its for this stat
DCG/FSCCSB-BSSE 3.01 121 1252 o3 'O Qetreliable results for this state. _
All the low-lying states of the molecular cation are eas-
Other calculations ily calculated in the (h,0p) sector of Fock space. Calcu-
PP/FOCH 3.62 72

®Reference 44.
PReferrence 21.

experimental values of Zanit al?® The error in the bond

length (3—4 pm is similar to that found for the neutral
species, and is ascribed to the same source. Table

lated spectroscopic constants are collected in Table Il and
compared with experiment and with previous calculations.
The present values are fairly close to the values of de Jong
et al?! obtained by single reference coupled cluster with
singles and doubles perturbative triples. The Fock-space
method makes possible the calculation of the high-lying
25+, state, not accessible by the single reference approach.

9,
Batisfactory agreement with available experimental data is

also shows the results of multireference configuration interobtained.
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TABLE V. Spectroscopic constants of HgH low excited states. TABLE VI. Spectroscopic constants of the HgHon.
Re We Te Be weXe Re We De Be weXe
HgH* (o®m") M1y, HgH"(6%)'3g

Experiment Experiment
Reference 41 [1.601] [1939 [6.56] Reference 41 1.594 2028.11) 6.61 41
Reference 36 1.586 2066 24578 6.6B4] Reference 36 1.594 203®.4) 6.61 46
Reference 31 1583 2068 24590 6.70 65
Reference 30 1.583 2031 24609 6.71 47 Present calculations

DC/FSCCSD-1 1.573 2104 2.57 6.69 42
Present calculations DC/FSCCSD-1+BSSB 1.605 2023 257 6.41 32
DC/FSCCSD-1 1.565 2133 23990 6.78 42 DC/FSCCSD-1+BSSB+(13eT) 1.607 2020 255 6.42 33
DC/FSCCSD-1+BSSH 1593 2025 23990 6.50 36
DC/FSCCSD-1+BSSB+(13eT) 1.597 1990 24630 6.46 43  Other calculations

GRECP/RCC-SQ13e-T)-1 1.591 2044 2.70 6.64 41
Other calculations GRECP/RCC-SD13e-1)-2 1.596 2051 2.59 6.60 32
GRECP/RCC-SDL3e-T)-12 1.582 2065 24688 6.71 44 PP/ACPR 1.593 1959 2.69
RECP/MRD-C? 1.615 2023 25664
PP/CASSCHMRCI+CIPSC 1.603 1946 25004 *Reference 33.

HgH* (0?7 %M1,

Experiment
Reference 31 1581 2091 28283 6.73 61 tireference double excitation configuration interaction
Reference 41 1579 2068 28274 674 43 (RECP/MRDC) work of Alekseyevet al,>* the pseudopo-
Reference 36 1.580 2067 28256 6.73 42 tential averaged coupled pair function plus spin—orbit cou-
Present calculations pling (PP/ACPF-SO) approach of Hassermannet al,*
DC/FSCCSD-1 1562 2150 27480 6.80 42 and the recently reported generalized RECP Fock-space rela-
DC/FSCCSD-1+BSSB 1589 2040 27480 6.52 34 tivistic coupled cluster with singles and doubl&SRECP/

. twenty*>° electrons were treated explicitly in these calcula-
Other calculations

GRECP/FSCCS13e-T)-12 1579 2083 28275 674 a2 tions, with the others accounted for by an effective core po-
RECP/MRD-C 1.615 2033 28490 tential.

PP/CASSCH-MRCI+CIPSG 1.610 1930 28714 Here we report the first all-electron calculation of HgH,
*Reference 35. carried out in the framework of the Dirac—Coulomb Hamil-
bReference 34. tonian and including correlation by the FSCCSD method de-
“Reference 33. scribed previously. Two Fock-space schemes were em-

ployed. In the first, denoted by DC/FSCCSD-1, the ground
state of the HgH ion served as reference. An electron was
IV. THE HgH MOLECULE added in the lowest unoccupiedor 7 orbitals to yield the
) ) . ground and lowest excited states of HgH. The second scheme
The HgH moleculg has been studied extensively in re{DC/FSCCSD-2 started from the ground state of the HgH
cent years, both experimentallyee, e.g., Refs. 28—B&nd  anjon as reference and reached the ground state of the neutral
theoretically(Refs. 32—-35, among otherdhere are several gjecule by removing an electron from the highest occupied
reasons for the interest in this_molecule. The ground statg orpital. Thirty-five electrons of the HgH molecule were
potential serves as a classical example of rotationaorrelated, in order to include core polarization effects. The
predissociatiod?® In addition, it possesses a rather deeppasis used for the large components  included
minimum for a van der Waals type complex; the mea.SUre(tZOslgplzd1Of)/[8511p6d3f] functions on HE and
binding energy of 0.3744 éVindicates an intermediate case (6s3p2d)/[4s3p2d] functions on hydrogef® Basis sets for
between a weak chemical bond and pure van der Waals ifhe small components were generated automatically by the
teraction. The formation of a bound state and the large anyo| rpir code using the kinetic and atomic balance condi-
harmonicity were ascribed by Mullikéhto the quasidegen- ions. Virtual spinors with high orbital energies have been
erate nature of the ground state and to strong interactiog,yng to contribute very little to correlation effects on mo-

between the ground nonbonding configuration arising fromecylar properties; spinors higher than 100 a.u. were there-
ground state atoms and the excited bonding configuration of

25" symmetry arising from the Hg(®) and H(1°S)
atomic states. _
The goals of the theoretical studies included the interpreTABLE VIl. Calculated spectroscopic constants of the Hgdn.

tation of available experimental data and testing the reliabil- R, 0o Do B, weXe
ity and accuracy of methods developed for calculations of o

. . — ’ +
molecules containing heavy atoms. To our knowledge, aI,DC/FSRCCSD L HgH ("1333) 20 604 0,63 4.37 37
rgported calculat'lons of the HgH molecule employed eﬁec-DC/FSRCCSD_MBSSB 2,030 776 0.64 3.95 50
tive core potentials. Among the most sophisticated recenbc/rsrccsp-i+BssB+(13e7 2032 824 0.91 3.92 97

calculations are the relativistic effective core potential mul
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