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The low-lying X!=*, @A, AlA, b*=*, B, ¢, C'®, D=, ETI, d*®, and &I1 electronic states of RhB

have been investigated at the ab initio level, using the multistate multiconfigurational second-order perturbation
(MS-CASPT2) theory, with extended atomic basis sets and inclusion of scalar relativistic effects. Among the
eleven electronic states included in this work, only three (tAE*XD'=*, and EII states) have been
investigated experimentally. Potential energy curves, spectroscopic constants, dipole moments, binding energies,
and chemical bonding aspects are presented for all electronic states.

1. Introduction state (Rh{D (4d”)), located 0.34 eVJ-averaged value) above
i . the ground level. Among all possible 42 molecular electronic
RhB was observed for the first time by Chowdhury and states, 245 =+, =-(2), TI(3), A(3), ®(2), T'}) dissociate into
Balfour! using laser induced fluorescence in the range of430 the ground state atoms, while the othér& E+(2), =-, TI(3)

550 nm. From the analysis of the experimental resjtéléss, the A(2), @}) correlate with the second atomic dissociation channel.
authors concluded that the ground electronic state poSSESSes  ater preliminary calculations, we have found that the singlet

symmetry ZRO =2 1.69}1 A, AGy, = 920 cnrl)y characterized 54 triplet states are well-separated from the quintuplets. The
by the 10~°110°57"20% electronic configuration, with the Rh 1 5in 5 rose of this work is to give a detailed account of the
and B atoms bonded by a triple bond. In addition, an excited low-lying singlet and triplet electronic states of RhB (Al—

. . A
electronic state of=" symmetry (the so-called [20.9]" state) S electronic states), by means of potential energy curves,

was also proposed, located at about 20 000 cabove the  gneciroscopic constants, dipole moments, binding energies, and
ground state, withRy = 1.870 A andAGy, = 628 cn1?, for chemical bonding analysis.

which the electronic nature could not be determined unequivo-
cally from the experimental data. Besides that, very recently,
Chowdhury and Balfodreported a new band system with (0,0)
at 20 110 cm?, which was attributed to H1—X=* electronic The CASSCF/MS-CASPT2 (multistate multiconfigurational
transition. Again, the electronic nature of tHd state, which second-order perturbaticny approach was employed to gener-
was coined as the [20 4] state, could not be determined from ate multiconfigurational wave functions. At the CASSCF
the analysis of the experimental data. (complete active space (CAS) SCF method) step, the active
On the basis of results obtained by the CASSCF/MS-CASPT?2 space comprises the Rh 4d, 5s and B 2s, 2p orbitals and electrons
method~7, we® showed that the [20.8f* state derives from (12 electrons in 10 orbitals), keeping the Rh 4s and 4p electrons
the RhB ground state by a single electronic transition from the inactive. For the CASPT2 calculations, the zeroth-order Hamil-
110 bonding valence molecular orbital (VMO) to the d2  tonian suggested by Ghigo et #l.with a shift parameter of
antibonding orbital (1& — 120). We also found &A excited 0.25 Hartree, was employed and the Rh 4s and 4p electrons
state (the [9.0]A state) 9221 cmt above the X= state, with were included in the active space; that is, the Rh semi-core
Ro = 1.786 A, AGy, = 792 cnt?, and dominated by a single ~ €lectrons were correlated at the CASPT2 level. The Rh and B
electronic configuration (...1#1102574203120%) obtained by core electrons were kept frozen. As we have shown béfore,
a single excitation (@ — 120) from the ground state wave Mmultireference configuration interaction calculations are not

function. Recently, Chowdhury and Balfuemployed our  feasible with such active space.

2. Methodology

description of the [9.0]A state to analyze certain features of Intruder state problems were treated using an imaginary-hift
the experimental electronic spectrum of RhB. of 0.1 Hartree. The DouglaKroll —Hess (DKH) approxima-
Except for the above-mentioned studié$ no other experi- tion1314 was employed to take into account scalar relativistic

mental or theoretical investigations have been published. In orderéffects. Quadruplé- atomic ANO-RCC® basis sets were

to gain further insight into the structural and spectroscopic €mployed for describing the atomic species; namely, the Rh

properties of RhB, we have carried out a theoretical study atom is described by the primitive 21s15p10d6f4g2h set

focusing our attention on the first two atomic dissociation contracted to 8s7p5d3f2glh, and the boron atom is described

channels. The first corresponds to the adiabatic coupling of the With the primitive set of 14s9p4d3f functions contracted to

two atoms in their atomic ground states (#*((2€2p)) and 5s4p3d2£e

Rh (F (4cB(3F)5s)))? and the second involves the boron atom  All calculations were carried out with the software MOLCAS-

in its ground state and the rhodium atom in the first excited 6.417 using theC, point group symmetry. The singlet states

were described by including the first four low-lying states

* Corresponding author. E-mail: anchorin@ig.usp.br. Fas5—11— belonging to the A irreducible representation, and the first six

3815 5579. Phone:55—-11-3091 3073. low-lying states belonging to the B irreducible representation.
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Figure 1. Potential energy curves for the low-lying singlet and triplet
electronic states of RhB.

2.6

As to the triplets, the three low-lying electronic states belonging
to the A irreducible representation plus six other electronic states
belonging to the B irreducible representation were included in
our calculations. At the CASSCF/MS-CASPT2 level, all

electronic states belonging to the same spin and spatial symmetry esrq
were taken into account simultaneously. State energies were

computed at the MS-CASPT?2 level, while state properties were
computed using the perturbatively modified CAS-CI (PMCAS-
Cl)18 wave functions, which are built as linear combinations of
the CASSCF wave functions with coefficients obtained from
the quasidegenerated multistate perturbative treatment—Spin
orbit coupling effects were taken into account by employing
the RASSI (restricted active space state interaction) apprdach,
with the MS-CASPT2 energies in the diagonal elements of the
spin—orbit Hamiltonian and the corresponding PMCAS-CI wave
functions; the 11A — Selectronic states computed in this work
were employed. Potential energy curves (Figure 1) were
obtained by fitting cubic splines to the computed energies, from
which vibrational wave functions, energies, and spectroscopic
constants were compute—23 (Table 1).

3. Results and Discussion

3.1. RhB Singlet Electronic StatesThe singlet electronic
states correlate with the second atomic dissociation limit, with
the boron atom in the ground staf®((252p)) and Rh atom
in the first excited state’ (4dP)).

As proposed by Chowdhury and Balfouand corroborated
by us8 the RhB ground state is alX* state (see Table 1 and
Figure 1). The computed equilibrium internuclear distari&g (
is 1.698 A andAGy, = 922 cntl, in agreement with the
experimental valuesRy, = 1.691 A andAGy, = 920 cntl.

Its wave function is dominated by a single configuration
(0.92)...102116%5m*264(Table 2). The Mulliken population

analysis is Rh/B: 35%4d} %%4d.>ad> %725 882p)*2p> % with
an atomic distribution in the ¥* state given by Rh, 8%
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TABLE 1: Experimental (in Partentheses) and Theoretical
(PMCAS-CI) Spectroscopic Constants for the Low-Lying
Singlet and Triplet Electronic States of RhB

Re Ro e Te To AGiz Do
state (A) A  @emy) (em?y @eEmy (emy) D) (eV)
X1Zt 1.694 1.698 924 922 454 5.6

(1.691F (920y (>5.0p
a2A 1782 1.783 805 7337 7315 789 1.76 4.4
AA 1777 1.786 793 9287 9221 792 0.86 4.5
b3st 1.782 1.791 800 14628 14566 794 0.31 35
BII 1.893 1.896 657 18881 18753 685 2.92 3.3
I  1.902 1.909 630 19453 19305 620 2.01 29
C® 1.810 1.815 694 20551 20436 689 4.45 3.1
DXt 1.818 1.822 750 20795 20700 712 0.34 3.0
(1.870} (663F (199843 (628
EYI 1.823 1.828 741 22455 22362 727 4.21 2.8
(201109 (710¥
&P 2106 2.111 493 25407 25193 493 1.36 2.2
eI 2.083 2.087 539 27657 27464 539 1.32 1.9
aSee ref 1° See ref 2.
TABLE 2: Dominant Configurations for the Low-Lying
Electronic States of RhB at the PMCAS-CI Level
effective
leading bond
state configuratioh excitatior? order
X1z (0.92)...12116%7*2040 2.8
a&A (0.94)...102116%57*203%1 2010 20— 120 2.3
AA (0.92)...102116%67*203%1 2010 20 — 120 2.3
b3+ (0.92)...1021 10674201 2010 10— 120 1.8
B1 (0.86)...102116%67%20*1 2010 57— 120 1.9
¢l (0.88)...1W2110%57%20*1 201 H- 57— 120 1.8
(0.22)...102110%67220*1 202611 5m — 120;
51 — 6
Clo (0.90)...1w2110%57*203%67' 0 20 — 67 2.2
DIzt (0.85)...102110%67420%1 2010 10— 120 1.5
EMI (0.86)...1021 1025742036 [H 20 — 67 2.0
(0.22)...102116%57%20*1 2010 57— 120
sk (0.93)...102116%57%2031 2020 20 — 120; 1.4
57— 120
(0.86)...10521 1025732831 262 H- 57— 120, 1.4
20 — 120
(0.30)...1w2110%6732041 202(] 5m — 120;
110 —120

aTotal coefficient in parenthesesWith respect to the ground state.

4cB47B, 25-82p140 corresponding to a charge df0.35e on
Rh and a dipole moment of 4.54 D.

To better understand the chemical bond, it is necessary to
analyze the most relevant valence molecular orbitals (VMO).
The 1@ VMO has a strong contribution from the B 2s atomic
orbital, plus a smaller one from the Rhajaénd can be described
as a very weakly bonding VMO polarized toward the boron
atom. The bonding 14 VMO is a linear combination of the
Rh 4dr atomic orbital and a hybrid orbital from the B atom,
obtained by the combination of the B 2s andZpomic orbitals.
The 5t VMO is bonding, obtained from the Rh #dand B
2pr atomic orbitals, distorted toward the B atom, and thas2
a nonbonding VMO centered on Rh, corresponding to the 4d
atomic orbitals. In addition, it is also necessary to consider the
120, 67, and 13 VMOs in order to describe fully the valence
orbitals involved in the chemical bond. Thed¥MO is an
antibonding orbital, with a large contribution from the Rh 5s
atomic orbital; the & VMO is the corresponding (antibonding)
counterpart of the & VMO. Finally, the 13 VMO is an
antibonding linear combination between the Rlo 4aid B 21
atomic orbitals.

A traditional description of the chemical bond is based on
the number of electrons forming the bond divided by two. In
agreement with the qualitative molecular orbital analysis carried
out by Chowdhury and Balfodrthe bonding between the Rh
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and the B atoms in the 2¥* state can be described as a triple and a population of 1.24in the antibonding orbitals. The
bond, with three normal electron-pair bonds ¢1and 5t transfer of one electron from a nonbonding to an antibonding
VMOs), two pairs of electrons localized on the Rh atom (2  orbital weakens the chemical bond. ThéAAstate dissociation
VMO), plus one pair on the B atom (&0/MO). This traditional energy is computed to gy ~ 4.5 eV. It is worth mentioning
description of the chemical bond neglects the fact that some of that the results reported by Chowdhury and Balfasuggest
the electrons may form only a weak bond, or actually no bond the presence of a low-lying electronic state wih = 2,
at all (if the occupations of the bonding and corresponding attributed by experimentalists to thel!A predicted by us.
antibonding orbitals are both close to oAtf better definition Indeed, after taking into account spiorbit coupling effects
can be obtained by considering the occupation numbers of thearound the equilibrium internuclear distancé a 2 state was
bonding and antibonding natural orbitals in a multiconfigura- found at aboutTe) 9700 cnT! above the ground state, with the
tional wave function, by applying the effective bond order main component from the'A state. The X=* state is hardly

(EBO) concept*25 defined as: affected. Therefore, one may conclude that the presence of the
AlA state is responsible for the experimental feature of the
(b, — ab) electronic spectrum reported by Chowdhury and Balfour.
EBO= Y, The next singlet excited-state is théTB state (Table 1),

locatedT, = 18881 cn1! (Tp = 18753 cntl) above the ground
state, withwe = 657 cnt! and AGy, = 685 cntl. Around its
equilibrium internuclear distance oR{) 1.896 A R. = 1.893
A), its wave function is dominated by the configuration
(0.86)...102110%57326*1 2010 (Table 2), derived from the
ground state by a single excitation(5> 120); this implies a
charge transfer from therSbonding VMO to the antibonding

The EBO is based on the occupation numbers of the bonding
(b)) and corresponding antibondinglf) natural orbitals. The
EBO is a non-integer number, and one may use the next positive
integer value to characterize the multiplicity of the bond. The
RhB valence natural molecular orbitals, with their corresponding

occupation numbers in the ground state, can be represented a$5, VMO. Fr :

19611 1 990 3.85 83,99 .0.021 5.0 080 17 | . From the natural occupation numbers,o18~
100 MLl "5 20 L2 LA BT (7 and ) are de | y1.015,306p53.791 250891 3000%79%4 the EBO is 1.9 (Table 2).
gl? ?oe r?(—:(‘elerzzat“rgsn(s) (r)(;sl ﬁrﬁ V\'/;\ arrln ;)SQUOT; gss'll'at()elg czcupz?]_lé)rr]]s The RN/B: 587Ad,?7d," %4d,* 425 72, "2p,” " Mulliken
orou : ) resu ing 1 8 ( ), whi populations indicate an atomic distribution in th&Bstate of
indicates a triple bond in the ground state of RhB, made from Rh 58574B9YB 25172145 which corresponds to a charge of

three two-electron bonds (@%7%). Note, in particular, the small . -
: . - ' - +0.28 e on the Rh atom ampd= 2.92 D. Its dissociation energy
population of the antibonding (42 130, and 6t) orbitals. It is computed to b®, ~ 3.3 eV.

should be mentioned that thed.@nd @ orbitals were not taken . . .
into account because they have a strong atomic character, 1he C® state is thf next excited S|lnglet state (Table 1),
centered on the B and Rh atoms, respectively, and thus play no'0¢@tedTo = 20436 cm* (Te = 20551 cm*) above the ground
significant role in bonding. state, with an equilibrium internuclear distance Rf)(1.815 A
The experimental dissociation energy obtained from the (Fe = 1.810 A) andw, = 694 cm* (AGy, = 689cnT?). Its
vibrational datd suggests an energy in excess of 5.0 eV. To Wave function is best represented by the configuration
estimate the dissociation energy of RhB, we computed the Rh (0.90)...105*110?57*26%67'({Table 2), derived from the ground
4 F — 2D excitation energy within the supermolecule approach. Staté by a single excitation from the nonbonding @ the
As we have presented befdréhe Mulliken population analysis ~ antibonding & VMO. The Mulliken populations are Rh/B:
of the wave function computed at 50 A indicates that the correct 59-3%0,3 0%, 5¥d,3592s'%2,%%72p,*** and the atomic dis-
atomic states have been obtained. However, the computedioution corresponds to Rh/B: S¥AP192s-62pt7 The
excitation energy (0.61 eV) is higher than the experimental value cOMPputed dipole moment is 4.45 D, with a charge of 0.44 e on
(0.34 eV,J-averaged vall®. The possible sources of errd#8 Rh. The bonding VMO occupation numbers ares4¥57>%,
are mainly the results of limitations in the active space and the With the remaining electrons distributed over the nonbonding
large spin-orbit coupling in the ground state of the Rh atom. (10092639 and antibonding orbitals (221%6r"12130°%),
Because of computational limitations, it is not possible to resulting in an EBO of 2.2 (Table 2). The computed dissociation
increase the active space or to include all electronic states neede§nergy Do) is ~3.1 eV.
to describe the spirorbit coupling properly. Therefore, we At (Te) 20795 cnm! above the ground state, we find the
decided to scale our computed REF — 2D excitation energy [20.0I'=" electronic state of RhB, hereafter referred to as the
to match the experimental value and used the scaled value toD'=" state, withTo = 20700 (19984) cm, Ry = 1.822 (1.870)
compute the dissociation energy of thésX state, as it has A and AGy, = 712 (628) cm' (experimental values in
been done by other authd¥sresulting in an estimated value parentheses, see Table 1). According to Chowdhury and
of 5.6 eV. The high bond energy is sufficient to overcome the Balfour! the D' state can arise by a single excitation from

Rh4 F — 2D valence promotion energy. the ground state, either from thed > 120 or 57 — 6, both
The [9.0FA electronic state, identified for the first time by leading to a less strongly bound state. Our results suggest that
us8is the AIA state of RhB e = 9287 cntt, To = 9221 cnl, the wave function of the EE* state is governed by a single

Re= 1777 ARy = 1.786 A, we = 793, andAGy, = 792 electronic configuration, (0.85).1052110157%26%1 20 [ Table
cm1; see Table 1) with an electronic wave function dominated 2), derived from the X=* state by a single electronic transition
by a single configuration ((0.9R).10521 162512631 25 Table from the 1b to the 1 VMO (110 — 120), with no

2) derived from the ground state by a single excitation from contribution from the other possible excitationz(5> 67)

the 2 to the 12 VMO (26 — 120). The Mulliken populations suggested beforeOur results also indicate that thed & an

are Rh/B: 587%ds30%d,6%4d,32428-820%2p> " corre- antibonding orbital, rather than nonbonding or weakly bonding.
sponding to a charge on the Rh atonted.23 e ft = 0.86 D). The D= state is characterized by the following Mulliken
From the valence natural orbital occupation numbers48 population analysis: Rh/B, 38%4d;%%d} “4d® 192562002
1101 945573.853.001 2571001 3;0-07%670.17 jts EBO is computed to  p>®® which indicates a charge ef0.14 e on the Rh atom and
be 2.3 (Table 2), with three normal electron pair bonds/Gi) u = 0.34 D. The natural occupation numbers for the occupied
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active orbitals are 1931150 7455738125389 251-35 359-066,70-21,
resulting in an EBO of 1.5 (Table 2), that is, a double bond.
The binding energy is estimated to bg ~ 3.0 eV.

The EII state found To) 22 362 cm! (T, = 22455 cn1d;
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1101945738605 91 271001 350.0%720.16 from which one obtains
an EBO of 2.3, reflecting a weaker chemical bond than that
found in the ground state, because of a transfer of one electron
from the nonbonding @ VMO to the antibonding 12 VMO,

Table 1) above the ground state is the last singlet electronic resulting in a population of 1€in the antibonding orbitals

state considered in this work. Around the equilibrium inter-
nuclear distanceRy, = 1.828 A, R. = 1.823 A), its wave
function is dominated by two configurations ((0.86)105%-
110%57%263%67 0+ (0.22)...102%110%57326%1 2010, Table 2),
derived from the ground state wave function by the following
two single excitations: @ — 6x and 5t —120. Its dipole
moment is 4.21 D, with a charge of 0.34 e on the Rh atom.
The Mulliken populations are Rh/B: &¥4d}*%4d. %
d>3%25-69p252p!1% pointing to the following atomic distri-
bution: Rh/B, 583%d?1§25-692p162 The natural orbital oc-
cupation numbers for the VMO orbitals of théll state are
1001951 101 81573-6223-251 250431 360-0%79-88, resulting in an
EBO of 2.0 (Table 2). Once again, there are three normal
electron-pair bonds (bb), but the promotion of electrons from
nonbonding to antibonding VMOs §2— 6sr) and from bonding
to antibonding VMOs (& — 120) weakens the chemical bond,
with a corresponding increase in the population of the anti-
bonding orbitals (1.36), relative to the ground state. ThélE
state binding energyD() is estimated to be=2.8 eV.

The new band system reported by Chowdhury and Baifour
with (0,0) at 20 110 cm!, and interpreted as HI — X1t
electronic transition, can be attributed to thHIEstate found

against 0.2 in the ground state. TheA state dissociation
energy is computed to be4.4 eV.

The third electronic excited state (Table 1) is tRE bstate,
locatedT, = 14 566 cm! (T = 14 628 cm'!) above the ground
state, with an equilibrium internuclear distan&g)(of 1.791 A
(Re = 1.782 A) andwe = 800 cm! (AGy, = 794 cnmd). Its
wave function is dominated by the electronic configuration
(0.92)...105%110'51*26*1 20 being related to the ground state
by a single excitation 1d— 120, involving the transfer of one
electron from a bonding (&) to an antibonding orbital (18.
The Mulliken population is Rh/B: 9§2d; %%4d.-%%ad 972554
p28%2p2%° with an atomic distribution given by Rh/B: &%
4cB1Y24592p1-58 The dipole moment is 0.31 D, with a charge
of 0.14 e on Rh. The occupancies of the binding valence
molecular orbitals are 1t%%5:7381 with the remaining electrons
distributed over the nonbonding @9°2649 and antibonding
orbitals (12°9%m0-20130°999), resulting in an EBO of 1.8. For
the =T state, the dissociation energy~s3.5 eV.

The @&II state Ry = 1.909 A R = 1.902 A) andw. = 630
cm 1 (AGy2 = 620 cntl), see Table 1) is the next excited triplet
state, locatedy = 19 305 cn1! (Te = 19 453 cnl) above the
X1 state. It can be obtained by doubly exciting the ground

by us. As can be seen in Table 1, the theoretical results are instate wave function (6— 120; 57 — 6r), and is characterized

accord with experimenflp = 22 363 (20 110 cm') cm™! and
AGyp = 727 (710) cmil, experimental values in parentheses);
the equilibrium internuclear distance was not determined

experimentally. According to our results (see discussion above),

the promotion 2 — 6t is responsible for the main contribution
to the EII state wave function, with a small contribution coming
from the excitation & — 120. As to the bound strength, the
EBO analysis indicates that thélE state (EBO= 2.0) is less
strongly bound than the £+ state (EBO= 2.8), in accord
with the experimental analysis carried out the Chowdhury and
Balfour?2 There is no othetT electronic state in this energetic
region (see Table 1 and Figure 1).

After taking into account spinorbit coupling effects, around
the equilibrium internuclear distance{a= 1 state is found at
about {Te) 22700 cm! above the ground state, with the main
component derived from thelH state, which characterizes it
as being a&I1; state. There is no oth€ = 1 state with a main
component fromI1 states in this energetic region, which is
further evidence to associate tHéd state observed experimen-
tally? with the computed HI state.

3.2. RhB Triplet Electronic States. The triplet states
correlate with the first atomic dissociation channel, that leads
to both atoms in their ground atomic state: 8°((2$2p)) and
Rh (*F (46(°F)5s)).

A single excitation from the nonbonding 2o the antibonding
120 VMO gives rise to the @\ state, the lowest triplet excited

bythe wave function (0.88). 1121 10%57%20%1 203+ (0.22).... 1%
1102572261 2067 ] The atomic charge distribution (Rh/B:
5674 d7-9925-8%2p1-39), with Mulliken populations given by Rh/

B: 5967d}%4d! *%Ad> 9288200 "2p2% results in a dipole
moment of 2.01 D and a charge of 0.24 e on the Rh atom. The
natural orbital occupation numbers for the VMO orbitals of the
31 state are 16'°°110%9%5728%9239%1 2051021 300086792, re-
sulting in an EBO of 1.8. The binding energy is estimated to
be Dy ~ 2.9 eV.

The last two triplet electronic states included in this work
are the d® and éI1 states. The wave function for théd
state is dominated by the electronic configuration ((Q.93v%
11025732531 2020, derived from the ground state by a double
excitation (3 — 120; 5m — 120); therefore, there is a charge
transfer from the @ and 5r VMOs to the 12 antibonding
VMO. With an equilibrium internuclear distance d?yj 2.111
A (Re=2.106 A), it is computed to beTg) 25 193 cmt (Te =
25 407 cnt) above the ground state, with a harmonic frequency
of (we) 493 cnT! (AGy2 = 493cnT1) andDo ~ 2.2 eV. On the
basis of the occupation numbers of the bonding:;{£Hm2-99)
and antibonding (12 8%670-12135°19 natural orbitals, its EBO
is computed to be 1.4. The Mulliken population analysis (Rh/
B: 5st1%d}%%d! #4d>®925-82p! “2p>?9 indicates a charge
of 0.14 e on Rhy = 1.36 D), and an atomic charge distribution
as follows: Rh/B, 551%4d7-6/2s!-8p'-30,

The €11 state is To) 27 464 cni! (Te = 27 657 cn1?) higher

state dissociating into the ground state atomic channel. Locatedin energy than the ground state, with an equilibrium internuclear

To = 7315 cn1! (Te = 7337 cntl) above the ground state,
with an equilibrium internuclear distancBj of 1.783 A Re
= 1.782 A),w. = 805cnT! and AGy, = 789 cnTl, its wave
function is dominated by the electronic configuration (0,942
11075742031 200) with the following Mulliken populations:
5674¢ %4d- 4 d> 92588272 %% the atomic distribution
corresponds to Rh 8874d789B2s882pl-34 The charge on Rh
is +0.28 e, with a dipole moment) computed to be 1.76 D.
The natural occupation numbers for the VMO aresi®-

distance Ry) of 2.087 A R. = 2.083 A),we = 539 cnm! (AGy

= 539 cnt!) and binding energylp) of 1.9 eV. Around its
equilibrium internuclear distance, the wave function is domi-
nated by the configuration (0.86)102110%5m320312020+
(0.30)...10521 16%572%26*1 262[) derived from that of the ground
state by exciting one electron from each of thesHdnd 5t
bonding and the 2 nonbonding VMOs to the antibondingt2
The EBO is 1.4. The occupancies of the bonding valence
molecular orbitals can be described as Rh/B:1-15a&f %%
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d-#'ad2 89248020 %2> % attributing a charge of 0.840 the
Rh atom, with a computed atomic charge distribution given by
Rh/B: 531%4d" 6925 78p!33 The dipole moment is 1.32 D.

4. Conclusions

The low-lying XI=+, &A, AA, b3+, BT, 11, Cld, DT,
EMI, d®®, and €Il electronic states of RhB have been
investigated at the ab initio MS-CASPT2 level with extended

atomic basis sets and inclusion of scalar relativistic effects.

Among the electronic states described in this work, only the
X1z, DIZ* | and EII states have been observed experimen-
tally. Except for the AA and D'=" states, which have been
described by us previously, the other8Xab3>*, BI, ¢3I1,
Cl®, EMI, d*®, and é&I1) are described here for the first time.

Potential energy curves, spectroscopic constants, dipole mo-
ments, binding energies, and chemical bonding aspects areg,

reported for all states.
The RhB molecule possesses a ground electronic stak of

symmetry. The excited states can be collected into four sets:

(i) the first, ranging from Tg) 7300 to 9200 cm! (a®A and
AIA electronic states); (ii) the second including tH& b state
(To = 14 566 cn1Y); (iii) the third ranging betweeriTp) 18 700
and 22 400 cmt (BT, 31, Cl®, DI=*, EMT electronic states);
and (iv) the last one with states higher than 25 000 t(d®
and éI1 electronic states). The'H state is responsible for the
I-X=* electronic transition reported by Chowdhury and
Balfour recently.

Based on the natural occupation numbers, the most importan

valence molecular orbitals are: dQessentially the B 2s atomic
orbitals), 1 (a bonding VMO, corresponding to the linear
combination of the atomic 4dRh orbital and a hybrid B 2s2p
orbital), 57 (a bonding combination between the Rhz4and
the B 2pr atomic orbitals), 2 (a nonbonding VMO centered
on Rh (4d)), 120 (an antibonding orbital, centered on Rh (5s
atomic orbital), the & VMO (the corresponding counterpart of
the 5t VMO), and the 18 (an antibonding linear combination
between the Rh 4dand the B 2p atomic orbitals).
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