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The equilibrium structure and potential energy surface of beryllium monohydroxide in its ground doublet
state, XA' BeOH, have been determined from large-scale ab initio calculations using the spin-restricted
coupled-cluster method, RCCSD(T), with basis sets of double- through quirtuplality. The BeOH radical

was found to be quasilinear, with an equilibrium BeOH angle of 14@r& a barrier to linearity of 136

cmL. The vibrationat-rotational energy levels of various isotopomers were predicted using the variational
method. The calculated spectroscopic constants should be useful in the future detection of beryllium
monohydroxide by high-resolution vibratioralotational spectroscopy.

1. Introduction In this study, we present an accurate characterization of the

In the series of alkaline-earth monohydroxidstOH (M = potential energy surface and vibrationabtational energy levels
Be, Mg, Ca, ...), very little indeed is known about beryllium ©f Peryllium monohydroxide. The molecular parameters are
monohydroxide. The BeOH radical has been detected usingdétermined here by the ab initio approach using highly correlated
electron-spin resonance (ESRind low-resolution infrared ~ Wave functions calculated with large correlation-consistent
spectroscopyin inert-gas matrices. The ESR spectrum was SPdfgh basis sets and taking into account core-electron correla-
found* to be consistent with that characteristic of a linear 0N effects. This approach has been successfully applied
molecule. A weak absorption band was obsehvad1245.5 previously to the predictions of the potential energy surfaces
cm and tentatively assigned to the BeO stretching mode; no @nd Vibrationat rotational energy levels of magnesitinand
bands due to other vibrational modes were detected. calciumt* monohydroxides. For both MgOH and CaOH radicals,

Theoretical studies on beryllium monohydroxide have been the calculated spectroscopic constants were found to be in
more numeroud:° In contrast to other members of the series, "€markably good agreement with experimental data.
the BeOH radical was predicted in early theoretical stddfies o Method of Calculation

to be bent at equilibrium. The valence BeOH angle was Th lecul f bervli hvdroxid
calculated to be 152 and 1%t the MP4/6-33G" and CISD/ e molecular parameters of beryllium monohydroxide were

TZ2P* levels of theory, respectively. The barrier to linearity F:alculgted .using the spin-restrigteq coupled-cluster m(_athod
was predicted to be 46 and 60 chrespectively, thus indicating mcludmg single and double gxcnatlo.ns-and a perturbayonal
significant covalent character in thd—OH bonding. A bent correction due to connected tr|p_Ie excitations, RCCSD?ﬂ' .
equilibrium structure of the BeOH radical was also found in The coupled-cluster wave functlon_was based on spln-restr_lcted
subsequent ab initio studies at the QCISD/6-835" 5 Hartree-Fock (RHF) molecular orbitals as a reference function.

CASSCE/TZ28 MRD-CI/TZ2P® and MP2/6-31%-+G"10 The one-particle basis sets that were employed were the

: ; lation-consistent polarized valence basis sets of double-
levels of theory as well as by density functional theory (DFY). corre . i 19
Surprisingly, a nearly linear equilibrium structure was predicted through quintuples quality, cc-pVDZ through cc-pV52219The

. ; largest basis set thus consisted of a (8s4p3d2f1g)/[5s4p3d2flg]
by FerrimdeZ using the coupled-cluster method, CCSD{T),
bgsed on an unres?tricted Haprtfdéock (UHF) reference fu{nc)- set fo'r hydrogen and a (1458p4d3f29.lh)/[655p4d.3f291h] set for
tion. With an atomic natural orbital (AN@?basis set of triple: beryllium and oxygen. Only the spherical harmonic components

quality, their study yielded an equilibrium BeOH angle of of the d through h polanzau_on funct|ons_ were used. In_the
179.5. The harmonic frequencies for the BeOH radical have correlation treatment, the 1s-like core orbitals qf the beryllium
been calculated using various ab irfifé%and DF - methods. and oxygen atoms were excluded from the active space unless

In particular, the harmonic wavenumber for the BeOH bending othTehrW|se nOITdt' d lati Hect . tigated usi
mode (for the bent molecule) was predicted to be 389%cm € core-refated correlation €flects were investigated using

(QCISD/6-311+G™),5 422 it (CASSCF/TZ2PY,347 cntt the correlation-consistent cergalence basis sets, cc-p@X/1920
(MP2/6-31}|——I—G**),10' 307 cntl (B3LYP/6-311G),'2 and 368 Basis sets of triple- and quadruplequality were employed.

cm~t (B3PW91/6-31+G(2d,2p))? To our knowledge, neither The cc-pC\nZ basis sets were obtained by augmenting the
the experimental nor theoretical anharmonic force field of grignedsirgag?;psz :ss;iseseéi V“)"(t:k\‘/g'ze”vsvg gg?éi:]ue?gin;qgggm
berylli hydroxide h ted in the literature. . ’ . i
enyllium monohydroxide has been reported in the literature ing the cc-pVQZ basis set with a (3s3p2d1f) set for beryllium
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TABLE 1: Equilibrium Molecular Parameters of X 2A’
BeOH Determined Using the RCCSD(T) Method and
Various cc-pVnZ Basis Sets

TABLE 3: Equilibrium Molecular Parameters of X 2A’
BeOH Determined Using the RCCSD(T) Method with the
cc-pCVTZ and cc-pCVQZ Basis Sets

cc-pvDZ  cc-pVTZ  cc-pvVQZ  cc-pV5sZ \Y A A—\2
r(BeO) (A) 1.4316 1.4099 1.4020 1.4022 cc-pCVTZ
r(OH) (A) 0.9591 0.9522 0.9491 0.9490 r(BeO) (A) 1.4076 1.4028 —0.0048
0(BeOH) (deg) 131.65 134.49 139.11 139.52 r(OH) (A) 0.9518 0.9508 —0.0010
energy+ 90 (hartrees)—0.327398 —0.420733 —0.449253 —0.458332 0(BeOH) (deg) 134.37 135.33 0.96
. energy (hartrees) —90.425173 —90.523874 —0.098701
TABLE 2: Molecular Parameters of the Linear AEP (cm?) 275 247 —28
Configuration of X2A' BeOH Determined Using the
RCCSD(T) Method and Various cc-pWhZ Basis Sets cc-pCV%Z
r(BeO 1.4015 1.3946 —0.0069
cCpVDZ  ccpVIZ  ce-pvQz cc-pvdz rEOH))(/(X)) 0.9492 0.9480 ~0.0012
r(BeO) (A) 1.4012 1.3821 1.3792 1.3798 [0(BeOH) (deg) 139.09 140.51 1.42
r(OH) (A) 0.9503 0.9448 0.9433 0.9433 energy (hartrees) —90.450934 —90.558864 —0.107930
AE? (cm™?) 222 268 167 164 AEP (cm™) 168 140 —-28

2 The difference between the value determined correlating all of the
electrons Q) and the value determined correlating only the valence
electrons V). ® AE is the energy difference between the linear and
equilibrium configurations.

a AE is the energy difference between the linear and equilibrium
configurations.

The calculations were performed using the MOLPRO-2000
package of ab initio progrants.

The vibrationat-rotational-spin energy levels were calcu-
lated variationally using the 6D Hamiltonian of a triatomic
molecule developed by Carter and Hagdy?®> The Hamiltonian
consists of an exact representation of the kinetic energy operato
and a representation of the potential energy operator in terms

calculated barrier height beyond the quintupléasis set is
estimated to be only abou#2 cn™.

The core-related effects were computed as differences
Ibetween the molecular parameters determined in calculations
correlating only the valence electrons and those when all of
of valence curvilinear coordinates. Vibrational basis-set func- th.e electrons were corrglated; both calculat|or!s were performed

with the same one-particle core-valence basis set. The results

tions were formed as products of the contracted 2D stretching . . . .
functions and 1D bending functions. For each value of the total _obtalned with the cc-pCVTZ and cc-pCVQZ basis sets are given

angular momentum quam e W= S wheren ang 1) Tabe 3 ncluson of he soreeite efects substantafy
S are the rotational and spin quantum numbers, respectively, 9 q 9

the secular matrix was constructed using the vibrational expan-ET_Egliérvﬂfgefﬁetger; tk())ol?nde;ir:gtiz Isre%?lc){esd“tgohg)éc?fefzgfg
sion functions and the rotational symmetric-top functions. The Y yisp y

1
matrix elements were evaluated by numerical quadrature. Thestilrgb'est estimates of the molecular parameters of beryllium
secular matrix was then diagonalized to obtain the vibrational monohvdroxide can be determined b paddin the Chanyes in
rotationat-spin energy levels. The number of contracted 2D y y 9t 9
stretching functions was 40, and the number of contracted the parameters due to the core-related c_orrelat_lon effects (cc-
bending functions was 20, leading to a total of 800 vibrational PCVQZ of Table 3) to the values determined with the largest

basis functions.

3. Results and Discussion

The equilibrium structural parameters and total energy
computed for the ground electronic state of the BeOH radical
are listed in Table 1. For all of the one-particle basis sets
employed, the molecule is predicted to be bent at equilibrium,

the electronic state thus beingA. This is consistent with the

results of previous theoretical studies on beryllium mono-

hydroxide3-68-10 except for that by Fermalez! The reason

for the apparent discrepancy with the nearly linear equilibrium

structure found in their UCCSD(T)/ANO calculatibis not
known. Moreover, the predicted equilibrium BeOH angle of

valence basis set (cc-pV5Z of Tables 1 and 2). The equilibrium
structural parameters of the BeOH radical are estimated in this
way to bergBeO) = 1.395 A, r{(OH) = 0.948 A, and
O¢(BeOH) = 140.9, whereas the barrier to linearity is
calculated to be 136 cm. It is worth noting that these values
are essentially identical to those determined with the cc-pCVQZ
basis set when correlating all of the electrons. Considering the
convergence of the calculated values with the one-particle basis-
set size and the effects of approximations inherent in the
RCCSD(T) approach, the equilibrium bond lengths are believed
to be accurate ta£0.001 A. Uncertainties in the equilibrium
BeOH angle and barrier height are estimated to be ahOou&
and£10 cnt?, respectively.

To determine the shape of the potential energy surface of

179.5 seems not to be a physically feasible result. One must beryllium monohydroxide, the total energy was calculated with
instead consider that the UCCSD(T)/ANO calculafidascribes the cc-pV5Z basis set at 159 points in the vicinity of the
the BeOH bending potential energy function as being perhapsequilibrium configuration. The computed energies ranged to
very flat but with no barrier to linearity. Turning to the results approximately 12 000 cni above the minimum. The potential

of Table 1, changes in the calculated bond lengths beyond theenergy surface was then approximated by a 3D expansion along
quintuple£ basis set can be expected to be negligibly small, the internal valence coordinates. The internal coordinates for
whereas that in the valence BeOH angle is estimated to be abouthe BeO and OH stretching modes were chosen as Simons
+0.2°. Changes in the total energy and structural parametersParr-Finlan coordinate$® q = (r — r¢)/r, wherer andr. are

with the one-particle basis set thus indicate that the convergencethe instantaneous and equilibrium bond lengths, respectively.
is nearly complete with the cc-pV5Z basis set. Table 2 lists the For the BeOH bending mode, a curvilinear displacement
molecular parameters calculated for the linear configuration of coordinate was used.lt was defined as the supplement of the

the BeOH radical. The height of the barrier to linearity is
predicted in this work to be a factor e¥3 higher than that
found in previous theoretical studié4® The change in the

valence BeOH angle measured from a linear reference config-
uration. The coordinates for the BeO and OH stretching modes
are referred to ag: andqy, respectively, whereas that for the
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TABLE 4: Anharmonic Force Field2 of X2A' BeOH

[ j k Vb V+Ce

0 0 2 —0.002854 —0.002549
2 0 0 1.333420 1.342534
0 2 0 0.964337 0.965423
0 0 4 0.004439 0.004337
1 1 0 —0.020730 —0.019936
1 0 2 —0.098966 —0.099434
0 1 2 —0.022567 —0.022472
3 0 0 —0.797486 —0.799935
0 3 0 —0.152982 —0.152384
0 0 6 —0.000395 —0.000376
1 2 0 —0.021652 -0.020203
1 0 4 0.029519 0.029643
0 1 4 0.000438 0.000365
2 1 0 —0.073360 —0.072769
2 0 2 0.025053 0.025007
0 2 2 —0.029508 —0.029475
1 1 2 —0.000091 0.000071
4 0 0 —0.390731 —0.399108
0 4 0 —0.316107 —0.315576
0 0 8 —0.000031 —0.000034
1 3 0 —0.089644 —0.090706
1 0 6 —0.003550 —0.003525
0 1 6 —0.000517 —0.000510
3 1 0 -0.032735 —0.034288
3 0 2 0.002106 0.002226
0 3 2 —0.012444 —0.012605
2 2 0 —0.143368 —0.145788
2 0 4 0.000617 0.000647
0 2 4 0.006263 0.006231
1 1 4 0.021478 0.021320
1 2 2 —0.024478 —0.025517
2 1 2 0.005401 0.004737
0 5 0 —0.339115 —0.339042
0 0 10 0.000022 0.000022
2 0 6 —0.004767 —0.004833
0 2 6 —0.002417 ~0.002424
1 1 6 —0.004034 —0.003997
1 2 4 0.021065 0.021262
2 1 4 0.010008 0.010204
2 2 2 0.063036 0.064219

a Expansion coefficientsy of eq 1 in hartrees. The coordinatgs
and g, are dimensionless, angs is in radians® Determined at the
RCCSD(T)/cc-pV5Z level of theory.Including corrections for the
core—electron correlation effects determined at the RCCSD(T)/cc-
pCVQZ level.

BeOH bending mode, ag. Thus, the potential energy surface
of beryllium monohydroxide can be written as the polynomial
expansion

Cijk 9,059 1)
1

V(0 G, da) = Vi +

whereViji, is the total energy at the linear configuration of the
BeOH radical. The expansion coefficiemtg were determined
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for the reference configuration are 1.3798 and 0.9433 A,
respectively. The root-mean-square deviation of the fit was 4.1
uhartrees (0.9 crt). Because the reference configuration was
assumed to be linear, the exponénffor the BeOH bending
mode) takes only even values. Because the equilibrium con-
figuration of the BeOH radical was in fact calculated to be bent,
the quadratic force constant for the BeOH bending mode (the
coefficientcoop) is negative.

To investigate the effects of corelectron correlation on the
shape of the calculated potential energy surface, additional
calculations were performed with the cc-pCVQZ basis set. The
total energy of beryllium monohydroxide was computed at the
same points as calculated previously, correlating either only
valence electrons or all of the electrons. At each point, the
difference between these total energies was calculated and added
to the valence-only total energy computed with the cc-pV52
basis set. The calculated potential energy surface, corrected in
this way for the core-related effects, was also approximated by
the polynomial expansion of eq 1. Optimized values of the
expansion coefficientsy are listed in Table 4 under the column
headingVv + C. The BeO and OH bond lengths for the reference
configuration are 1.3744 and 0.9426 A, respectively.

Both of the determined anharmonic force fields were used
to calculate the vibrationalrotational spin energy levels of the
main beryllium monohydroxide isotopomer, BeOH, and the
three other isotopic species, namely, BeOD®B¢1, and Bég-

OD. Calculated values of the fundamental wavenumbers and
effective ground-state rotational const&gtare given Table 5.
The spin-doubling splittings are omitted, and the averaged
vibrational-rotational term values are quoted. In the traditional
way, the energy levels were labeled with the quantum numbers
v1 and s for the BeO and OH stretching modes, respectively.
Because the barrier to linearity of the BeOH radical was found
to be quite low, quantum numbets and |, for the doubly
degenerate bending mode of a linear molecule were used to
label the BeOH bending energy levels. Therefore, the BeOH
bending fundmental, corresponds to thdl = 1, (v1, y'f, v3)

= (0, 1%, 0) energy level. Th&, values were obtained by fitting

an odd-order power series iN (- 1) to the calculated rotational
transition frequencies. The predicted wavenumber of the BeO
stretching fundamental for the main BeOH isotopomer is close
to 1245.5 cm?!, which was observed by Thompson and
Andrewg in solid argon. Out of two predicted values, the BeO
stretching fundamental determined with ¥Manharmonic force
field is closer to the experimental solid-state value. However,
as shown in our previous studies on the Mg®eind CaOH*
radicals, the spectroscopic constants determined with/the

C anharmonic force field are expected to be the best estimates

from a least-squares fit of eq 1 to the computed total energies,of experimental gas-phase data. The differences between the

and 40 coefficients appeared to be statistically significant.

observed and calculated wavenumbers of20 cntt are likely

Optimized values of the expansion coefficients are listed in due to matrix effects. Thé®O isotopic shift of the BeO

Table 4 under column heading The BeO and OH bond lengths

TABLE 5: Fundamental Vibrational Wavenumbers v (cm=1) and
Various Isotopomers of XA’ BeOH

stretching fundamental was predicted with eandV + C

Effective Ground-State Rotational ConstantB, (MHz) for

S V+Ca
BeOH BeOD B&fOH Be¥OD BeOH BeOD B&OH Be®OD
v1 (BeO stretch) 1256.3 1240.2 1234.5 1220.2 1268.1 1252.2 1246.1 1232.0
v, (BeOH bend) 93.0 52.9 91.8 51.5 99.9 58.1 98.6 56.6
v3 (OH stretch) 3862.7 2852.4 3850.1 28335 3873.4 2861.3 3860.8 2842.2
ZPP 27741 2200.1 2754.9 2178.7 2778.6 2203.8 2759.3 2182.3
Bo 38692 34475 37581 33756 38970 34666 37856 33948

a Determined using the corresponding anharmonic force field of Tabl@#e zero-point energy (in reference to a minimum of the potential

energy surface).
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TABLE 6: N = |, Vibrational —Rotational Term Values
(cm~1) and Changes in the Effective Rotational ConstanB,
(MHz) for the Low-Lying Energy Levels of X2A' BeOH and
BeOD?

BeOH BeOD
(o1, u';, ) energyhc AB, energyhc AB,
(0,2,0) 0. 0. 0. 0.
(0,1,,0) 99.9 —32.0 58.1 116.3
(0,2,0) 267.0 —102.8 162.1 191.0
(0,2,0) 348.4 146.1 241.2 124.8
(0,3,0) 485.2 —188.8 300.0 241.1
(0,3,0) 563.9 167.7 379.9 320.5
(0,4,0) 746.7 —289.8 465.8 269.8
(0,4,0) 811.3 116.6 540.3 421.9
(0,2,0) 838.9 333.6 571.5 491.8
(1,@,0) 1268.1 —380.2 1252.2 —244.2
(0,@1) 3873.4 -127.7 2861.3 —21.6
2 Determined using th& + C anharmonic force field of Table 4.
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Figure 1. Stick diagram of the-typeN = 5 < 4 rotational transitions

of the main BeOH isotopomer arising from molecules in various
bending energy levels. The lines are labeled with leé@quantum
numbers, and spin splittings are not shown.

anharmonic force fields to be21.8 and—22.0 cn1?, respec-
tively, compared to the observed shifif —22.1 cntl.

The spin-averaged vibratioralotational energy levels were
further used to determine the effective rotational consBnt

Koput and Peterson

Energy/hc (cm™)

160 140
BeOH angle (deg)

120

Figure 2. Minimum-energy potential function along the BeOH bending
coordinate and location of tm',f bending energy levels for the main
BeOH isotopomer.

Figure 2 illustrates the predicted minimum-energy path along
the BeOH bending coordinatg. Using theV + C anharmonic
force field of Table 4, the minimum-energy pathedqgs) was
determined to be

VinedGs) = —5600; + 51803 + 157g3 — 6803 + 1003° (2)

where the potential energy armg coordinate are given in
wavenumbers and radians, respectively. The functias(ds)

is substantially different from a slice through the potential energy
surfaceV(qs, g, gs) for the BeO and OH bond lengths fixed at
their equilibrium values

V(Q,=0,0,=0,0) =
—559 + 95233 — 8305 — 805 + 503° (3)

for some excited vibrational states, especially those of the BeOH The functionV(oy = 0, gz = 0, gz) has a minimum at the valence
bending mode. The predicted term values and changes in thegeOH angle of 1483with a barrier to linearity of 84 cr.

rotational constarB, due to excitation of the vibrational modes

of the BeOH and BeOD isotopic species are listed in Table 6.

The difference between the functioNg.ed0s) and V(q. = O,
g2 = 0, g3) is predominately due to a large change of the

It is worth noting that these changes are quite large and very equilibrium BeO bond length along the minimum-energy path.
different for both isotopomers. For the BeOH isotopomer, the Thijs in turn is a result of strong anharmonic coupling between

I-type doubling constar, is calculated to be 343.3 and 220.9
MHz for the »}2 = 1! and 3 states, respectively. For the BeOD
isotopomer, the corresponding constagtsre determined to

the BeO stretching and BeOH bending vibrations. Anharmonic
coupling between the OH stretching and BeOH bending
vibrations appears to be much weaker. For example (see Table

be 414.8 and 249.7 MHz. To illustrate the pattern of rotational 4), the expansion coefficiesiosis 2 orders of magnitude larger

transitions in the low-lying excited, states, Figure 1 shows a
part of the predicted-type N = 5 < 4 rotational spectrum of

than cp14 By solving the 1D Schidinger equation with the
potential energy functioWmed0s), the ground bending state of

the main BeOH isotopomer. The relative line intensities at 298 the main BeOH isotopomer was calculated to lie just 3&m

K were roughly estimated using formulas for a linear moleétile.

below the top of the barrier to linearity. The classical turning

The spin splittings are negligible on the scale of the Figure and points for this state are located at valence BeOH angles of 176
therefore are not shown. Although some regularities can be and 125. The vibrational amplitude of the, mode of the main
found in the spectrum, the predicted pattern of rotational BeOH isotopomer in any of its energy levels thus amounts to

transitions in the excitedv, states resembles neither that

more than 50 Evidently, the BeOH bending mode can be called

characteristic of a linear molecule nor that of a well-bent a large-amplitude motion, and the BeOH radical is shown to
molecule. The predicted pattern, however, is similar to that be another prominent example of a quasilinear molecule.

observed by Apponi et &P in the rotational spectrum of the

To quantify the quasilinearity of the BeOH radical, the

MgOD radical (see Figure 2 therein), and this molecule is known parametery¢° can be calculated, ranging froml for an ideal

to be quasilinear.

linear molecule to+1 for an ideal bent molecule. From the
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TABLE 7: Harmonic Wavenumbers w; and Anharmonic
Constantsx; (cm™1) of X?A' BeOH and BeOD

BeOH BeOD
w1 1292.9 1273.2
w2 107.3 74.9
w3 4062.9 2960.2
X11 -11.1 —11.0
X22 17.8 11.1
X33 —90.4 —49.0
X12 —-1.2 2.1
X13 —-2.9 —2.5
X23 7.2 0.2

calculated rotationbending energy levels of the main BeOH
isotopomer, the parametgsg is determined to be-0.15. For a
comparison, the parametgg is determined to be-0.74 and
—1.05 for the MgOH and CaOH radicals, respectiveij#

To estimate intensities of rotational transitions, the electric
dipole moment of beryllium monohydroxide was calculated at
the RCCSD(T)/cc-pV5Z level of theory using the finite field

approach. For the equilibrium configuration, the dipole moment
was determined to be 1.197 D, with the components parallel

J. Phys. Chem. A, Vol. 107, No. 19, 2003985

to the calculated energy (icMR&RQ) was employed to account
for the effects of higher excitations approximately. The equi-
librium structural parameters were calculated tor {i2eO) =
1.4022 A,r(OH) = 0.9493 A, and1(BeOH) = 139.0F. The
barrier to linearity was determined to be 169¢mAll of these
values are essentially identical to those calculated at the RCCSD-
(T)/cc-pvVQZ level of theory. The CI weight of the SCF
configuration in the CASSCF wave function was found to be
0.959, whereas the weight of the reference wave function in
the icMRCI wave function was 0.965. In conclusion, the
nondynamical correlation effects appeared to be unimportant
indeed, and the ground-state electronic wave function of the
BeOH radical has essentially single-reference character.
Finally, other isomers of beryllium monohydroxide were
considered, namely, HBeO and OHBe. At the icMR@/cc-
pVQZ level of theory, both isomers were found to be linear at
equilibrium, lying much higher in energy tharX' BeOH. The
relative energies of the 2£™ HBeO and OHBe isomers were
calculated to be 63.5 and 128.7 kcal/mol, respectively. The
calculated structure and energetics of tiEX HBeO radical
are consistent with those determined in previous theoretical

and perpendicular to the BeO bond being 0.605 and 1.033 D, g, dies2.6.9

respectively. Using the RHF wave function, the charge distribu-

tions were computed by the Mulliken population analysis to be
+0.4%e, —0.7C, and +0.2% at the Be, O, and H atoms,
respectively. At the linear configuration of the BeOH radical,
the predicted dipole moment amounts to 1.241 D.

The vibrational energy levels of the BeOH radical can be
further characterized by the harmonic frequencigs and
anharmonicity constantg. The values predicted for the BeOH

and BeOD isotopic species are given in Table 7. These were

determined from the nine low-energy vibrational energy levels
with I, = 0, including the fundamental, overtone, and combina-
tion levels. The vibrational constagt, for the v, = 2 state is
predicted to be quite large and negative, bei].0 and—20.4
cm~1 for the BeOH and BeOD isotopomers, respectively. For
the v, = 4 states of both isotopomers, the constaptsare
predicted to be smaller by a factor ef2, the corresponding
values being-8.1 and—8.9 cnt’. Moreover, thd, dependence

of the BeOH bending energy indicates a significant quartic
contribution. For the, = 4 state, the quartic term is determined
here to be 0.F cm™. Because the BeOH radical is considered

in this study from a linear-molecule perspective, the predicted

harmonic frequency for the BeOH bending mode, is much
lower than the 306400 cnt?! found in previous theoretical
studies?*6-919 However, in these studies, the harmonic fre-

quency of the BeOH bending mode was determined for the
BeOH radical treated as a bent molecule; therefore, it corre-

sponds to thez'f = 20 energy level of a linear molecule. For

the main BeOH isotopomer, the values calculated previously

are consistent with the? = 20 term value of 348.4 cmt
predicted in this study.

It is also interesting to address the question of the character

of the ground-state electronic wave function for the BeOH
radical. At the equilibrium configuration, the coupled-cluster
77, diagnostié! was determined to be 0.015, thus indicating
weak nondynamical correlation effects. This was further con-
firmed by calculations using the internally contracted multiref-
erence configuration interaction (icMRCI) meti&éfwith the

cc-pVQZ basis set. The reference wave function consisted of a

full-valence complete active space (CAS). The wave function

thus included all excitations of nine valence electrons in nine
molecular orbitals corresponding to the valence atomic sp ]

orbitals of the beryllium and oxygen atoms and the 1s orbital
of the hydrogen atom. The multireference Davidson correttion

We hope that the results reported in this study will stimulate
further experimental work on beryllium monohydroxide and will
be a useful guide for characterizing this interesting species by
high-resolution vibrationatrotational spectroscopy.
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