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Excited states of the halogenated methanol derivatives CH2XOH (X ) F, Cl, Br) relevant to atmospheric
chemistry are investigated with use of ab initio multireference configuration interaction (MRD-CI) calculations.
For CH2FOH three characteristic dipole allowed transitions were computed: 11A′′ r X1A′ at 7.89 eV, 21A′′
r X1A′ at 9.03 eV, and 31A′′ r X1A′ at 10.21 eV. The first dipole allowed transitions in CH2ClOH are
computed with 1.5 eV lower excitation energies (at 7.32 eV (11A′′ r X1A′) and around 8 eV (21A′ r X1A′
and 21A′′ r X1A′)). The first transitions in CH2BrOH are calculated with excitation energies of 6.29 (11A′′
r X1A′), 6.67 (21A′ r X1A′), and 7.59 eV (21A′′ r X1A′). These differences can be understood due to the
influence of the different charge distributions at the halogen atoms.

Introduction

The massive seasonal depletion of ozone1 in the Arctic
troposphere and in the Antarctic during the spring centered great
interest on the role of chlorinated species in those regions.
Analogous to the importance of chlorine species for the
chemistry of the ozone layer are the interactions of stratospheric
bromine species.2,3 It is well-known that bromine species in the
atmosphere are effective not only in the destruction of ozone
but also in inhibiting ozone formation by the formation of
bromine oxides. In addition, fluorine species are also known to
have an important influence on the ozone formation and
depletion cycles.4

It is well-known that because of their different values of
electronegativity comparable fluorine, chlorine, and bromine
species show quite different properties. In the present work we
want to investigate the three methanol derivatives fluorometha-
nol (CH2FOH), chloromethanol (CH2ClOH), and bromometha-
nol (CH2BrOH) to study the different influence of the halogen
group on the molecular properties, especially the UV absorption
spectra.

Bozzelli et al.5 published a theoretical study of the geometries
and thermochemical properties of several chloromethanol
derivatives. We have recently investigated possible photodis-
sociation pathways of chloromethanol (CH2ClOH) and bro-
momethanol (CH2BrOH).6,7 Wang et al.8 have calculated the
geometry and harmonic vibrational frequencies of CH2FOH at
the UMP2(full)/6-31G* level and Burk et al.9 published a
theoretical study about the acidity of fluoromethanols and have
also calculated the geometry of CH2FOH at the MP2/6-31G*
level.

In this study we have performed multireference configuration
interaction (MRD-CI) and coupled cluster calculations to
investigate the electronic absorption spectra of CH2FOH, CH2-
ClOH, and CH2BrOH to differentiate between them and to
search for general trends in the transition energies of the
electronic spectra due to the different electronegativities of the
halogens.

Computational Techniques

To determine the molecular structure all geometrical variables
of the species considered were fully optimized by using the
DFT-method with the B3LYP functional employing the standard
6-31G** basis set of the GAUSSIAN 9810 program package.
The optimized structures were tested for local minima by
checking for possible imaginary values in the vibrational
analyses. In a second step the computed structures were re-
optimized at the coupled cluster level CCSD(T) including
singles, doubles, and a pertubative inclusion of connected triple
excitations employing the polarized triple-ú cc-pVTZ basis sets
from Dunning11 and the MOLPRO 2000 program package.12

The computations of the electronically excited states were
performed with the selecting multireference single and double
excitation configuration interaction method MRD-CI imple-
mented in the DIESEL program package.13 The selection of
reference configurations can be carried out automatically
independent of a chosen summation threshold (here 0.85), which
means that the sum of the squared coefficients of all reference
configurations selected for each state (root) is above this given
treshhold of 0.85. From this selected set of reference configura-
tions (mains) all single and double excitations in the form of
configuration state functions (CSFs) are generated. From this
set all configurations with an energy contribution∆E(T) above
a given thresholdT were selected, i.e., the contribution of a
configuration larger than this value relative to the energy of
the reference set is included in the final wave function. A
selection threshold ofT ) 10-7 hartree was used for all three

* Address correspondence to this author. FAX+49-0228-739064.
E-mail: unt000@uni-bonn.de.

† Universität Bonn.
‡ Universität Hannover.
§ Fachhochschule Bonn-Rhein-Sieg.
⊥ “Jozef Stefan” Institute.

6489J. Phys. Chem. A2003,107,6489-6494

10.1021/jp030466e CCC: $25.00 © 2003 American Chemical Society
Published on Web 07/30/2003



isomers. The effect of those configurations which contribute
less thanT ) 10-7 hartree is accounted for in the energy
computation (E(MRD-CI)) by a perturbative technique.14,15The
contribution of higher excitations is estimated by applying a
generalized Langhoff-Davidson correction formulaE(MRD-
CI+Q) ) E(MRD-CI) + (1 - c0

2)[E(ref) - E(MRD-CI)]/c0
2,

wherec0
2 is the sum of squared coefficients of the reference

species in the total CI wave function andE(ref) is the energy
of the reference configurations.

For the computations of excited states we used a correlation-
consistent AO basis set of triple-ú quality cc-pVTZ+sp11

augmented by two d- and one f-polarization functions for carbon,
oxygen, and the halogens. In addition this basis set was enlarged
by s-Rydberg functions located at the carbon and a negative
ion function for the halogen centers. The exponents areRr(C)
) 0.023 for the s-Rydberg function andRr(F) ) 0.074,Rr(Cl)
) 0.049, andRr(Br) ) 0.032 for the negative ion function at
the fluorine, chlorine, and bromine centers.

For all three species we have treated 20 electrons active as
valence electrons in the CI calculations. The set of reference
configurations per IRREP was in the range between 7 and 9
for CH2FOH, between 8 and 11 for CH2ClOH, and between 6
and 9 for CH2BrOH. The number of configuration state
functions (CSFs) directly included in the energy calculations is
as large as 3.5 million (singlet) and 4.1 million (triplet) for CH2-
FOH selected from a total space of 6.3 million (singlet) and
8.9 million (triplet) generated configurations. For CH2ClOH the
number of CSFs is 3.5 million (singlet) and 5.7 million (triplet)
out of a total generated space of 6 million (singlet) and 11.4
million (triplet). The number of CSFs for CH2BrOH is as large
as 2.3 million (singlet) and 3.1 million (triplet) from a total
space of generated configurations of 6.1 million (singlet) and
7.7 million (triplet).

Results and Discussion

The calculated equilibrium geometries of the three species
CH2FOH, CH2ClOH, and CH2BrOH can be seen from Figure
1. In Tables 1, 2, and 3 comparisons between our preliminary
B3LYP/6-31G** values, the CCSD(T)/cc-p-VTZ optimized
values, and structures reported in the literature5,8,9 for the three
investigated species are given. As can be seen, reasonable results
for the equilibrium geometries are already obtained at the
B3LYP/6-31G** level. In addition our values optimized at
different theoretical levels are in good agreement with the
calculated values given in the literature.

The global minimum of CH2XOH (X ) F, Cl, Br) is
characterized byC1-symmetry with HR gauche to the C-O-X
frame (X ) halogen atom) with an out-of-plane angle (∠X-
C-O-HR) of about 128° for CH2FOH (Table 1), about 65° for
CH2ClOH (Table 2), and about 30° for CH2BrOH (Table 3).
Rotation of the OH group leads to the competing cis (∠X-
C-O-HR ) 0°) and trans conformers (∠X-C-O-HR )
180°). But the asymmetric structure is expected to be energeti-
cally favored relative to these cis and trans conformers due to
the anomeric effect that has been found for chloromethanol
(CH2ClOH) in former studies.6,16

In Table 4 the energy differences between the cis, trans, and
gauche conformers of the three species CH2XOH (X ) F, Cl,
Br) are given at different theoretical levels. As can be seen the
results of the several calculations are in good agreement with

Figure 1. Equilibrium geometries of fluoromethanol (CH2FOH, I ),
chloromethanol (CH2ClOH, II ), and bromomethanol (CH2BrOH, III )
in its gauche conformation obtained from our CCSD(T)/cc-pVTZ
optimizations as explained in the text.

TABLE 1: Bond Characteristics of Fluoromethanol
CH2FOHa

B3LYP/6-31G** CCSD(T)/cc-p-VTZ UMP2/6-31G*b

r(CO) 1.401 1.381 1.384
r(CF) 1.375 1.381 1.390
r(CHâ) )

r(CHγ)
1.098 1.093 1.095

r(OHR) 0.957 0.961 0.972
∠COHR 109.2 108.1 108.0
∠OCF 108.1 111.1
∠OCHâ/γ 109.9 112.6 106.6
∠FCOHR 128.7 128.4

a The numbering of angles, distances, and atomic centers is according
to Figure 1 (structureI ). The bond lengths are given in Å, angles in
degrees. The values have been obtained at various levels of theory
(B3LYP, CCSD(T)) as explained in the text. According to the geometry
given in Figure 1 HR is located gauche to the fluorine and to Hâ. b Taken
from ref 8 for comparison.

TABLE 2: Bond Characteristics of Chloromethanol
(CH2ClOH) a

B3LYP/6-31G** CCSD(T)/cc-p-VTZ UMP2/6-31G*b

r(CO) 1.376 1.381 1.385
r(CCl) 1.850 1.808 1.801
r(CHâ) )

r(CHγ)
1.094 1.085 1.088

r(OHR) 0.971 0.959 0.965
∠COHR 108.8 108.0 108.2
∠OCCl 112.9 112.7
∠OCHâ/γ 114.2 110.7 107.1
∠ClCOHR 67.5 68.3

a The numbering of angles, distances, and atomic centers is according
to Figure 1 (structureII ). The bond lengths are given in Å, angles in
degrees. The values have been obtained at various levels of theory
(B3LYP, CCSD(T)) as explained in the text. According to the geometry
given in Figure 1 HR is located gauche to the chlorine and to Hâ. b Taken
from ref 20 for comparison.

TABLE 3: Bond Characteristics of Bromomethanol
CH2BrOH a

B3LYP/6-31G** CCSD(T)/cc-p-VTZ

r(CO) 1.404 1.382
r(CBr) 1.964 1.984
r(CHâ) ) r(CHγ) 1.092 1.088
r(OHR) 0.965 0.962
∠COHR 109.4 108.2
∠OCBr 112.9 112.9
∠OCHâ/γ 111.9 114.1
∠BrCOHR 29.7 30.3

a The numbering of angles, distances, and atomic centers is according
to Figure 1 (structureIII ). The bond lengths are given in Å, angles in
degrees. The values have been obtained at various levels of theory
(B3LYP, CCSD(T)). According to the geometry given in Figure 1 HR
is located gauche to the bromine and to Hâ.
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each other. On the MRD-CI+Q level the asymmetric global
minimum structure is about 2 kcal/mol below the cis structure
in Cs-symmetry and the trans conformer is higher in energy by
about 4 kcal/mol for all three species.

To investigate whether the OH rotation has a large influence
on the electronic absorption spectrum we calculated transition
energies to the lowest excited singlet states of the gauche and
the low-lying cis conformers for CH2XOH (X ) F, Cl, Br). In
Table 5 we summarize the results. With respect to the 20
electrons treated active in the CI calculations as valence
electrons the ground-state configuration of CH2XOH (X ) F,
Cl, Br) is (7a′)2(3a′′)2 (cis) and (10a)2 (gauche). The calculated
spectra of the gauche and cis conformers are very similar for
all three species. The excitation energies obtained show only
minor changes. Because computations inCs-symmetry are more
economic than without symmetry restriction and qualitative
conclusions concerning MO considerations are more easily
drawn if symmetry is involved we will restrict the following
discussion of the electronic spectra of CH2XOH (X ) F, Cl,
Br) to theCs-symmetric cis conformers which lie less than 2
kcal/mol above the absolute minima (Table 4). However, the
general conclusions will also be valid for the asymmetric gauche
conformation as can be seen from Table 5 in which the lowest
excitations of cis and gauche structures are compared.

In Tables 6 and 7 we present a comparison of the computed
excitation energies and transition probabilities betweencis-CH2-
FOH, cis-CH2ClOH, andcis-CH2BrOH. The ground states of
these CH2XOH species (X) F, Cl, Br) are singlet states.
Because of spin conservation transitions to singlet excited states
are most likely but recent experimental photodissociation studies
have shown that spin-orbit coupling has a nonnegligible
influence for some halogen species such as HOCl so that weak
transitions to triplet states are possible.17,18 Because of this we
have also considered triplet states as shown in Tables 6 and 7.

For fluoromethanol (CH2FOH, Table 6) besides the HOMO-
LUMO excitation 3a′′ f 8a′ also transitions from the HOMO
into other virtual orbitals (9a′, 10a′) are found to play an
important role in the electronic spectrum. The HOMO-LUMO
excitation leads to the two states 11A′′ and 13A′′ which are
calculated at 7.89 (1A′′) and 7.77 eV (3A′′). The computed
oscillator strengthf for the singlet transition is 0.001. In Figure
2 characteristic molecular orbitals (MOs) of fluoromethanol are
presented. The HOMO 3a′′ shows mainly dominantπ*(C-O)-
antibonding character and relatively littleπ*(C-F) (C-F
antibonding) contributions from the fluorine. The LUMO 8a′
has mainly diffuse character with little nonbonding contribution
(n(F-C-O)). Therefore this transition can be primarily char-
acterized as an excitation into a diffuse upper orbital. The

TABLE 4: Calculated Energy Differences (in kcal/mol)
between Gauche, Cis, and Trans Conformers of CH2FOH,
CH2ClOH, and CH2BrOH at Various Levels As Explained in
the Computational Techniquesa

CH2FOH CH2ClOH CH2BrOH

cis trans cis trans cis trans

B3LYP/6-31G** 2.9 5.2 2.5 4.9 3.6 6.5
CCSD(T)/cc-p-VTZ 3.2 4.7 2.3 4.7 2.7 4.6
E(MRD-CI)/cc-p-VTZ+sp 2.7 4.3 2.1 4.9 2.4 4.3
E(MRD-CI+Q)/cc-p-VTZ+sp 2.2 3.9 1.9 4.8 1.8 4.1

a The values are relative to the global minimum (gauche structures).

TABLE 5: Calculated Transition Energies ∆E [eV] from
the Ground States X1A′ of the Cs-Symmetric Cis Conformers
of CH2XOH (X ) F, Cl, Br) to the Lowest Singlet States and
Comparison with the Corresponding Transitions in
gauche-CH2XOH (X ) F, Cl, Br)a

cis-CH2FOH gauche-CH2FOH

state excitation ∆E [eV] state ∆E [eV]

X1A′ (7a′)2(3a′′)2 0.0 X1A 0.0
11A′′ 3a′′ f 8a′ 7.89 21A 8.08
21A′′ 3a′′ f 9a′ 9.03 31A 9.13
31A′′ 3a′′ f 10a′ 10.21 41A 10.13

cis-CH2ClOH gauche-CH2ClOH

state excitation ∆E [eV] state ∆E [eV]

X1A′ (7a′)2(3a′′)2 0.0 X1A 0.0
11A′′ 3a′′ f 8a′ 7.32 21A 7.26
21A′ 7a′ f 8a′ 7.95 31A 7.75
21A′′ 3a′′ f 9a′ 7.98 41A 8.00

cis-CH2BrOH gauche-CH2BrOH

state excitation ∆E [eV] state ∆E [eV]

X1A′ (7a′)2(3a′′)2 0.0 X1A 0.0
11A′′ 3a′′ f 8a′ 6.29 21A 6.34
21A′ 7a′ f 8a′ 6.67 31A 6.52
21A′′ 3a′′ f 9a′ 7.59 41A 7.55
31A′′ 3a′′ f 10a′ 7.62 51A 7.71

a The excitation energies are given with respect to the lowest state
of each conformer. The values have been obtained at the MRD-CI+Q/
cc-pVTZ+sp level as explained in the computational techniques.

TABLE 6: Calculated Electronic Transition Energies ∆E
[eV] and Oscillator Strengths f from the Ground State X1A′
of Cs-Symmetric cis-CH2FOH to Its Low-Lying Electronic
Statesa

state excitation ∆E [eV] f

X1A′ (7a′)2(3a′′)2 0.0
13A′′ 3a′′ f 8a′ 7.77
11A′′ 3a′′ f 8a′ 7.89 0.001
23A′′ 3a′′ f 9a′ 8.72
21A′′ 3a′′ f 9a′ 9.03 0.05
33A′′ 3a′′ f 10a′ 10.0
31A′′ 3a′′ f 10a′ 10.21 0.005
13A′ 3a′′ f 4a′′ 10.28
23A′ 7a′ f 8a′ 10.29

a The excitation energies are given with respect to the lowest state
of each species. The ground state configuration for the valence electrons
is (7a′)2(3a′′)2 due to the 20 electrons treated active in the CI calculations
as explained in the text. The values have been obtained at the MRD-
CI+Q/cc-p-VTZ+sp level as explained in the computational techniques.

TABLE 7: Calculated Electronic Transition Energies ∆E
[eV] and Oscillator Strengths f from the Ground State X1A′
of Cs-Symmetric cis-CH2ClOH to Its Low-Lying Electronic
States and Comparison with the Corresponding Transitions
in cis-CH2BrOH a

cis-CH2ClOH cis-CH2BrOH

state excitation ∆E [eV] f ∆E [eV] f

X1A′ (7a′)2(3a′′)2 0.0 0.0
13A′′ 3a′′ f 8a′ 6.86 5.84
13A′ 7a′ f 8a′ 7.09 6.11
11A′′ 3a′′ f 8a′ 7.32 0.0003 6.29 0.0004
23A′′ 3a′′ f 9a′ 7.67 7.44
21A′ 7a′ f 8a′ 7.95 0.002 6.67 0.01
21A′′ 3a′′ f 9a′ 7.98 0.01 7.59 0.02
33A′′ 2a′′ f 8a′ 8.21 7.54
23A′ 6a′ f 8a′ 8.44 7.37
31A′′ 2a′′ f 8a′ 8.45 0.001 7.62 0.03

a The excitation energies are given with respect to the lowest state
of each species. The ground state configuration for the valence electrons
is (7a′)2(3a′′)2 due to the 20 electrons treated active in the CI calculations
as explained in the text. The values have been obtained at the MRD-
CI+Q/cc-pVTZ+sp level as explained in the computational techniques.
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singlet-triplet splitting for the two states is calculated to be
only 0.12 eV. This is also a strong indication that the LUMO
8a′ has substantial Rydberg character or has very little overlap
with the lower orbital 3a′′.

The next excitation with nonzero oscillator strength is
computed at 9.03 eV (21A′′) with an f-value of 0.05 corre-
sponding to a 3a′′ f 9a′ excitation and a singlet-triplet splitting
of 0.31 eV. The 9a′ shows a lone-pair p function at the fluorine
with additional diffuse contributions. The 3a′′ f 10a′ excitation
leads to states computed at 10.21eV (1A′′) and 10.0 eV (3A′′).
The oscillator strength for the singlet transition is computed
with 0.005.

In chloromethanol (CH2ClOH) and bromomethanol (CH2-
BrOH, Table 7) the 3a′′ f 8a′ HOMO-LUMO and 3a′′ f 9a′
transitions are shifted distinctly to lower energies so that the
lowest energy singlet transition is calculated at 7.32 eV in
chloromethanol and at 6.29 eV in CH2BrOH, 0.57 and 1.6 eV
lower, respectively, than in the fluorinated compound. The 8a′
MO seems to have somewhat less diffuse character in CH2-
ClOH and CH2BrOH compared to CH2FOH measured by the
larger singlet-triplet splitting between the A′′ (3a′′ f 8a′) states
in the heavier systems. The decrease in the energy of the more
intense 3a′′ f 9a′ transitions is of similar magnitude in going
from the fluoro- to the chloro- and finally to bromomethanol.
But more important is the finding that transitions from the outer
valence orbitals 7a′, 6a′, and 2a′′ into the LUMO 8a′ are also
seen to lie in the lower energy region for CH2ClOH and CH2-
BrOH. A more detailed discussion of the most important features
of the electronic absorption spectrum of CH2ClOH has been
reported earlier.6

The excitation 7a′ f 8a′ is calculated at 7.09 (3A′) and 7.95
eV (1A′) in CH2ClOH and at 6.11 and 6.67 eV, respectively, in
CH2BrOH. The 7a′ orbital can be characterized to a large extent
as a lone pair on chlorine in CH2ClOH, and the 8a′ asσ*(C-
Cl) antibonding orbital. As seen in Figure 3 the charge densities

of the upper MOs are very similar in CH2ClOH and CH2BrOH.
Hence the 7a′ f 8a′ excitation in both compounds can be
considered as an nf σ* type transition. Since both orbitals,
7a′ and 8a′, have their charge density maxima in the same plane,
the singlet-triplet splitting for the corresponding states is
relatively large (0.86 eV for the chloro and 0.56 eV for the
bromo compound). In CH2BrOH the 3a′′ MO can also be
described mainly as a (out of plane) bromine lone pair, and
hence the location of 3a′′ f 8a′ (3,1A′′) and 7af 8a′ (3,1A′)
states in a similar energy range (with a smaller singlet-triplet
splitting for the states resulting from the out-of-plane transition)
is conceivable. The situation is entirely different in fluorometha-
nol (Figure 2). The 7a′ has a large C-O bonding contribution
in addition to the charge on fluorine and is therefore much lower
in energy relative to its 3a′′ MO. As a consequence the3A′ (7a′
f 8a′) in CH2FOH is calculated at 10.29 eV and the large
singlet-triplet splitting would place the corresponding singlet
presumably above 11 eV.

The major differences in the electronic absorption spectra of
CH2FOH, CH2ClOH, and CH2BrOH can be understood on the
basis of simple MO theory leading to the different values of
electronegativity of the halogen compounds. Fluorine has an
electronegativity of 4.10 (after Allred-Rochow19), the value for
chlorine is 2.83, and that for bromine is 2.74. Simple MO theory
predicts a larger effective charge for 2p electrons in fluorine
than for 3p and 4p electrons in chlorine and bromine, respec-
tively. In other words 2p electrons in fluorine are more tightly
bound (lower orbital energy) than the valence p electrons in
the chlorine atom and even more so than the electrons in the
bromine 4p shell. Therefore MOs with a large influence of a
fluorine substituent should be lower in energy than the corre-
sponding MOs with a chlorine substituent. In addition, for a
MO that has large halogen character the energy lowering should
be more significant than that for another MO of the same
molecule with only a small or no halogen character. Bromine

Figure 2. Charge density contours of characteristic occupied valence orbitals (6a′, 7a′, 3a′′) and the lowest virtual molecular orbital LUMO (8a′)
of CH2FOH.
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has the smallest electronegativity of the three halogens consid-
ered in this study. Consequently the effects for CH2BrOH are
expected to be somewhat smaller than those for CH2ClOH or
CH2FOH.

The charge densities in Figures 2 and 3 show that all high-
lying orbitals have considerable contributions from the halogens.
The HOMOs 3a′′ show the largest resemblance with one
another. Its orbital binding energy decreases from the fluorine
to the bromine compound. As a result the HOMO-LUMO gap
becomes smaller from CH2FOH to CH2ClOH and CH2BrOH
and the first triplet states (3A′′) are found at 7.77, 6.84, and
5.84 eV, respectively, while the dipole-allowed transitions are
at 7.89, 7.32, and 6.29 eV for the weak and at 9.03, 7.98, and
7.59 eV for the more intense absorption. The 7a′ is much lower
in CH2FOH than in the other two molecules because of mixing
with F(2p) and CO bonding. For this reason the CH2FOH
spectrum is dominated by excitations from the 3a′′ in unoccupied
orbitals while transitions from orbitals below the HOMO are
also in the lower energy region only in CH2ClOH and CH2-
BrOH.

From our study it is clear that the best possibility to
differentiate between CH2FOH, CH2ClOH, and CH2BrOH is
the lower energy window below 7 eV because there are only
dipole allowed transitions of CH2BrOH. The electronic spectrum
of CH2ClOH shows characteristic fingerprints around 8 eV while

for CH2FOH we have computed a strong transition in the far-
UV around 9 eV.

Summary and Conclusions

Multireference configuration interaction (MRD-CI) calcula-
tions are employed to investigate the electronic spectra of CH2-
XOH (X ) F, Cl, Br) to determine the influence of the different
electronegativities of the halogen substituents and to differentiate
between these species. The ground-state equilibrium geometries
of CH2XOH are found to be gauche but we calculated theCs-
symmetric cis conformers of all three species only about 2 kcal/
mol higher in energy.

For CH2FOH we find three characteristic dipole-allowed
transitions below 10.5 eV: 11A′′ r X1A′ at 7.89 eV, 21A′′ r
X1A′ at 9.03 eV, and 31A′′ r X1A′ at 10.21 eV. In contrast the
corresponding low-lying transitions of CH2ClOH are computed
at 7.32 (11A′′ r X1A′), 7.95 (21A′ r X1A′), and 7.98 eV (21A′′
r X1A′), i.e., at about 0.5 to 1.0 eV lower transition energies.
Furthermore for CH2BrOH we calculated the first dipole allowed
transitions at 6.29 (11A′′ r X1A′), 6.67 (21A′ r X1A′), and
7.59 eV (21A′′ r X1A′), again about 1 to 1.4 eV lower. These
differences can be understood from qualitative MO consider-
ations. The different electronegativity or stability of atomic
orbitals of the halogen substituents fluorine, chlorine, and
bromine strongly influences the occupied valence orbitals as

Figure 3. Charge density contours of characteristic occupied valence orbitals (6a′, 7a′, 3a′′) and the lowest virtual molecular orbital LUMO (8a′)
of CH2ClOH (II ) and CH2BrOH (III ).
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the HOMO 3a′′ and 7a′. MOs (X ) F, Cl, Br) consisting of a
strong halogen character will be lower in energy the more
electronegative the halogen partner is. Thus the HOMO-LUMO
gap in CH2FOH is larger than that in CH2XOH (X ) Cl, Br),
resulting in higher excitation energies for the first transitions
in CH2FOH.
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