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Role of the 2,6-Bis(trifluoromethyl)phenyl Group on the Acidity of the
Corresponding Phosphanel*!
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The proton affinities of PhPH™ (1) and ArPH™ (2) were calcu-
lated using the B3LYP hybrid functional and the 6-31+G(d,p)
basis set. For both anions a net difference was observed. The
study of the structural and electronic properties of the anionic
species and the corresponding phosphanes PhPH, (3) and

ArPH, (4) allowed us to unsderstand this results and point
out the specific role of the 2,6-bis(trifluoromethyl)phenyl
(Arg) substituent.
(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2004)

Introduction

During the last two decades the 2,6-bis(trifluoromethyl)-
phenyl (Arg) and 2,4,6-tris(trifluoromethyl)phenyl substitu-
ents have been widely used in main-group element chemis-
try,?! because they feature a unique combination of steric
and electronic properties. The steric effects of perfluoroal-
kylated aryl groups are well established and highlighted by
the synthesis of a wide range of the kinetically stabilized
low-coordinated main-group element derivatives, such as
phosphaalkenes,®! diphosphenes,™ iminoarsanes® and
their transition metal derivatives. The electronic effects of
Arg groups are less studied and represent a more recent and
developing area.l®]

In a preliminary communication!” we reported the syn-
thesis and molecular structure of the ion-separated salt
[P(H)Ard[K(benzo-15-crown-5),] representing the first
structurally characterized example of a dicoordinated
monoorganylphosphanide anion. The use of other bulky
substituents (without fluorinated groups) does not allow for
the isolation and characterization of such anionic species.
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Therefore, it was of interest to rationalize this experimental
observation and to understand the electronic effects of the
Ar; group. Moreover, information about specific behavior
of this latter can be obtained by calculation of the proton
affinities of PhPH™ (1) and ArPH™ (2). This involves nat-
urally the theoretical study of the anions, performed here
for the first time, but also the knowledge of the neutral
species. The coupling between UV photoelectron spec-
troscopy and calculations allows us to obtain structural and
electronic properties of the phosphanes PhPH, (3) and
ArPH, (4).

For the neutral species, previous works[®l on the basic
properties of arylphosphanes had shown that the orien-
tation of the phosphorus lone pair relative to the aromatic
ring was an important factor. However, reinvestigating the
photoelectron spectrum of PhPH, (3) Veszpremi et al. con-
cluded that the conjugative interaction between the phos-
phorus lone pair and the phenyl ring is of minor importance
in agreement with other spectroscopic and quantum chemi-
cal results (MNDO and HF/MP2).”1 The rotational barrier
of the phenyl group in 3 has been found to be rather low.

No experimental and theoretical data exist concerning
the [2,6-bis(trifluoromethyl)phenyl]phosphane (4). Con-
sidering the importance of electron correlation for the ge-
ometry optimization of compounds having a flat potential
energy surface, we investigated the rotational barriers for
PhPH, (3) and ArPH, (4) using the density functional the-
ory. Moreover, the He-I photoelectron spectra of 3 and 4
were carried out and the data compared with the theoretical
results. Such an approach would allow to determine if neu-
tral species show notable differences.

First, we are going to present the theoretical results con-
cerning the anionic species and then the PE spectra as well
as the calculations of the corresponding phosphanes.
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Results and Discussion

Anionic Species

The geometrical parameters for the anionic species 1 and
2 are summarized in Table 1. For the two systems PhPH™
(1) and ArfPH™ (2), the lowest energetic form (form 1A and
2A, respectively) is planar. The C!—P—H angle is 95.8° for
1 and 97.5° for 2. Such a structure presents a lone pair in
the C'PH plane with a strong s character and a pure p
orthogonal lone pair. The transition states corresponding
to the rotation around the C'—P bond (form 1B and 2B;
PH perpendicular to the phenyl ring) are calculated to be
8.76 and 15.52 kcal/mol (ZPE correction) for PhPH™ and
ArPH™, respectively, higher than their minima.

Table 1. Selected bond lengths [A] and bond angles [°] for the privi-
leged structures and the transition states of PhnPH™ (1) and ArPH™
(2) calculated with the B3LYP hybrid functional and the basis set
6-31+G(d,p)

min min

1A min IBTS. 2A min IBTS.
H-PC'C'=0° H-P-C'-C'=90° H-P-C-C'=0° H-P-C'-C'=80%
caled. caled. caled.  exp. ciled.
P-C' 1.811 1.886 1787 1.795 1.484
c'c 1428 1.413 1459 1.453 1.426
o' 1.391 1.400 1.391 1.394 L4011
cc 1.406 1.399 1397 1392 1.394
cc 1404 1.399 1395  1.390 13809
c.c 1.393 1.400 1394  1.399 1.405
c'-c 1.427 1.413 1.457 1452 1.428
H-P-C' 95.82 931,72 97.50 - 95.31
cc'c 114.77 115.76 11262 1133 114.24

The stabilization of the planar structure can be explained
by the interaction between the m phosphorus lone pair (p
character) and the n*,; orbital of the ring, localized on the
C! (and C* atoms (Figure 1). In fact, for the two minima
1A and 2A the HOMO is stabilized by about 0.27 ¢V for 1
and 0.53 eV for 2, compared to the transition states 1B and
2B (HOMO: np™). In contrast, for the transition states 1B
and 2B we notice a strong destabilizing of the HOMO-1
(around 0.5 eV), compared to 1A and 2A due to an interac-
tion between the s lone pair and the b, orbital.

For the fluorinated compound 2, the inductive effect of
the CF; groups stabilizes the by, a,, a,*, and b*; orbitals
of the phenyl ring. In this case the destabilizing interaction
between the © phosphorus lone pair and the b; orbital does
not exist and only the stabilizing interaction occurs with the
b*,. So, the = stabilizing interaction between np™ and ©*y,
is more important for 2 than for 1 as displayed Figure 1.

For the privileged forms 1A and 2A, we observe a short-
ening of the P—C! bond and a lengthening of the C!—C?
and C!'—C® bonds compared to the neutral species
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Figure 1. Plot of the molecular orbitals for the minima of PhPH™
(1A) and AriPH™ (2A) and the corresponding transition states 1B
and 2B

(Table 2). This effect is more pronounced for 2 than 1 (2:
P—-C!:1.787 A, C'=C% 1459 A, C'—C® 1.457 A; 1: P—C":
1.811 A, C!—C2 1.428 A and C!—C®: 1.427 A). These geo-
metrical changes are due to the stabilizing interaction
np™—m"y,;. For the anion 2, these calculated geometric para-
meters are in particularly good agreement with the X-ray
values”! (P—C!: 1.795 A, C'—C2% 1.453 A, and C!—C®:
1.452 A). The delocalization of the negative charge (NBO
analysis) to the aryl group is well described by the electronic
distribution (Table 3). Noteworthy is the n-electronic trans-

Table 2. Selected bond lengths [A] and bond angles [°] for the privi-
leged structures of PhPH, (3A) and ArfPH, (4A) and their tran-
sition states (T.S.) (3B and 3C for PhPH, and 4B for Ar/PH,),
calculated with the B3LYP hybrid functional and the basis set 6-
31+G(d,p) (0 = Lp P—C'—C? [°]); energetic difference between
T.S. and the minimum [kcal/mol]

mn
3A min IBTS. ICTS. 4A min 4B TS,

B=105 &= 0pF B=0° 8=90° B=0°

P-C' | B56 1.835 1858 1.E76 .89
c-c’ 1404 1404 1403 1.416 1414
cc 1.399 1.397 1.399 1.399 1.400
cc 1396 1.397 1,395 1.390 1.389
e 1,399 1.397 ]399 1,390 .39
(a0 1396 1.397 1.39% 1,359 1.399
Cc'- 1405 1.404 1,406 1416 1417
H-P-C 9811 097,22 97,95 6,70 96,33
(o 0l oo 11854 118.54 118.55 11632 11661
P 288,94 IRE 26 28904 287,13 286.22

E. -E 1l 0.6 insigniliant 0 1.99
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fer of about 0.7 © e~ from the phosphorus lone pair to the
nt system of the phenyl ring (1: 0.62 T e; 2: 0.76 w e~ ).[1%

Table 3. NBO charges computed at the B3LYP/6-31G(d,p) level for
PhPH™ (1) and AriPH™ (2)

PhPH™ (1A) ArPH™ (24)
p -0.26 —0.09
C! -0.32 -0.32
2 -0.27 —0.22
C3 -0.25 —0.20
ct -0.33 —0.34
Cs -0.25 —0.20
Cs -0.28 -0.23
H! —0.08 —0.06

For the transition statesolB and 2B, the calculated P—C
bonds (1.886 and 1.884 A, respectively) are longer than
those for 1A and 2A. The C'—C? and C'—C® bond lengths
(ca. 1.427 A) for 2B also agree with a weak delocalization
of the phosphorus lone pair, with an s character, in the ring
as shown in Figure 1.

Thus, considering the charges and the geometric param-
eters it appears that the phenyl ring substituted by CF;
groups acts as an electron acceptor by the n*,; orbital and
contributes to the stability of the ArgPH™ anion (2) which
features a quinoid structure.

However, the stabilization of the anion 2 is not the only
factor that explains the isolation of such species from the
phosphane AriPH, precursor 4. A second reason can be
proposed: the presence of the CF; groups must induce de-
stabilizing interactions into the neutral molecule. In order
to check such a hypothesis, we theoretically determined the
stationary points (minima and saddle points) corresponding
to the rotation process of the two phosphanes 3 and 4. In
addition, the photoelectron spectra were recorded to deter-
mine the possibility of a favored orientation between the
aryl group and the phosphorus lone pair. The agreement
between theoretical data and PE experiments allow us to
determine the importance of interactions between the 1 sys-
tem of this aryl group and the n,, phosphorus lone pair.

Phenylphosphane (3)

For the phenylphosphane the energetically privileged rot-
amer 3A presents a gauche orientation of the phenyl ring
(H'-P-C'-C% —112.7°, H>-P-C'-C%* 152.9°; Lp
P—C'—C? 10.5°). In this case, there is a very weak interac-
tion between the m-system of the phenyl ring and the phos-
phorus lone pair. During the rotation process, two tran-
sition states (3B; Lp P—C'—C?% 90°) and (3C; Lp
P—C'—C?: 0°) have been found on the potential energy sur-
face. For 3B, there is a maximal interaction between the
phosphorus lone pair and the 7 system of the phenyl ring,
whereas 3C presents no interaction. The geometrical par-
ameters are described in Table 2. The energy difference be-
tween the different transition states (3B or 3C) and the
minimum 3A is very weak (calculated at 0.6 kcal/mol for
3B) or negligible (for 3C). It means that a free rotation of
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the phenyl group in the gas phase can occur. This result is
in agreement with the one reported by Veszpremi et al. (HF/
MP2 calculations).4

For these different structures the electronic and nuclear
repulsion energies are summarized in Table 4. We can note
that the lowest energy structure corresponds to a form
where the electronic and nuclear repulsion energies are in-
termediate between those of the two transition states. For
3B, the electronic and the repulsion energies are strongest,
this latter being predominating.

Table 4. Electronic and nuclear repulsion energies [hartrees] for the
different structures of PhPH, (3) and ArPH, (4)

Eelec Erep
PhPH, (3A) min —893.013421 318.800771
PhPH, (3B) —893.206339 318.994787
PhPH, (3C) —892.953020 318.740385
ArPH, (4A) min —2453.638501 1205.321897
ArPH, (4B) —2450.487236 1202.174381

ACls

il

»
»

eV

Figure 2. a: He-I spectrum of PhPH, (3); b: He-I spectrum of
ArfPHz (4)

For compound 3, the PE spectrum (Figure 2) presents, at
low energies, three bands of different intensities at 8.9, 9.5
and 10.2 eV, the second one being the most intense.

For the lowest energy structure 3A, the three first
Kohn—Sham (K-S) orbitals are energetically close (Table 5:
M1 — Np: —6.92; wn: —7.17; My + np: —7.43 eV). Thus,
the PE spectrum would present three bands with the same
intensities, each separated by about 0.25¢V, or a unique
broad band. The experimental spectrum cannot correspond
to 3A since, experimentally, the separation between the first
and the third band is about 1.2 eV and the second band is
more intense than the first and third ones. This observation
suggests the presence of other rotamers. In fact, this PE
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spectrum would be a superposition of all rotamers’ ioniza-
tions (Figure 3), as previously observed.l

Table 5. Kohn—Sham energies and ASCF values for PhPH, (mini-
mum 3A and transition states 3B and 3C) and ArPH, (minimum
4A and transition state 4B) calculated with the B3LYP hybrid func-
tional and the basis set 6-31+G(d,p)

Kohn—Sham energies [eV] (ASCF values)
PhPH, (3A) PhPH, (3B) PhPH, (3C) Ar/PH, (4A) ArPH, (4B)

—6.92 —6.47 -7.13 —7.22 =7.57
Tp1 — Dp Ty — Np Ta2 Tp1 — Np np
(8.86 V) (8.41 V) 9.10 eV) 9.14 ¢V) (9.86 ¢V)
—=7.17 —7.14 -7.19 —8.25 —8.08
Ta2 Ta2 Ty Ta2 Ta2
—7.43 —7.94 -7.19 —8.67 —8.28
Th1 + np Tlp1 + np np Th1 + np Th1
3B
=
(8.9) (-6.4T)
ic
B % { E
% % T T , (-7.13) i
(21%] ,(_-.' ]‘”’_ ........ ; _..‘.‘..._‘:.. '\“ e H_h
_ | -7.17) N ™
LTORY " np
(-7.43) %’
y
(10.2)
E {eV)
Experimentally Theoretically

Figure 3. Experimental ionization potentials, molecular orbitals
and Kohn—Sham values of PhPH, (minimum 3A and transition
states 3B and 3C)

For 3C the K-S energies (—7.13: m,; —7.19eV: m,; and
np) of the first three orbitals are almost identical (Table 5).
These three ionizations would appear in a unique band, like
for 3A. Taking into account the similar K-S energies for 3A
and 3C as well as the m,, and 7y, ionization potentials of
the phenyl ring,!'!l the first three ionizations of these two
rotamers will be at the same energy (9.5 eV). Thus, the se-
cond band can be assigned to the removal of an electron
from the my,; — np, T,;, T, + np orbitals of 3A as well as
the m,,, Ty, and np orbitals of all rotamers around 3C. This
rotamer population explains the intensity of this latter in
the PE spectrum.

384 © 2004 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

For 3B, the first three Kohn—Sham energies (Table 5) are
calculated at —6.47: m,; — np; —7.14: m; —7.94eV: wy,; +
np, respectively. Only the presence of rotamers population
with a structure close to 3B allows the assignment of the
complete experimental spectrum. Like for 3A and 3C, the
second ionization ., corresponds to the experimental band
centered at 9.5 eV. Taking into account the theoretical dif-
ference between the first and second ionization (0.67 eV)
the band at 8.9 ¢V corresponds to the removal of an elec-
tron from the m,; — np orbital. Moreover, the comparison
between the experimental (1.3 eV) and theoretical (1.4 eV)
energetic gap between the first and third band allows us to
associate the third ionization to the band at 10.2 eV.

These assignments are consistent with the expanded spec-
tra (Figure 2) where we observe an intense band centered
at 9.5eV with a shoulder between 8.6 and 9.0eV and a
broad shoulder between 9.8 and 10.3 eV.

[2,6-Bis(trifluoromethyl)phenyl]phosphane (4)

For 4, one minimum is found on the potential energy
surface (Table 2). This lowest energy structure (4A) corre-
sponds to a maximal interaction between the phosphorus
lone pair and the © system. A comparison between 4A and
3B (phenyl ring with the same orientation) shows a slight
lengthening of the P—C! bond length (1.876 A for 4A and
1.855 A for 3B) and a phosphorus pyramidalization more
pronounced for 4 (XP angle: 287.13° for 4A, 288.26° for
3B). An explanation is found considering the strong in-
teratomic and electronic repulsions between the phosphorus
lone pair and the CF; substituents. For 4A, the theoretical
H—F and P—F distances (2.46 and 2.92 A, respectively)
correspond to a van der Waals contact (2.55 and 3.25 A,
respectively). However, there is a compensation between
these high steric repulsions, which destabilize the system
and an electronic delocalization between the phosphorus
lone pair and the aromatic system, which is stabilizing.

The ring system of the transition state 4B has similar
orientation than 3C [no interaction between np and we—c].
It is found to be 1.99 kcal/mol higher in energy than the
minimum. As for PhPH,, a free rotation can also be pro-
posed in this case. A lengthening of the P—C! bond is note-
worthy when we compared the calculated geometric param-
eters of 4B and 3C (Table 2).

For these two structures 4A and 4B the electronic and
nuclear repulsion energies are summarized Table 4. The
lowest energy structure 4A corresponds to the form where
the electronic energy is the more important. The presence of
c-attractor CF5 groups involves an electronic delocalization
between the phosphorus lone pair and the aromatic system
(m*1) which stabilizes the system and counterbalances the
high steric interactions (Figure 4). For 4 the photoelectron
spectrum (Figure 2) shows three well-separated first bands
which appear at 9.4, 10.3, and 10.8 eV, respectively.
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Figure 4. Experimental ionization potentials, molecular orbitals
and Kohn—Shan values of AriPH, (minimum 4A and T.S. 4B)

For the lowest energy structure (4A) the three K-S ener-
gies (Table 5) are calculated at —7.22: my,; — np; —8.25: m,»;
—8.67eV: my,; + np, respectively. In the PE spectrum the
second band, centered at 10.3 eV is associated with the ion-
ization of the m,, orbital.l'?l The experimental separation
between the first and the third band is about 1.4 ¢V. Taking
into account the calculated energetic gap between the first
and third ionizations (1.45¢eV), we assign the first band
(9.4 eV) to the ionization from the m,; — np orbital and the
third band (10.8 eV) to the m,; + np orbital.

The weak energy difference between the two rotamers 4A
and 4B, as previously observed in the case of 1, involves
the existence of a free rotation process. It means that the
ionizations of 4B are going to also appear in the experimen-
tal spectrum. For 4B the K-S energies are the following:
—7.57: np; —8.08: m,n; —8.28 eV: my,; (Table 5). Thus, for
this rotamer, the ionization of the phosphorus lone pair is
located in the shoulder of the first band (9.4 ¢V) and the
T, and my,’ ionizations in the second band centered at
10.3 eV, which explains its intensity. The expanded spec-
trum allows us to check the existence of a shoulder (9.6 eV)
in the first band and the presence of several ionizations near
10.3 eV.

The photoelectron study shows that for these neutral
species, the ring orientation is of minor importance.

Eur. J. Inorg. Chem. 2004, 381—387 www.eurjic.org

Proton Affinity

Considering the previous results on the phosphanides
and corresponding phosphanes, it was of interest to focus
our attention on the proton affinity (PA) of the anion (or
the acidity of the phosphane).

Taking into account the equation A~ + H" — HA, PA
is the result of the energiy difference between the neutral
and the anion species. A net difference is observed between
the two anions since PA is calculated at 352.93 kcal/mol for
PhPH™ (1) and 337.37 kcal/mol for ArgPH™ (2). Such re-
sults are coherent with the existence of the naked phos-
phanide 2, both in the solid state and in solution. In fact the
Ar; substituent involves a stabilization of the anion species
(interaction p™—n*y;) but also a destabilization of the cor-
responding phosphane (important steric repulsion between
the phosphorus and fluorine lone pairs). These two factors
lead to a peculiar gas-phase acidity for the ArPH, com-
pound. It is noteworthy that the gas-phase acidity of 4 is
stronger than the one of PHj; (expt. 370.8 kcal/mol; calcd.
364.7 kcal/mol) and close to the one of HCOOH (found
345 kcal/mol; caled. 335.5 kcal/mol).

The calculation of the proton affinity can also be per-
formed by the isodesmic reaction NH,* + ArlPH™ —
ArfPH, + NHj. In this case the PA can reliably be anch-
ored on the experimental value of NHj (202.3 kcal/moll'3).
Noteworthy that the PA values resulting from the isodesmic
reaction are calculated at 352.0 kcal/mol for 1 and 336.44
kcal/mol for 2. These latter are very close to the previous
ones which result from the energies difference between the
neutral and the anion species.

Conclusion

The stabilization of the fluorinated anion AriPH™ (2) as
well as the presence of destabilizing interactions into the
corresponding neutral molecule AriPH, (4) allow us to ex-
plain the difference observed in the calculated proton affin-
ities for 1 and 2. For the anionic species we theoretically
showed that favored form is planar because of stabilizing
interaction between the m phosphorus lone pair (p charac-
ter) and the n*,; orbital. This latter seems to be more im-
portant for the fluorinated compound 2 compared to 1
since the inductive effect of the CF; groups involves a stabi-
lization of the a,, by, a*,, and b*, orbitals of the aryl group,
and decreases the p™—>m*y,, energetic gap. In this case Aryp
is an electron acceptor by its LUMO orbital and contrib-
utes to the observed stability of the corresponding anion.

With regard to neutral species, the coupling of UV
Photoelectron Spectroscopy and DFT calculations, showed
that a free rotation of the aryl group occurs in the gas
phase. However, the phosphanes 3 and 4 exhibit different
favored forms: the phosphorus lone pair is in maximal in-
teraction with the © system of the ring for 4, while almost
no interaction exists for 3. For the bulky compound 4, the
orientation of the phenyl ring allows a compensation be-
tween two competitive factors: high steric repulsions (be-
tween phosphorus and fluorine lone pairs) which destabilize
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the system and an electronic delocalization between the
phosphorus lone pair and the aromatic system, which is sta-
bilizing.

Computational Details

Calculations were performed with the Gaussian 98 pro-
gram!!'*13] ysing the density functional theory.['® The vari-
ous structures were fully optimized at the B3LYP level.l!”]
This functional is built with Becke’s three-parameter ex-
change functional!’#! and the Lee—Yang—Parr correlation
functional.['7 Kass et al.l'® have shown, with 35 different
anionic species, that the density functional theory provides
reasonable results concerning acidities compared to the ex-
perimental data. Thus, calculations for the anions PhPH™
(1) and ArPH™ (2) have been carried out using the B3LYP
hybrid functional and the 6-31+G(d,p) basis set, with pola-
rization functions on all the atoms and diffuse functions
on all non-hydrogen atoms. Moreover, the use of density
functional theory (DFT) within its Kohn—Sham (K-S) pre-
sents many advantages. First, the cost of a K-S DFT calcu-
lation is at most of the same order of magnitude as a
Hartree—Fock one whereas most of the description of elec-
tron correlation is taken into account. Thus, it is substan-
tially less expensive than traditional correlated techniques.
The basis set used for all calculations is the 6-31G+(d,p)
set which is augmented with polarisation functions on all
the atoms and diffuse functions on all non-hydrogen atoms
since the inclusion of polarization is necessary for the ob-
tention of accurate energies. The structures were optimized
and the second derivatives were calculated in order to deter-
mine if a minimum or a transition state (one negative eigen-
value) existed for the resulting geometry. All total energies
have been zero-point energy (ZPE) and temperature cor-
rected using unscaled density functional frequencies. For
the large molecules, association between ionization poten-
tial and Kohn—Sham (K-S) energies calculated with com-
mon functionals (Koopmans’ theorem like) has been dis-
cussed in depth. Arduengo and co-workers!!] first used
DFT calculations at the nonlocal level to assign their
photoelectron spectra. They applied a uniform shift to the
orbital energies considering the difference between the cal-
culated and experimental molecular ionization potential.
The aim was to directly compare the K-S energies to the
experimental energies. Moreover, Werstiuk and Radem-
acher®! have developed and successfully applied a routine
for the interpretation of PE spectra based on B3LYP theory.
This routine requires the calculation of the molecule’s first
vertical ionization potential IP,. Calculated orbital energies
—eg are then shifted uniformly so that the HOMO energy
equals that of the IP,, giving the higher IPs. More recently,
Hoffmann!! underlined that the K-S orbitals are a good
basis for a qualitative interpretation of molecular orbitals.
He concludes that if we want to go a step beyond a qualitat-
ive interpretation and look at orbital energies as rough ion-
ization potentials and if the DFT calculations are done with
commonly used potentials, then it appears we must take the

386 © 2004 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

absolute constant and linear orbital energy shift into ac-
count by applying a suitable ax + b scaling. In the case of
large molecules, the ordering of levels found using the DFT
calculations, seems to be qualitatively well translated as well
by using HF methods. This fact, despite the evident limits
of correlation, gives a good base to discuss the ionizations
assignments which cannot be reached by a direct calcu-
lation. The “natural population analysis” (NBO calcu-
lations) at the given optimized geometries, allowing to cal-
culate orbital populations of molecular wave functions, was
carried out according to the Weinhold—Reed partitioning
scheme.??

Photoelectron Spectra: The photoelectron spectra were
recorded with a Helectros 0078 instrument equipped with
127° cylindrical analyser and monitored by a microcom-
puter supplemented with a digital/analog (D/A) converter.
The spectra were calibrated with the known auto-ionisation
of helium at 4.98 eV [He-II(He)] and nitrogen ionisation at
15.59 eV.
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