
Abstract. The performance of ¯oating spherical Gauss-
ian orbital basis sets in the description of speci®c but
subtle cooperative interactions such as those occurring
between hydrogen atoms (hyperconjugation) or between
lone pairs is discussed. The calculations on in®nite
chains are performed using a Fourier representation of
the restricted Hartree-Fock equations. The principle
advantage of the method is to ensure that the lattice
summations appearing in the Coulomb and exchange
terms are carried out accurately and e�ciently.
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1 Introduction

Over the last few years, theoretical and experimental
studies have led progressively to an improved under-
standing of the relationships between electronic and
molecular structures of molecular and polymeric sys-
tems. Comparisons between quantum mechanical simu-
lated and measured XPS valence-band spectra of
oligomers and polymers have shown that the valence
part of X-ray photoelectron spectra contains useful
information on their primary and secondary structures
[1±3]. Theoretical calculations can be used to detect
conformational signatures in the measured valence-band
spectra and to identify the electronic descriptors relaying
the information in the molecular structure. Recently, it
has been shown that long-range methylenic hyperconju-
gation interactions play an important role in confor-
mational signatures and have been identi®ed in the
photoemission spectra of polyethylene (PE) ®lms [4, 5]
and self-assembled molecular ®lms [6±8].

The approach based on the use of ¯oating spherical
Gaussian orbitals (FSGOs), as originally proposed by
Frost [9±11] in the mid 1960s and generalized later by

Christo�ersen et al. [12±14], has also been proposed
as an appropriate and practical method for the rapid
calculation of electronic properties of polymers [15±18].
The aim of the present work is to investigate the per-
formance of FSGO basis sets in the description of spe-
ci®c cooperative interactions such as those occurring
between hydrogen atoms or between lone pairs.

In this study, the FSGO band structure calculations
are performed using a Fourier representation of the
restricted Hartree-Fock (RHF) equations [19, 20]. Our
Fourier transform code (FTCHAIN) is still in the pro-
totype phase and, at the current stage of development,
only s-type Gaussian atomic orbitals can be considered.
Nevertheless, it has already illustrated successfully the
merits of the Fourier representation in the context of
calculations of the electronic structure of extended chains
[21, 22]. Although the aim of this work is to assess the
performance of the FSGO model in dealing with ques-
tions mentioned at the beginning, the present results also
constitute an opportunity to test the FTCHAINprogram.

In order to study the potential of FSGOs in the de-
scription of long-range hyperconjugation interactions,
the FSGO band structures are compared with those
obtained within the conventional RHF direct space (DS)
approach [23, 24] using the standard minimal STO-3G
basis set [25]. The comparison of the FSGO basis to the
minimal STO-3G basis is the most appropriate one.

Band calculations are performed on polyoxymethyl-
ene (POM) with the unit cell ACH2AOA, the simplest
polymer related to polyethers, and for which a few an-
alyses of conformational in¯uences on the XPS spectral
features have been reported [26±29]. This polymer, in
which there is an oxygen atom between each methylene
group (CH2), is isoelectronic to PE. This allows com-
parison of the results reported here to those of the nu-
merous studies on conformational signatures in the
valence band of PE [4, 5, 30].

The paper is planned as follows. In the theoretical
section, the basic RHF equations which are used and
some computational aspects are introduced. Also brie¯y
described in this section are the model systems. In
Sect. 3, we assess qualitatively the performance of
FSGO basis sets in the description of long-range inter-
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actions in PE and POM. The paper ends with a few
concluding remarks.

2 Theoretical considerations

2.1 Relevant RHF expressions

The RHF-Bloch states /n�k; r� are doubly occupied up
to the Fermi energy EF and orthonormalized as shown
in the following equationZ

dr/�n0 �k0; r�/n�k; r� � Ndk0kdn0n : �1�

N�N !1� is the total number of cells in the system, the
lattice sites are identi®ed by the integers m;m0 and
m00�� 0;�1;�2; � � ��, and n and n0 are the band indices.
In our notation, the wave number k is expressed in units
of 2p=a0 and is de®ned in the Brillouin zone (BZ), i.e.
k 2 ÿ 1

2 ;
1
2

� �
: The Bloch states
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where p and the vector Ap represent the label and the
position of the atomic function, vp, in the reference unit
cell, respectively.

The charge neutrality condition of the chain is given byZ
BZ

dk
X

n

hn�k� � ne �4�

with ne the number of electrons in the unit cell, and the
occupation function hn�k� de®ned as

hn�k� �
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0 if En�k� > EF .

�
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where F �r1� is the Fock operator in the restricted form
for double occupancy of the Bloch states, Za and the
vector Aa de®ne the nuclear charge and the position of
atom a, respectively, and M is the number of atoms.
Equation (6) can be cast in matrix formX

q

Fpq�k�Cqn�k� � En�k�
X

q

Spq�k�Cqn�k� ; �6�

where Fpq�k� and Spq�k� are the elements of the LCAO
Fock F�k� and overlap S�k� matrices, de®ned as

Fpq�k� � Nÿ1
Z

drb�p�k; r�F �r�bq�k; r� �7�

and

Spq�k� � Nÿ1
Z

drb�p�k; r�bq�k; r� : �8�

The Fock matrix elements can be written as a sum of
three terms

Fpq�k� � Tpq�k� � Vpq�k� � Xpq�k� : �9�
Tpq�k� is the kinetic energy, Vpq�k� the classical electro-
static energy which includes the electron-nuclear attrac-
tion and the electron-electron repulsion contributions,
and Xpq�k� the exchange energy. The analysis of the
problems associated with these terms with respect to the
convergence of the lattice sums which enter in their
de®nition, the analytic properties of the LCAO density
matrix elements Ppq�k�
Ppq�k� �

X
n

C�pn�k�Cqn�k�hn�k� �10�

in the BZ and the consequences on the RHF results have
been documented [31±33].

2.2 Model systems

Depending on the conditions of synthesis and the
applied mechanical treatment, POM can exhibit two
crystalline structures [34, 35], each corresponding to a
di�erent conformation. The most stable form is a
structure of hexagonal symmetry [34], in which the
chains adopt a 9/5 helical conformation [36]. This
conformation corresponds to a CAOACAO dihedral
angle of 78�. In the orthorhombic-symmetry structure
[35, 37], which is unstable at room temperature and
pressure [38], POM chains have a 2/1 helical structure
with a CAOACAO dihedral angle of 63:7�.

In order to describe speci®c interactions between
hydrogen atoms or between lone pairs, we consider two
conformations of the POM chains: a hypothetical zig-
zag planar (PZZ) form and a 2/1 helical (gauche) form
denoted G. The PZZ conformer corresponds to a
CAOACAO dihedral angle �s� of 180�, and the G
conformer to s � 60�. For both the PZZ and G con-
formations, tetrahedral angles have been assumed be-
tween the CAOAC, OACAO, HACAO and HACAH
bonds, and the CAH and CAO distances have been set
equal to 1:1066 ÊA and 1:4306 ÊA, respectively. These two
unit cell geometries are illustrated in Fig. 1.
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The band structures obtained for the PZZ and G
POM chains are compared with those of a PZZ and
hypothetical G chain of PE (Fig. 2). For PE in PZZ and
G conformations, standard bond distances have been
used (1:54 ÊA and 1:08 ÊA for CAC and CAH, respec-
tively) and tetrahedral angles have been assumed for
CACAC, CACAH and HACAH.

2.3 Computational aspects

The FSGO band structure calculations are carried out
within the Fourier space (FS) RHF approach using a
new computational technique designed to evaluate
rapidly all lattice summations to convergence [20]. It is
beyond the scope of this paper to give a thorough
account of the procedure. It is su�cient to say that both
the Coulomb and the exchange lattice summations are
accurately computed thanks to a combination of the
Ewald technique [39] and the Poisson formula [40], the
latter being applicable due to expansion of the atomic
orbitals in terms of Gaussian functions.

FSGOs correspond to s-type Gaussian orbitals which
are allowed to ¯oat in space so as to optimally represent
each localized pair of electrons. They are de®ned as

gi�r� � 2ai

p

� �3=4

exp
ÿÿai�rÿ Ri�2

� �11�

where both the position Ri and the orbital exponent ai
are used as variational parameters. The FSGO basis set
is often referred to as subminimal, since only one
function is required to represent an electron pair. The
number of basis functions matching the number of
electron pairs, the density matrix, is uniquely de®ned as
the inverse of the overlap matrix and the iterative SCF
procedure is thus avoided.

Few optimized exponents and positions of FSGOs for
extended systems are available in the literature. For the
PE translational unit cell, the FSGO basis set consists of
two core C1s, two CAC bond and four CAH bond or-
bitals. In this case, orbital exponents and positions are
taken from the literature [17]. The exponents and posi-
tions of the FSGOs that we have used for the PE chains
are listed in Table 1. For the POM chain, the FSGO
basis set consists of one core C1s, one core O1s, two CAO
bond, two CAH bond and two O lone-pair (O-LP) or-
bitals. We have not been able to ®nd the corresponding
optimized exponents and positions of the FSGOs for
POM in the literature. The parameters for the C1s, O1s
and CAH bond orbitals used correspond to those opti-
mized for the CH4 and H2O molecules [14]. The CAO
bond exponent and position with respect to displace-
ment along the bond axis have been optimized by min-
imizing the total energy of dimethyl-ether using the
GAMESS program [41]. We have also attempted to
optimize the exponent of the O-LP orbitals and the LP-
O-LP angle. It is not possible to fully optimize the
position of the O-LP orbitals without collapse of the
orbitals into the O nucleus. Thus, we have arbitrarily
chosen to use the O-LP distance given in Ref. [14] for
H2O. We have checked that the small changes in the
exponents and positions of the FSGOs resulting from
optimization have very little in¯uence on the band
structures of the POM chain. The exponents and posi-
tions of the FSGOs used for the POM chains are listed in
Table 2.

The FSGO band structures obtained by the FS ap-
proach have been checked against ab initio band struc-
ture calculations in a conventional DS approach using
the PLH-93 program [42]. The FS and DS results are in
perfect agreement. The STO-3G calculations have been
carried out within the DS approach.

Fig. 1a, b. Geometries of the a zigzag planar (PZZ) and b gauche
(G) conformations of the polyoxymethylene (POM) chains. The
unit cell boundaries are denoted by dotted lines

Fig. 2a, b. Geometries of the a PZZ and b G conformations of the
polyethylene (PE) chains. The unit cell boundaries are denoted by
dotted lines

Table 1. Exponents and positions (distance from the heavy atom)
of the ¯oating spherical gaussian orbitals (FSGOs) for the poly-
ethylene (PE) chains

Basis function Exponent Distance from
the heavy atom (AÊ )

C1s 9.306408 0.0
CAH 0.345046 0.6473
CAC 0.362941 0.7700
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3 Results and discussion

In this section, we ®rst assess qualitatively the perfor-
mance of FSGO basis sets in the identi®cation of
conformational signatures in the valence band of PE.
We then investigate the potential of FSGOs in the
description of the long-range interactions in POM which
combine both methylenic and oxygen lone pairs coop-
erative interactions.

3.1 PE chains

In order to study the performance of FSGO basis sets in
the description of interactions between hydrogen atoms
(hyperconjugation) in polymer chains, we compare the
valence-band structures and the valence-band density of
states (DOS) of PE in PZZ and G forms obtained using
the FSGO and STO-3G basis sets. Previous studies have
shown that the STO-3G basis set is su�cient to
reproduce the conformational signatures of PE [4]
and polypropylene [43]. The total energy ET ; per
ACH2ACH2A unit, and valence-band energies at se-
lected k-points for the PZZ and G conformations of PE
chains using FSGO and STO-3G basis sets are listed in
Table 3. The FSGO and STO-3G valence-band struc-
tures and valence-band DOS of PE in its two confor-
mations are plotted in Fig. 3.

Comparison of the STO-3G total energies calculated
for the two forms of PE shows that the PZZ conformer
is more stable by 9.26 � 10ÿ3 a.u. (24.3 kJ molÿ1� than
the G conformer. As can also be observed from Table 3,
the FSGO relative stabilization energy of the PZZ form
with respect to the G form is equal to 9.28 � 10ÿ3 a.u.
(24.4 kJ molÿ1�. Thus, the FSGO calculations give the
same order for stability and very similar relative energies
for PE in its PZZ and G forms as the STO-3G calcula-
tions.

The graphs of the FSGO valence-band DOS of PE
(Fig. 3a, c; right-hand side) show a marked di�erence in
the relative intensities of the two peaks in the inner-
valence region for the PZZ and G conformers. The in-
tensity ratio of the inner-valence peak II, relative to peak
I is signi®cantly higher for the PZZ conformer than in
the case of the G conformer. The FSGO energy bands
(Fig. 3a, c; left-hand side and Table 3) contributing to
peak II in the G conformer are characterized by a larger
dispersion than in the PZZ chain, 0.21902 and 0.12770
a.u., respectively, while the energy interval correspond-
ing to peak I remains essentially una�ected by the con-

formation (0.21902 and 0.22384 a.u. for the G and PZZ
forms, respectively). The net result is an increase in the
intensity of peak II relative to peak I in the case of the
PZZ chain compared to the G conformer. Comparison
of the energy values listed in Table 3 and the valence-
band structures and DOS plotted in Fig. 3 shows that
the FSGO and STO-3G results are in good qualitative
agreement.

This characteristic sharpening of peak II, which ®n-
gerprints the PZZ conformation, is due to the stabili-
zation of band 2 towards the point k � 0 (Fig. 3a, b).
The FSGO and STO-3G crystalline orbitals belonging to
band 2 at k � 0 are plotted in Figs. 4a and b, respec-
tively. The shape of the FSGO and STO-3G crystalline
orbitals illustrates the nature of the long-range stabiliz-
ing interactions, which are through-space interactions of
hyperconjugation character between successive CH2

groups oriented in parallel direction. To understand the
origin of the stabilization of the uppermost part of the
inner-valence band, it is useful to analyse the composi-
tion of the crystalline orbitals at k=0 for the bands 1
and 2, schematically represented in Fig. 5. The FSGOs
contributing most to bands 1 and 2 at k � 0 (Fig. 5a) are
the CAC and CAH, and CAH bond orbitals, respec-
tively. In the case of the STO-3G basis set (Fig. 5b), the
inner-valence band switches from a C2s structure to a
more stable nodal structure, rich in H1s and C2px orbitals
oriented in the direction of the CAH chemical bonds.
This mixing of states enables the development of long-
range stabilizing interactions between successive meth-
ylene groups. The methylenic hyperconjugation along
the PE chain in its G form is disfavoured by the rotation
of the methylene groups around the CAC bonds from an
anti- to a G orientation. Thus, the FSGO basis succeeds
in describing speci®c cooperative hyperconjugation in-
teractions.

3.2 POM chains

The success of the FSGO basis set in the identi®cation of
conformational signatures in the valence band of PE has
led us to consider POM where oxygen lone pairs replace

Table 2. Exponents and positions (distance from the heavier atom)
of the FSGOs for the polyoxymethylene (POM) chains. Angle of
the lone pair-O-lone pair is equal to 133.5°

Basis function Exponent Distance from
the heavier atom (AÊ )

C1s 9.303925 0.0
O1s 17.28454 0.0
CAO 0.503170 0.4787
CAH 0.357486 0.6628
O-lone pair 0.5760 0.2326

Table 3. The total energy ET, per CH2ACH2 unit, and inner-
valence band energies at selected k-points, En(k) (n being the band
index), for the zigzag planar (PZZ) and gauche (G) conformations
of PE chains using the FSGO and STO-3G basis sets. Energies are
expressed in atomic units

PZZ FSGO STO-3G

ET 66.00446 )77.15871
E1 (0.0) )1.01821 )1.06157
E1 (0.5) )0.79437 )0.85888
E2 (0.0) )0.66667 )0.76447
E2 (0.5) )0.79437 )0.85888

G FSGO STO-3G

ET )65.99518 )77.14945
E1 (0.0) )1.03023 )1.08128
E10 �0:0� )0.81072 )0.87751
E2 (0.0) )0.81072 )0.87751
E20 �0:0� )0.59170 )0.68044
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hydrogen atoms and could lead to interesting geometry-
dependent electronic characteristics. In order to assess
the performance of FSGOs in the description of long-
range interactions in POM, we compare the valence-
band structures and the valence-band DOS of POM in

PZZ and G forms obtained using the FSGO and STO-
3G basis sets. The total energy ET , per ACH2AOA unit,
and valence-band energies at selected k-points for
the PZZ and G conformations of POM chains using
the FSGO and STO-3G basis sets are listed in Table 4.

Fig. 3a±d. The valence-band
structures (left-hand side) and
valence-band density of states
(DOS) (right-hand side) of PE in
PZZ form obtained using the a
FSGO basis set, b STO-3G basis
set, and the G conformer with the
c FSGO basis set and d STO-3G
basis set. Energy values are in
atomic units and the DOS values
are in arbitrary units
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The FSGO and STO-3G valence-band structures and
valence-band DOS of POM in its two conformations are
plotted in Fig. 6.

As can be observed from Table 4, the STO-3G rela-
tive stabilization energy of the G form with respect to the
PZZ form is equal to 5:07� 10ÿ3 a.u. (13.3 kJ molÿ1).
This result is in line with previous studies [29, 44]. The
FSGO calculations give the same order for stability but
predict a much larger energy di�erence between the PZZ
and G forms of POM, 1:62� 10ÿ2 a.u. (42.5 kJ molÿ1),
than the STO-3G calculations.

Comparison of the inner-valence band structures and
DOS of POM plotted in Fig. 6 shows that the FSGO
and STO-3G results are in good agreement qualitatively.
As can be seen from the graphs of the FSGO valence-
band structures and DOS of POM in its two confor-
mations (Fig. 6a, c), the upper part of the inner-valence
region exhibits important conformational signatures
such as the width of band 2 or the relative intensities of
the two bordering peaks, I and II. The intensity ratio of
the inner-valence peak II, relative to peak I is signi®-
cantly higher for the PZZ conformer than in the case of
the G conformer. The distribution of states at the bot-
tom of band 2 remains essentially una�ected by the
conformation. Indeed, the FSGO energy interval corre-
sponding to peak I is equal to 0.07931 and 0.07427 a.u.
for the PZZ and G forms, respectively. On the contrary,
the band energies contributing to peak II in the G con-
former are characterized by a larger dispersion than in
the PZZ chain, 0.09980 and 0.02000 a.u., respectively.
The net result is an increase in the intensity of peak II
relative to that of peak I in the case of the PZZ chain
compared to the G conformer. Comparison of the
energy values listed in Table 4 and of the inner-valence
band structures and DOS plotted in Fig. 6 shows that
the FSGO and STO-3G results compare very well.

As in the case of a PZZ chain of PE, the characteristic
sharpening of peak II is due to the stabilization of band
2 towards the point k � 0 (Fig. 6a, b). The composition
of the crystalline orbitals at k � 0 for the bands 1 and 2
are represented schematically in Fig. 7. In the case of
the FSGO basis set (Fig. 7a), the inner-valence band
switches from a CAO to a CAH and O-lone pair (O-LP)
character. Similarly, for the STO-3G basis set (Fig. 7b),
there is a switching of the crystalline orbitals at the top
of the C2sAO2s band to another nodal structure enriched
in H1s atomic functions and C2px and O2px atomic func-
tions oriented perpendicularly to the direction of peri-
odicity (z-axis). This mixing of states enables the
development of long-range stabilizing interactions be-
tween successive methylene groups (hyperconjugation)
and between lone pairs oriented in parallel directions.
The FSGO and STO-3G crystalline orbitals corre-
sponding to band 2 at k � 0 are plotted in Fig. 8a, b,
respectively. The shape of the crystalline orbitals illus-

Fig. 4a, b. Shape of the a FSGO and b STO-3G crystalline orbitals
belonging to the uppermost part of the inner-valence region (band
2) at k � 0 in the case of the PE chain in PZZ conformation (section
along the xz plane de®ned by the carbon atoms)

Fig. 5a, b. Sketch of the crystalline orbitals at k � 0 in terms of
a bond orbitals (FSGO basis set) and b atomic orbitals (STO-3G
basis set) for bands 1 and 2 in the case of the PZZ chain of PE

Table 4. The total energy ET per CH2AO unit and inner-valence
band energies at selected k-points, En(k) (n being the band index),
for PZZ and G conformations of POM chains using the FSGO and
STO-3G basis sets. Energies are expressed in atomic units

PZZ FSGO STO-3G

ET )96.08581 )112.41214
E2 (0.0) )0.76795 )0.84458
E2 (0.25) )0.78795 )0.84046
E2 (0.5) )0.86726 )0.94098

G FSGO STO-3G

ET )96.10204 )112.41721
E2 (0.0) )0.85754 )0.94343
E2�0:5� )0.78327 )0.86015
E20 �0:0� )0.68347 )0.75462
E20 �0:5� )0.78327 )0.86015
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trates the nature of the long-range stabilizing interac-
tions.

In the G structure, the stabilizing interactions along
the POM chain are disfavoured by the relative orienta-
tion of the CAH and O-LP bond orbitals. The result is a
more homogeneous distribution of states at the top of

the inner-valence band (band 2¢; Fig. 6c, d) and, thus,
the widening of peak II.

The graphs of the outer-valence region obtained
using the FSGO and STO-3G basis sets show di�erences
such as the width of band 5 in the PZZ conformer
(Fig. 6a, b; left-hand side) and of bands 6 and 6¢ in the G

Fig. 6a±d. The valence-band
structures (left-hand side) and
valence-band DOS (right-hand
side) of POM in PZZ form
obtained using the a FSGO basis
set, b STO-3G basis set, and the
G conformer with the c FSGO
basis set and d STO-3G basis set.
Energy values are in atomic units
and the DOS values are in
arbitrary units
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conformer (Fig. 6c, d; left-hand side). FSGO and STO-
3G valence-band energies at selected k-points for the
PZZ and G conformations of POM chains are listed in
Table 5. As can be seen from Table 5, while the FSGO
and STO-3G calculated widths of band 6 (Fig. 6a, b;
left-hand side) are comparable (0.05243 and 0.06816 a.u.,
respectively), the FSGO and STO-3G widths of the
corresponding band in the G conformer (bands 6 and 6¢;
Fig. 6c, d; left-hand side) are very di�erent (0.07682 and
0.01740 a.u.). On the contrary, for band 5, the discrep-
ancy between the FSGO and STO-3G results is much
more pronounced in the case of the PZZ conformer
(Fig. 6a, b) than in the case of the G conformer (Fig. 6c,
d). Indeed, the width of band 5 in the PZZ form is equal
to 0.09199 and 0.13679 a.u. for the FSGO and STO-3G
basis sets, respectively, while the FSGO and STO-3G
widths of bands 5 and 5¢ are more comparable (0.14082
and 0.17077 a.u.).

In the case of the STO-3G basis set, the upper part of
the outer-valence region, dominantly of O2p atomic
functions in character, exhibits conformational depen-
dencies. The crystalline orbitals corresponding to the
more energetic of the two O2p bands in the PZZ chain
(band 6, Fig. 6b) result from the composition of the O2py

and C2py atomic functions, oriented perpendicularly to

the xz plane de®ned by the oxygen and carbon atoms.
The atomic functions contributing most to the less en-
ergetic of the bands of O2p character (band 5, Fig. 6b)
are the O2p and C2p orbitals, parallel to the xz plane, and
the O2s and C2s orbitals. In the PZZ form, long-range
interactions between the O2py atomic functions are at the
origin of the dispersion of band 6 towards the point
k � 0:5 (Fig. 6b). On the other hand, such interactions
are limited in the G form, yielding a net reduction in the
width of the O2py band (bands 6 and 6¢, Fig. 6d). In the
case of the PZZ form, the strong dispersion of the energy
levels at the bottom of band 5 is due to through-space
interactions between the O2px and C2px and between the
O2pz and C2pz . In comparison with the G form, these
interactions are favoured by the relative position of at-
oms in the PZZ chain. Let us note that the dispersion of

Fig. 7a, b. Sketch of the crystalline orbitals at k � 0 in terms of
a bond orbitals (FSGO basis set) and b atomic orbitals (STO-3G
basis set) for bands 1, 2, 5 and 6 in the case of the PZZ chain of
POM

Fig. 8a, b. Shape of the a FSGO and b STO-3G crystalline orbitals
belonging to the uppermost part of the inner-valence region
(band 2) at k � 0 in the case of the POM chain in PZZ
conformation (section along the xz plane de®ned by the carbon
and oxygen atoms)

Table 5. Outer-valence band energies at selected k-points, En(k)
(n being the band index), for the PZZ and G conformations of
POM chains using the FSGO and STO-3G basis sets. Energies are
expressed in atomic units

PZZ FSGO STO-3G

E5 (0.0) )0.16132 )0.38238
E5 (0.5) )0.25331 )0.51917
E6 (0.0) )0.13846 )0.34417
E6 (0.5) )0.19089 )0.41233

G FSGO STO-3G
E5 (0.0) )0.30394 )0.52504
E50 �0:0� )0.16312 )0.35427
E6�0:0� )0.16401 )0.36450
E60 �0:0� )0.08719 )0.34710
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bands 5 and 5¢ (Fig. 6d) is due to through-space inter-
actions between the O2pz and C2pz which also occur in the
G form.

The FSGOs contributing most to bands 5 and 6 are
the CAO (and O-LP) and O-LP (and CAH� bond or-
bitals, respectively (Fig. 7a). Despite the fact that the
symmetries of bands 5 and 6 are the same using the
FSGO and STO-3G basis sets, the FSGO upper part of
the outer-valence region (Fig. 6a, c) does not exhibit
such a clear dependence upon conformational e�ects as
that observed using the STO-3G basis set. The FSGO
basis set thus does not succeed in describing the inter-
actions between the oxygen lone pairs in the POM
chains. The large relative stabilization energy of the G
form with respect to the PZZ form calculated with the
FSGO basis compared to the STO-3G basis set also il-
lustrates the di�culty for the FSGO basis set to repre-
sent correctly the oxygen lone pairs.

4 Concluding remarks

In this contribution, it has been shown that the FSGO
basis set succeeds in identifying conformational signa-
tures in the inner-valence band of PE. In the case of the
POM chain, despite the fact that the inner-valence band
structures and DOS obtained using the FSGO and STO-
3G basis sets compare very well, the upper part of the
outer-valence region using FSGOs does not exhibit as
clear conformational dependencies as those observed
using the STO-3G basis set. Furthermore, we have seen
that the FSGO calculations predict a larger energy
di�erence between the PZZ and G forms of POM than
the STO-3G calculations. These discrepancies between
the FSGO and STO-3G results in the case of the POM
chain are due to the inability of the FSGO basis set to
represent correctly the oxygen lone pairs and the
interactions between the lone pairs.

As has been shown by previous studies, we can con-
clude from this work that the approach based on the use
of FSGOs provides a simple and computationally fast
scheme of calculation that reproduces correctly the
bonding trends in polymeric chains. However, important
discrepancies are observed in the band structures ob-
tained using the FSGO and STO-3G basis sets. More-
over, very few optimized exponents and positions of
FSGOs for extended systems are available in the litera-
ture, and the use of FSGOs for practical applications
and quantitative results is not realistic. Indeed, the
procedure of optimization of FSGOs exponents and
positions is not trivial and has to be done for each case
studied. The use of standard basis sets is to be preferred.
We should also note the importance of calculations on
extended systems which can reveal the limits of a
method. Nevertheless, the FSGO approach is useful for
veri®cation purposes and has enabled us to test the FS-
RHF method and the reliability of the Fourier trans-
form code currently limited to just s-type Gaussian
functions on more chemically interesting systems.
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