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1 Institute of Physics, Pregrevica 118, 11080 Belgrade, Serbia and Montenegro
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Abstract. Differential cross-sections (DCSs) for elastic scattering of electrons from tetrahydrofurfuryl alco-
hol (THFA), which can be considered as an analogue molecule to DNA sugar deoxyribose, were determined
using crossed beam measurements for incident energies from 40 eV to 300 eV and scattering angles from
30◦ to 110◦. The relative DCSs were measured both as a function of incident electron energy and scat-
tering angle, allowing absolute calibration of the whole data set via normalization to a single point. The
absolute calibration has been performed according to calculated absolute DCSs obtained by the corrected
independent atom method using an improved quasifree absorption model. The calculated data-set includes
DCSs and integral elastic and inelastic cross-sections in the incident energy range from 5 eV to 5000 eV.
The theoretical results agree very well with the experimental ones, regarding the shape of DCSs. Moreover,
the same theoretical procedure has been used to obtain DCSs for elastic electron scattering from a simpler
deoxyribose analogue tetrahydrofuran (THF), which agree very well, both in shape and on the absolute
scale, with the recent experimentally obtained absolute DCSs [A.R. Milosavljević et al., Eur. Phys. J. D
35, 411 (2005)]. The present results are also compared with the recent theoretical data for THF and THFA.
Finally, according to both experimental and theoretical data, the DCSs for elastic electron scattering from
THFA and THF molecules appear to be very similar both in shape and absolute scale.

PACS. 34.80.Bm Elastic scattering of electrons by atoms and molecules – 34.10.+x General theories and
models of atomic and molecular collisions and interactions

1 Introduction

The investigation of electron interaction with molecules
that represent the DNA components has been motivated
in recent years by a need for understanding the processes
that lead to radiation damage of a living cell. It is be-
lieved that processes driven by low-energy secondary elec-
trons, which are produced in large quantities on the track
of a primary high-energy particle, are of particular im-
portance in a direct DNA damage [1,2]. In this context,
a great deal of both experimental and theoretical work
on electron interaction with DNA (or RNA) components,
namely the bases (adenine, guanine, thymine, cytosine,
uracil) and the backbone sugar deoxyribose (or analogue
molecules: tetrahydrofuran (THF), tetrahydrofurfuryl al-
cohol (THFA) and 3-hydroxytetrahydrofuran (3HTHF)),
has been reported. A comprehensive review can be found
in the recent paper by Leon Sanche [3]. However, only few
of these results have been obtained for THFA molecule.
Antic et al. [4,5] investigated electron-stimulated desorp-
tion yields of H− produced by dissociative electron at-
tachment to THF, THFA and 3HTHF, physisorbed on a
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polycrystalline Pt substrate. Very recently, Možejko and
Sanche [6] have calculated differential and integral cross-
sections for elastic electron scattering from several se-
lected analogues of components of DNA backbone, includ-
ing THFA, using the independent atom method with a
static-polarization model potential, in the incident elec-
tron energy range from 50 eV to 2000 eV. Reliable cross-
sections for elastic scattering of electrons from DNA com-
ponents are of interest in estimating and modelling the
by-products production induced by electrons within the
molecular sample [7] and are input parameters for energy
deposition modelling, which is based on a Monte Carlo
simulation of the single scattering process [8–11]. The
experimentally obtained absolute DCSs for elastic elec-
tron scattering by THF molecule, in the incident energy
range from 20 eV to 300 eV and angular range from 10◦
to 110◦, have been reported very recently, as well [12].
However, according to our knowledge, no experimental re-
sults concerning electron interaction (neither elastic nor
inelastic) with gaseous THFA molecule have been pub-
lished. A data-set on electron-THFA interaction would
give possibilities for investigation of electron-induced de-
composition of deoxyribose ring, as well as effects upon
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Fig. 1. Schematic drawing of tetrahydrofuran (THF),
α-tetrahydrofurfuryl alcohol (THFA) and 2-deoxy-D-ribose
(deoxyribose) molecules.

substitution of α-H atom in THF by the -CH2OH group
and, hence, the applicability of results obtained for the
simplest THF analogue to describe electron-deoxyribose
interaction. The structural formulae of the deoxyribose,
THFA and THF molecules are given in Figure 1.

In the present paper, we report both theoretical and
experimental results on elastic electron interaction with
THFA molecule. The experimental absolute normalized
DCSs are obtained in small energy and angular steps, in
the incident energy range from 40 eV to 300 eV and an-
gular range from 30◦ to 110◦. The calculations of DCSs
and integral elastic and inelastic cross-sections are based
on the independent atom method (IAM) [13], with an
improved quasifree absorption model potential, which in-
cludes relativistic and many-body effects, as well as non-
ionization inelastic processes [14]. The theoretical results
are obtained in the incident energy range from 5 eV to
5000 eV and agree very well with the available experi-
mental data. Finally, both theoretical and experimental
results for THFA molecule are compared to correspond-
ing THF data.

2 Experiment

A detailed description of the experimental set-up and a
discussion of the measurement procedure for obtaining
DCSs as a function of either scattering angle or incident

electron energy, has been given recently [15]. Briefly, an
electron gun produces a nonmonochromated, well colli-
mated incident electron beam, which is crossed perpendic-
ularly by a molecular beam produced by a stainless still
needle. The gun can be rotated around the needle in the
angular range from about –40◦ to 120◦. The scattered elec-
trons are retarded and focused by a four-element cylindri-
cal electrostatic lens into a double cylindrical mirror ana-
lyzer, followed by three-element focusing lens and a single
channel electron multiplier. The base pressure of about
4 × 10−7 mbar was obtained by a turbo-molecular pump.
The working pressure was usually less than 5×10−6 mbar
and was checked for each experimental point. The uncer-
tainty of the incident energy scale was determined to be
less than ±0.4 eV, by observing a threshold for He+ ions
yield. The best energy resolution was about 0.4 eV (lim-
ited by thermal spread of primary electrons). However,
the resolution was lowered (1–1.5 eV) for measurements
of DCSs as a function of incident electron energy in order
to reduce energy dependence of the transmission function
(see [15]). It should be noted that even with the best ap-
plied resolution, the present elastic DCSs inevitably in-
clude rotational and vibrational excitations. The latter,
however, should not distort significantly elastic DCSs at
the presented incident energies, as was discussed in the
previous paper [12]. The angular resolution was deter-
mined to be better than ±2◦. The experimental procedure
was checked according to benchmark DCSs for elastic elec-
tron scattering by Kr, as a function of both scattering an-
gle and incident electron energy, which were measured di-
rectly before and after electron-THFA measurements. The
anhydrous THFA was purchased from Merck KGaA with
a declared purity of >98% and was used after several cy-
cles of freeze-thaw under vacuum. Because of a rather low
vapor pressure of THFA (more than two orders of magni-
tude lower at 20 ◦C than that of THF [16]), the sample
container was heated during a measurement at the tem-
perature of about 70 ◦C.

The whole set of relative DCSs, i.e. the relative sur-
face DCS = f(E0, θ), which has been obtained by inde-
pendent DCS measurements both as a function of E0 and
θ (see [15]), can be normalized to the absolute scale ac-
cording to an absolute, referent cross-section value in a
single (E0, θ) point (so, a possible correction to the ref-
erent DCS can be then easily applied to the whole data
set). To the best of our knowledge, absolute measurements
of total, ionization, elastic integral or differential cross-
sections, have not been reported so far for THFA molecule.
Therefore, the calibration of the present experimental rel-
ative data set is performed according to the present theo-
retical data. The applied theoretical method is confirmed
to give reliable absolute integral cross-sections (ICSs) and
DCSs for elastic scattering of electrons from different poly-
atomic molecules, at medium incident electron energies
and higher scattering angles above 10◦ [14]. In particular,
the calculations for the similar THF molecule agree very
well with the recent absolute experimental data [12] (see
Sect. 4). Although a calculated ICS is generally more accu-
rate than an absolute theoretical DCS in a specific (E0, θ)
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point, the calibration to ICS would need an extrapola-
tion of present experimental data which could give even
larger uncertainty of the final absolute values. The cali-
bration of the experimental results to the absolute scale
has been performed according to the absolute theoreti-
cal DCS at 150 eV and 50◦. The scattering angle of 50◦
has been chosen for calibration as giving relatively small
normalization errors (the DCSs exhibit a small shoulder
near 50◦) and still being reasonably distant from DCS
minima. Also, the calculations give very good agreement
with the experiment in this angular region, regarding the
DCS shape. The incident energy of 150 eV has been chosen
for calibration according to both the smallest error of the
experimental DCS measured as a function of energy at 50◦
and the smallest variation of theoretical DCS within the
angular resolution of the present experiment (see Sect. 4).

The errors for the relative DCSs measured as a func-
tion of scattering angle include statistical errors (0.1–3%),
according to Poisson’s distribution and short-term sta-
bility errors (usually 1–5%), according to discrepancy of
repeated measurements at the same incident energy and
scattering angle. In the case of relative DCSs measured
as a function of incident electron energy, the errors due
to both instability of incident electron beam (2% to 12%,
even 25% for 40 eV) and transmission function (0.5% to
10%) should be accounted, as well (see [15]). The errors
of the normalized DCSs account the normalization errors,
as well. The latter include both the errors of DCS values
measured as a function of incident energy at a fixed scat-
tering angle (discussed above) and an uncertainty of the
angular scale, which produces the error that is dependent
on the shape of a cross-section at particular incident en-
ergy (5% to 6% at the angle of 50◦). The final error should
also include the uncertainty of the theoretical DCS value
used for calibration to the absolute scale.

3 Theoretical method

Present calculations of molecular cross-sections are based
on a corrected form of the independent-atom method
(IAM), known as the SCAR (Screen Corrected Additiv-
ity Rule) procedure. All the details for this procedure have
been extensively described in previous works [14,17] where
it was applied to other molecular species, so only a brief
comment will be given here.

In the standard IAM approximation the electron-
molecule collision is reduced to the problem of collision
with individual atoms by assuming that each atom of the
molecule scatters independently and that redistribution of
atomic electrons due to the molecular binding is unimpor-
tant. At low energies, where atomic cross-sections are not
small compared to (squared) interatomic distances in the
molecule, the IAM approximation fails because the atoms
can no longer be considered as independent scatterers and
multiple scattering within the molecule is not negligible.
These kind of corrections have been revealed as quite im-
portant in similar situations [14,17–20].

It has been shown [14] that the energy range for which
deviations from the IAM approximation are relevant de-

pends on the size of the molecule: 10% or larger screening
corrections take place for N2 and CO up to 200 eV, for
CO2 up to 300 eV, and for benzene up to 600 eV.

While the detailed considerations leading to the SCAR
expressions are somewhat involved, the final results are
relatively simple.

In the first place, for integrated (elastic or inelastic)
cross-sections, the usual additivity rule (AR) expressions:

σtotal =
∑

atoms

σi , (1)

become replaced by modified ones:

σelast =
∑

i

siσ
elast
i and σinelast =

∑

i

siσ
inelast
i . (2)

Here the introduced screening coefficients (0 ≤ si ≤ 1)
reduce the contribution from each atom to the total
cross-section. Calculation of si coefficients requires only
data on the position and the total cross-section σi of
each atom in the molecule. The explicit expressions for
si are [14,17]:

ε
(1)
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ε
(k)
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N − 1

∑

j( �=i)

σjε
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(3)
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i /4! + ... ± ε

(N)
i /N !. (4)

Where N stands for the number of atoms in the molecule,
the j index in sums

∑
j( �=i) runs over all the N atoms

except the i one, αij = max(4πr2
ij , σi, σj), and rij is the

distance between centers of atoms i and j. The successive
auxiliary ε

(k)
i contributions arise from k-atoms overlap-

ping and so only ε
(2)
i exists for diatomics.

Secondly, for the elastic differential cross-section, in-
stead of the standard form
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dΩ
=

∑

i,j

fi(θ)f∗
j (θ)

sin qrij

qrij
, (5)

(where, as usual, q = 2K sin θ/2 is the momentum trans-
fer) now we have [17]
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where σD, dσD/dΩ and XS are defined by:
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i σ
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0
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Fig. 2. Energy dependence of absolute DCS for elastic
electron scattering from THFA at the scattering angle
of 50◦: (•), experiment; (�), theory (the DCSs at 48◦

(· · ·) and 52◦ (− · ·) are also given to show a variation
of the calculated DCS at a specific incident energy,
within the angular region ±2◦). Inset shows experi-
mental and theoretical absolute DCSs versus incident
electron energy at the fixed scattering angles of 30◦

(◦, −−−), 50◦ (•, −) and 90◦ (�, −·−), respectively.
The experimental points at 30◦ and 90◦ are extracted
from the normalized angle-dependent DCSs. The cal-
culated points are connected by straight lines.

Expressions (6–8) resulted in [17] after an analysis of the
angular distribution including redispersion processes in-
side the molecule, and after some estimation on the rele-
vance of these contributions.

It must be noted that only atomic spatial coordinates
are necessary for the calculation, with no considerations
on molecular symmetry, so the procedure can be easily ap-
plied to arbitrary species. Once the atomic cross-sections
and dispersion functions are known, the corrected molecu-
lar quantities are directly derived from the equations (2),
(3), (4), (6), (7) and (8). Screening corrections become
very significant only at low energies, resulting in a re-
duction of total values and a smoothing of maxima and
minima for differential ones.

The procedure used for calculation of the correspond-
ing atomic cross-sections has been also extensively de-
scribed elsewhere [21–23], so only a brief comment will
be given here. For our purposes the electron-atom inter-
action is represented by the approximate ab initio optical
potential Vopt(r) = Vs(r) + Ve(r) + Vp(r) + iV a(r). Here
Vs(r) is the static potential calculated by using the charge
density deduced from Hartree-Fock atomic wave functions
including relativistic corrections, Ve(r) is the exchange po-
tential for which the semiclassical energy-dependent for-
mula derived by Riley and Truhlar [24] is used, Vp(r) rep-
resents the target polarization potential in the form given
by Zhang et al. [25], and finally the absorption potential
V a(r) accounting for inelastic processes is based on the
revised quasifree model [21].

For each atom the corresponding radial scattering
equation was numerically integrated, and the resulting
complex partial wave phase shifts δl were used to ob-
tain the atomic scattering amplitudes and total cross-
sections [21–23]. In particular, the data used here for C,
H, O and N atoms are exactly the same as already used
in references [14,26].

While it is difficult estimating the accuracy of the cal-
culated differential cross-sections, errors larger than 25%

are not to be expected in the 50–500 eV energy range
for 30◦ to 120◦ angles. This is supported by the observed
agreement of this kind of calculations with experimental
results for other similar-size molecules (CF4 and C3F8

in [17], or benzene, C6F6 and C4H8O tetrahydrofuran
in [27]).

4 Results and discussion

The DCS for elastic electron-THFA scattering at the an-
gle of 50◦ is presented in Figure 2. The experimental DCS
is directly measured as a function of incident electron en-
ergy and normalized to the absolute scale at 150 eV. The
error bars of the experimental points also include the un-
certainty of the transmission function and the incident
electron beam intensity, which are the most significant
at the ends of the measured energy range. The theoreti-
cal curve is extracted from DCSs tabulated as a function
of scattering angle. Theoretical DCSs at 48◦ and 52◦ are
also shown to present a variation of the calculated DCS
at a specific incident energy, within the angular region
of ±2◦, which is the lower limit of experimental angular
resolution. Generally, there is a good agreement between
experimental and theoretical results, both showing a sim-
ilar behavior of DCS. By using the determined absolute
experimental DCS versus incident energy, all the relative
DCSs measured as a function of scattering angle, at the
incident energies from 50 eV to 250 eV, are normalized to
the absolute scale at 50◦. The relative DCS at 300 eV has
been calibrated to the absolute scale according to the ratio
of elastic electron scattering signal at 250 eV and 300 eV,
obtained under the same experimental conditions, imme-
diately one after the other at 30◦. The absolute DCSs
versus incident electron energy, extracted from the nor-
malized angle-dependent DCSs, are compared to the the-
oretical results at several fixed scattering angles in the
inset of Figure 2.
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Table 1. Experimentally obtained differential cross-sections for elastic electron scattering from tetrahydrofurfuryl alcohol
(THFA) in units of 10−20 m2sr−1 as a function of scattering angle (θ) and incident energy (E0). The absolute errors (statistical,
short-term stability, uncertainty of θ and E0, uncertainty of incident electron beam and transmission function) in the last
significant digits are given in parentheses. The error due to a variation of the absolute theoretical DCS (E0 = 150 eV, θ = 50◦),
which is used for calibration, within the angular region of ±2◦, is about 11% and should be accounted, as well. The accuracy
of the absolute theoretical DCS used for calibration is estimated to be within 25%.

Θ(◦) E0 (eV)
50 60 80 100 120 150 200 250 300

30 8.2(1.1) 6.24(36) 3.41(33) 2.32(39) 2.00(14) 1.449(84) 0.964(68) 0.802(94) 0.505(81)
35 5.49(71) 4.19(24) 2.46(23) 1.63(27) 1.363(96) 0.899(53) 0.630(45) 0.639(75) 0.378(61)
40 4.18(54) 3.22(18) 1.77(17) 1.11(19) 0.910(64) 0.660(39) 0.523(37) 0.451(53) 0.213(34)
45 3.36(43) 2.48(14) 1.28(12) 0.80(13) 0.649(46) 0.507(30) 0.404(29) 0.251(30) 0.121(19)
50 2.71(35) 1.89(11) 0.962(92) 0.63(11) 0.536(38) 0.417(25) 0.262(19) 0.162(19) 0.096(15)
55 2.12(27) 1.420(82) 0.775(74) 0.545(92) 0.456(33) 0.300(18) 0.170(13) 0.134(16) 0.090(14)
60 1.66(21) 1.152(67) 0.647(62) 0.460(78) 0.346(25) 0.193(12) 0.130(10) 0.124(15) 0.076(12)
65 1.39(18) 0.954(56) 0.575(55) 0.350(59) 0.247(18) 0.1417(90) 0.1247(99) 0.113(13) 0.0606(98)
70 1.14(15) 0.791(47) 0.479(46) 0.262(44) 0.193(14) 0.1203(77) 0.1142(91) 0.098(12) 0.0545(88)
75 1.01(13) 0.710(42) 0.384(37) 0.199(34) 0.156(12) 0.1180(76) 0.1007(82) 0.085(10) 0.0460(74)
80 0.92(12) 0.629(37) 0.307(30) 0.175(29) 0.147(11) 0.1227(79) 0.0976(80) 0.0778(92) 0.0381(62)
85 0.85(11) 0.554(33) 0.272(27) 0.164(28) 0.148(11) 0.1268(81) 0.0902(75) 0.0672(80) 0.0343(55)
90 0.80(10) 0.475(29) 0.242(24) 0.174(29) 0.158(12) 0.1189(77) 0.0867(72) 0.0592(70) 0.0335(54)
95 0.80(10) 0.488(29) 0.256(25) 0.196(33) 0.165(12) 0.1208(78) 0.0792(67) 0.0567(67) 0.0331(53)
100 0.80(10) 0.486(29) 0.298(29) 0.228(38) 0.173(13) 0.1269(81) 0.0714(61) 0.0558(66) 0.0316(51)
105 0.89(12) 0.531(32) 0.370(36) 0.261(44) 0.184(14) 0.1213(78) 0.0709(61) 0.0570(68) 0.0296(48)
110 1.01(13) 0.611(36) 0.423(41) 0.297(50) 0.200(15) 0.1285(82) 0.0749(64) 0.058(68) 0.0284(46)

Fig. 3. Angular dependence of abso-
lute DCSs for elastic electron scatter-
ing from THFA molecule at different
incident energies: (•), experiment; (−),
theory.

The experimental absolute DCSs as a function of the
scattering angle are obtained for the incident electron en-
ergies of 50, 60, 80, 100, 120, 150, 200, 250 and 300 eV,
in the angular range from 30◦ to 110◦, in 5◦ steps. The
results are presented in Table 1. The DCSs at chosen in-
cident energies are presented in Figure 3, as well as the
absolute theoretical DCSs. Generally, the theoretical re-
sults agree very well with the experiment. A disagreement
between absolute magnitudes at the lowest (50 eV) and

the highest (300 eV) presented incident energies emerges
as a consequence of the disagreement between relative be-
havior of theoretical and experimental DCSs versus inci-
dent energy at 50◦ (Fig. 2), the latter being used for the
calibration to the absolute scale. However, a very good
agreement of a relative behavior of DCS versus scattering
angle can be seen at the all presented energies. The DCSs
at lower incident energies are characterized by a rather
broad minimum at about 90◦, which slowly disappears
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Fig. 4. Calculated integral elastic cross-section
(−�−, present; −�−, [6]), integral inelastic cross-
section (− • −, present), total cross-section for single
ionization (− ◦ −, [6]) and total cross-section (−�−,
present) for electron scattering from THFA molecule.

Table 2. Calculated integral elastic and inelastic and total
cross-sections for electron scattering from tetrahydrofurfuryl
alcohol (THFA) in units of 10−20 m2 as a function of incident
energy (E0).

E0 (eV) Elastic Inelastic Total
5 64.12 0.000 64.12
7 59.08 0.000 59.08
10 54.04 0.08456 54.04
15 47.04 3.612 50.68
20 39.48 9.632 49.00
30 29.68 17.72 47.32
40 24.78 20.36 45.08
50 21.87 20.94 42.84
70 18.26 20.55 38.92
80 17.36 18.90 36.12
100 15.18 18.98 34.16
120 13.94 17.14 31.08
150 12.26 16.49 28.84
200 10.50 14.56 25.06
250 9.268 12.80 22.06
300 8.288 11.87 20.19
400 6.944 10.05 17.00
500 6.020 8.792 14.78
700 4.788 7.000 11.79
1000 3.668 5.404 9.100
2000 2.122 3.136 5.264
3000 1.509 2.220 3.724
4000 1.179 1.736 2.912
5000 0.969 1.428 2.397

with increasing the electron energy above 120 eV. In the
energy range from 50 eV to 300 eV, the absolute DCSs de-
crease for more than order of magnitude. In Table 2 and
Figure 4, the present calculated integral elastic, inelas-
tic and total cross-sections for electron scattering from
THFA molecule are given. The recent theoretical results
by Možejko and Sanche [6], obtained by IAM with a static-
polarization model potential, are presented, as well. The

latter calculations give higher integral elastic cross-section
with somewhat different slope. However, the ionization
cross-section, given in the same paper [6], agrees very well
with the present integral inelastic cross-sections, except
in the energy region from about 15 eV to 90 eV where
the present calculation, which also includes excitation pro-
cesses, logically gives higher values.

In Figure 5, the present absolute DCSs for elastic
electron-THFA scattering at 50 eV, 100 eV and 200 eV are
compared with the recent absolute theoretical DCSs [6],
as well as with the absolute experimental [12] and theo-
retical [6] DCSs for elastic electron-THF scattering. The
experimental DCSs for THF are somewhat lower on the
absolute scale, which is to be expected considering sizes
of the molecules. At the energy of 50 eV, this difference
is more significant for experimental DCSs, which could
be also a consequence of the normalization procedure, i.e.
the uncertainty of the incident electron beam intensity
at the end of the covered energy interval (see [15]). Nev-
ertheless, the disagreement between different theoretical
methods is also the most significant at the lowest pre-
sented energy. Therefore, absolute measurements on elas-
tic electron-THFA scattering are needed to clear this out.
At higher medium incident energies, the experimental re-
sults show that DCSs for electron-THF and THFA scat-
tering are very similar, both in shape and on the absolute
scale. This is also confirmed by both sets of theoretical re-
sults, which agree well with the experiment. However, the
present theoretical method is clearly superior, considering
both the absolute magnitudes and the shapes of DCSs for
both molecules.

5 Conclusion

The elastic scattering of electrons from tetrahydrofurfuryl
alcohol (THFA) has been investigated, both experimen-
tally and theoretically. The measurements were performed



A.R. Milosavljević et al.: Elastic scattering of electrons from tetrahydrofurfuryl alcohol 113

Fig. 5. Absolute DCSs for elastic electron scattering from
different molecules at the incident energies of 50 eV, 100 eV
and 200 eV: (•), THFA present experiment; (◦), THF exper-
iment [12]; (−), THFA present theory; (− · −), THF present
theory; (−−−), THFA theory [6]; (· · ·), THF theory [6].

using a cross-beam experiment, for the incident electron
energies from 40 eV to 300 eV and scattering angles from
30◦ to 110◦. The relative DCSs were measured indepen-
dently as a function of both incident energy and scat-
tering angle. The calibration to the absolute scale has
been obtained according to the present theoretical results.
The latter calculations were based on a corrected form of
the independent-atom method, known as the Screen Cor-
rected Additivity Rule procedure, using an approximate

ab initio model potential known as the quasifree absorp-
tion model, which is improved to correct for many-body
effects and nonionization processes.

The shape of the present experimental DCSs for elastic
electron-THFA scattering, as well as of the recently pub-
lished experimental DCSs for elastic electron-THF scat-
tering [12], is very well reproduced by the present calcula-
tions. Therefore, at least in the angular range from about
20◦ to 120◦, the latter can be used for reasonable and fast
estimation of the DCSs for elastic scattering of electrons
by DNA deoxyribose analogue molecules. The behavior of
the DCSs still need to be investigated in the forward and
the backward scattering direction, where further experi-
mental measurement are needed, as well as at low incident
electron energies.

The elastic DCSs for THF and THFA molecules appear
to be rather similar, both in shape and on the absolute
scale, especially at higher intermediate incident energies
above 80 eV. This means that a substitution of the α-H
atom of the THF molecule by the -CH2OH group does not
affect significantly an elastic scattering process in this in-
cident energy region. Therefore, the behavior of the DCSs
for elastic THF and THFA scattering, as well as their ab-
solute magnitudes, can be used for a good estimation of
elastic electron interaction with the DNA sugar deoxyri-
bose. The presented set of tabulated absolute DCSs and
ICSs for electron scattering by THFA is then useful for fur-
ther modelling of low(medium) electron interaction with
large biomolecules, such as DNA, RNA, virus inhibitors
etc.
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ical form, as well as for useful discussion. This work has been
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Spanish Ministerio de Educacion y Ciencia (Project BFM2003-
04648/FISI) and motivated by research within COST Action
P9 “Radiation Damage in Biomolecular Systems”.
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