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Abstract

The density functional theory methods are used to calculate the equilibrium molecular structures and vibrational
spectra of helical H(CH,CH,0),H (OEG) oligomers (n = 4-7) at a level of precision that has not been accomplished
before. The largest deviation between experimentally observed frequencies, obtained from infrared reflection—absorp-
tion spectra of OEG-monolayers on gold, and calculated, single molecule frequencies (unscaled), is slightly above 2%.

Moreover, the most intense peak in the CH,-stretching region at about 2890 cm™

!, commonly regarded as a trademark

of the OEG helical conformation, is reassigned in this study to the asymmetric CH,-stretching mode.

© 2003 Elsevier Science B.V. All rights reserved.

1. Introduction

During the last decade, different kinds of self-
assembled monolayers (SAMs) have received con-
siderable research attention as templates for the
development of novel organic materials [1-4],
electronic device-oriented structures [5], biomolec-
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ular recognition devices and sensors [6], as well as
in a variety of other fundamental and applied
contexts. From the point of view of new biomate-
rials, for example, a substantial amount of research
effort has been focused on studies aimed at finding
correlations between the conformational/wetting
and the protein repellent properties of oligo-
(ethylene glycol) (OEG)-terminated SAM:s.

The assembly properties of OEG-terminated al-
kanethiolates on gold were for the first time studied
by Pale-Grosdemange et al. [7]. The conformational
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properties of the OEG-SAMs were later investi-
gated in detail, on different supporting lattices, by
Grunze and co-workers [8,9], and they reported on
the existence of two stable conformers — a helical
on gold and an all trans on silver. Vanderah et al.
[10] developed a series of structurally well-defined,
but reversed, OEG-SAMs on gold, where the SH
group was attached to the OEG terminus rather
than to the alkyl terminus i.e., HS(CH,CH,0O)(R,
where R is an n-alkyl group of length 10 or 18. The
helical OEG-SAMs were also found to undergo a
reversible temperature-driven conformational
transition from the helical to the all-trans state at
about 60 °C [11].

The accomplished understanding of the above
properties is largely based on infrared reflection—
absorption (RA) spectroscopy measurements.
According to the surface selection rule valid for
SAMs supported by reflective metallic substrates,
the infrared absorption of an arbitrary vibrational
mode is determined by the projection of its tran-
sition dipole moment (TDM) on the normal to
the surface. Consequently, the apparent intensity
distribution in the spectrum is strongly dependent
on the molecular orientation within the SAM.
Thus, a detailed analysis of the peak intensities
enables one to draw far-reaching conclusions
about the orientation of alkyl and OEG chains
relative to the substrate surface, provided that the
corresponding TDMs (in molecular coordinates)
are known, and this specific feature of RA spec-
troscopy will be utilized in this work. It should at
this point be emphasized that the assignments and
TDMs of the main features in the infrared spectra
of OEGs are fairly well understood primarily
because of the extensive theoretical and experi-
mental investigations by Miyazawa et al.
[12a,12b,12¢], where the helical conformation of
ethylene glycols was established on the basis of
the standard normal-coordinate treatment of an
infinitely long molecule. The authors also calcu-
lated the frequencies of normal vibrations by us-
ing the GF-matrix method [13]. The assignments
of the main peaks were justified by comparing the
observed spectra with those of short related
molecules [12a,12b,14]. The results of these anal-
yses have been extensively used for the identifi-
cation of the OEG contribution to RA spectra of

OEG-containing SAMs [8-11] (and references
therein).

The ever-increasing interest to the family of
ethylene-glycol oligomers for various technologi-
cal and surface chemical/biological applications
also has stimulated theoreticians to perform ex-
tensive studies on relatively small model com-
pounds using ab initio methods. To mention a few,
HF calculations of the optimized geometry of
diglyme (H;C(OCH,CH,),0CHj3) and its con-
formers were performed by Gejji et al. [15]. The
conformational energies of the DME molecule
(H;COCH,CH,0CH3) and its vibrational fre-
quencies, in the fingerprint region, were reported
at the HF level by Jaffee et al. [16]. The energies of
different conformations of OEG molecules (of the
type (OCH,CH,),—OMe, n = 1-4) and their in-
teraction with water were investigated in detail by
Wang et al. [17] on the basis of the DFT methods.
That study confirmed that the helical conformer of
OEG has the lowest energy comparing with other
possible OEG conformers.

The ab initio results reported so far refer ex-
clusively to the structure and/or vibrational fre-
quencies of relatively simple OEG-containing
compounds. To the best of our knowledge, first-
principle modeling of the infrared spectra, which
admits a straightforward comparison with mea-
sured spectra, has not been attempted before. This
Letter presents, for the first time, a comparison
between simulated spectra obtained with the use of
the DFT-LSDA method and RA spectra of OEG-
terminated SAMs on gold [11]. We concentrate on
the helical OEG conformer (i.e., on the OEG units
with gauche O-C-C-O and frans C-O-C-C
angles) which according to a gross number of
theoretical and experimental data dominates the
OEG-SAMs in focus [8-11,17]. The assignments of
Miyazawa, which were never tested at the ab initio
level, are revised and corrected.

2. Methodology
2.1. Computational details

The helical-like optimized geometry of ethylene-
glycol oligomers was obtained by the DFT-LSDA
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and HF methods with 3-21G* and 6-31G** basis
sets as suggested by the GAuUssSIAN 98 package of
programs. The accuracy cross-check was provided
by the use of the MP2 method and the DFT method
with the B3LYP exchange-correlation functional.
All these methods were then tried in calculations of
OEG vibrational spectra. The final choice of the
method most suitable for our modeling has been
guided by the comparison with the data available
from the literature and experiment, as shown below.

2.2. Infrared reflection—absorption spectroscopy

The RA spectra were recorded on a Bruker
IFS66 Fourier transform spectrometer equipped
with a grazing angle of incidence reflection acces-
sory aligned at 85° and a wire grid polarizer (p-
polarized). A liquid nitrogen cooled MCT detector
was used. Interferograms were apodized with a
three-term Blackmann-Harris function before
Fourier transformation. The spectra were recorded
by averaging 3000 interferograms (10 min) at 2
cm™! resolution.

2.3. Sample preparation and chemicals

The supporting substrates were standard (100)
Si wafers cut to appropriate sizes and coated with
25 A titanium followed by 2000 A gold using an
electron-beam evaporation system. Further details
about the gold deposition procedure can be found
elsewhere [11]. The gold surfaces were cleaned
before the thiol adsorption in a 5:1:1 mixture of
de-ionized MilliQ water, 25% hydrogen peroxide
and 30% ammonia at 80 °C for 5 min. The pro-
cedure was repeated until the optical parameters
measured by an automatic Rudolph Research
AutoEl ellipsometer (He—Ne laser light source
A =632.8 nm, angle of incidence 70°) indicated a
clean gold surface, free from organic contamina-
tion. The obtained optical parameters of gold were
later used in the ellipsometric thickness measure-
ments of the SAMs.

The synthesis of HS(CH,),;CONH(CH,
CH,O)H is described by Svedhem et al. [18]. The
PEG750 compound (i.e., HS(CH,),CONH(CH,
CH,0),CH; compound with 7~ 15) was pur-
chased from RAPP Polymere GmbH, Tiibingen,

Germany, and used as received. The OEG-SAMs
were prepared by soaking the freshly cleaned gold
substrates into 20 uM solutions for at least 48 h.
The samples were then rinsed and ultrasonicated
in ethanol for about 3 min, blown dry in nitrogen
gas and immediately analyzed. The formation of
SAMs of PEG750 was studied by contact angle
goniometry (probing with fresh MilliQ water using
Ramé-Hart NRL 100 goniometer) and null el-
lipsometry (assuming a three-zone model with an
isotropic, transparent organic layer, n = 1.5) in
air. The thickness d of the SAM was 51.6 £ 0.8 A
(error at 95% confidence level), and the advancing
(0,) and rescinding (6;) contact angles were 48 + 2°
and 44 £+ 2° (maximum errors), respectively. The
observed thickness is in agreement with the theo-
retically calculated value of 49.8 A. It should be
stressed, however, that the contact angles of the
SAMs formed using this commercial product are
lower than those reported for shorter OEG-SAMs
(cf. Harder et al. [8]). This lowering is attributed to
a disordering of the outermost portion of the
HS(CHQ)ZCONH(CHQCHzo)nCI‘h SAM, most
likely because of the distribution in chain length n.
The corresponding thickness and contact angle
values for the SAM formed by HS(CH,),;CONH
(CH,CH,0)¢H are known from our previous
studies: d=398+17 A, 0,=28+2° 0,=
25 +2° [11c].

3. Results and discussion

3.1. Optimized geometries and helical parameters of
ethylene glycol

The values of optimized bond lengths, bond
angles, and dihedral angles for the H(CH,
CH,0)H molecule, henceforth referred to as EGe,
are compared in Table 1 with the internal coordi-
nates for poly(ethylene glycol) (PEG) [12c]. Rela-
tively small variations in optimized geometries
were observed between the various methods of
calculation. For instance, the difference in internal
coordinates obtained by LSDA and B3LYP
methods with the 3-21G* and 6-31G** basis sets
does not exceed 3% for bond lengths, 2% for bond
angles and 7% for dihedral angles.
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Table 1

Internal coordinates (bond lengths, bond and dihedral angles) of PEG and the central C—-C-O groups in the optimized structure of EGg

with an indication of the method used in the calculations

Method #(C-C) #(C-0) Z(COC) Z(CCO) 7(COCC) 7(OCCO)
A) A) ©) ©) ©) ©)
PEG? 1.54 1.43 111 111 191.5 60
DFT(LSDA)/3-21* 1.50 1.435 111 107 183 76
DFT(LSDA)/6-31** 1.50 1.40 112 109 184 72
B3LYP/3-21* 1.52 1.455 112.5 107 183 77
B3LYP/6-31%** 1.51 1.41 113 109 183 72
RHF/6-31** 1.51 1.39 114.5 109 185 72
MP2/6-31**//[HF/6-31** 1.51 1.42 112 108 184 71

#Data from Ref. [12c¢].

The atomic coordinates at the molecule equi-
librium geometry have been used to find specific
helical parameters of the ethylene-glycol chain
[12a]. The results of the analysis for the EGg oli-
gomer are summarized in Table 2, where the he-
lical parameters calculated at the ab initio level are
compared with the corresponding parameters cal-
culated in [12c] for the theoretical model of helical
PEG. Our notations are the same as in the quoted
paper: 6 is an angle of rotation about the helix axis
on passing from one oxygen to another oxygen in
the neighboring repeating unit; p(O) and p(C) are
the distances from the chain atoms O and C to the
helix axis, respectively; d(C-O) and d(C-C) are,
respectively, the projections of the bonds onto the

helix axis; 0(C-0O) and 0(C-C) are the angles of
rotation on passing from an atom to the adjacent
atom.

In these calculations, the helical structure is
deduced from the Cartesian coordinates of the
central C—C-O groups. Since the EGg oligomer is
too short to model even one period of the PEG
(which requires approximately seven monomers),
the identity of the oligomer and polymer helical
structures may be questioned. We have checked
therefore the fulfillment of the relations between
the optimized internal molecular coordinates and
the helical parameters 0, p(O), p(C), d(C-0),
d(C-C), 6(C-0), and 0(C-C), which must be
satisfied for an infinite helical chain [12b]. The

Table 2
Helical parameters of PEG and their counterparts in the EG4 oligomer
Method 0 p(O) p(C) d(C-0) d(C-C) 0(C-0) 0(C-C)
@) (A) (A) (A) (A) ) @)
PEG* 102.9 0.56 1.6 0.83 1.09 31.5 40
DFT(LSDA)/3-21* 109.0 0.44 1.46 0.91 0.97 31.2 46.6
(108.5) (0.43) (1.45) 0.92) 0.97) (30.9) (46.7)
DFT(LSDA)/6-31** 103.2 0.53 1.51 0.89 0.97 29.4 44.4
(103.7) (0.52) (1.50) (0.88) (0.98) (29.7) (44.3)
B3LYP/3-21* 114.6 0.42 1.47 0.95 0.99 31.2 52.3
(110.0) (0.44) (1.46) (0.94) 0.97) (31.4) 47.2)
B3LYP/6-31** 104.0 0.55 1.53 0.90 0.98 29.6 449
(104.2) (0.55) (1.53) (0.90) 0.97) (29.8) (44.7)
RHF/6-31%* 106.6 0.54 1.50 0.89 0.98 30.7 453
(106.7) (0.54) (1.50) (0.89) 0.97) (30.7) 45.2)
MP2/6-31**// 104.7 0.53 1.54 0.88 0.96 30.1 44.5
HF/6-31%* (104.8) (0.53) (1.53) (0.88) (0.96) (30.2) (44.3)

In the calculations, we used the internal and Cartesian coordinates for the central C—C-O groups in the optimized geometry. The

values in brackets are obtained as is explained in the text.
#Data from Ref. [12¢].
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values given in Table 2 (in brackets) are obtained
from the relations just mentioned with the use of
optimized internal coordinates. The closeness of
the two sets of helical parameters indicates that
OEGs with six or more repeating units possess
almost perfect helical structure.

From the data presented, one can conclude that
the HF, LSDA and B3LYP methods yield essen-
tially the same equilibrium geometry (though dif-
ferent in details) of the OEG helical conformation.
The dependence of the characteristic vibrational
frequencies and corresponding TDMs on the
choice of the method is far more critical. Com-
paring the frequencies obtained with the three
methods, the LSDA gives the best agreement with
the experimental data. Moreover, under reason-
able assumptions regarding the band broadening,
the intensity distribution in the reference RA
spectra (represented below) is also best reproduced
by the LSDA/3-21G* method/basis set, which
fortunately is reasonable in terms of required
computational time. In the following we compare
the experimental RA spectra with simulated spec-
tra based on ab initio modeling using the DFT-
LSDA/3-21G* method.

3.2. Infrared spectroscopy

Conformational information about OEGs can
be obtained in two frequency regions of the infra-
red spectrum: in the fingerprint region (900-1400
cm™!), where different in-plane bending, wagging,
twisting, rocking, and skeletal vibrations of the
OEG portion give significant contribution; and in
the CH,-stretching region (2800-3000 cm™') con-
tributed by vibrational excitations of both the alkyl
and OEG portions of the molecule.

3.2.1. Fingerprint region

In the fingerprint frequency region, the alkyl
part of the molecule has minor effects on the RA
spectrum such as small shift and broadening of the
OEG characteristic bands, etc. It makes sense,
therefore, to compare the simulated spectra of a
single EGg molecule with the experimental RA
spectra of SAMs formed by the self-assembly of
HS(CH,),;CONH(CH,CH,0),:H and HS(CH,),
CONH(CH,CH,0),;CH; molecules on gold.

From hereon these SAMs are referred to as the
EG4-SAM and EGs-SAM, respectively.

Fig. 1A shows the calculated isotropic spectrum
L, (averaged over x-, y- and z-directions of the
TDMs) of a single EGs molecule in the helical
conformation. Furthermore, the simulated aniso-
tropic spectrum I, for the same molecule, modeled
with the helix axis aligned parallel to the surface
normal, is shown in Fig. 1B. The spectra in Figs.
1A,B are obtained as the sum of Gaussian-shaped
peaks with the same half width, 4.5 cm™'. The
calculated and experimental frequencies, assign-
ments and TDMs are summarized in Table 3.

The simulated isotropic and anisotropic spectra
of EGg are compared with the experimental RA
spectra of EGs-SAM and EG¢-SAM, respectively,
Figs. 1C,D. For convenience, the intensity of the
spectrum shown in Fig. 1C is multiplied by a fac-
tor of 0.25. Though, neither the frequencies nor
the peak intensities were scaled to fit experimental
data, the similarity of the calculated and observed
spectra is obvious. Hence the method of calcula-
tion and the relatively small basis set used can be
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Fig. 1. Observed and calculated spectra in the fingerprint re-
gion. Curves D and C represent the RA spectra of the EGg-
SAM and EG5-SAM, respectively. Curves A and B of EGg are
calculated by DFT-LSDA method with 3-21G* basis set: curve
B corresponds to the oligomer helix axis perpendicular to the
SAM surface (,); curve A models the spectrum of randomly
oriented EG¢ molecules (Z,,).
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Table 3

Frequencies (cm™!), absolute values of TDMs (arb. units), and assignment of EG¢ dominant vibrational modes obtained by DFT-
LSDA method with 3-21G* basis set; and frequencies of associated band maxima as they appear in the RA spectra of EGs-SAM and

EG5-SAM
Calc. freq. EGg TDM* Assignment of the calculated frequencies Observ. freq.
EG¢-SAM EG5-SAM
Fingerprint region
966 8.5(2) Asym. COC stretching + CH, rocking 963 964
1131 20.1 (2) Asym. COC stretching 1114 1118
~1127
1149 8.8 (x), 6.1 () Asym. COC stretching ~1150 ~1145
1216 7.0 (z) CH, twisting 1244 1242
1321 10.0 (z) CH, wagging 1349 1345
1480 7.8 (2) CH, scissoring 1464° 1462
CH,-stretching region
2866 39 (x), 3.4 (2) Sym. stretching
2886 10.3 (x), 2.3 (2) Sym. stretching
2889 12.0 (») Sym. stretching ~2864 ~2864
2895 5.7 (), 4.5 (2) Asym. stretching
2913 9.7 (x) Asym. stretching
2915 9.6 (») Asym. stretching
2925 13.5 (2) Asym. stretching ~2892 ~2892

#Helix axis is parallel to z axis.

®This band is contributed by CH,-scissoring modes from the alkyl and OEG chains.

regarded as appropriate for modeling the main
features of the experimental spectra. The maxi-
mum deviation between calculated and experi-
mental spectra is within ~2%. It is also evident
that the modes with TDMs in the z-direction
completely dominate the experimental spectra.
Thus, a parallel orientation of the helix axis with
respect to the surface normal appears to be a
reasonable first-order approximation of the OEG-
tail orientation within the SAM.

The experimental RA spectra also contain a few
features that are not fully reproduced by our cal-
culations. For example, the main peak near 1114
cm~! has an asymmetric form, and the asymmetry
is very prominent in the spectrum of the short ol-
igomer EG4-SAM, Fig. 1D. Previous studies sug-
gest that amorphous and all-frrans OEGs are
expected to absorb in the 1125-1150 cm™! region
[8,11,12,19], and the shoulder(s) on the high fre-
quency side therefore have been attributed to the
presence of non-helical conformational states in
the OEG-SAMSs. Another possible explanation to
the appearance of a high energy shoulder on the
main peak is that the orientation of the helix axis

deviates from being perfectly parallel to the
surface normal, making contributions from vi-
brational modes with TDMs in the x, y-directions
visible in the experimental RA spectra (a tilt of the
helix axis can also be used to explain some of the
differences seen in the CH,-stretching region, Fig.
2, see discussion below).

We also carried out a sequence of calculations
for a single EG, molecule in the helical confor-
mation for n =4,5,7. The spectra obtained for
these oligomers have similar shape and nearly
linear increase in intensity (this result is also valid
for the CH,-stretching region). The fact that the
overall form of the calculated spectra for OEGs of
different lengths is very similar can be considered
as an additional proof of the reliability of the
computational procedure used.

3.2.2. CH-stretching region

The observed RA spectra of SAMs formed by
OEG-terminated alkanethiolates are in the 2800—
3000 cm~! region due to vibrational motion of the
alkyl and OEG parts of the molecules. Ideally, the
calculated spectra of EGg should be compared
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Fig. 2. Observed and calculated spectra in the CH,-stretching
region. Asterisks mark the absorption peak maxima at 2851
and 2918 cm™! assigned to the symmetric and asymmetric CH,-
stretching modes of the alkyl chain [11]. The dashed and dotted
lines correspond to the helix axis tilted by, respectively, 10° and
20° relatively to the surface normal.

with the data obtained for self-assemblies of OEG-
terminated alkanethiolates with as short alkyl
parts as possible. That is why we compare the
calculated spectra of EG¢ molecule with the ex-
perimental spectrum of EG;5-SAMs that demon-
strate excellent helical properties.

It is known [20] that the TDMs of CH,-
stretching modes are a superposition (with the
corresponding phase shifts) of the dipole deriva-
tives associated with each CH, group. The vector
of dipole derivatives of the symmetric vibrations of
the CH, group is directed along the bisector of the
H-C-H angle, while the vector of the dipole de-
rivatives of the asymmetric vibrations also lies in
the H-C-H plane but it is perpendicular to the
bisector of the H-C-H angle [21]. By using the ab
initio optimized geometry obtained for EGg, we
calculated the angles between the bisectors of all
CH; groups and the helix axis. It turned out that
all these angles are very close to 90° (more pre-
cisely, their variation is within 7° between 87° and
94°). This means that the TDMs of the symmetric
vibrations are oriented primarily perpendicular to
the helix axis. Thus, the projection of the TDMs of
the symmetric modes onto the helix axis should be

rather small. In contrast, the asymmetric vibra-
tions have TDMs of mixed character, see Table 3.
It should be emphasized, however, that the most
intense asymmetric mode has only a parallel (z)
TDM component. Therefore, if the EG, molecules
are preferentially oriented along the normal to the
surface, then the asymmetric vibrations will con-
tribute significantly to the observed RA spectrum,
while the symmetric peak must be very weak.

Table 3 represents the frequencies, the TDMs
and assignments of the most prominent CH,-
stretching modes. The two strong modes near 2925
and 2889 cm~! are identified as asymmetric and
symmetric, respectively. The corresponding peak
maxima can be found near 2892 and 2864 cm~',
respectively, in the experimental RA spectra, Figs.
2C,D. Most importantly, our ab initio calculations
clearly indicate that the dominating peak in the
CH,-stretching region (at 2892 cm™') originates
from asymmetric vibrational modes. This assign-
ment disagrees with that given in the work of
Miyazawa et al. [12¢c], where the main peak was
attributed to the symmetric mode. It should be
pointed out, however, that Miyazawa and co-
workers in fact admitted the controversy about
assigning the main peak in the CH,-stretching re-
gion to the symmetric mode, see for details the
original paper [12c].

Fig. 2A displays the calculated isotropic spec-
trum /,,, while Fig. 2B shows the anisotropic
spectrum [, (solid line) in the CH,-stretching re-
gion. The method of calculation and other details
are the same as in the modeling of the fingerprint
region with the only difference that the spectra are
modeled with the use of a larger half-width value
(9 cm™"). If one compares the intensity distribution
between the two main peaks at 2892 and 2864
cm™! in the experimental RA spectra, Figs. 2C,D,
with those in the simulated spectrum, Fig. 2B
(solid line) then it becomes obvious that it is not
possible to fit the data to a perfectly parallel ori-
entation of the helix axis with respect to the sur-
face normal. A tilt of the helix axis with 10° and
20° improves the fit (dashed and dotted lines, Fig.
2B) suggesting that a tilted orientation of the helix
axis is likely. A tilted orientation is also consistent
with the appearance of the x, y-mode near 1145
cm~! as a high frequency shoulder on the main
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peak in the fingerprint region, Figs. 1C,D. A more
detailed analysis of the molecular orientation and
phase behaviour of OEG-SAMs in the amor-
phous, all-frans and helical conformations will be
addressed in subsequent publications.

4. Conclusion

The RA spectra of the monolayer self-assem-
blies of OEG-terminated alkanethiols on gold are
discussed with a reference to ab initio modeling.
The spectral features characteristic for the OEG
portion in these SAMs have been compared
with those of the calculated spectra, which
were obtained by DFT and HF methods for
H(CH,CH,0), H oligomers in the optimized heli-
cal conformation. We have found that the most
important spectral bands attributed to ethylene-
glycol portion in the observed spectra can easily be
recognized in the spectral curves simulated by the
DFT-LSDA method. The calculated frequencies
agree well with the experimental ones within ap-
proximately 2% (maximum deviation) without
scaling. This result does not conclusively show that
the OEG structure found here is the only one
present in real SAMs, but it does support the fact
that the present first-principle approach can be
used as a platform to improve the understanding of
RA spectra of organized molecular assemblies. It is
probably even more important that the used DFT
modeling approach can be expanded to include
intermolecular interactions, in particular lateral
hydrogen bond interactions in amide linked OEG-
terminated alkanethiolates. These are our next
target. Neither this possibility nor the close re-
semblance between the single-molecule and re-
spective SAM spectra was obvious before our
work. Now we are fairly confident that in addition
to its own undoubted heuristic value, the ab initio
single-molecule approximation also provides a
firm basis for future studies (e.g., by molecular
dynamics and/or Monte-Carlo methods) of the
influence of intermolecular-interaction on the
OEG-SAM structure and dynamics.

The above analysis of the peaks in the CH,-
stretching region has led us to the conclusion that
the main peak near 2890 cm™', previously assigned

to the symmetric stretching mode, originates in
fact from intense asymmetric modes. This result is
essential for the correct understanding of experi-
mental data obtained by RA methods. At the same
time, a number of other observations made on the
basis of these calculations cannot be regarded as
completely conclusive (at the level of single-mole-
cule approximation) without establishing the
relationship between the RA spectrum of the EG, -
SAM and the spectrum of its molecular constitu-
ents in their actual position within the SAM. Ab
initio modeling of compounds with the general
structure HS(CH,),, XEG,Y in such a context will
be addressed in forthcoming publications.
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