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Extensive ab initio modeling has been performed to explain quantitatively the apparent shapes of characteristic
bands, which are systematically observed in the fingerprint region of infrared (IR) refleetimorption

(RA) spectra of oligo(ethylene glycol) (OEG)-terminated SAMs. Tnesence of defectwas thoroughly
examined by modeling the RA spectra using the DFT method BP86/6-31G* for all-helical and all-trans
conformers of HS(CKCH,O)R (n =5, 6, R= H, CHs) and HS(CH);sCONH(CH,CH,0O)¢H molecules and

for several defect-containing conformers. These data were then used to simulate RA spectra of SAMs with
different content of defects and to compare them with experiments. It is shown that for SAMs of HS(CH
CH;0),CHjs (n = 5, 6) the pronounced asymmetry of the dominating band can be attributed to the multimode
nature of COC stretching vibrations of helical conformers combined with the contribution from few percent
of all-trans conformers. Arguments are presented which disprove appreciable amounts of helical conformers
with single trans and/or gauche defects. Much more complex combination of factors, which can come into
play in the formation of the high-frequency shoulder of COC band, is exemplified by self-assemblies of
OEG-terminated amide-bridged alkanethiolates. In particular, spectral signatures of defects with inverted OH
terminus are compared with other contributions to the apparent shape of COC band formation. For this family
of SAMs, the presence of about 10% of all-trans conformers gives a satisfactory quantitative agreement between
the calculated RA spectra and experimental observations.

1. Introduction assemblies of molecules HEGs (CHs'* and HS-(CHy)1s
_ 15
Self-assembled monolayers (SAMs) generated from com- CONH-EGH ™ on gold (111) surfaces [here and later on,EG

pounds with complex tail groups attract ever increasing research™ (CHCHO)l, can be reproguced. in-all major features by
attention. In the field of new biomaterials, a substantial effort € DFT method BP86/6-31G* applied for isolated molecular

is focused on studies aiming at finding relationship between, constituents. This is illustrated in Figure 1a,b, where the upper
on one hand, the conformational, wetting, and water adsorption Model spectra (i.e., middle curves in Figure 1a,b) were obtained
characteristics of OEG segments and, on the other hand, theds a sum of Lorentz peaks with the maxima proportional to the
protein-repellent properties of OEG-containing SAMs. The OEG squared transition dipole moment (TDM)omponent of the
portion itself can be controlled and modified in a highly diverse respective vibration modes. The sum of the Lorentz peaks is
manner. This possibility offers, in addition, a variety of taken ovemonscaledrequencies, reproducing the frequencies
applications in other fields of materials and surface scieffce  of main peaks in the region within few crh Also, the intensity
as well as in molecular recognition and sensiagd molecular ratios of the dominating spectral features, the COC stretching
electronicg®™ ! and CH wagging bands, agree very well with experimental
The sustained progress in these fields requires a deepefbservations.
understanding of the geometry, precise positioning, and folding
characteristics of the alkyl and OEG portions as well as the
glrzﬂp_?:ﬁ]g?ﬁgg;%g)z? éltf)sagryv)ezngAﬂ':Aei(r?]clfﬁe?gnAn:g:;?g, conformation of the SAM OEG portion. However, the presence
we have developed an improved understanding of the interrela-©f Other conformers, contributing to the band shape, cannot be
tion between the molecular structure (specifically, the head refuted. Conformational defects can explain, at least partly, a
group and the conformational state of the OEG portion) and number of minor divergences between theory and experiment.
the shape of characteristic bands in SAM RA spectra. This has stimulated us to further study of subtle details of the
As we have reported earliét13comparison of IR RA spectra  SAM interior.
of two families of OEG containing SAMs with ab initio Two dominating bands of the SAM RA spectra are set in
calculations unambiguously favors the helical OEG conforma- focus in this study. These are the band of COC stretching
tion as the most likely structure within these SAMSs. In particular, jiprations and the band of Giivagging vibrations with maxima
it was shown that the fingerprint RA spectra monitored for self- slightly below 1120 and 1350 crh, respectively. The frequen-
— cies of these bands, as they were observed in experirtelits,
*To whom correspondence should be addressed. E-mail: bolie@ifm.liu.se. - . .
t Bogolyubov Institute for Theoretical Physics. are summarized in Table 1 and compared with the results of
* Linképing University. our calculations.

The overall agreement between the first principle calculations
and experiments points out the dominance ofadirhelical
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Figure 1. Experimental (upper curves, (a) HEGCH;—SAM* and (b) HS(CH)1sCONH-EGsH—SAM?®) and calculated (middle and lower
curves) RA spectra in the fingerprint region. Dashed curves on the model spectra repeat the COC band shape of observed experimental spectra. (a)
Single molecule HSEGsCHjs spectra correspond to the OEG helix axis perpendicular to the SAM surface: middle curve represents the spectrum
of the all-helical conformer with hwhm (half-width at half-maximumj= 5 cnm%, frequencies are not scaled; lower curve is the sum of the spectra

of 97% all-helical and 3% all-trans conformers, where 8 cn* for the main peak and = 5 cn 2 for the rest of the spectrum (for all frequencies,
scaling factor is equal to 1.006). (b) Single molecule HS{@E@ONH-EGH spectra correspond t, = 26°, 1o = —62°, as found in ref 13. The
definition of Euler angle®a (z-axis tilt) andya (CCC-plane rotation) is borrowed from Parikh and All&&@rientation of OEG chain with respect

to the substrate surface is defined similarly by tilt and rotation anggesnd yg; see also ref 13. Middle curve represents the spectrum of the
all-helical conformer with hwhmy = 6 cnl, frequencies are not scaled; lower curve is obtained as the sum of the spectra of 90% all-helical
conformers witho = 6 cm ! and 10% all-trans conformers with= 20 cn!. The frequency scaling factor equals 1.002. Notationstg, H1, and

T1 are explained in the text.

The asymmetry of the COC band, which is clearly seen in we have found a specific helical conformational state of
the RA spectra, has been observed in many studies of highlyhydrogen-terminated OEG-SAM, which has a substantially
ordered OEG-containing SAMs. Our previous modeling, rep- lower energy in comparison with the all-helical and all-trans
resented by the middle curves in Figure 1a,b, reproduces to Some:onformers. Another distinctive feature of the new conformation

extent the appearance of a high-frequency wing and shoulderig hat the terminal OCCO dihedral angles are quite far from
in the RA spectra of methyl- and hydrogen-terminated SAMs. 1, typical “helical value”.

However, neither the wing nor the shoulder calculated for the

all-helical conformers agrees particularly well with that we see  In this work, we have admitted the presence in SAMs of

in the experimental RA spectra. several intramolecular defects and examined the RA spectra of
It is known that the equilibrium energies for many of the defected helical and all-trans conformers of molecules H3{CH

investigated OEG conformers (including the all-trans) do not CH,O)R (h =5, 6, R=H, CHg) and HS(CH)1sCONH(CH;-

differ much from each othér. In a recent study® however, CH;0)sH. As an outcome, an improved quantitative description
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TABLE 1: Comparison of the Observed Spectral Position of Band Maximum and Shoulder with the Calculated Frequencies of
the Most Intense and Next-Intense Modes of COC Stretching and CHWagging Vibrations for Several Molecules Containing
OEG Portion in All-Helical Conformation

asym COC stretching vibrations freq asym COC stretching vibrations freq CH, wagging vibrations freq

(cm™) peak max (cm™Y) shoulder (cm™Y) peak max

type of vibrations/

molecule and SAM observed calculated observed calculated observed calculated
HS—EGCHz'* 1118 1113 N/® 1347 1336
HS—EG¢CH,! 1118 1110 N/O 1347 1335
HS—EGH N/A2 1112 N/A 1127 N/A 1337
HS—EGH N/A 1110 N/A 1124 N/A 1335
HS(CH,)1sCONH—-EGgH 1114 1111 1127 1125 1349 1336

aN/A and N/O stand for respectively “not available” and “not observed”.

of the observed RA spectra has been obtained which is illustratedbond® (see Figure 2). This equilibrium geometry, denoted in

by lower curves in Figure la,b. Table 3 as @n—20, has a much lower energy tham.g;. It can

be thought as a result of a distortion of gauche terminal dihedral
2. Low-Energy Conformers of Methyl- and angle,7(OCCO)— 7-(OCCO), accompanied by a considerable
Hydrogen-Terminated Oligo(ethylene glycols) reorientation of the terminal ©H group. In the gn-20

configuration, the ©-H bond is nearly inverted as compared
to its orientation in the t,—; configuration. A similar conformer

of the HS-(CHy)15CONH-EGH molecule with inverted ©H
bond, H2, displays nearly as large an energy drop in comparison
Swith H1. This indicates that the energy gain due to the
transformation H— H2 is almost completely determined by
the inversion of G-H bond. It is noteworthy that the inversion
of the O—H bond in all-trans conformers of the H$CH,)15-
CONH-EGH molecule (all-trans equilibrium geometries of the
composed molecules with upward and downward orientation
of O—H bond are denoted as T1 and T2, respectively) has a
much smaller effect on the conformational energy (see Table
h 3). Again, calculations performed for all trans OEGs with and

positive (negative) dihedral angl€OCCO). In analogy with without an alkyl tail gi\{e nearly the same energy difference
g-notations, all-trans E@onformer is denoted ag-t, t = (ttt). between conformers with ©H bond pointing up and down.

Table 2 relates structural details of studied conformers with their ~ The substantially lower energies of,g.g and H2 conforma-
symbolic indication. tions are due to a greatly reduced distance between thid O
The all-helical and all-trans conformers, and the conformers hydrogen and the next-nearest oxygen (see Figure 2). In view
with one trans defect at either end of the OEG helical chain, of the large energy gain, one can assume that the constituent
gtn_ot and tg',_», possess an energy difference of the order of molecules of the HS(CH;)1sCONH-EG SAMs adopt the H2
0.3 kcal/mol or less. This is true for both methyl- and hydrogen- conformation. This is supported by first principle calculations
terminated 1-thio-OEGs (see Table 3). Similar results are of the equilibrium geometry of periodical arrays of molecules
expected to be valid for longer molecules, where, EGnform- analogues but shorter than those encountered hErinvhat
ers are covalently bound with an alkyl chain. In support of this follows, we examine the consistency of this particular assump-
conclusion, comparison of all-helical (H1) and all-trans (T1) tion, as well as the possibility of presence of other conformers,
conformers of molecule HS(GiHsCONH—EGgH shows that which differ from all-helical, by comparing the model spectra
the difference between conformational energies of H1 and T1 with the experimentally observed RA spectra represented in
(also given in Table 3) is of the same order and sign as that is Figure 1.
found for the respective conformers of HEGgH.

In the case of methyl-terminated OEGs, we concentrate our 3, Effects of End Group and OEG Conformation on the
discussion on defectg.t;, wnfzt, and '[gnfz in SAMs of @nfl Shape of Characteristic Bands
conformers. Several other conformers with close energies, which
initially were considered as possible defects, give RA spectra The close energies of the conformers discussed in the
that are inconsistent with experimental observations. Therefore,preceding section and the steric semblance of their geometries
they were eliminated from the list of potential defects. For can be used as arguments in favor of presence of defected (i.e.,
example, conformers of the type@g-g* (shown in the second  not ideally helical) conformers in self-assemblies of-HSG,-
line from below in Table 2) have received much attention as CHz and HS-(CH,),CONH-EGH. In its turn, this might be
potential “water binderst’ However, they are disregarded here the reason for the divergence between the observed band shape
as likely defects in well-ordered SAM structures on the grounds of the dominant band of COC stretching vibrations and its
of steric constraints and a large disagreement between thereproduction on the basis of an all-helical, defect-free, model
calculated and observed shape of the COC stretching and CH of the OEG portion. We have studied the soundness of these
wagging bands (see the Supporting Information). assumptions by modeling RA spectra of conformets-g

In the case of a hydrogen-terminated OEGs, a new conformerg*n—at, tg"n—2, tr-1, g"n—20, H1(2), and T1(2). With this purpose
should be taken into account which, unlike the all-helical in mind, the TDMs of the vibration modes were calculated with
conformation, has gointing-downorientation of the G-H the same precision as was employed to obtain the optimized

The equilibrium conformer geometries of 1-thio(oligo)-
ethylene glycols SH-EfR, where R= CH; and H andh = 5,
6, were calculated by using BP86 DFT method with 6-31G*
basis set as provided by Gaussian-03. In a series of previou
studies of IR RA spectra of these and related SARIS;°this
method has been identified as an optimal one in terms of
reliability and computational time. In particular, it gives
practically the same results as those obtained by Wang'ét al.
for similar but shorter OEG strands GHEG,—CHs (n = 3,
4) with a larger basis BP86/6-31H1-G**. In notations of the
quoted work, all-helical conformation of EGeads as th-1
(=gtgtgtg* for n=5), where g-) = (tg*()t) denotegjauche
clockwise (anticlockwise) conformers of the OCCO unit wit
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TABLE 2: All-Helical, Helical with One and Two Trans Defects, Helical with Single Gauche Defect, and All-Trans
Conformations of the HS—EGsCH3; Molecule and Their Symbolic Representation Borrowed from Ref 17

Notation Schematic representation Drawing
* =
g+4+ + + 8
g2gg8g +72
I e ’c\_’:}’c
+72°
g:3t+ - N o p
ggg t +72
+720 oy ’c\_’r\}’t
180°
tg:3+ + -
tggg +72°
180°
#2312 ¢
g+2 t2 — g+g+tt
+72° 180° ¢
180°
-+
gegge £ N 72
+72°
+73°
ty = tttt
180° 180° 180" 180° wuw

TABLE 3: Relative Energies of Conformers of Molecules HS-EG,R (n = 5,6, R= CHj3, H) and HS—(CH;);sCONH—EGH

HS—EGs—CH;
molecule/conformér energy, kcal/mol HSEG:—CH; HS-EGs—H HS-EGs—H HS—(CH,)1sCONH—-EGsH energy, kcal/mol
g1 0 0 0 0 H1 0
ghnat —0.07 —0.06 —0.27 —0.33
tgth2 0.02 0.03 0.03 0.02
th1 0.05 0.08 -0.17 —0.16 T1(T2) —0.09 (-0.67)
gn-20 —4.16 —3.93 H2 -3.99

aFor shorter molecules,'g= (tg't) denoteggaucheclockwise conformer of the OCCO unit. For the longer molecule, all-helical and all-trans
conformers are denoted as H1 and T1, respectively; their counterparts with an invertéd@nd are H2 and T2. SCCO unit is in the trans
conformation. For helical conformers, all dihedral angi8CCO) are about-70°, except the terminal dihedral in"g-»g and H2 conformations,
wherer-(OCCO)= 59°. In molecules gn-1, H1, and T1,7(CCOH)= —17C°, —17C, and 179, respectively; in molecules'g-,g, H2, and T2,
7(CCOH) = —49°, —49°, and—68°, respectively.

configurations. Then, the model RA spectra in the fingerprint good agreement with experiment (see Figure 1la). Therefore,
region were simulated according the procedure described in refRA spectra of HSEG,CHz; conformers were calculated with
12. the tilt angle of the OEG axi6g set to zero. In this connection,
3.1. Choice of Molecule Orientation.To our knowledge, it should be stressed that in the fingerprint region, the shape of
the molecule orientation in SAMs of HEG,CH3z was never the RA spectrum of conformer*g-; remains essentially
addressed quantitatively. Most often, the molecular axis is unchanged under rather large variation of the molecule orienta-
assumed to be perpendicular to the SAM surface. This is in tion 0 < 0 < 30° because the-component of the TDMs is
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(a) (b)

Figure 2. BP86/6-31G* optimized geometries of HEGsH molecule
in helical conformation with (apointing-up(g*s) and (b) pointing-
down (g*4g) orientation of the G-H bond.

dominating for all characteristic vibrations in the fingerprint

Malysheva et al.

chain with respect to the substrate surface is defined similarly
to the orientation of alkyl chain, i.e., by Euler tilt and rotation
angles0e and yg; see for details ref 13.] Here, the same
orientation is assumed to be valid for the evaluation of the
contribution into the apparent RA spectra from conformers H2,
T1, and T2.

3.2. Band of COC Stretching Vibrations. We begin with
an analysis of vibration modes. Specifically, in focus is the
dependence of the mode intensity distribution on the end groups
and oligomer length. Figure 3 shows relative mode intensities
within the COC band calculated for all-helical conformation of
HS-EGR (R = CHs, H,n =5, 6).

For HS-EGsCHs molecules in all helical conformation'g
(g™s), the main peak near 1113 cfagrees very well with that
is recorded experimentallf. The replacement of the methyl
end group by hydrogen has a marginal effect on the spectral
position of the peak maximum (see Table 1) but results in a
substantial redistribution of the mode intensities. In agreement
with the experiment, the presence of a high-frequency shoulder
of COC band is clearly associated with an OH terminus. In
presence of the latter, there exists an intense mode of COC
skeleton vibrations (at 1124 cr) that involves motion of the
O—H bond. Thus, the 1124 cm mode is most likely an

region. As a consequence, the appearance of the model RAInherent feature of hydrogen-terminated OEGs, which does not

spectra is weakly dependent a#:. An analysis of CH
stretching regio¥ is more in favor of nonzero tilt of OEG-
axis, but the precise molecular orientation within SAMs of
1-thio-oligo(ethylene glycols) is still open to question.

For SAMs consisting of composed molecules (alkyl-amide-
OEQG), zero tilt anglée contradicts the observed spectrum in
the CH stretching region. The molecule orientation in SAMs
of H1 conformers of HS(CHy)1sCONH-EGH, 04 = 26°, ¥a
= —62° (0 = 22°, ye = 25°), was deduced from a comparison
of experimental and model RA spectOrientation of OEG

appear in the spectrum of SAMs consisting of methyl-terminated
OEGs. According to these calculations, the high-frequency
shoulder on the band of COC stretching vibrations should only
be present for hydrogen-terminated OEG chains. Also for
conformers with a trans defect near the terminus, the mode
intensity distribution is very sensitive to whether the terminus

is a methyl or hydrogen (see Figure 3). We return to this point
later on.

In interests of clarity, we proceed with a separate discussion
of relevance of the model conformer spectra to experiments for
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Figure 4. Upper curves show the COC band shape as it is observed in SAMs-6EBSCH; (first column) and HS-(CH,)1sCONH—-EGgH*®
(second and third column). Other curves: (a) COC band shape calculated for the conforimegsydst, and tgs of molecule HS-E@GCHs; (b)
g%s, g'4t, and g 40 of molecule HS-E@H; and (c) H1, H2, T1, and T2 of molecule H8CH,)1sCONH—EGsH. The hwhm was set 5 cn for all
molecules HSEGs gR (except conformation,tfor which hwhm= 8 cm%); hwhm= 6 cn* for conformers H1, H2, and 20 crhfor conformers
T1, T2. Upper inset in the third column: COC band calculated for the all-helical conformation of molecules H1 (thick-solid lines)g)stS(CH
CONH—-EGgH = hconn (thick-dashed lines), HS(Git—EGsH = h (thin-solid lines), and HSEGgH (thin-dashed lines). In calculations represented
in the inset, the OEG axis is perpendicular to the SAM surface and hwigrcnT .

CHs- and H-terminated SAMs. COC bands of the conformer = 5, 6. It seems natural to admit that a larger hwhm would
g*4 with CHsz terminal and s with H terminal are shown again  eliminate the divergence between the calculated and observed
in Figure 4, where they can be directly compared with the COC band shape, but it does not. Instead, our modeling shows
appearance of this band in experimental RA spectra of SAMs that a certain amount of all-trans) guest conformers in SAMs
of HS—EGs—CHs'* and HS-(CH,);sCONH-EGsH*®> and in of g*4 HS—EGs—CHjs host conformers markedly improves the
the model spectra for other conformers listed in Table 3. agreement between theory and experiment. For example, the
3.2.1. Methyl-Terminated SAMAs already mentioned, the  spectrum calculated for the 97% all-helical and 3% all-trans
all-helical conformer does not have optically active vibration conformers makes the COC band shape almost indistinguishable
modes which could explain the apparent wing, which extends from that is observed experimentally (see the lower curve in
well above the shoulder at 1124 chin Figure 443, itis marked ~ Figure 1a).
by two vertical dashed lines. It is also seen that neither of 3.2.2. Hydrogen-Terminated SAMBigure 4b reveals the
conformers @gn—2t or tgtn—» with single trans defects has shape of COC band obtained fotsgg*st, and g 4g conformers
sufficiently active modes in the wing frequency region, sug- of HS-EGH. Because experimental data on self-assemblies of
gesting that a single all-trans defect either at the terminus or hydrogen-terminated 1-thio(oligo)ethylene glycols are not avail-
close to the SH group cannot explain the presence of a high-able, we compare our calculations with RA spectra of SAMs
frequency wing. Moreover, in the subsequent mode analysis of which additionally contains alkyl and amide pdit3.he spectral
the band of Ck+wagging vibrations (see section 3.3), we present appearance of COC band for H1 (related tg)@nd H2 (related
another strong argument objecting the presence of a noticeable¢o g*4g) conformers, and for all-trans conformers of HS
amount of single trans defects in SAMs of HEG,—CHjs, n (CH)1sCONH-EGH with upward (T1) and downward (T2)
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directed O-H bond, is shown in Figure 4c. As immediately vibrations of hydrogen-terminated OEGs is caused by amide
follows from this comparison, the alkylamide part of the group can be found in spectra of several related SAMs. For
molecule has a profound effect on the band shape. The effectexample, in SAMs without amide bridge, such as SAMs of HS-
is manifested by strengthening of the intensity of the high- (CH,)e—EG;H, the high-frequency shoulder observed-dtl25
frequency shoulder. It is so strong that the apparent shape ofcm™1in ref 15 and at-1130 cnttin ref 20 has a lower relative
COC band changes. Indeed, for HEGsH molecule in the intensity with respect to the main peak than in SAMs of amide-
conformation ds, the second intense mode reveals itself as a bridged, OEG-terminated alkanethiolates such as HSYGH
nearly resolved maximum about half as strong as the main peak. CONH—EGgH.1®

But in the amide-containing H1 molecule, this feature converts  As follows from this modeling, of two possible geometries
into a vaguely resolved shoulder with an intensity nearly equal with upward and downward orientation oM bond, H1 and

to that of the main peak. In conformers with inverted-i® H2, only H1 reasonably reproduces the observed COC band at
bond, the effect of OEGalkyl connection via amide bridge is 1114 cnt™. To recall, the H2 conformer has4 kcal/mol lower
even stronger: the shoulder in the spectrum tfggconverts energy than the H1 conformer. In the calculated spectrum of
into the main peak of the H2 spectrum. The aforementioned the latter, the high-frequency wing of the dominating COC band
spectral changes cannot be attributed to the tilt of OEG axis in is not reproduced sufficiently well. Guided by the same
molecules H1 and H2 because, first, the tilt argjiés not large arguments as in the modeling performed for SAMs of-HS
enough and, second, the intensities of both modes should beEGs (CH3, we have admitted a contribution originating from

affected almost equally as they are z-modes. all-trans conformers to the apparent COC band shape. The best
To further clarify the origin of the shoulder on the COC- fit is attained with about 10% of defects T1 (or T2, or both)
band observed at-1125 cnt! in self-assemblies of HS and a somewhat larger broadening of the defect component in

(CH,)1sCONH-EGH,'> we have performed additional calcu- the corresponding RA spectrum. The spectrum simulating a
lations for molecules containing the alkyl and OEG parts but SAM with 90% of host molecules H1 and 10% of defects T1
without amide linkage group, that is, HS(@sEGsH = h and is represented by the lower curve in Figure 1b, where dashed
HS(CH,)s3CONH-EGH = hconp, both with a much shorter alkyl  line indicates the shape of the observed COC band.
chain. For the all-helical conformation of these molecules, the  Thus, the comparison of model and experimental spectra
band of COC-stretching vibrations is represented in the inset represented in Figure 4 rejects the lowest energy conformer H2
together with gs and H1 bands. In all four molecules, the §EG with inverted O-H bond, as the host molecules in respective
tail is the same and equally oriented, and we used the sameSAMs. Unfortunately, the lack of experimental data does not
hwhm in the spectral modeling. As follows from these calcula- allow us to evaluate the role of these conformers in more detail.
tions, the presence or absence of the alkyl tail and its length For this, as well as for the other open issues of formation OEG-
produce minor effects on the COC band shape. In contrast, thecontaining SAMs, it would be highly informative to have RA
amide linkage group has a clear signature that manifests itselfspectra of SAMs of HS-EfH.
in a noticeable enhancement of the high-frequency component 3.3. Band of CH, Wagging Vibrations. Results of our
of COC band. calculations of TDMs of the ClHwagging vibration modes are
Additional evidence in support of that the redistribution of represented in Figure 5. For all-helical conformers,and d's,
intensities between two most intense modes of COC stretchingthe band shape is essentially the same for the two end groups,
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NP~ unlikely defects e most likely defects

Figure 6. Cartoon describing the unlikely and likely distribution of defects in an OEG-terminated SAMs as it follows from the modeling. Black:
all-helical OEGs; red: OEGs with one trans unit and all-trans OEGs.

methyl and hydrogen. This is in agreement with experiment, The above conclusions and those singled out throughout
where for CH- and H-terminated SAMs the bands at 1347 and preceding discussion are based on rather accurate but not exact
1349 cn1?! have very similar appearance (see Figure 1). In calculations. Therefore, many of important points were cross-
contrast, for helical conformers with single trans defects, the checked with the help of more accurate but still approximate
shape of wagging band differs much depending on which group methods. In this connection, comparison with a larger wealth
terminates OEG chain. Methyl-terminated conformers have two of high-resolution spectroscopy data is required. In particular,
instead of one intense vibration mode. An additional (lower comparison of mode intensity distributions represented in Figure
frequency) intense mode involves collective vibrations ob,CH 3 with spectra of self-assemblies of SHGs gH would provide
groups which belong to the trans OCCO unit and its nearest us with, on one hand, an additional check of accuracy of this
neighbor. In the experimental spectra, no traces of the waggingdescription and, on the other hand, an additional source of
band splitting can be found, thus objecting the presence of information about subtle effects of intramolecular interactions.
helical conformers with single trans defeetst least in the This is a challenging task for the future. Single-molecule
amount that is sufficient for detection by means of IR RA approximation is another inherent weakness of this and all other

spectroscopy. ab initio based studies in the field. Only recently, first
) preliminary results on full account of intermolecular interactions
4. Conclusion in 2D periodical arrays have been reportédurther work in

The focus of this study has been on the so-called fingerprint this direction is in progress.
region of IR spectrum, where OEG vibration modes dominate
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