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Although an efficient DFT method using the generalized transition-state model to calculate core-electron
binding energies had been successfully applied to over 200 cases, with an average absolute deviation of only
0.21 eV from experiment, a new∆EKS(PW86-PW91)/cc-pCVTZ model based on total Kohn-Sham energy
difference was recently developed. Not only was the model error-free, but also the average absolute deviation
for 32 cases studied was found to be 0.15 eV. In this study, we first confirm the excellent performance of
such a∆EKS approach with 46 new cases, with the result that the average absolute deviation from experiment
for the 78 cases remains at 0.15 eV. With such consistent accuracy, this new method is applied to the peptide
bond. The model molecules studied in this work include formamide,N-methylformamide,N,N-dimethyl-
formamide, acetamide,N-methylacetamide,N,N-dimethylacetamide, and two model dipeptides, one cyclic
and one acyclic. The difference in the computed nitrogen core-electron binding energy between the two
model dipeptides is found to be 0.85 eV, several times our average absolute deviation. This may be of interest
to other workers studying other aspects of the peptide bond.

1. Introduction

In the past few years, an efficient method of computing
accurate core-electron binding energies (CEBEs) based on
density-functional theory (DFT) has been developed and
thoroughly tested.1-7 The method used the unrestricted general-
ized transition-state (uGTS) model of Williams et al.,8 together
with Becke’s 1988 exchange functional9 and Perdew’s 1986
correlation functional.10 Small relativistic corrections, based on
Pekeris' study of two-electron ions,11 were added to the
nonrelativistic values. Also, an efficient scaled basis set was
proposed and developed.1,2 In short, the method may be
labeled: uGTS(B88-P86)/scaled-pVTZ. Over 200 cases, includ-
ing some unpublished results, were compared with experiment,
and the average absolute deviation (AAD) of the calculated
CEBEs was only 0.21 eV. Although the accuracy of the
uGTS(B88-P86) method is due to fortuitous cancellation of
errors, the fact that this cancellation persists throughout the large
set of 200 molecules previously studied lends some credibility
to this method.

Very recently, Triguero et al.12,13and Chong et al.14 showed
that such an accuracy was the result of fortuitous cancellation
of the two main sources of error, namely, from the uGTS model
(positive error) and from the B88-P86 functional (negative
error). First, the model error can be eliminated by going after
the total Kohn-Sham energy difference. ∆EKS calculations by
using various local and nonlocal potentials have been first
performed by Pedocchi et al.15 with an AAD close to 0.5 eV.
In a recent study, Triguero et al.13 have tested the reliability of
the∆EKS method for two functionals BP86 and PW86P86. They
observed strong functional dependency and obtained quite large
AADs (-0.43 and 0.45 eV respectively). Thus, the∆EKS

approach was not reliable until the investigation of Chong et
al.14 By testing 10 different functional combinations, they
reduced the functional error by a large extent. The Perdew-
Wang 1986 exchange functional16 and the Perdew-Wang 1991
correlation functional17 were found to be the best combi-
nation, giving CEBEs closest to experiment. Finally, various
basis sets were tested, and the best one was found to be the
correlation-consistent polarized core-valence triple-ú basis set.18

In short, this new and more reliable method may be called:
∆EKS(PW86-PW91)/cc-pCVTZ. The AAD for the 32 cases
studied14 was 0.15 eV.

On the other hand, two recent articles reported the calculated
electronic spectra of dipeptides, which are the basic elements
describing larger polypeptides since they have many properties
(flexible backbone, dihedral angles) encountered in real peptides.
Serrano-Andre´s and Fu¨lscher19 examined a “linear” model
dipeptide (LMD), 2-(acetylamino)-N-methylacetamide and two
other model polypeptides by CASPT2 method at MP2/6-31G*
optimized geometry, while Hirst and Persson20 used CASPT2//
MP2/cc-pVDZ to study the cyclic diketopiperazine (DKP). The
calculated electronic transitions were found to be similar. What
is interesting about DKP is that it can be regarded as two linked
acetamide units or as two linkedN-methylformamide molecules.
On the basis of the results, Hirst and Persson20 concluded that
DKP is better considered as two linkedN-methylformamides.
In this work, we wish to apply our accurate method to
investigate the CEBEs of simple amides as well as these two
model dipeptides.

Before we proceed with that task, we first make calculations
on the CEBEs of more molecules with our new reliable and
accurate method so that more confidence may be placed in the
results on LMD and DKP.

2. Method

The CEBEs have been computed with the deMon21 software
according to the method that we have developed recently. All
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the details of this method are given in ref 14. In shorthand
notation, it is called∆EKS(PW86-PW91)/cc-pCVTZ.

When there are two or more atoms of the same element in
the molecule, some difficulties were encountered at the begin-
ning. A typical example is 2-methylpropene. We have developed
two different methods of localizing the core hole at any desired
atom. Both approaches rely on first creating a desirable restart
density. The first procedure, applied in most of our earlier
studies,1-7 replaces the atom of interest by an isoelectronic ion,
such as C, by B- or N+. The second method is based on the
concept of blocking. If a core-hole is desired at atom x but ends
up at atom y, then we artificially scale the first two s-type orbital
basis functions of atom y by a factor of 0.2 (for example) so
that the basis set becomes relatively unfavorable for a core-
hole. Both methods work quite efficiently.

What remains to be specified is the geometry used. For the
set of 46 molecules employed to complete our database, we

have used experimental geometries given in convenient
compilations22-24 when available. If not, we optimized them at
the MP2/6-31+G* level of theory. The simple amides as well
as the dipeptides have been optimized at the MP2/6-31+G*
level. The Gaussian9825 package has been employed for
geometry optimizations.

3. Forty-Six New Cases

The new results of calculated CEBEs are presented in Table
1. Whenever CEBEs are available from synchrotron studies,26-28

we assume that those values are most reliable. Otherwise, we
rely on the compilation of Jolly et al.29 For example, three values
were listed for NH3: 405.52, 405.6, and 405.60 eV. We
discarded the “inaccurate” one 405.6 and took the average of
the other two. When this procedure was followed for HCN, we
discarded 406.8 eV and took the average of 406.13 and 406.15.
With the computed values at 406.98 eV, we are inclined to
believe that the discarded value of 406.8 eV (though imprecise)
may well be more accurate.

The error statistics of Table 1 combined with the earlier
results14 are summarized in Table 2. The relatively high AAD
of CEBEs for nitrogen is mainly caused by the large deviation
of 0.84 eV for HCN. Without that entry, the AAD of CEBEs(N)
would drop to 0.14 eV. On the other hand, when only
synchrotron results are compared, our AAD for the 14 cases is
reduced to 0.08 eV. Unless both theory and experiment suffer
systematic error in the same direction, such a small AAD is
excellent amazing and suggests that both our method of
calculation and the synchrotron measurements (and subsequent
analysis) are accurate. In any case, the overall reliability of our
new procedure∆EKS(PW86-PW91)/cc-pCVTZ is now firmly
established, with the AAD of 0.15 eV for a total of 78 cases.

4. Results for Simple Amides

First of all, we have studied a series of simple amides that
come from two parent amides, i.e., the formamide (formamide,
N-methylformamide,N,N-dimethylformamide) and the acet-
amide (acetamide,N-methylacetamide,N,N-dimethylacetamide)
molecules. In the case of theN-methylformamide, we have
considered the two cis and trans isomers. Experimentally, the
trans conformer is dominant. The presence of a small fraction
of the cis conformer is suggested, but the experimental evidence
is not conclusive. We have to precise that the three main atoms
in amides or peptide chains are those of the framework, i.e.,
oxygen O, nitrogen N, and carbonyl carbon Ccarb. Geometries
of these simple amides have been optimized at the MP2/6-
31+G* level and are reported in Figure 1. The agreement
between theoretical parameters and experimental data available
in the literature30 is good. The AAD for bond lengths is 0.012

TABLE 1: ∆E-KS/P86-P91 Calculations of Core-Electron
Binding Energies (in eV) with cc-pCVTZ Basis Set

molecule calculated experiment deviation

CH2dC(CH3)2 289.86 289.83a +0.03
CH2dCHCHdCH2 290.27 290.23a +0.04
CH2dCHCH3 290.30 290.25a +0.05
CH2dC(CH3)2 290.73 290.65a +0.08
CH2dC(CH3)2 290.51 290.69a -0.18
CH2dCHCH3 290.80 290.73a +0.07
CH2dCHCH3 290.92 290.81a +0.11
C2H4 290.93 290.82a +0.11
CH2dCHCHdCH2 290.90 290.87a +0.03
CH3COOCH3 291.51 291.30 +0.21
CH3COOH 291.59 291.55 +0.04
HCON(CH3)2b 292.21 292.03 +0.18
CH3OCH3 292.20 292.34 -0.14
CH3OH 292.42 292.42 0.00
CH3Cl 292.50 292.43a +0.07
CH3COOCH3 292.39 292.55 -0.16
C‚H2OC.H2

c 292.55 292.91 -0.36
CH3NC 293.40 293.35 +0.05
HCON(CH3)2

b 293.32 293.45 -0.13
CH2Cl2 293.86 293.81a +0.05
HCONH2 294.11 294.45 -0.34
H2CO 294.55 294.47 +0.08
CH3COOCH3 294.47 294.85 -0.38
CH3COOH 295.13 295.38 -0.25
CH2F2 296.02 296.40 -0.38
CHCl3 295.25 295.16a +0.09
N(CH3)3 404.98 404.81 +0.17
(CH3)2NH 405.07 404.92 +0.15
NH3 405.71 405.56 +0.15
HCON(CH3)2

b 406.19 405.90 +0.29
HCN 406.98 406.14 +0.84d

HCONH2 406.70 406.39 +0.31
CH3NC 406.91 406.67 +0.24
HCON(CH3)2

b 536.98 536.95 +0.03
HCONH2 537.64 537.74 -0.10
CH3COOCH3 537.92 537.92 0.00
CH3COOH 538.27 538.33 -0.06
CH3OCH3 538.71 538.74 -0.03
CH3CH2OH 538.89 538.82 +0.07
CH3COOCH3 539.41 539.46 -0.05
H2CO 539.61 539.48 +0.13
CH3COOH 540.27 540.12 +0.15
CH3F 692.84 692.92 -0.08
CH2F2 693.69 693.65 +0.04
CHF3 694.47 694.62 -0.15
C2F6 694.96 695.07 -0.11

average absolute deviation (0.00) 0.15

a Determined by synchrotron studies.b Geometry optimized by AM1
semiempirical method.c Ethylene epoxide.d See text for possible reason
of this large deviation.

TABLE 2: Summary of Deviations (in eV) of Calculated
Core-Electron Binding Energies from Experiment

Σ abs dev no. of cases ave abs dev

this work 6.76 46 0.15
previous studya 4.57b 32 0.14
all cases to date 11.33 78 0.15
CEBEs for boron 1.11 6 0.19
CEBEs for carbon 5.29 35 0.15
CEBEs for nitrogen 2.41 12 0.20
CEBEs for oxygen 1.45 15 0.10
CEBEs for fluorine 1.07 10 0.11
ref ) synchrotron only 1.05 14 0.08
other observed values as refs 10.28 64 0.16

a See ref 12.b Synchrotron results now used as reference forCH4

andCCl4.
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Å with a maximum of 0.021 Å. For the valence angles, the
AAD is 0.6° with a maximum of 1.2°.

CEBEs for simple amides are gathered in Table 3 and are
also plotted in Figure 2 as a function of the size of the molecules.
There are many data entries to compare. No experimental XPS
spectra are available on simple amides, and then it is necessary

to check the reliability of our theoretical results. Only one
previous study31 has reported some core ionization energy
calculations for the formamide and theN,N-dimethylacetamide
compounds. The data are obtained with the Koopman’s theorem
and are corrected by a factor suited to each heavy atom. The
results have been reported in Table 4 and compared with our

Figure 1. MP2/6-31+G* geometries of all the simple amides studied in this work. Distances are given in Å and angles in deg.

TABLE 3: Calculated Core-Electron Binding Energies (in eV) of Simple Amides

molecule formula R1a Ccarb
a O N R2

a R3
a

formamide CH3NO 294.16 537.65 406.70
trans-N-methylformamide C2H5NO 293.64 537.23 406.37 292.50
cis-N-methylformamide C2H5NO 293.58 537.26 406.38 292.18
N,N-dimethylformamide C3H7NO 293.25 536.97 406.18 291.92 292.27
Acetamide C2H5NO 291.20 293.87 537.17 406.17
N-methylacetamide C3H7NO 291.12 293.37 536.86 405.97 292.03
N,N-dimethylacetamide C4H9NO 290.90 292.99 536.54 405.79 291.69 292.11

a Ccarb is the carbon of the carbonyl group, and R1 is on the carbonyl carbon; R2 is cis to the CdO bond, and R3 is trans to the CdO bond:
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∆EKS values. We noticed large discrepancies between the two
series of XPS results especially for the carbon atom in theN,N-
dimethylacetamide (difference of 1.32 eV). However, as our
method has been validated on a large series of compounds, we
assume that our results are closer to reality.

Results in Table 3 and Figure 2 show that for molecules
coming from the same parent compound (e.g., formamide and

N-methylformamide), the CEBEs of the O, N and Ccarb atoms
are downshifted with the successive addition of methyl groups
because this electron-donating functional group contributes to
the stabilization of the core-hole cation. Binding energies also
decrease from the formamide-like compounds to the corre-
sponding acetamide-like ones because of the presence of the
electrodonating methyl group in R1 position in the molecules
of the acetamide series (e.g.,N-methylformamide andN-
methylacetamide).

CEBEs for conformers having the same CxHyNO formula
have also been compared. Table 3 shown that compounds that
belong to the same family (e.g.,cis- and trans-N-methylform-
amide) give approximately the same O(1s), N(1s), and Ccarb(1s)
CEBEs. On the other hand, isomers of two different series, i.e.,
N-methylformamide and acetamide (C2H5NO) as well asN,N-
dimethylformamide andN-methyacetamide (C3H7NO), yield to
CEBEs that are clearly separated by few electrovolts. Thus,
experimental X-ray photoelectron spectra coupled with theoreti-
cal calculations are a powerful tool to distinguish such mol-
ecules.

In addition, Figure 2 shows that members of the formamide
series (white rhombus) yield higher O(1s) and the N(1s) CEBEs
than the equivalent members of the acetamide series (black
triangles). In the case of the Ccarb atom, the opposite trend is
observed. This result can be interpreted in terms of charges
brought by the three atoms of interest in neutral compound.
We have then computed electrostatic potential derived charges
using the CHelpG method32 developed in Gaussian98. As the
comparison can be made only on the C2H5NO and C3H7NO
members, we have reported in Table 5 atomic charges of the
compounds corresponding to one of these formula. For a given
formula, Table 5 shows that the atomic charges brought by the
oxygen atom are relatively similar from one conformer to
another, but a little more negative for molecules of the acetamide
series (average difference of-0.06 au). The computed O(1s)
CEBE are relatively close between the two series, the values
found for the acetamide being a little bit more downshifted
because of the extra stabilization of the core-hole cation due to
the more negative atomic charge (average difference of-0.08
eV). For the N-atom, the charges computed in the case of the
acetamide-like compound are much more negative than the ones
for the formamide-like compound (average difference of-0.58
au). As for the oxygen atom, the CEBEs computed for
compounds of the acetamide series are therefore more down-
shifted than those from compounds of the formamide series,
but the difference in computing CEBEs in this case is larger
(average difference of-0.20 eV). For the Ccarb atom, the
situation is reversed because the atomic charge is more positive
for molecules of the acetamide series than for those of the
formamide series (average difference of+0.39 au). The core-
hole cation is therefore less stabilized in the case of acetamide
compounds. Then these compounds present a less important
downshift (average difference+0.21 eV).

Figure 2. From top to bottom: O(1s), N(1s), and Ccarb(1s) CEBEs (in
eV) of all the simple amides studied in this work as function of the
molecular size.

TABLE 4: Comparison of Calculated Core-Electron
Binding Energies (in eV) for the Formamide and the
N-N-dimethylacetamide

molecule O N Ccarb

formamide this work 537.65 406.70 294.16
ref 28 537.71 406.33 294.56

N,N-dimethylacetamide this work 536.54 405.79 292.99
ref 28 536.60 405.55 291.67

TABLE 5: Calculated CHelpG Charges for the C2H5No and
C3H7NO Compounds and DKP

formula molecule O N Ccarb

C2H5NO trans-N-methylformamide -0.56 -0.50 0.48
cis-N-methylformamide -0.53 -0.51 0.54
Acetamide -0.62 -1.11 0.91

C3H7NO N,N-dimethylformamide -0.53 -0.06 0.36
N-methylacetamide -0.58 -0.59 0.74
DKP a -0.59 -0.59 0.55

a Atomic charges for DKP have been computed on C2 (or C6), N4

(or N8), and O3 (or O7) atoms.
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Finally, we noticed that there is a correlation between the
CdO bond length and the O(1s) binding energy shift. As shown
in Figure 3, the O(1s) CEBE decreases with the increasing of
the CdO bond length. This type of relation between geometrical
parameters and calculated CEBEs has been also mentioned in
our previous paper on hydrogen-bonded systems.33 We have
established a correlation between hydrogen bond lengths in the
clusters studied and binding energy shifts.

5. Results for Polypeptides

MP2/6-31+G* geometries of the two model dipeptides
envisages are reported in Figure 4. Previous theoretical studies
have investigated the structure of DKP by means of semi-
empirical34 and ab initio20,35,36methods. The boat form ofC2

symmetry is reported to be the only equilibrium structure.
Recently, Bettens et al.36 have explored the ring-puckering
potential energy surface. They have shown that the minimum
energy pathway linking the two boat enantiomeric conformers
passes over a very small barrier of about 470 cm-1 (1.34 kcal/
mol). The chair conformer ofCi symmetry is involved at the
summit of the barrier. Another form, a planar one ofC2h

symmetry, has also been reported20 as a saddle point higher on
the potential energy surface. Distance parameters of LMD and
DKP are very close. The AAD for bond lengths is 0.05 Å. The
largest discrepancies are found for bonds around the central C5

atom. Deviations for the N4-C5 and the C5-C6 bond lengths,
respectively, reach 0.20 and 0.12 Å. Without these two values,
the AAD is reduced to 0.03 Å.

CEBEs for the two model dipeptides are presented in Table
6. On Figure 4, the part least affected by the methyl terminations

Figure 3. O(1s) CEBEs (in eV) of all the simple amides studied in
this work as function of the CdO bond lengths (in Å).

Figure 4. MP2/6-31+G* geometries of the linear 2-(acetylamino)-N-methylacetamide (LMD) and diketopiperazine (DKP). The part in the former
molecule least affected by the terminating methyl groups is indicated by the dashed rectangle. Distances are given in Å and angles in deg.

TABLE 6: Comparison of Calculated Core-Electron
Binding Energies (in eV) of the Two Model Dipeptides LMD
and DKP

atoma LMD b DKPc

C1 290.86 292.57
C2 293.16 293.94
O3 536.67 537.25
N4 405.60 406.45
C5 291.98 292.57
C6 293.84 293.94
O7 537.35 537.25
N8 406.36 406.45
C9 292.25

a See Figure 4 for numbering.b Linear model dipeptide: 2-(acetyl-
amino)-N-methylacetamide.c Cyclic model dipeptide: diketopiperazine.
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in LMD is indicated by the dashed rectangle. In the DKP, this
problem does not exist because this compound can be seen as
an infinite dipeptide. We find that the carbonyl C6dO7 has
essentially the same CEBEs in LMD and DKP, indicating that
they are in almost identical chemical environment. However,
the CEBEs of N4, and of C5 to a smaller extent, are quite
different, despite the similar environment surrounding them in
the two model dipeptides. Besides the terminating methyl groups
in LMD, which are two bonds away from the part marked off
by the dashed rectangle in Figure 4, the only difference between
the two model dipeptides is the conformation about the rigid
C2-N4 and C6-N8 bonds: Z-conformation in LMD but
E-conformation in DKP. This is a surprising finding, since the
∆EKS predictions forcis-andtrans-N-methylformamide are very
similar for the nitrogen atom of interest.

Thus, we have examined if the discrepancies found in the
case of N4 and C5 atoms between LMD and DKP were due
principally to the presence of the terminating methyl groups in
LMD or to the orientation of bonds around the two atoms of
interest. We therefore looked for other noncyclic-nonlinear
dipeptides having the same number of atoms as that in the LMD
but a blackbone closer to that in the DKP. We optimized at the
MP2/6-31+G* level only one dipeptide almost filling those
terms. This compound, hereafter abbreviated NCNLD, is
represented in Figure 5. Although the structure of NCNLD is
still quite different from the structure of DKP, the atomic chain
C5-C6-O7-N8-C9 has a conformation similar to that encoun-
tered in the cyclic dipeptide, as shown in Table 7. Thus, this
intermediate dipeptide presents two distinct atomic chains, i.e.,
one that resemble to atomic chain in LMD (C1-C2-O3-N4-
C5) and the other that resembles the atomic chain in DKP (C5-
C6-O7-N8-C9).

CEBEs computed for the NCNLD are presented in Table 8.
For the DKP-like moiety, we expected calculated binding
energies intermediate between those obtained for the two model
dipeptides. This is clearly not the case since CEBEs for this
part of the molecule are lower than those found for both model
dipeptides. Therefore, we suggest that the large difference
between CEBEs in DKP and in LMD is not principally due to
the orientation of bonds in each dipeptides. The difference
between the two sets of CEBEs of DKP and LMD rather comes
from the intrinsic nature of these two dipeptides. The structure
of LMD may be considered as two linked acetamide molecules.
Besides, comparison of CEBEs of these two compounds shows
similarities. For example, CEBEs of the C6, N7, and O8 atoms
in LMD and Ccarb, O, and N in acetamide are within 0.2 eV.
On the other hand, the structure of DKP can be viewed as two
linked N-methylformamide molecules or two linked acetamide
molecules. Although the CEBE of C2 (and C6) in DKP is closer
to that of the carbonyl carbon in acetamide than that in
N-methylformamide, the other three CEBEs of DKP are within
0.1 eV of those ofN-methylformamide. This result suggests
that DKP is better considered as two linkedN-methylformamide
units as suggested by Hirst and Persson.20 To verify this
assumption, we have computed the atomic charges for the DKP.
They are reported in Table 5. Atomic charges computed for
DKP are clearly closer to those obtained forN-methylformamide
(AAD ) 0.06) than those calculated for acetamide (AAD)
0.30). These new data support the conclusions above. Therefore,
the two distinct sets of CEBEs encountered for the two model
dipeptides are principally due the nature of each of them, i.e.,

Figure 5. MP2/6-31+G* geometries of the nonlinear 2-(acetylamino)-
N-methylacetamide (NCNLD). Distances are given in Å.

TABLE 7: Comparison of MP2/6-31+G* Structures of
LMD, DKP, and NCNLD

DKP LMD NCNLD

C2-N4 1.360 1.361 1.370
C2-O3 1.236 1.235 1.238
C1-C2 1.511 1.515 1.512
N4-H 1.018 1.015 1.014
N4-C5 1.459 1.439 1.455
(N4C2O3) 120.4 121.5 122.3
(N4C2C1) 122.3 115.0 115.7
(O3C2C1) 120.3 123.2 122.0
(C2N4H) 113.7 122.8 118.7
(C2N4C5) 128.5 120.7 122.7
(HN4C5) 117.8 116.4 117.4
[O3C2N4H] 0.0 180.0 -174.5
[O3C2N4C5] 180.0 0.0 -7.0
[C1C2N4H] 180.0 0.0 5.7
[C1C2N4C5] 0.0 180.0 173.1
[C5C6N8H] 180.0 0.0 174.9
[O7C6N8H] 0.0 180.0 -5.2
[C5C6N8C9] 180.0 9.5
[C5C6N8C1] 0.0
[O7C6N8C9] 0.0 -170.6
[O7C6N8C1] 180.0

TABLE 8: Calculated Core-Electron Binding Energies (in
eV) of NCNLD

atoma NCNLD

C1 291.28
C2 293.53
O3 537.09
N4 406.17
C5 291.90
C6 293.30
O7 536.85
N8 405.97
C9 291.95

a See Figure 5 for numbering.
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LMD as two linked acetamide units and DKP as two linked
N-methylformamide units.

Conclusion

In this work, CEBE calculations have been performed on
simple amides and dipeptides with our∆EKS(PW86-PW91)/
cc-pCVTZ method. First, we have definitively checked the
validity of our method to fit XPS spectra on a new set of 46
compounds that have been added to the other 32 tested in a
previous study.14 For this complete set of 78 molecules, the
deviation between theoretical and experimental CEBEs is
excellent since the AAD is only 0.15 eV. We have then applied
our method to the study of several simple amides that come
from two parent compounds, formamide, and acetamide. As far
as the amides are concerned, our results suggest that electron-
donating methyl groups tend to lower the CEBEs of the three
main atoms O, N, and Ccarb. The downshift in the case of O(1s)
and N(1s) CEBEs is more important in the acetamide series
than in the formamide one, whereas the opposite trend is
observed for Ccarb(1s) CEBEs. This can be explained in terms
of charges brought by these three atoms in the respective amides.
We pointed out a strong correlation between the charge of the
atom considered in the neutral compound and its corresponding
CEBEs. Finally, two model dipeptides, one cyclic (DKP) and
one noncyclic (LMD), have been investigated. They differ
essentially by the orientation of peptide chain (bonds in cis in
one case and trans in the other). Unlike in the case of the
N-methylformamide, CEBEs of the nitrogen atom in the part
least affected by the methyl terminations, i.e., N4 in Figure 4,
are very different from a dipeptide to another. CEBE calculations
for a dipeptide with a structure intermediate between LMD and
DKP (NCNLD) shown that this difference is not due to the
sole orientation of bonds around the nitrogen atom. Comparison
of the CEBEs of DKP and LMD with those computed for
amides revealed that each dipeptide can be viewed as the linkage
of two different subunits, i.e., two acetamide for LMD and two
N-methylformamide for DKP. This result can explain therefore
the discrepancies observed for the nitrogen atom in the two
model dipeptides. Calculations of atomic charges in both
dipeptides support this conclusion.
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