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Although an efficient DFT method using the generalized transition-state model to calculateslsmteon

binding energies had been successfully applied to over 200 cases, with an average absolute deviation of only
0.21 eV from experiment, a neiExs(PW86—PW91)/cc-pCVTZ model based on total Koh8ham 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 aAEgs 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 formami#ejethylformamide N,N-dimethyl-
formamide, acetamideé\-methylacetamide,N-dimethylacetamide, and two model dipeptides, one cyclic
and one acyclic. The difference in the computed nitrogen-eekectron 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 approach was not reliable until the investigation of Chong et
al'* By testing 10 different functional combinations, they
reduced the functional error by a large extent. The Perdew
Wang 1986 exchange functiod®and the Perdew-Wang 1991
correlation functiondf 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 triplasis set?
In short, this new and more reliable method may be called:
AExs(PW86-PW91)/cc-pCVTZ. The AAD for the 32 cases
studied* 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 and Fischet® examined a “linear” model
dipeptide (LMD), 2-(acetylaminoN-methylacetamide and two
other model polypeptides by CASPT2 method at MP2/6-31G*
optimized geometry, while Hirst and Pers3bused 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 linkét#tmethylformamide molecules.
On the basis of the results, Hirst and Perg8anncluded that

In the past few years, an efficient method of computing
accurate coreelectron binding energies (CEBES) based on
density-functional theory (DFT) has been developed and
thoroughly tested:” The method used the unrestricted general-
ized transition-state (UGTS) model of Williams et®iogether
with Becke’s 1988 exchange functiohand Perdew’'s 1986
correlation functional® Small relativistic corrections, based on
Pekeris' study of two-electron ioA5,were added to the
nonrelativistic values. Also, an efficient scaled basis set was
proposed and developéd. 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 d%3and Chong et at? 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°86 functional (negative

error). First, the model error can be eliminated by going after DKP is better considered as two link&dmethylformamides.
the total Kohr-Sham energy differencéExs calculations by . .
In this work, we wish to apply our accurate method to

using various local and nonlocal potentials have been first . . . .
performed by Pedocchi et Elwith an AAD close to 0.5 eV. investigate the CEBEs of simple amides as well as these two

In a recent study, Triguero et &f have tested the reliability of model dipeptides.

the AExs method for two functionals BP86 and PW86P86. They onBtifgrgénggooieﬁq%xltgg:gét?:g’ V\./tehﬂcr)Str"r]]gke r(ﬁ'l;g:gt::ds
observed strong functional dependency and obtained quite largeaccurate method so that more Léonfi\c,ivclanceuma \{Jve I:elced in the
AADs (—0.43 and 0.45 eV respectively). Thus, tiddgs ybep

results on LMD and DKP.
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TABLE 1: AE-KS/P86—P91 Calculations of Core-Electron TABLE 2: Summary of Deviations (in eV) of Calculated
Binding Energies (in eV) with cc-pCVTZ Basis Set Core—Electron Binding Energies from Experiment

molecule calculated experiment deviation S absdev no.ofcases ave abs dev
CH,=C(CHz) 289.86 289.83 +0.03 this work 6.76 46 0.15
CH;=CHCH=CH, 290.27 290.28 +0.04 previous study 457 32 0.14
CH,=CHCH; 290.30 290.25 +0.05 all cases to date 11.33 78 0.15
CH=C(CHs)2 290.73 290.65 +0.08 CEBEs for boron 1.11 6 0.19
CH;=C(CH3)> 290.51 290.69 —0.18 CEBEs for carbon 5.29 35 0.15
CH;=CHCH;z 290.80 290.78 +0.07 CEBEs for nitrogen 2.41 12 0.20
CH;=CHCHjs 290.92 290.81 +0.11 CEBEs for oxygen 1.45 15 0.10
CoHy 290.93 290.82 +0.11 CEBEs for fluorine 1.07 10 0.11
CH,=CHCH=CH; 290.90 290.87 +0.03 ref = synchrotron only 1.05 14 0.08
CH;COOCH; 291.51 291.30 +0.21 other observed values asrefs ~ 10.28 64 0.16
ﬁgé:l\(l)(g:s)zb 223212519 22321055? iggg aSee ref 12° Synchrotron results now used as referenceGet,
CHsOCH; 292.20 292.34 ~0.14 andCCls.
CH30OH 292.42 292.42 0.00
CHCI 292.50 292.43 +0.07 have used experimental geometries given in convenient
CHCOOCH, 292.39 292.55 —0.16 compilationg?~24 when available. If not, we optimized them at
C-HOC.H 292.55 29291 —0.36 the MP2/6-3%+G* level of theory. The simple amides as well
CH3NC 293.40 293.35 +0.05 the di tides h b timized at the MP2/BG1.
HCON(CHy),? 293.32 293.45 013 as the dipeptides have been optimized at the
CH,Cl, 203.86 203.81 +0.05 level. The Gaussian98 package has been employed for
HCONH; 294.11 294.45 -0.34 geometry optimizations.
H.CO 294.55 294.47 +0.08
CHsCOOCH; 294.47 294.85 -0.38 3. Forty-Six New Cases
CH:COOH 295.13 295.38 -0.25 _
CH2F; 296.02 296.40 —-0.38 The new results of calculated CEBEs are presented in Table
CHCls 295.25 295.18 +0.09 1. Whenever CEBEs are available from synchrotron stidi@g,
'\gSH?\TH igg-gg Z‘gi-g% igg we assume that those values are most reliable. Otherwise, we
§\1H33)2 40571 405,56 1015 rely on the compilation of Jolly et &%.For example, three values
HCON(CHs)zb 406:19 405:90 +0:29 W_ere listed for_ NH: 40552, 4056, and 405.60 eV. We
HCN 406.98 406.14 +0.84 discarded the “inaccurate” one 405.6 and took the average of
HCONH> 406.70 406.39 +0.31 the other two. When this procedure was followed for HCN, we
CHNC . 406.91 406.67 +0.24 discarded 406.8 eV and took the average of 406.13 and 406.15.
HCON(CHz); 536.98 536.95 +0.03 With the computed values at 406.98 eV, we are inclined to
HCONH, 537.64 537.74 —-0.10 beli hat the di ded val £ 406.8 eV (though i .
CHsCOOCH; 537.92 537.92 0.00 elieve that the discarded value o .8 eV (though imprecise)
CHsCOOH 538.27 538.33 —0.06 may well be more accurate.
CH3OCH, 538.71 538.74 —-0.03 The error statistics of Table 1 combined with the earlier
CH;CH,OH 538.89 538.82 +0.07 resultd* are summarized in Table 2. The relatively high AAD
(|_3|HC3800CH3 ggg-gi ggg-jg ;g-(l)g of CEBEs for nitrogen is mainly caused by the large deviation
C2H3COOH 540.27 540.12 10.15 of 0.84 eV for HCN. Without that entry, the AAD of CEBESs(N)
CHsF 692.84 692.92 —0.08 would drop to 0.14 eV. On the other hand, when onIy_
CH;F, 693.69 693.65 +0.04 synchrotron results are compared, our AAD for the 14 cases is
CHF; 694.47 694.62 —0.15 reduced to 0.08 eV. Unless both theory and experiment suffer
CoFe 694.96 695.07 —0.11 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
* Determined by synchrotron studiésGeometry optimized by AM1  analysis) are accurate. In any case, the overall reliability of our

semiempirical method:. Ethylene epoxide? See text for possible reason new proceduré\ Exs(PW86—-PW91)/cc-pCVTZ is now firmly

of this large deviation. established, with the AAD of 0.15 eV for a total of 78 cases.

average absolute deviation (0.00) 0.15

the details of this method are given in ref 14. In shorthand
notation, it is calledAExs(PW86-PW91)/cc-pCVTZ.

When there are two or more atoms of the same element in  First of all, we have studied a series of simple amides that
the molecule, some difficulties were encountered at the begin- come from two parent amides, i.e., the formamide (formamide,
ning. A typical example is 2-methylpropene. We have developed N-methylformamide,N,N-dimethylformamide) and the acet-
two different methods of localizing the core hole at any desired amide (acetamidé\-methylacetamide\,N-dimethylacetamide)
atom. Both approaches rely on first creating a desirable restartmolecules. In the case of th¥-methylformamide, we have
density. The first procedure, applied in most of our earlier considered the two cis and trans isomers. Experimentally, the
studies}~’ replaces the atom of interest by an isoelectronic ion, trans conformer is dominant. The presence of a small fraction
such as C, by B or N*. The second method is based on the of the cis conformer is suggested, but the experimental evidence
concept of blocking. If a core-hole is desired at atom x but ends is not conclusive. We have to precise that the three main atoms
up at atom y, then we artificially scale the first two s-type orbital in amides or peptide chains are those of the framework, i.e.,
basis functions of atom y by a factor of 0.2 (for example) so oxygen O, nitrogen N, and carbonyl carbog.& Geometries
that the basis set becomes relatively unfavorable for a core-of these simple amides have been optimized at the MP2/6-
hole. Both methods work quite efficiently. 31+G* level and are reported in Figure 1. The agreement

What remains to be specified is the geometry used. For the between theoretical parameters and experimental data available
set of 46 molecules employed to complete our database, wein the literaturé® is good. The AAD for bond lengths is 0.012

4. Results for Simple Amides
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Figure 1. MP2/6-3HG* geometries of all the simple amides studied in this work. Distances are given in A and angles in deg.

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

molecule formula R Cear? (0] N RA R3?
formamide CHNO 294.16 537.65 406.70
trans-N-methylformamide GHsNO 293.64 537.23 406.37 292.50
cis-N-methylformamide GHsNO 293.58 537.26 406.38 292.18
N,N-dimethylformamide GH;NO 293.25 536.97 406.18 291.92 292.27
Acetamide GHsNO 291.20 293.87 537.17 406.17
N-methylacetamide £1;NO 291.12 293.37 536.86 405.97 292.03
N,N-dimethylacetamide £1NO 290.90 292.99 536.54 405.79 291.69 292.11

a Ccanb is the carbon of the carbonyl group, and iR on the carbonyl carbon;;Rs cis to the G=O bond, and Ris trans to the &0 bond:

Rg\ - //o
{ W

A with a maximum of 0.021 A. For the valence angles, the to check the reliability of our theoretical results. Only one
AAD is 0.6° with a maximum of 1.2, previous stud$* has reported some core ionization energy
CEBEs for simple amides are gathered in Table 3 and are calculations for the formamide and theN-dimethylacetamide
also plotted in Figure 2 as a function of the size of the molecules. compounds. The data are obtained with the Koopman’s theorem
There are many data entries to compare. No experimental XPSand are corrected by a factor suited to each heavy atom. The
spectra are available on simple amides, and then it is necessaryesults have been reported in Table 4 and compared with our
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TABLE 4: Comparison of Calculated Core—Electron
Binding Energies (in eV) for the Formamide and the

N—N-dimethylacetamide

molecule (e} N Garb
formamide thiswork 537.65 406.70 294.16
ref 28 537.71 406.33 294.56
N,N-dimethylacetamide  thiswork 536.54  405.79
ref 28 536.60 405.55 291.67

292.99
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TABLE 5: Calculated CHelpG Charges for the C;HsNo and
C3H7/NO Compounds and DKP

formula molecule (0] N Grb
C,HsNO  trans-Nmethylformamide —-0.56 —0.50 0.48
cis-N-methylformamide -0.53 -051 054
Acetamide -0.62 -1.11 0091
C3sH/NO  N,N-dimethylformamide —-0.53 -0.06 0.36
N-methylacetamide —-0.58 -059 0.74
DKP 2 -059 -059 0.55

a Atomic charges for DKP have been computed on(@ Cs), N4
(or Ng), and Q (or O7) atoms.

N-methylformamide), the CEBEs of the O, N and,&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;Rosition in the molecules

of the acetamide series (e.gN-methylformamide andN-
methylacetamide).

CEBEs for conformers having the samgHGNO formula
have also been compared. Table 3 shown that compounds that
belong to the same family (e.gis- andtrans-N-methylform-
amide) give approximately the same O(1s), N(1s), agg{CTs)
CEBEs. On the other hand, isomers of two different series, i.e.,
N-methylformamide and acetamidef&zNO) as well ad\,N-
dimethylformamide an®l-methyacetamide ({E1;NO), 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 £ 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 meth88developed in Gaussian98. As the
comparison can be made only on theHgNO and GH;NO
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 of0.06 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 differencem08
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-6f58
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 CEBESs in this case is larger

AEks values. We noticed large discrepancies between the two (average difference of-0.20 eV). For the G atom, the

series of XPS results especially for the carbon atom ir\ihe

situation is reversed because the atomic charge is more positive

dimethylacetamide (difference of 1.32 eV). However, as our for molecules of the acetamide series than for those of the
method has been validated on a large series of compounds, wédormamide series (average differenceHe0.39 au). The core-
assume that our results are closer to reality.

Results in Table 3 and Figure 2 show that for molecules compounds. Then these compounds present a less important
coming from the same parent compound (e.g., formamide anddownshift (average difference0.21 eV).

hole cation is therefore less stabilized in the case of acetamide
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537.8 1 TABLE 6: Comparison of Calculated Core—Electron
- Binding Energies (in eV) of the Two Model Dipeptides LMD
5376 | and DKP
sa74 | atont? LMDP DKPe¢
u * C 290.86 292.57
g %72 C, 293.16 293.94
@ O3 536.67 537.25
g 570 * Na 405.60 406.45
Cs 291.98 292.57
5681 Cs 293.84 293.94
5565 | Oy 537.35 537.25
' * Ns 406.36 406.45
ss5 ‘ ‘ ‘ Co 292.25
1,228 1,23 1,232 1,234 1,236 1,238 1,24 1,242 1,244

aSee Figure 4 for numbering Linear model dipeptide: 2-(acetyl-

€=0 bondlength amino)N-methylacetamide® Cyclic model dipeptide: diketopiperazine.

Figure 3. O(1s) CEBEs (in eV) of all the simple amides studied in

this work as function of the €0 bond lengths (in A). symmetry is reported to be the only equilibrium structure.

Recently, Bettens et &f. have explored the ring-puckering
Finally, we noticed that there is a correlation between the potential energy surface. They have shown that the minimum
C=0 bond length and the O(1s) binding energy shift. As shown energy pathway linking the two boat enantiomeric conformers
in Figure 3, the O(1s) CEBE decreases with the increasing of hasses over a very small barrier of about 470°t(1.34 kcal/
the CG=0 bond length. This type of relation between geometrical mol). The chair conformer of; symmetry is involved at the
parameters and calculated CEBEs has been also mentioned igymmit of the barrier. Another form, a planar one ©f,
our previous paper on hydrogen-bonded systénWe have symmetry, has also been repofds a saddle point higher on
established a correlation between hydrogen bond lengths in theine potential energy surface. Distance parameters of LMD and
clusters studied and binding energy shifts. DKP are very close. The AAD for bond lengths is 0.05 A. The
largest discrepancies are found for bonds around the cengral C
atom. Deviations for the N-Cs and the G—Cs bond lengths,
MP2/6-3HG* geometries of the two model dipeptides respectively, reach 0.20 and 0.12 A. Without these two values,
envisages are reported in Figure 4. Previous theoretical studieshe AAD is reduced to 0.03 A.
have investigated the structure of DKP by means of semi- CEBEs for the two model dipeptides are presented in Table

5. Results for Polypeptides

empiricaP* and ab initid®3>3¢methods. The boat form o, 6. On Figure 4, the part least affected by the methyl terminations
T H, H S A) 1457
1013 | ¢ % : 1.235
: /1'098 1 B) 1.356
H 108.5 Ng ' 115.3 Cs. p 1207 | B \Cf){%/“ o) 1523
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1.091 o 1206 5G>T 1083 N4/3:/115.0 5, e
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H H P00y H H H F) 1515
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H

1.459,

H
\Cs 114.3

C o
H\\\\\\mu--““' 1EH
1.511 128.5 '
Ce Nag
// 1.360 \] 018
o, H

Diketopiperazine (DKP)

“.\m\\\\\\\ H

Figure 4. MP2/6-31G* geometries of the linear 2-(acetylamind)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 A and angles in deg.
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TABLE 7: Comparison of MP2/6-31+G* Structures of
LMD, DKP, and NCNLD

DKP LMD NCNLD
Co—N, 1.360 1.361 1.370
Co—0s 1.236 1.235 1.238
Ci—C, 1.511 1.515 1.512
N;—H 1.018 1.015 1.014
N;—Cs 1.459 1.439 1.455
(N4C05) 120.4 1215 122.3
(N4C2Ca) 122.3 115.0 115.7
(05C.Cy) 120.3 123.2 122.0
(CoNJH) 113.7 122.8 118.7
(C2N4Cs) 1285 120.7 122.7
(HN.Cs) 117.8 116.4 117.4
[O5CN,H] 0.0 180.0 ~1745
[03CaN4Cs] 180.0 0.0 ~7.0
[C1CNaH] 180.0 0.0 5.7
[C1CN4Cs] 0.0 180.0 173.1
[CsCeNgH] 180.0 0.0 174.9
[07CsNgH] 0.0 180.0 5.2
[CsCeN&Co] 180.0 9.5
[CsCeNeCi] 0.0
[07CsNCo] 0.0 -170.6
[07CsNsC] 180.0

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

atont NCNLD

C 291.28

C 293.53

O3 537.09

Figure 5. MP2/6-3H-G* geometries of the nonlinear 2-(acetylamino)- N4 406.17

N-methylacetamide (NCNLD). Distances are given in A. Cs 291.90

Cs 293.30

. L . Oy 536.85

in LMD is indicated by the dashed rectangle. In the DKP, this N 405.97

problem does not exist because this compound can be seen as Co 291.95
an infinite dipeptide. We find that the carbonyk€0; has aSee Figure 5 for numbering.

essentially the same CEBEs in LMD and DKP, indicating that
they are in almost identical chemical environment. However,  CEBEs computed for the NCNLD are presented in Table 8.
the CEBEs of I, and of G to a smaller extent, are quite  For the DKP-like moiety, we expected calculated binding
different, despite the similar environment surrounding them in energies intermediate between those obtained for the two model
the two model dipeptides. Besides the terminating methyl groups dipeptides. This is clearly not the case since CEBEs for this
in LMD, which are two bonds away from the part marked off part of the molecule are lower than those found for both model
by the dashed rectangle in Figure 4, the only difference betweendipeptides. Therefore, we suggest that the large difference
the two model dipeptides is the conformation about the rigid between CEBEs in DKP and in LMD is not principally due to
C,—Ng and G—Ng bonds: Z-conformation in LMD but the orientation of bonds in each dipeptides. The difference
E-conformation in DKP. This is a surprising finding, since the between the two sets of CEBEs of DKP and LMD rather comes
AEs predictions forcis- andtrans-N-methylformamide are very ~ from the intrinsic nature of these two dipeptides. The structure
similar for the nitrogen atom of interest. of LMD may be considered as two linked acetamide molecules.
Thus, we have examined if the discrepancies found in the B_es_ide_s_, comparison of CEBES of these two compounds shows
similarities. For example, CEBEs of the;, N7, and Q atoms
case of N and G atoms between LMD and DKP were due - ) -
. . . in LMD and G O, and N in acetamide are within 0.2 eV.

principally to the presence of the terminating methyl groups in o .

' . n the other hand, the structure of DKP can be viewed as two
!‘MD or to the orientation of bonds around the tW.O atO”f‘S of linked N-methylformamide molecules or two linked acetamide
|n_teres_,t. We therefore looked for other noncychc—_nonllnear molecules. Although the CEBE of,Cand G) in DKP is closer
dipeptides having the same number of atoms as th_at_ln the LMD that of the carbonyl carbon in acetamide than that in
but a blackbone closer to that in the DKP. We optimized at the N-methylformamide, the other three CEBES of DKP are within
MP2/6-3HG* level only one dipeptide almost filling those g 1 v ‘of those ofN-methylformamide. This result suggests
terms. This compound, hereafter abbreviated NCNLD, is {hat DKP is better considered as two linkédnethylformamide
represented in Figure 5. Although the structure of NCNLD is pits as suggested by Hirst and Pers¥oifo verify this
still quite different from the structure of DKP, the atomic chain assumption’ we have Computed the atomic Charges for the DKP.
Cs—Cs—07—Ng—Cy has a conformation similar to that encoun-  They are reported in Table 5. Atomic charges computed for
tered in the cyclic dipeptide, as shown in Table 7. Thus, this DKP are clearly closer to those obtained fémethylformamide
intermediate dipeptide presents two distinct atomic chains, i.e., (AAD = 0.06) than those calculated for acetamide (AAD
one that resemble to atomic chain in LMD1(6C,—O3—Ns— 0.30). These new data support the conclusions above. Therefore,
Cs) and the other that resembles the atomic chain in DK&-(C  the two distinct sets of CEBEs encountered for the two model
Cs—07;—Ng—Cy). dipeptides are principally due the nature of each of them, i.e.,
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LMD as two linked acetamide units and DKP as two linked (7) Chong, D. P.; Bureau, Gl. Electron Spectrosc. Relat. Phenom.
- i i 200Q 106, 1.
N methylformamlde units. (8) Williams, A. R.; deGroot, R. A.; Sommers, C. B. Chem. Phys.
. 1975 63, 628.
Conclusion (9) Becke, A. D.Phys. Re. A 1988 38, 3098.

. . 10) Perdew, J. FPhys. Re. B 1986 33, 8822.
In this work, CEBE calculations have been performed on &11; Pekeris, C. Kpﬁ/ysl Re. 1958611% 1649.

simple amides and dipeptides with aNExs(PW86-PW91)/ (12) Triguero, L.; Pettersson, L. G. M.;ghen, H.Phys. Re. B 1998
cc-pCVTZ method. First, we have definitively checked the 58 8097.

P ! (13) Triguero, L.; Plashkevych, O.; Pettersson, L. G. ﬁ/gx@n, H.J.
validity of our method to fit XPS spectra on a new set of 46 .~ Spectrosc. Relat. Phenob899 104 195.

compounds that have .been added to the other 32 tested in a (14) cavigliasso, G.; Chong, D. B. Chem. Phys1999 111, 9485,
previous study? For this complete set of 78 molecules, the (15) Pedocchi, L.; Russo, N.; Salahub, D. Phys. Re. B 1993 47,
deviation between theoretical and experimental CEBEs is 12992.

- . : (16) Perdew, J. P.; Wang, Yhys. Re. B 1986 33, 8800.
excellent since the AAD is only 0.15 eV. We have then applied  (17) perdew, J. P.; Kurth, S. IDensity Functionals: Theory and
our method to the study of several simple amides that come Applications Joubert, D., Ed.; Springer, Berlin, 1998.
from two parent compounds, formamide, and acetamide. As far ~ (18) Woon, D. E.; Dunning, T. H., J3. Chem. Phys1995 103 4572.
as the amides are concerned, our results suggest that electrorh-oéllg) Serrano-Andr, L.; Filscher, M. P.). Am. Chem. S0d.99§ 120
donating methyl groups tend to lower .thg CEBEs of the three (20)' Hirst, J. D.; Persson, B. J. Phys. Chem. A998 102, 7519.
main atoms O, N, and & The downshift in the case of O(1s) (21) Casida, M. E.; Daul, C. D.; Goursot, A.; Koester, A.; Pettersson,

and N(1s) CEBEs is more important in the acetamide series'é?;:0%”OgérigrgﬁnganEébAgesﬁf;;‘“?\hgl-(_ﬁ-?VDUﬁAr;‘le(_nHéi %Odg‘?#qt' I’:\‘
i i i i uan, J.; 1, G ur, M. n, V.; Ina, O.; oim, .
than in the formamide one, whereas the opposite trend 'SVeIa, A.deMon-K$Version 3.4; deMon Software: University of Montreal,

observed for Gu1s) CEBESs. This can be explained in terms Montreal, Canada, 1997.
of charges brought by these three atoms in the respective amides. (22) InLandolt-Banstein Numerical Data and Functional Relationships

We pointed out a strong correlation between the charge of then Science and Technologhtelwege, K.-L., Ed.; Springer: Berlin, 1976;
Vol. 7, New Series, Group II.

atom considered in the neutral compound and its corresponding " *(23) inLandolt-Banstein Numerical Data and Functional Relationships
CEBEs. Finally, two model dipeptides, one cyclic (DKP) and in Science and Technologiadelung, O., Ed.; Springer: Berlin, 1987;
one noncyclic (LMD), have been investigated. They differ V0|(-2411)5,|NEWdSeltrleB$, GtrO_UPN“- sl Data and Functional Relationshi

. . . . . H [P nLandolt-banstein Numerical Data an unctional Relationsnips
essentially by the one_ntatlon of peptlde_cha_ln (bonds in cis in ;. Science and Technologiladelung, O., Ed.; Springer: Berlin, 1992:
one case and trans in the other). Unlike in the case of the vol. 21, New Series, Group Il.
N-methylformamide, CEBEs of the nitrogen atom in the part  (25) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb,
least affected by the methyl terminations, i.eqiN Figure 4, M. A.; Cheeseman, J. R.; Zakrzewski, V. G.; Montgomery, J. A.; Stratmann,

. . . . R. E.; Burant, J. C.; Dapprich, S.; Millam, J. M.; Daniels, A. D.; Kudin, K.

are very d|ff_erent_from adlpeptm_le to anot_her. CEBE calculations - sirain, M. C.: Farkas, O.: Tomasi, J.: Barone, V.: Cossi, M.: Cammi,
for a dipeptide with a structure intermediate between LMD and R.; Mennucci, B.; Pomelli, C.; Adamo, C.; Clifford, S.; Ochterski, J.;
DKP (NCNLD) shown that this difference is not due to the Petersson, G. A.; Ayala, P. Y.; Cui, Q.; Morokuma, K.; Malick, D. K.

. . - - Rabuck, A. D.; Raghavachari, K.; Foresman, J. B.; Cioslowski, J.; Ortiz, J.
sole orientation of bonds around the nitrogen atom. Comparlsonvlz Stefanov, B. B.: Liu, G.: Liashenko, A.. Piskorz, P.: Komaromi, |

of the CEBEs of DKP and LMD with those computed for Gomperts, R.; Martin, R. L.; Fox, D. J.; Keith, T.; Al-Laham, M. A.; Peng,
amides revealed that each dipeptide can be viewed as the linkagé€- Y.; Nanayakkara, A.; Gonzalez, C.; Challacombe, M.; Gill, P. M. W.;

; e i ; Johnson, B. G.; Chen, W.; Wong, M. W.; Andres, J. L.; Head-Gordon, M.;
of two different subunits, i.e., two acetamide for LMD and two Replogle, E. S.; Pople, J. AGaussian 98Revision A.5; Gaussian, Inc.:

N-methylformamide for DKP. This result can explain therefore pitsburgh, PA, 1998.
the discrepancies observed for the nitrogen atom in the two (26) Sorensen, S. L.; Osborne, S. J.; Ausmees, A.; Kikas, A.; Correia,

model dipeptides. Calculations of atomic charges in both N Svensson, S.; Naves de Brito, A.; Persson, P.; Lunell, Shem. Phys.
Pep 9 1996 105, 10719.

dipeptides support this conclusion. (27) Seethre, L. J.; Sveeren, O.; Svensson, S. L.; Osborne, S.; Thomas,
) T. D.; Jauhiainen, J.; Aksela, 8hys. Re. A 1997, 55, 2748.
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