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Accurate vertical (adiabatic) ionization potential (IP) and valence electron affinity (EA) of glycinamide,
including its possible conformers, have been determined employing density functional theory (B3LYP) with
6-311++G** and 6-311G** basis sets, respectively. The calculated adiabatic IPs are 8.60, 8.57, 8.52, and
8.49 eV for conformer IA, IIA, llIA, and 1V, respectively, decreasing gradually with the decreasing of their
relative stabilities. Comparisons with glycine indicate that the substitutéNéf, for —OH in glycine decreases

its ionization potential. In various solutions, IPs decrease apparently with respect to those in the gas phase.
All electron affinities of glycinamide conformers are negative values in the gas phase, indicating that the
anionic states are unstable with respect to electron autodetachment vertically and adiabatically. On the contrary,
all of the adiabatic EAs in solution possess positive values and become larger and larger with the increasing
of dielectric constants. Additionally, the IPs and EAs for hydrated glycinamide with one, two, and three
water molecules have been explored. Finally, all kinds of chemical quantities associated with the IP and EA,
such as electronegativity, chemical potential, chemical hardness, and chemical softness, have also been
determined.

1. Introduction including MP2, MP3, MP4(SDQ), and CCSD(T) levéfs!2

As an important supplement in property for glycinamide, IP
and EA are not only fundamental in assessing the electron
donating and accepting ability but also play a key role in
electron-transfer process occurring in the gas phase or in the
condensed phagdél* However, to our best knowledge, these
two quantities have not been determined by theoretical and
experimental methods despite of the fact that some experimental
ymeasurements, such as molecular beams, low-energy electron
transmission spectroscopy (ETS), electron spin resonance (ESR),
photoelectron spectroscopy, Fourier transform ion cyclotron
resonance mass spectrometry (FT-ICR), and so forth, can
provide useful information about the IPs and EAs. As an
alternative approach, the reliability and validity of theoretical
investigations have also been confirmed by lots of stutie?,
though the theoretical study of molecular negative ions associ-
ated with EAs involves complications not encountered in
analogous studies of neural or cationic spedi&enerally, upon

Fhe formation of anions, two states may result. One is the
valence-bound (conventional) anion, where the excess electron

Glycinamide (HNCH,CONH,), being the simple derivative
of glycine, is of great importance in the interstellar studies and
biochemistry since amide derivatives may also serve as simple
models for N-terminal amino acids in peptideSome related
studies have been reported in the FadtFor example, the
formations of the peptide bond in glycinamide uncatalyzed or
catalyzed by the metal cations or ammonia had been extensivel
studied?~® Klassen et al. reported the collision-induced dis-
sociation threshold energies of protonated glycinamide deter-
mined with a modified triple quadrupole mass spectronfeter.
The unimolecular chemistry of protonated glycinamide and its
proton affinity determined by mass spectrometric experiments
and theoretical model had been reported by Kinser éfTale
interrelationship between conformations and theoretical chemical
shift had been investigated by Sulzbach e a@h which some
useful conformational information had been mentioned at
restricted Hartree-Fock (RHF) theory and 6-31G* basis set.
Ramek et al. discussed the basis-set influence on the nature o

the conformations of glycinamide (minimum or saddle point) fills the unoccupied valence molecular orbital. Another is the

in ab initio self-consistent field (SCF) calculatiohsRe- dipole-bound anion, which may be formed when the excess

cently1911we investigated the possible conformers of glycin- ;
amide in the gas phase and in solution, in which three pairs of _electron is weakly bounded to the molecules through long-range

mirror-image conformers and ot conformer had been found ;ﬂfﬁgﬁf:m;f'('jithcieelrigtrfgn'tgte'&?g;xt% gtfrg%sf'tt'xg zlidce;lgf
on the global potential energy surface (PES) of glycinamide bound anion is fhat it has a v.er diffuse state of the ef()cess
(see Figure 1) at the B3LYP/6-31+H1G**level of theory. The lect > th | ty locali tside of th
calculated proton affinity? 216.81 kcal/mol, for the global electron, viz. the excess electron localizes oulside of the
minimum is well consistent with the experimental value 217.23 molecular framework and the average separation between the

L loosely bound electron and the neutral polar molecule is large
kcal/mol? The reliability of the DFT(B3LYP) method has also . a1 . . .
been verified through comparisons with higher-level calculations (typically 10~100 A)3 Obviously, the dipole-bound anions are

fragile species since the binding energies of the excess electron
in these systems lie in the thermal and subthermal domains,

* To whom correspondence should be addressed. . 233 o

t Shandong University. typically below 100 me\#23 |t has been known that, within

*Qufu Normal University. the Born—Oppenheimer approximation, molecules with dipole
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that can avoid the mixing of dipole-bound with valence-bound
anionic states found with larger basis sets containing diffuse
functions. Further investigations of the dipole-bound EAs are
in progress in our group.

As an expansion of our previous studi€sn this work, we
calculate the IPs and EAs for glycinamide to gain insights into
its chemical reactivity with respect to electron detachment or
attachment in the gas phase and in various solutions quantita-
tively. Naturally, relevant chemical quantities, such as chemical
potential f), electronegativity ), chemical hardnesg), and
chemical softnesss), can be obtained on the basis of the
calculated IPs and EAs. All these quantities should be helpful
to the experimentalists who specialize in this area.

2. Computational Details

On the basis of the available gas-phase glycinamide conform-
A B ers studied previousBf, the cationic and anionic species are
fully optimized without any symmetry constraints employing
B3LYP method with 6-31++G** and 6-311G** basis sets,
respectively. Every conformer is further characterized by the
harmonic vibrational frequencies using the analytical second
derivative method, and none of these frequencies are scaled due
to the ability of DFT calculations to predict them accurately as
proposed by Johnsdi.As a result, two and four stable
stationary points have been found for cationic and anionic states,
respectively.

For the following chemical process

IIA 1B

M—M"+e (1)
M —M+e 2)

The IP and EA can be calculated*as

IP(EA) = AEg .+ A(PV) + A(ZPVE) + AE,jp 208t

Figure 1. Seven conformers of gas-phase glycinamide obtained at the _
B3LYP/6-311+G* level of theory. AE 1298t ABans(2o8)= ABeiec T ABierm(a0s) (3)

moments greater than 1.625 D can bind an excess electron tavhere AEqec is the variation in internal energy obtained from
give so-called dipole-bound aniofs3> Recently, Desfrapais the corresponding level of theorg(PV) = 0; AEwerm(9s) the
et al. report another a critical value of about 2.5Jsually, variation in thermal energy at 298.15 K, is derived from the
the excess electron in valence-bound anions causes significantalculated harmonic vibrational frequencies, in which the
structural changes, whereas in dipole-bound anions, it is too vibrational, rotational, and translational corrections have been
distant to influence the structure. Theoretically, as mentioned included. For simplicity, the zero-point vibrational energies
above, the calculations of dipole-bound anions are more (ZPVE) corrections are also included &Eqermos)term. In
complicated with respect to the neutral or cationic states due toboth cases, the neutral and charged states correspond to the
the fact that the proper descriptions of the spatial expansion of optimized geometries and consequently the calculated IP and
electron density for the dipole-bound anionic states need very EA refer to the adiabatic ionization potential (AIP) and adiabatic
diffuse functions. In most cases, both states should coexist,electron affinity (AEA). Similarly, the vertical ionization
interplay, and even interconvert each other due to environmentalpotential (VIP) corresponds to the energy difference between
(solvation) effect$® Strictly speaking, there is only a single the cationic state in the geometry of neutral state and the
“true” adiabatic EA, i.e., the difference in energy between the optimized neutral state, whereas the vertical electron affinity
most stable forms of the anion and neutfaDesfranois et al. (VEA) refers to the energy difference between the optimized
also concluded that valence or dipole binding of electrons can neutral state and the anionic state in the geometry of neutral
be favored and thus lead to results that are only apparently state. Therefore, a positive EA implies that the anion is lower
different and represent two complementary aspects of rédlity. in energy than its corresponding neutral parent molecule and
As for the calculations of EA, there are two approaches hence stable, whereas a negative value means that the anion is
presently used widely. One is the use of small basis sets thatunstable with respect to electron detachment.
confine the electron to the molecular framework and produce Other relevant quantities are defined as follows:
reasonable estimates of the valence electron affirifiés. (a) Vertical electron attachment energy (VEAE) is the energy
Another is the stabilization method proposed by Falcetta et difference between the neutral state in the geometry of its
al3%40 More recently, a Drude model has been developed by cationic state and the optimized cationic state.
Jordan et al. to treat dipole-bound anid#s'3 In the present (b) Vertical electron detachment energy (VEDE) is the energy
study, the first approach has been adopted for the calculationsrequired to remove an electron from the optimized anion without
of the valence EA based on the choice of a suitable basis setcausing geometry changes, viz. the energy difference between



1202 J. Phys. Chem. A, Vol. 108, No. 7, 2004 Li et al.

the neutral state in the geometry of its anionic state and the TABLE 1: Calculated Adiabatic lonization Potential (AIP)

optimized anionic state. and Electron Affinity (AEA) in Parentheses in the Gas Phase
(c) Reorganization energy (RE) is the energy difference at Various Levels'

between the charged state in the geometry of its neutral state levels IA A A v

and the optimized charged state, which can be used to evaluateg3Lyp 8.60(1.55) 8.57(1.42) 8.52(1.35) 8.49(1.38)

the structural changes for the charged state in the geometry ofMP2 8.66(-2.50) 8.68(-2.10) 8.65(-2.04) 8.50(2.06)

neutral state upon nuclear relaxation. MP3 8.88(-2.46) 8.83(-2.07) 8.79(-2.00) 8.72¢-2.02)

MP4(SDQ) 8.90¢2.48) 8.91¢2.08) 8.87(2.02) 8.74(-2.04)

(d) Deformation energy (DE) is the energy difference between CCSD(T) 8.78£2.37) 8.73(-2.02) 8.69¢195) 8 62(-1.98)

the neutral state in the geometry of its optimized charged state

and the optimized neutral state, which can be used to assess *All of the units are in eV.

the structural changes for neutral state upon electron detachmenl'l_,,_\BLE 2 Calculated Vertical and Adiabatic lonization

or attachment_ qualitatively. Potential, Electron Affinity, Reorganization Energy (RE),
On the basis of the calculated VIP (AIP) and VEA (AEA), and Vertical Electron Attachment/Detachment (VEAE/

some useful chemical quantities can be derived from them, VEDE) Using the IPCM Model

namely© 48 e  VIP(VEA) AIP(AEA) RE®  VEAE(VEDE)
, _ IA. 1.0 9.25(-2.34) 8.60¢155) 0.65(0.79) —8.04(0.86)
chemical potentigk = — (IP + EA)/2, 4.90 7.33¢0.69) 6.64(0.06) 0.70(0.74) —6.07(0.90)
electronegativityy = (IP + EA)/2 10.36 7.06¢0.47) 6.35(0.33) 0.71(0.79) —5.79(1.16)

20.70 6.93¢0.37) 6.21(0.45) 0.72(0.82) —5.66(1.28)

chemical hardnesg = (IP — EA)/2 38.20 6.87¢0.32) 6.15(0.51) 0.72(0.83) —5.62(1.34)
. ’ 78.39 6.83(0.30) 6.11(0.54) 0.72(0.84) —5.57(1.37)

chemical softness=s 1/(IP — EA) = 1/(2) IA 1.0 9.29(-2.46) 8.57¢1.42) 0.72(1.04) —7.91(1.48)

4.90 7.35¢0.87) 6.62(0.20) 0.72(1.06) —5.94(1.70)
As mentioned above, the density functional method adopted here 10.36 7.08(-0.67) 6.34(0.44)  0.74(1.11) —5.66(1.95)
is B3LYP, i.e., Becke's three-parameter hybrid functional using 20.70 6.96(-0.59) 6.21(0.55)  0.74(1.14) —5.54(2.06)

the Lee-Yang—Parr correlation functiof?>°To further verify gg'gg g'g%g'ggg g'iggg'gg; 8;281% :g'ﬁg'ﬂg

the density functional results, single-point energy calculations A 1.0 9.27(-2.49) 8.52¢1.35) 0.75(1.14) —7.91(1.41)

have been performed employing the higher-level calculations 4.90 7.28(0.72) 6.58(0.27) 0.71(0.99) —5.94(1.70)
including second-, third-, and fourth-order MghePlesset 10.36 7.00¢0.47) 6.30(0.51) 0.70(0.98) —5.66(1.95)
theory (abbreviated as MP2, MP3, and MP4(SDQ)) and the 20.70 6.87¢0.35) 6.17(0.62)  0.70(0.97) —5.54(2.06)

coupled cluster method (CCSD(T)) including the single, double, gg'gg g'g%{gg'gg; 2'3%8'%3 8';828'82 :g'iig'ﬂg

and perturbative triple excitation. The standard basis sets,;y, 19 8.98-2.22) 8.49¢1.38) 0.49(0.84) —8.04(1.41)

6-311++G** and 6-311G**, are used throughout to calculate 4.90 7.01¢0.66) 6.57(0.20) 0.44(0.86) —6.07(1.68)
the IP and EA, respectively. All electrons have been considered 10.36 6.72(-0.47) 6.29(0.44)  0.43(0.91) —5.79(1.93)
in the higher-level wave function-correlated calculations men- 20.70 6.59¢-0.39) 6.17(0.54)  0.43(0.93) —5.66(2.04)

38.20 6.53¢0.36) 6.11(0.59)  0.43(0.94) —5.60(2.09)

tioned above. 78.39 6.49(034) 6.07(0.62) 0.42(0.95) —5.57(2.12)

To investigate how the presence of solvent molecules affects _ ' _
the relevant energy quantities mentioned above qualitatively, *All of the units are in eV, and = 1.0 refers to the results in the
especially on EA, the isodensity surface polarized continuum gas-phase quantitatively The data in parentheses refer to those in the
model (IPCM)5:-53 which has been successful in the descrip- P'0€SS of electron attachment.
tions of several chemical systems in soluti$f">® has been  TABLE 3: Differences in ZPVE Correction (in kcal/mol)
employed. These calculations are performed on the optimizedbetween the Optimized Neutral and Anionic Glycinamide
gas-phase structures employing a series of solutions, such agonformers at the BSLYP Level with Different Basis Sets
chloroform, dichloroethane, acetone, nitromethane, and water conformers 6-3+G* 6-311+G* 6-3114++G* 6-311G**

(the dielectric constants= 4.9, 10.36, 20.7, 38.2, and 78.39,

. " S - 1.70 1.44 0.77 3.82
respectively). Additionally, the specific interactions between A 0.62 0.73 0.29 251
conformer IA and explicit water molecules (from one to three) A 1.24 0.97 0.42 2.57
have also been studied for the further examination of solvent IV 1.09 0.71 0.27 2.80

effect.

All of the computations were performed using the Gaussian
98 program and the SCF convergence critdight have been
used throughout’

2—4, respectively. Figure 5 shows the diagrams of HOMO and
spin density distributions for glycinamide complexes with one,
two, and three water molecules. Finally, Figure 6 displays the
dependences of the calculated chemical potential and chemical
hardness on dielectric constants ranging from 1.0 to 78.39. In
the Supporting Information, Tables S1 and S2 list the selected
First, the calculated AIP and AEA in the gas phase are structural parameters, dipole moments, and rotational constants
summarized in Table 1 together with the higher-level compu- for the neutral and charged glycinamide conformers, respec-
tational results. Table 2 presents the calculated IP and EA intively. Total energies, relative energies, and ZPVEs for the
solution performed using the IPCM model. The differences in neutral, cationic, and anionic glycinamide conformers are
ZPVE correction between the optimized neutral and anionic summarized in Table S3. Table S4 gives the calculated spin
glycinamide conformers at the B3LYP level with different basis densities on every atom for charged glycinamide conformers.
sets are listed in Table 3. Neutral glycinamide conformers Other relevant chemical quantities, such as chemical potential,
obtained at the B3LYP/6-311+G** level of theory are chemical hardness, and chemical softness are presented in Table
displayed in Figure 1. The highest occupied molecular orbital S5.
(HOMO) and spin density contour plots for the neutral, cationic,  For the sake of simplicity, the notations of +4& or IA+e
and anionic glycinamide conformers are depicted in Figures are employed to stand for the optimized structures that IA loses

3. Results and Discussions
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IA(HOMO) [IA(HOMO)

IA-e(HOMO) TIA-e(HOMO) IA-e (Spin density) TIA-¢ (Spin density)

Figure 2. Digrams of HOMO and spin density distributions for neutral and cationic conformers of glycinamide. Isocontour values of 0.01 and
0.002 are used for the HOMO and spin density distributions, respectively.

6-31+G* 6-311+G* 6-311++G** 6-311G**

Figure 3. Digrams of HOMO for anionic conformers of glycinamide employing the B3LYP method with different basis sets. Isocontour values
of 0.02 are used.

or gains an electron. Similarly, the same holds for other Furthermore, this phenomenon can be also reflected from the
conformers. Here, only IA, 1lA, llIA, and IV are discussed since charge distributions. Comparing the charge distributions before
the mirror-image conformers are identical to each other in energy and after ionization, one can see that the positive charge at C1
and in structural parameters except for the dihedral angles. site increases while the negative charge at C2 site decreases.
3.1. IP. As mentioned above, two stable conformers have The net contributions result in a smaller produ@{Qc2) of
been found in the ionization process of glycinamide. Compari- both charges at C1 and C2 site than those of the neutral state.
sons with neutral glycinamide show that the ionization process According to the Coulomb’s law, the electrostatic interaction
results in significant structural rearrangements, which can be between C1 and C2 should decrease. Thus, the elongation of
further verified by the calculated deformation energies (DE) C1—C2 bond is reasonable. More importantly, two moieties
(ranging from 11.1 to 14.9 kcal/mol) as listed in Table S3. First, separated by C1 and C2 atoms should be observed easily
the most apparent changes in bond length are the elongation ofexperimentally. As expected, other bond lengths between non-
the C1-C2 bond by about 0.18 A among all of the bonds, which hydrogen atoms in two moieties decrease slightly. Second, all
may be derived from the fact that the HOMO from which the of the main molecular skeletons have been distorted significantly
electron is removed in neutral state possesses important bondingxcept for theCs symmetry conformer IV. For example, the
character between C1 and C2 atoms as displayed in Figure 2dihedral anglesD(4,1,2,3) have been changed about 13.81,
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6-31+G* 6-311+G* 6-311++G** 6-311G**

Figure 4. Digrams of spin density distributions for anionic conformers of glycinamide employing the B3LYP method with different basis sets.
Isocontour values of 0.002 are used.

IA+1H20+e(Spin density) [A+2H20+e(Spin density) I[A+3H2O+e(Spin density)

Figure 5. Digrams of HOMO and spin density distributions for glycinamide complexes with one, two, and three water molecules. Isocontour
values of 0.02 and 0.001 are used for the HOMO and spin density distributions, respectively.

75.86, and 58.4%6for conformer IA, IIA, and IlIA, respectively. tions of the HOMO and spin density distributions displayed in
However, the planarity of the peptide bond (€44) is still Figure 2 indicate that the single electron distributes evenly over
kept as these of the neutral states; that is, it cannot be affectedhe entire molecular framework. As expected, the dipole
significantly for glycinamide upon ionization. moments increase by about 1.0 D for neutral glycinamide
As listed in Table S3, the relative stabilities between two conformers upon ionization.
cationic states may be determined at the B3LYP/6431+G** Compared with glycin&®5° the substitute of amide-NH,
level of theory compared with those higher-level calculations, for —OH decreases the IP apparently, where the IP of glycine
i.e., IA+e > IlA+e. From the AIPs listed in Table 1, the is 8.8~8.9 eV theoretically and experimentafi§>® This
agreement can be observed between the DFT(B3LYP) level andphenomenon should be applied to similar compounds, namely,
the higher-level calculations though some gaps exist betweenthe IPs of the acylamine and alkylamine are smaller than those
them due to the lack of ZPVE corrections for the latter partly. of the corresponding carboxylic acid and alcohol.
Obviously, the calculated AlPs decrease with the decreasing of As displayed in Table 2, inclusion of solvation effects through
their relative stabilities. Moreover, the larger difference between the IPCM model leads to a reduction in both the VIP and AIP
the VIP and AIP (i.e., RE) indicates that the significant nuclear by 1.9~2.5 eV and all of the IPs decrease with the increasing
relaxation should occur for glycinamide upon ionization. Inspec- of dielectric constantse], indicating that it is much easier to
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sl 4 Second, the differences in ZPVE corrections between the

s optimized anion and neutral species can be used as a measure
49 '\ of electron location to the molecular framewadfkGenerally,
42 \‘\R& A n(vertical) the differences for valence-bound anions are greater than those
35| —A———a. . A of the dipole-bound anions. As shown in Table 3, the ZPVE

- — differences are largest for those obtained with the 6-311G**
28 i v n(adiaba:ic) v basis set. At the 6-3H1+G** basis set, the values are smallest
21k among those calculated with the basis sets containing diffuse

I functions, indicating a rather diffuse spacial distribution of the
a2k H(vertical) excess electron. These analyses are well consistent with the

I g—— % H . above_-r_nenti_oned dipole_-bound anion characters at the basis sets
34k ./ u(adiabatic) containing diffuse functions.

e Additionally, at the 6-311G** basis set, all of the dipole
36 moments of neutral states at the geometry of optimized anionic

I . . . forms are smaller than those of the optimized neutral states,
38 1l_0 49 10}35 20.7 3é_2 78.39 (x) which are completely opposite to the characters of the dipOle-

Figure 6. Dependences of the chemical potentia) and chemical boynd amoné?ln fact, all of the dipole mo.me.n.ts for optimized

hardnessf) on dielectric constants for conformer IA and the same anions (ranging from 0.962.92 D) are significantly smaller

holds for other conformers. The notations in parentheses refer to thatthan those of the neutral states (ranging from 3:448 D).

they are obtained from vertical or adiabatic IP or EA. Hence, the 6-311G** basis set should be appropriate to estimate
the valence EAs for glycinamide because no significant dipole

:ﬁg"o‘;‘z arr‘]:sl‘zc'[lr:?grgot?egég?éﬁ?;é%egl‘zgo?gescc’gfliosr;;halnainthgontributions are found for those anionic states at this basis set.
gas p . ' 3.2.2. Calculations of EAAs displayed in Figure 3, four

existences of solvents change the nuclear relaxation in magni_anionic glycinamide conformers have been found employing
tude more or less. In more detail, REs increase for conformersthe B3LYP/6-311G** level of theory, where IHe and I1IA+e

IA and IIA whereas they decrease for IlIA and IV, indicating . . Lo ;
are mirror-image conformers judging from their structural and

that the existences of solvents have different influences on . . . L
different conformers. On the other hand, all of the VEAEs are SN€"9etic characters. Like those in the ionization process, the
greater than those in the gas phase but still remain negatiVegeometrlcal changes upon electron attachment are relatively
; ; _ . larger, which can be further verified by the larger deformation
values, implying that all of the cationic states are unstable with ) . . .
PyIng energies (DE) listed in Table S3. Obviously, the strengths of

respect to electron attachment vertically. Additionally, as . ~
discussed below, the glycinamide complexes with water mol- the .Cl=05 and' the peptide bond (EN4) are weakened
elative to those in neutral states, where the increments in bond

ecules (from one to three) have been discussed. The calculate ngth are~0.06 and~0.1 A for the former and the latter,

AIPs (REs) are 8.31 (1.04), 7.89 (1.76), and 7.54 eV (1.78 eV ; ) ) .
for gl)(/cinainide 1A co(mple)xes Wi'[(h oné, two, and thrée Water) _respectlvely. More importantly, the planarity of the peptide bond

molecules, respectively. Further combinations of the IPCM in all of the an!on; has been destroyed compared with those
model in aqueous solution with monohydrated glycinamide show neutral and cationic states; for example, the dihedral angles of
that the AIP and RE are 6.06 and 0.88 eV, which are well D(S’llég’g)g 3257%4713)1);05 ﬁe_';ﬁi;e’zglfje’ aa{1;j4l\7/-;e
consistent with the results obtained employing the IPCM model. are . (42. ) -179.44), 17(29.44), an e

3.2. EA.3.2.1. Choice of the Basis Se#s for the basis sets (34.0T), respectively. Here, note also that the structural

: ST, : e
used to calculate EA, it has been reported that expansion indiferences for neutral glycinamide obtained at the 6-835

basis set size provides a more accurate estimate for vaIenceTand 6-311G™ basis set are small, where the largest deviations

bound EA values to a point at which further expansion leads to in bond length and bond angles are not more than 0.001 A and

mixing of dipole-bound states and questionable values for 2%, respectively. .
valence EAZ4 Thus, it is very necessary to determine an As can be seen from Table S3, the relative stabilities among

appropriate basis set which can exclude the contaminations oféll anions are (llA-e) = (lllA +e) > (IV+e) > (IA+e), which

the dipole-bound state. is changed compared with that of neutral stadfeSomparisons
First, Figures 3 and 4 display the HOMO and spin density with those higher-level computations suggest that the B3LYP

p|ots for four anionic g|ycinamide conformers using different method can y|e|d accurate relative stabilities among the available

basis sets ranging from 6-3G* to 6-311H+G**. As men- anionic states. As a consequence, in the mixture of glycinamide

tioned above, the diffuse functions are important for the proper anions in the gas phase, one should be able to notice some

descriptions of dipole-bound anions. To a good approximation, Presence of e anion if the thermodynamics governs the

all of the HOMOs obtained from the basis sets containing diffuse equilibrium of the anionic mixture.

functions appear to be a diffuse sp hybrid oriented along the As displayed in Table 1, all of the EAs are negative in the

positive direction of the dipole moment in every anion, assuming gas phase, indicating the anionic states are unstable with respect

the characters of the dipole-bound anionic state. Similarly, the to electron detachment vertically and adiabatically. At the same

corresponding spin densities of the single electron mostly residetime, the relative order in magnitude for EA among four

in a diffuse orbital and locate entirely outside of the molecular conformers is well reproduced by the higher-level calculations

framework. All of these HOMOSs and spin density distributions though these EAs are smaller by around 0.7 eV than those at

suggest that the dipole-bound states have mixed with the the DFT(B3LYP) level. Certainly, these results should be further

valence-bound states even though only a single diffuse functionimproved if considering ZPVE corrections. Unlike those in the

is considered. On the other hand, all of the HOMOs and spin ionization process, the ZPVE corrections account for 10.7, 7.6,

density distributions obtained with 6-311G** basis set assume 8.2, and 8.8% in total AEAs for conformers IA, lIA, llIA, and

the valence-bound anion characters, namely, the excess electrolV, respectively, indicating the importance of considering ZPVE

distributes almost in the molecular framework. corrections in determining EA. Additionally, for the analogous
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compound glycine, its valence-bound anion is also unstable with  3.3. Other Chemical Quantities. On the basis of the
respect to electron detachment in the gas pPFagéere the calculated vertical and adiabatic IP and EA, other relevant
energy of 1.93 eV is required to attach an electron into the chemical quantities, such as chemical potenti| ¢lectroneg-
lowest unoccupied molecular orbital (LUMO) of glycif&On ativity (y), chemical hardnessy), and chemical softness)(

the other hand, a neutral conformer with an appreciable dipole can be obtained quantitatively. Considering that their definitions
moment of about 5.7 D is predicted to form a dipole-bound use vertical IP and EA, it may be interesting to check how far
state with an adiabatic electron affinity of 279 thi! Recalling those values, using calculated adiabatic IP and EA, match the

that all of the dipole moments for neutral glycinamide conform- future experimental result8. As displayed in Figure 6, in
ers, ranging from 3.44 to 4.18 D, are greater than the critical Solution, the chemical potential increases, whereas the chemical

value (~2.5 D) as mentioned above, the probability of the hardness decreases versus dielectric constants ranging from 1.0

formation of dipole-bound anions for glycinamide should be 0 78.39, which is well consistent with the findings of Peargon.

worthy of further investigating in future studies. Overall, the calculated chemical hardness in magnitude among
As displayed in Table 2, all of the AEAs in solution shift four conformers are consistent with the maximum hardness

. o o i rinciple (MHP)®8 that is, “there seems to be a rule of nature
into positive values, indicating that the anionic states are stablep ple ( )

ith t 10 electron detach t adiabatically. In oth q that molecules tend to arrange themselves so as to be as hard
with respect to electron detachment adiabatically. In 0Inerwords, ;¢ possible”. These quantities should offer some conveniences

the existence of solvents stabilizes sufficienty glycinamide for theorists and experimentalists who are accustomed to using

anions to prevent autodetachment of the excess electron. Ony,q chemical potential or electronegativity to assess the chemical
the other hand, all of the VEAs are still negative in solution, properties for the selected species.

suggesting that the anionic states are unstable with respect to

electron de_tachment vertically. Additio_nally, a!l of the_VEAs_ 4. Conclusions

and AEAs increase gradually with the increasing of dielectric

constants, which should be due to the larger solvation energies In the present study, the IP and EA of glycinamide have been
for anions (about 5865 kcal/mol) with respect to those neutral  calculated employing DFT(B3LYP) method with 6-3#3+G**
states (about 612 kcal/mol). Of course, the IPCM model and 6-311G** basis sets, respectively. Higher-level calculations
adopted here does not represent the realistic situation in theincluding MP2, MP3, MP4(SDQ), and CCSD(T) have also been
biological medium due to the lack of considering geometric performed on the basis of the optimized gas-phase geometries
optimization and short-range interaction with solvent molecules. to further improve the energy quantities. The accurate AlPs are
AS a pre”minary study, the interactions between g|ycinamide calculated to be 8.60, 8.57, 8.52, and 8.49 eV for 1A, 1A, 1A,

IA and water molecules, i.e., the glycinamide complexes with and 1V, decreasing with the decreasing of their relative
one, two, and three water molecules namegt1A4,0, IA+2H,0, stabilities. Two fragments separated by two carbon atoms should
and 1A+3H,0, respectively, have been investigated in the gas P& observed easily because the ionization process results in
phase employing the B3LYP/6-311G** level of theory. Once significant elongathn of the C1C2 bond. As for the valence
again, all of the optimized anions still assume the valence-bound EA: @ll of the negative values have been found at the B3LYP/
characters as displayed in Figure 5. Here, only representative®-311G™ level of theory even at higher levels, indicating that
hydrated complexes have been considered though many Conglycmgmlde anion is unstable with respect to electron detach-
formations may exist for the 1A complex with water molecules mer'lt. in the gas phase. However,.all of the AEAs turn O.Ut to b.e
(from one to three). For IA1H,O, this complex should positive va!ues in solut|_on and increase when the d|elect_r|_c
correspond to the lowest-energy conformer among the mono-constants increase. This means that solvents can stabilize
hydrated glycinamide conformers. It has a network of intermo- sufficiently the anions to prevent the excess electron autode-

lecular hvdroaen bonds formed from the amide to water and tachment from glycinamide adiabatically. Moreover, for the
ydrog L - global minimum IA, the IP and EA of its complexes formed
from water to the carbonyl oxygen, which is well consistent

) . . ., with one, two, and three water molecules have also been studied.
with the analogous complexes of alaninamide and formamide

. . The positive sign of the EA in solution implies that the
with one water moleculé®-%> On the basis of the geometry of P g P

observation of solvated glycinamide anion should be possible
IA+1H0, another double hydrogen bonds formed from the o, erimentally. Finally, other relevant chemical quantities

amide to water and from water to the amino nitrogen have been yeriyed from the IP and EA, such as electronegativity, chemical
found in IA+2H,0. Only an additional single hydrogen bond  5tential, chemical hardness, and chemical softness, should fil

formed from the amino to water has been found ir-BH;0. a void in the available data for glycinamide.
Computational results show that the VEA(AEA) oftAH,0,
IA+2H,0, and I1A+3H,0 are—2.23(-1.17),~1.77(-0.87), and Acknowledgment. This work is supported by the National

—1.51 eV (-0.51 eV), respectively, which are greater than those natyral Science Foundation of China (20273040, 29973022)
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show that all of the VEAs and AEAs are greater than those of  sypporting Information Available: Tables S1 and S2 list

the isolated glycinamide conformers calculated with IPCM the selected structural parameters, dipole moments, and rota-
model in aqueous solution, where only the results of monohy- tional constants for the neutral and charged glycinamide
drated glycinamide surrounded by the continuous solvents areconformers, respectively. Total energies, relative energies, and
presented (VIP= —0.29 eV, AIP= 0.72 eV) in our compu-  ZPVEs for the neutral, cationic, and anionic glycinamide
tational ability. Thus, in solution, the anionic state of glycina- conformers are summarized in Table S3. Table S4 gives the
mide should be stable with respect to electron detachmentcalculated spin densities on every atom for charged glycinamide
adiabatically, implying that the observation of solvated glycin- conformers. Other relevant chemical quantities, such as chemical
amide anion should be possible experimentally. potential, chemical hardness, and chemical softness are presented
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in Table S5. This material is available free of charge via the
Internet at http://pubs.acs.org.

Note Added after ASAP Posting.This article was posted
ASAP on 01/09/2004. A label in Figure 5 has been changed.
The correct version was posted on 01/21/2004.
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