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Coordination of NO; to Cu and Mg in M(NO »), Complexes. A Theoretical Study
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The geometries, vibrational frequencies, and mdtghnd bond dissociation energies of 18 different structures

of the Cu(NQ), complex have been studied. Mg(M@and Cu(NQ), have also been studied for comparison.

The most stable structure of Cu(M@and Cu(NQ) corresponds to B, one with a coplanag?-O,0 coordination

for the two NQ ligands. For Mg(NGQ), the most stable structure isaq one. The bonding in thBy, andDyy
structures of Cu(Ng); is analyzed. For the MN©systems the binding energy is very similar with both metals,
while for the M(NQ,), complexes the difference when changing the metal is very important. This behavior is
related to the first and second ionization potentials of Cu and Mg. The computed vibrational frequencies are in
good agreement with the available experimental data.

Introduction earth!?-16 and transition metals2° has been studied by several
authors both theoretically and experimentally.

Theoretical calculations for M(N§», (M = Be, Mg, Ca)
systems have been performed by Rossi et al. at the HF3&vel.
The results obtained for the Mg(NR system were used for
the assignment of the FT-IR matrix isolation spectrum of the
Cu(NGy), stable gas-phase molecule. Based on this assignment,
they conclude that both N{Qgroups are equivalent and lie in
the same plane, in agreement with earlier electron diffraction
studies?? On the other hand, experimental IR matrix studies
have been carried out on the Cu(py©system by Worden and
Ball.1” This system is very similar to Cu(N{, and one would
expect both molecules to have the same structure. However,
the authors consider that the most probable structure for Cu-
(NOy), implies two different NQ groups.

To elucidate the structure of Cu(NJ2, we have performed
calculations using density functional and conventional ab initio
methods. We have studied all the possible coordination modes
of two NO, molecules to a Cu atom. The bonding mechanism
of the most stable structure has been analyzed. We have also
performed calculations on the Cu(M@and Mg(NQ), systems
in order to compare them with the Cu(M@complex.

Transition metatligand interactions have been the focus of
great attention during the last yeardye to its great number of
applications. These applications include many fields, such as
biochemistry, environmental chemistry, development of new
materials, and catalysis. The determination of accurate binding
energies and geometries of the metfgand systems are of
great interest for the development of these applicatidAs.
Computational chemistry methods have proved to be very
efficient in obtaining binding energies and geometries. More-
over, the critical step in catalysis is often the breaking of the
first bond of a small metal cluster, but in experimental studies
the energy that is frequently determined is the average metal
ligand bond energy. So, it is important to understand how the
bonding changes with the number of ligands.

Nitrite coordination complexes have been very studied from
the earliest days of coordination chemistry due to the ability of
NO, to coordinate to a metal in different waysEach type of
NO; coordination leads to different properties of the compound.
Furthermore, nitrogen oxides (NOx = 1, 2) are unwanted
pollutants that take part in important chemical reactions in the
atmosphere, and in corrosion. Thus, coordination of NCa
metal as well as the interaction of successive,Ngands can Computational Details
provide important information for the understanding of these

processes. The interaction of N@ith alkaline*~11 alkaline- Molecular geometries and harmonic vibrational frequencies have

been determined using the density functional approach. In these
calculations we have used the hybrid Becke’s three-parameter exchange
functionaf® with the correlation functional of Lee, Yang, and Péarr
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(B3LYP). This method has proved to provide reliable geometries and
harmonic vibrational frequencies compared to more computational
demanding ab initio correlated methdd’8. However, to confirm the
reliability of the B3LYP binding energies, we have also done single-
point calculations at the coupled cluster level with single and double
excitations and a perturbative estimate of the triple excitaig@CSD-
(T)) at the B3LYP equilibrium geometries. In the calculations at the
CCSD(T) level we have correlated the 3d and 4s electrons of Cu and
the 2s, 2p, and 3s electrons of Mg. For N and O we have correlated
the 2s and 2p electrons.

The same basis set has been used in these two levels of calculation.

The N and O basis set is the (9s5p)/[4s2p] set developed by Dufhing, /w/@\

~

supplemented with a valence diffuse functiog,= 0.0639 for nitrogen -

and asp = 0.0845 for oxygen) and one d polarization functien=t

0.80 for nitrogen and. = 0.85 for oxygen). This basis set is referred /‘f"""’*\

to as D95-* in the GAUSSIAN-94 progran® The Cu basis set is a (M

[8s4p3d] contraction of the (14s9p5d) primitive set of WacHiter s

supplemented with two diffuse p and one diffuse d functfbrirhe

Mg basis set is the (12s9p)/[6s5p] set of McLean and Chaiidler

supplemented wit a d polarization functiono{ = 0.28). The final

basis sets are of the form (10s6p1d)/[5s3p1d] for N and O, (14s11p6d)/

[8s6p4d] for Cu, and (12s9p1d)/[6s5p1d] for Mg. Table 1. Computed Relative Energies of the Stationary Points
Single-point CCSD(T) calculations using a larger basis set have also found for Cu(NQ),

been carried out for the most stable structure of each complex. In these

calculations the Cu basis set is further augmented by a single contracted

. N

nz-N,O
Figure 1. Coordination modes of one NQo the metal atom.

n'-0

symmetry state [N@: [NO2]2 AE/kcal mol?

set of f polarization functions that is based on a three-term fit to a AA Dan By, 7%-0,0 #%-0,0ll 0.0
Slater-type orbital, which leads to a (14s11p6d3f)/[8s6p4d1f] basié set. AAP Dag B, »#*>0,0 70,00 23.7
For Mg we have used the (16s12p3d2f)/[6s5p3d2f] basis set of Dunning AAX Dan By #-0,0 #%-O,0Il 315
referred as cc-pvVQZ in the MOLPRO 96 prograiFor N and O we AB Cs iA 772'010 TIE'N,O I 7.5
have used the (10s5p2d1f)/[4s3p2d1f] basis set of Dunning augmentedpBP & ;& 790 M ROD 183
with one diffuse s and one diffuse p functiois.This basis set, ACp C: N ZZ-O,O Zl-OD 17-6‘
augmented with one diffuse d and one diffuse f functions, is referred AD Car A, %00 7-NII 179
to as aug-cc-pVTZ. ADp - 2A1 7]2_0’0 771'N 0 17.4
The B3LYP calculations were performed using the GAUSSIAN- BBt Cs 2A"  4%N,0 #%N,Olltrans 17.1
94?8 program and open shell calculations were based on a spin- BBi Co B, #5*N,0 #*N,Ollcis 16.9
unrestricted treatment, while the CCSD(T) results were performed with BC G A" 9%N,0 x*Oll 19.4
the MOLPRG? program and were based on a spin restricted formalism. gg é 22 nimg ni“ ”D ggg

p "o=NO - .
Results and Discussion gg'p é iﬁ: Zi'g Zig ”DC'S 213-;
Figure 1 shows the four different coordination modes 0bNO ng BZh iﬁg ”1“ nim ||D ggg

2d 1 n- n- .

to a metal atom considered in our study. Nen act both as
a monodentate ligand or as a bidentate ligand when interacting 2 First-order saddle point8.Second-order Saddle points.

with a metal atom. As a monodentate ligand, /Nfan interact

with the metal through the oxygentO) or through the nitrogen  oxygens §%-0,0) or with one nitrogeroxygen bond{?-N,O).
(7*-N). As a bidentate ligand, it can interact with the two In the present work we have investigated all the possible
structures that can be obtained with two N@olecules

(24) Lee, C.; Yang, W.; Parr, R. G®hys. Re. B 1988 37, 785. coordinated to a Cu atom combining the four coordination
(25) Holthausen, M. C.; Heineman, C.; Cornehl, H. H.; Koch, W.; Schwarz, modes shown in Figure 1 and considering for each case two

26) gaéhgyainﬁamﬁ?ﬁ?k%.ﬁflﬁome, 3. A: Head-GordorChem. different orientations for the Nfligands: coplanar and

Phys. Lett1989 57, 479. perpendicular.

gg El}nnﬁn%l TJ HT-J- ihegn-vl?/hyélaro 5|?>,H28BZ3-GII B MWL Jon Among all the possible structures, only 18 have been found

riscn, M. J.; Irucks, G. ., oChlegel, AH. B.; Glll, P. M. ., Jonnson, : H : _

B. G.; Robb, M. A.; Cheesman, J. R.; Keith, T. A.; Petersson, G. A;; as stationary points on the pOte.ntlal ener.gy surface of the Cu
Montgomery, J. A.: Raghavachari, K.; Al-Laham, M. A.; Zakrzewsky, (NO2)2 systgm. The BSLYP relative energies of these structqres
V. G.; Ortiz, J. V.; Foresman, J. B.; Cioslowsky, J.; Stefanov, B.; are shown in Table 1. Figure 2 shows the B3LYP geometrical
Nanayakkara, A.; Challacombe, M.; Peng, C. Y.; Ayala, P. Y.; Chen, regylts for the structures characterized as energy minima. It
W.; Wong, M. W.; Andfe, J. L.; Replogle, E. S.; Gomperts, R.; be ob d in Table 1 th h bl h
Martin, R. L.; Fox. D. J.: Binkley, J. S.: Defrees, D. J.: Baker, J., Can be observed in Table 1 that the most stable structure has

Stewart, J. J. P.; Head-Gordon, M.; Gonzalez, C.; Pople, Gadissian D, symmetry and corresponds to the two Ni@ands bonded

94, Rrv]svision D.1; Gaurs]sian lr;}C-: Pittsburgh, PA, 1995. to the Cu atom with thg?-O,0 coordination in the same plane
ggg vHv:; itﬁe.szh.Ai:ﬂ'erw'PChyeslmé?F% gg,l ?1;(;75.2' 1053 (AA stru_cture). TheDyg structure with the_two N@ligands
(31) McLean, A. D.; Chandler, G. S. Chem. Phys198Q 72, 5639. acting with#?-0,0 coordination in perpendicular planes (AAp
(32) Stewart, R. FJ. Chem. Phys197Q 52, 431. structure) is 23.7 kcal mot above the AA structure. In general,

(33) MOLPROQ is a package of ab initio programs written by H.-J. Werner yne most stable structures are those in which one of the two
and P. J. Knowles, with contributions from J. Alifil&R. D. Amos, - 2 L
A. Berning, M. J. O. Deegan, F. Eckert, S. T. Elbert, C. Hampel, R. NO2 fragments acts with th@4-O,0 coordination. The less

Lindh, W. Meyer, A. Nicklass, K. Peterson, R. Pitzer, A. J. Stone, P. stable structures are, in general, those with one of the twp NO

R. Taylor, M. E. Mura, P. Pulay, M. Schuetz, H. Stoll, T. Thorstein-  fragments coordinated through the N atopiN coordination).
sson, and D. L. Cooper. The CCSD program is described in: Hampel,

C.; Peterson, K.; Werner, H.-Chem. Phys. Let1992 1, 190. The geometry parameters of thg-O,0 moiety in all
(34) Kendall, R. A.; Dunning, T. HJ. Chem. Phys1992 96, 6796. structures are very similar to those computed for free;NO
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Figure 2. Computed structures of the different energy minima determined for the G){@mplex. Distances are in angstroms, and angles are
in degrees.

(r(NO) = 1.270 A andJONO = 116.4). In the fragments and the ¢, orbital of the metal. Moreover, there is a very
with #2-N,O andn*-O coordination the symmetry between the important donation from the;@ombination of the 6gorbitals
two NO bonds of each N£has been broken, however, we can of NO, to the 4s metal orbital. The bonding can also be viewed
see that the ONO angle in thg-O coordinations is close to  as the interaction of théD (d°!) state of Cd, where there is
the value of this angle in N£, while in ther?-N,O coordina- a 3d-4s promotion in the metal in order to reduce repulsion
tions the ONO angle lies within the values obtained for,NO  with the ligands, and the (N}~ fragment. The metal Mulliken
and NQ (OONO = 133.7). This shows that the bonding population analysis shows a situation between both descriptions.
between the Cu atom and the two PN@olecules has an  The metal population is 445 3d®39 and the unpaired electron
important ionic contribution. Thus, the most favorable structure is distributed 0.6 in the metal and 0.4 in the ligands. In?Bg

for the ionic interaction is the AA structure where the metal state of theDyy structure, the unpaired electron occupies an
atom interacts with the four oxygen atoms. The second most orbital arising from the antibonding combination between the

favorable ionic interaction takes place in tifeO coordination. dxy orbital of the metal and the;lsombination of the Georbitals
The few exceptions to this general observation are due to theof NO,, and that there is also an important donation from the
differences in the metalligand covalent interactions. ligands to the 4s orbital of Cul.

Let us now analyze the bonding in tABs4 ground state of The orbital of NQ that has the larger overlap with the metal

the most stabl®y, structure, AA, and in théB, state of the is the 4 orbital. Thus the orbitals of the (N fragment that
Doy structure, AAp. Figure 3 shows a schematic orbital interact more strongly with the metal atom areg4énd 4h, in
interaction diagram between Cu and two Nfolecules both the Dy, structure, and 5e in thB,q one. The energy difference
for the Do, andDog structures. The bonding in th#yy, structure between both structures mainly arises from the interaction of
can be described as the interaction of #{D¢d®) state of C&" these orbitals with the metal. For thgyy structure the 5e
and the (NQ),2~ fragment. It can be observed in Figure 3 that orbitals of the (NQ), fragments form two destabilizing four-
the unpaired electron is described by an orbital arising from electron interactions. On the other hand, in B structure
the antibonding combination between theddrbital of (NO,)» the 4lyq orbital forms one three electron interaction, while the



NO; Coordination in M(NQ) (M = Cu, Mg) Inorganic Chemistry, Vol. 37, No. 18, 1998515

4s (ag) 4s (a;)
L xy (b,)
yz (bsg) 2
s IR\ Nambi
1g ZUrT—— 4b2u - 1
x2_y2 (ap) * IOag /
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Cu Doy, (NO), NO, (NO,), Daa Cu

Figure 3. Diagram of the most important orbitals involved in the formation of Ehg and D,q structures of Cu(Ng),.

4by, orbital remains as a non bonding orbital in the complex.
So, theDyg structure is destabilized with respect to g one
due to a larger repulsive metdigand interaction involving the
3d electrons of the metal.

The examination of the orbital interaction diagram of g
Cu(NG,), complex shows that it is possible that the ground state
is not the one considered but@ state in which the open shell g
orbital would be one of the 7e orbitals while the,rbital s Doy,
would be doubly occupied. We have carried out the calculation
of the %E state starting from the geometry of tf, state. At
this geometry, théE state is 1.5 kcal mol higher in energy
than the 2B, state. Geometry relaxation reduce tiiy
symmetry toCy, due to Jaha Teller instability. The optimiza-
tion leads to a structure corresponding t3Ba state inCy,
symmetry that is 16 kcal mot higher in energy that the global
D2n minimum. ThisCy, structure has an imaginary frequency
associated to a rotation that connects two equiv@danininima.

In any case, whatever the ground state is, the discussion about
the interactions of the (N£) fragment with the metal based  rio e 4. Computeddy andDa structures Mg(NG).. Distances are
gn the .cl)rbltal interaction diagram presented in Figure 3 would i, angstroms, and angles are in degrees.

e similar.

Let us now consider a system where the metal atom has nocomplex the two N@ligands would be coordinated in different
occupied d orbitals, such as the Mg(©complex. Figure 4 ways. On the other hand, the gas-phase structure of a similar
shows the B3LYP optimized geometries for tbe, and Dy compound, Cu(Ng),, determined from electron diffraction
structures of the Mg(N@). system. The computed values for experiment¥ shows aDa, structure in which the coordination
the geometrical parameters are almost identical for both mode of the two N@ligands is the same. For this reason, we
structures. In contrast to the Cu(M@system, for Mg(NQ). have calculated th®,y structure for the Cu(Ng), molecule
the Dy structure is the global minimum, th#y, structure being and the obtained geometry is shown in Figure 5. We can see
a transition state that connects two equivaleatminima. The that the computed results are in very good agreement with the
energy difference between both structures is only 2.5 kcaltnol  gas-phase experimental geometry of the Cu{@olecule.
at the B3LYP level. In the Mg(N@, complex there are no  The ground state of this molecule is?Bsq state, as in Cu-
occupied d orbitals on the metal and, therefore, the order of (NO),, and the bonding mechanism is the same in both cases.
stability is determined by the steric repulsion between the Thus, one can conclude that the most stable structure of the
ligands. This repulsion is slightly larger in th&y, structure Cu(NQ), system should also hav@y, symmetry, with two
than in theDyq one. equivalent NQ ligands, as determined by our calculations.

The only experimental data available for Cu(N©cor- The harmonic vibrational frequencies computed for the
respond to vibrational frequencies measured in Ar matrix by ground-state structure of Cu(NJR and Mg(NQ), complexes
Worden and Ball? These authors suggest that inthe CugNO  are presented in Table 2. It can be observed that for both
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Table 3. Harmonic Vibrational Frequenciefor Cu(NGs); (in

cm?)
computed expe description
{2/ (o) 1683(0) NOstr. (A

- 1668(1328) 1615 NGstr. (Bu)

. 1247(460) 1205 NO asy. str. {8

Q 0 ) 1233(0) NO asy. str ()

: oy 1020(0) NO sym. str. (4

Figure 5. ComputedDs, structure of Cu(N@),. In parentheses are 1018(65) 965 NO sym. str. (8
shown the experimental valu&Distances are in angstroms, and angles 778(20) NQ def. (By)
are in degrees. 777(0) NQ def. (Byg)
774(0) NQ def. (A)
Table 2. Computed Harmonic Vibrational Frequenciésr 771(111) NQ def. (Bw)

M(NOg)2, NO,, and NQ™ (in cm™) a1n parentheses, the IR intensity of each frequency in km#nol

NO, NO asy. NO sym. bQ' indicates the terminal oxygen of the NGragments® Ref-
erence 21.
def. def. str. Str. str. str.
(Bw) (A (Bsy (B2u) (B (Ag)

system can be compatible with the IR results reported by
Worden and Ball. Our calculated value for the asymmetric NO
stretching, 1254 crit, is in excellent agreement with the experi-

Cu(NOy), 882(114) 895(0) 1225(0) 1254(564) 1348(60) 1350(0)

NO; NO asy. NO sym. g
mental value. Moreover, for Cu(N{3, the computed vibra-
def. def. str. str. str. . | f : d in Table 3 . llent
(A1) ) ©® ) (A1) tional frequencies presented in Table 3 are in excellent agree-
ment with the experimental values reported by Rossi ét al.
Mg(NO.). 882(0) 886(21) 1287(476) 1336(23) 1336(0) Table 4 presents the binding energies computed with respect
NO, NO sym. NO asy. to the neutral fragments of the ground-state structure of the
def. (A) str. (Ay) str. (B) complexes Cu(Ng),, Cu(NGs)2, and Mg(NQ),. The binding
energies are computed both at the B3LYP and CCSD(T) levels.
NO 741(6 1388(0 1703(416 . . .
Noz exp® 750( ) 1325( ) 1634( ) By comparing the BALYP and CCSD(T) values obtained with
NO;~ 780(3) 1339(13) 1322(722) the same basis set, one can observe that the computed values
NO,™ exp? 821 1332 1240 at the CCSD(T) level are always larger than the B3LYP ones.

However, the behavior of Cu and Mg complexes is different.
For Mg(NQ,),, the difference between the B3LYP and CCSD-
(T) values is very small while in the case of the Cu complexes,
systems the values for the NO symmetric stretching are largerthe differences are larger. As we have shown in our previous
than the values for the NO asymmetric stretching, the difference Study?° these differences in Cu complexes are due to the
between both frequencies being small. The same behavior isdifferent description of the first and second ionization potentials
observed for free Ng, while for NO; the ordering between  of Cu at the B3LYP and CCSD(T) levels.
both NO stretching frequencies is reversed and the difference Table 4 shows that the values of the metajand bond
between them is large. These facts confirm again that the NO dissociation energy of CuNCand MgNQ are very similar,
fragments of the complex have an important N@haracter. ~ While the value for CuN@is much larger. The formation of
Worden and Ball reported the infrared spectra of,X&cting an ionic complex between two fragments, M and L, can be
with vaporized Cu and condensed together in Ar matrixes. Three cOnceptually decomposed in two steps. The first one consists
frequencies were assigned to the Cugh@ystem: 1214, 1192,  on the formation of the M and L~ ions. In the second step
and 1173 cml Three possible structures are considered: POthions interact to yield the complex. The energy associated
CW@H(NO, )z, CUt(N,047), and Ct(NO, )NO,, where both  With the first step would bé&i(M)—Ee{L). Table 5 shows the
NO, molecules are not equivalent. The IR data do not allow ionization potentials of Cu and Mg and the eIe_ctro_n a_ff|n|_t|es
to discriminate between them, but these authors consider the®f NO2 and NQ. It can be observed that the first ionization
later as the most probable one. Thus, they assign the frequencyPotentials of Mg and Cu are very similar, so that the energy
of 1214 cnt to the asymmetric NO stretching of NQ while necessary to ionize the fragments will be very §|m|lar in both
the other two frequencies are assigned to the same absorptiofs@ses. Moreover, as we have already shéthe interaction
but shifted due to structural isomerism of the N@its or due ~ €nergy between Mand L is also very similar in both cases.
to matrix effects. We have performed calculations on the AS a result, the M-NO, dissociation energies of CuN@nd
Cu+(N,O4) system and the results show that all the possible MINO: are quite similar. The difference between the metal
structures lie higher in energy than the Cu@2, structure ligand bond dissociation energies of CulN@nd CuNQ can
(between 36.8 and 50.9 kcal m&) depending on the coordina- P understood from the fact that the electron affinity ofNe©
tion). On the other hand, the structures shown in Table 1 with 1arger than that of N©(see Table 5).
both NG molecules coordinated in different ways lie also higher ~ For the total binding energy of the M(NJ2 complexes, we
in energy. The same assignment made by Worden and Bal|Mmust pon3|der the sum of the first and secor_ld_ ionization
for the three observed frequencies would be valid for a Potentials of the metal and twice the electron affinity of NO
CW+(NO,™), structure. So, our results in favor of By The total M—(NOy), binding energies show important differ-

structure with two equivalent NOligands for the Cu(Ng);

a|n parentheses, the IR intensity of each frequency in km ol
b Reference 35 Reference 36.

(38) Hughes, B. M.; Lifschitz, C.; Tiernan, T. Q. Chem. Physl973 59,
3162.

(35) Lafferty, W. J.; Sams, R. L1. Mol. Spectroscl1977, 66, 478.

(36) Watson, R. E.; Brodasky, T. B. Chem. Physl957 27, 683.

(37) Moore, C. E. Atomic Energy Level§atl. Bur. Stand. Circ. (U. S.)
1949 467.

(39) Bartmes, J. E. Neutral Thermochemical Data.NIST Standard
Reference Database Number, 88allard, W. G., Linstrom, P. J., Eds.;
National Institute of Standards and Technology: Gaithersburg, MD,
1997 (http://webbook.nist.gov).
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Table 4. Metal-Ligand Binding Energies of M(N{, Complexes (in kcal mol) Computed at Different Levels of Calculation

successive total
M—NO MNO,—NO M—(NO,)2
B3LYP CCSD(T} B3LYP CCSD(T} B3LYP CCSD(T}
Cu(NQy)2 49.2 57.2 (56.1) 37.4 43.8 (36.9) 86.6 101.0(93.9)
Cu(NGs)2 72.3 83.9 (85.2) 71.6 75.9 143.9 159.8
Mg(NO,)2 47.2 49.2 (51.5) 88.5 93.5(96.1) 135.7 142.7 (147.6)

a|n parentheses are shown the CCSD(T) values with the larger basis set.

Table 5. Computed lonization Potential for the Metals and
Adiabatic Electron Affinities of NQ

B3LYP CCSD(T} exp.

metalE/eV

Cu 8.03 7.06 (7.15) 7.3

Cu’ 20.80 19.62 (20.00) 20.29

Mg 7.73 7.54 (7.58) 7.65

Mg+ 15.46 14.80 (14.87) 15.03
NOy Ec{eV

NO, 2.36 2.12 (2.13) 2.28

NOs 4.04 3.82(3.92) 3.92 0.0

M(NO,), show larger differences. For Cu(N)pthe decrease
of the energy is mainly due to the increase of the ionization
potentials of Cu with the size of the basis set (see Table 5).
From this considerations, we can conclude that in Cu com-
plexes the binding energies at B3LYP level are underestimated
due to the large value of the ionization potentials of Cu. How-
ever, at CCSD(T) level the values are overestimated due to an
underestimation of the ionization potential. This underestima-
tion is partially corrected when increasing the size of the basis
set, the CCSD(T) and B3LYP values approaching to each other.

an parentheses are shown the CCSD(T) values with the larger basisConclusion

set.” Reference 37¢ Reference 38 Reference 39.

ences between Cu(N2 and Mg(NQ),. The reason for this
difference is that the second ionization potential of Cu is much
larger than the one corresponding to Mg. However, the

The structure, binding energies, and vibrational frequencies
of the different coordination modes of Cu(M@and of the most
stable structures of Mg(Ng» and Cu(NQ), have been deter-
mined. The Dy, structure, with the N@ groups showing

difference between the second ionization potentials of Cu and coplanary®-0,0 coordination, is the most stable one for Cu-

Mg (about 100 kcal mol) is notably larger than the difference
between the total binding energy of Cu(p®and Mg(NQ),
(less than 50 kcal mol). This fact indicates that the M—
2L~ interaction term has to be larger for Cu(By@than for
Mg(NO,),. This is mainly due to a larger ligand to metal charge
transfer in the Cu complex. The Mulliken population analysis
shows that the net charges on the metal in the M{NO
complexes are 0.45 for Cu and 0.90 for Mg at the B3LYP level
of calculation. The Ct(NOs), binding energy increases with
respect to the Cu(NO,), value, again due to the larger electron

(NOy)2, as in the case of Cu(NgR for which experimental data
are available. For Mg(Ng). the Do Structure is the most stable
one. The different stability of th®,, and Dy structures in
Cu(NQy), arises from the different interaction of the fragments
with the d orbitals of Cu. The difference in Mg(NJ2 is only

due to steric interactions between the ligands since Mg does
not have occupied d orbitals to interact with the N{@ands.

The computed frequencies are in good agreement with the
experimental values. The binding energies obtained at the
B3LYP level with a relatively small basis set are in good

affinity of NOs. As a consequence of these considerations, the agreement with the values obtained at the CCSD(T) level using

binding energy for the second N@see Table 4) in the Cu
complexes is smaller than the value for the first one, while in
Mg(NOy), the value is much larger.

Let us now consider the basis set effect on the computed
binding energies. Table 4 shows also the CCSD(T) values ob-
tained with the larger basis set. It can be observed that the

change in the metaligand bond dissociation energy of M-NO
is small when going from the smaller to the larger basis set.

a larger basis set.
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On the other hand, the values of the total binding energy of 1C980187J





