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In this paper we present a theoretical study of the linkage isomerization in [GROINO]?*. In particular,

we have used for our analysis a hybrid density functional/HartFeek method for the electronic computations

(the so-called B3LYP), while a recent version of the polarizable continuum model has been considered to
model solute-solvent interactions. A particular effort has been devoted to understand the kinetics of the
reaction and to assess the nature of the transition state. Our results show that this reaction is only marginally
exothermic in the gas phase, while solvent significantly shifts the equilibrium toward the nitro isomer. We
have also identified the transition state of the reaction, which can be described as a heptacoordinate structure
with the NG, group in#, coordination.

1. Introduction SCHEME 1

The fast isomerization of nitrite ion bound to pentaammi- o "*2 - —}2+
necobalt(lll) complex is the first known example of linkage (NH3)5C0<\ (NH5Co™ (NHsC N
isomerism in coordination chemistty3 This reaction has been N ’ s 0_74\
so extensively studied by experimentalists that it is now o o o °
considered in all inorganic chemistry textbooks as the prototype | I -

of this class of reactions® Furthermore, a number of similar

complexes, characterized by different metal centers and ligands,of the ion-paired speciésAs a consequence, the ion-pair
undergo a similar isomerizatin® The kinetics and the ~(sirycture Il) appears to fit the experimental observations least
thermodynamics of the spontaneous isomerization of the nitri- 54 has been discarded by the same experimentlists.
topentaamminecobalt(ll) complex, [Co(NJONOF*, in the More involved is the situation for the other two possible
corresponding nitro complex, [Co(NJ3 NO,J*, have been  giryctures. In fact, from one side the evaluated transition state
studied both in solution and in the solid stéte:” This reaction  \ojume is consistent with the intermediate type envisaged by
was proved to be intramolecular by using different experimental gasolo and Pearsdh(structure I), while from the othet’O
techniques. In fact, the kinet_ics in aqueous solution is indepen- NVR data are more consistent withyacoordination (structure
dent of the N@~ concentration addédand **0 tracer tech- ) 17 ynfortunately, the experimental data do not allow for a
niques showed that neither the inner-€1 or the outer NO  geeper understanding of reaction mechanisms, so that the

oxygen of the nitrito complexes exchange with solvent during question concerning the nature of the transition state is still
the isomerizatioR? Also, activation volumes for isomerization hanswered.

are consistent with an |lntramolecular mechani8m. §|m|Iar ~In such circumstances, quantum mechanical approaches can
mtraraolecular mechanism has been postulated in the solid gffer o valuable support to the experiments in choosing between
state: the concurrent interpretations of the reaction mechanism.

These results clearly establish that the nitrite ion never leaves Fyrthermore, theoretical methods allow for an easy evaluation
the influence of the coordination sphere but they do not give of the contribution of different terms to the overall result, tunable
any strong indication about the nature of the transition state. py switching on and off the different interactions in the
Three activated complexes consistent with the intramolecularity computations. Of course, the computational protocol must
of the process have been envisaged (see Scheme 1): grovide reliable structural and thermochemical data, two
heptacoordinate state (Ijy{ coordination), a pentacoordinate requirements which are not always straightforward to obtain
tight ion pair (Il), or a six-coordinater-bonded species (Ill)  for organometallic complexés.

(173 coordination). Density functional theory (DFT) has been remarkably suc-

When the reaction is carried out in a solvent that readily cessful in providing means for computing a variety of properties
dissociates ion pairs, yet no exchange is detected. Also, highfor organometallic compounds with a good accuricyn
ionic strength of the media does not promote the dissociation particular, the so-called hybrid density functional/ Hartr&eck
methods, where some HartreEock (HF) exchange is added
* Corresponding author. E-mail: adamo@ext.jussieu.fr. to the DFT contributiong provide deep insight in the electronic
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structure of transition metal complexes and their reacti¥ts? TABLE 1. Selected Bond Lengths (A) and Valences Angles
Anyway, the availability of an accurate computational electronic (dedg)hOf the Two Isomers of Nitropentaamminecobalt(l11)
tool is not enough, since most reactions take place in solution, 2"d the Transition State (TS) Structure?

and a complete theoretical analysis must include a proper [CO(NH;)sNOzJ**  [Co(NH5)sONOF* TS
treatment of the solutesolvent interactions. In this context, parameter  B3LYP e¥p  B3LYP exy B3LYP
solvent models rooted in the polarizable continuum appr%iaph Co—N1 1.973  1.921(19) 2.875 21382
are particularly appealing for the evaluation of solvent shifts co—N2 2.020 1.978 (19) 2.014 1.913(8) 2.006
on physicochemical properties of chemical systems. While the Co—N3 2.062 1.976(16) 2.029  1.948(4) 2.031
procedure is well attested for organic molecule and reactions Co—N4 2019 1978(19) 2013  1.968(9) 2.033
(see for instance refs 28 and 29), only a few applications have Co-N5 2021 1.978(19) 2012  1.952(4) 2.005
been done in the field of organometallic chemisty! Co~NG 2018 1.978(19) 2015 1954 (4)  2.004
f ! org : Co—02 2.804 1.893  1.927(5) 2.409
On this basis, we decided to focus our attention on the N1-02 1272 1.161(22) 1.463  1.244(9) 1.344
thermodynamics and the kinetics of linkage isomerization in N1-03 1.272 1.161(22) 1.215 1.037(10) 1.257

the nitritopentaamminecobalt(ll) complex, with the double aim 02-N1-Co 117.7  123.0(1)
of elucidating the reaction mechanism of the linkage isomer- 02-N1-03 1244 1139(2) 1125 1253(11) 1183

o . - . —02—N1 117. 131.
ization and showing the flexibility of the proposed computational co-0 3 31309
tool in the field of the organometallic chemistry. 2 All values refer to the gas phaseReference 50¢ Reference 14.

2. Computational Details

Density functional calculations were carried out within the
Kohn—Sham (KS) formalism, as implemented in the developing
version of the Gaussian cod&ln particular, we have chosen
the so-called B3LYP model, a self-consistent hybrid appréach
obtained by a combination of HF and Becke exch&hgéth
the Lee, Yang, and Parr correlation functioffalAll the
molecular structures have been fully optimized both in the gas
phase and in solution using the quasi-relativistic effective core rigyre 1. Structure and atom labeling of [Co(NJINO,J2* (left) and
potentials (ECP’s) of Hay-Watft for cobalt. The doublé- [Co(NHs)sONOP (right) isomers.
quality basis set of Huzinaga and Dunning was, instead,
considered for all the other ator#sThis ECP and the chosen ~computations have required the writing of a proper interface
basis sets will be referred in the following as LANL2DZ. between the Gaussian package and the last public release (4.0)

The combined use of the B3LYP approach with this ECP ©f the NBO progrant® All the molecular structures have been
has been tested and validated in a number of studies onobtained using the Molden graphical packdge.
organometallic complexes and reactiéh&>38.3%46ingle-point . .
energy evaluations have been carried out at the optimized3: Results and Discussion

geometries adding one d polarization function on N.and O (exp  3.1. Structures and Vibrational Frequencies.Even if the
= 0.8 and exp= 0.85, respectively) and one p function on cobalt nitrito isomer is unstable and the interconversion to the
(exp= 0.14) (LANL2DZp). corresponding nitro isomer is relatively fast, it has been prepared
Solvent effects were evaluated using a recent implementationand isolated in the solid state and X-ray data are avaifdble.
of the polarizable continuum model (PCM) in the Gaussian These data, together with the corresponding values for the nitro
packag€*2 In particular, optimized structures, vibrational complex® and our theoretical results, are collected in Table 1.
frequencies, and solvation energies have been computed by ahe atom labeling is reported in Figure 1. The agreement
cavity model, namely the united atoms topological model between computed and experimental data is not good, the Co
(UATM),*® coupled to the new conductor-like polarizable NH; distances being systematically overestimated (up to 0.10
continuum model (CPCM} The details of this procedure have  A). An even greater discrepancy is found for the NO bond
been extensively described elsewh#r& Here we simply  lengths, which are 0.10 A too long with respect to the
recall that this approach provides results very close to those experimental values. This discrepancy between experience and
obtained by the original dielectric model for high dielectric theory might be ascribed to the crystal environment, where
constant solvents, but it is significantly more effective in  hydrogen bonds between different units and/or between one unit
geometry optimizations and frequencies calculattramd less  and the counterions significantly alter the molecular structire.
prone to numerical errors arising from the small part of the solute In fact, a better agreement for the €N bond lengths is found
electron cloud lying outside the cavity (escaped charge effécts). when the external electrostatic field generated by the solvent is
Furthermore, it allows for an efficient analytical evaluation of taken into account. This field partially takes into account all
the free energy second derivativés. the external perturbation of electrostatic origin, such as the
All the stationary points found in the gas-phase or in aqueous electrostatic part of H-bond interactions and/or crystal packing
solution, corresponding to reactant, transition state, and product,effects?” Table 2 collects the geometrical parameters for the
have been characterized by computing harmonic frequencies.two isomers, obtained upon optimization (without any constrain)
Finally, the electronic structure of these molecules either in in three different solvents: tetrahydrofurano (THF), acetone,
the gas phase and in solution have been investigated using theand water. These solvents are representative of different
natural bond orbital (NBO) approach and the related natural chemical environments and strengths of interaction, their
population analysis (NPAY. The NPA approach is particularly  dielectric constants going from 7.6 (THF), to 20.7 (acetone), to
effective also for transition metal complexes, since it gives a 78.4 (water).
description of the electronic distribution which is less sensitive  In going from the gas phase to the solution, a general
to the computational parameters (e.g., basis “efjhese contraction of all the bond lengths is observed, proportional to
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TABLE 2: Selected Bond Lengths (A) and Valences Angles
(deg) of the Two Isomers of Nitritopentaamminecobalt(lIl)
and the Transition State (TS) Structure, Computed in
Different Solvents

[CO(NH3)5N02 2F

in Table 3. Taking as reference the two bare fragments [Co-
(NH3)s 1°" and NQ, the charge transferred from NOto
pentaamminecobalt is 0.6&| in the nitro isomer and 0.49
|e~| in the nitrito complex. The Co charges at€.96|e"| and
+1.03 |e7| in the nitro and nitrito isomers, respectively. As

[Co(NH)sONOP* 15

parameter THF acetone water THF acetone wateater mentioned above, the solvent increases the charge separation
Co—N1 1.961 1.966 1.964 2.831 2.860 2.829 2.487 in the complex, significantly reducing the charge transferred
Co—N2 1.992 1989 1.981 1.990 1.984 1.979 1.991 from the nitro group to the Co complex: 0.46 | in [Co(NH3)s-
Co—N3 2.010 2.003 1.986 1.993 1.987 1.972 1.948 NO2]2* and 0.38/e7| in [Co(NH3)sONOJ+. At same time, the
CoNd 1% 190 1979 199 1989 1512 170 NpA charges of the cobalt atom sighiy ncreasesHos
Co—N6 1.995 1.991 1.981 1.989 1.985 1.978 1.986 |€ | and+1.04|e"|, respectively.
Co—02 2.812 2.817 2.827 1.912 1.920 1.929 2.509 Finally, it must be pointed out that while the Co 3d population
N1-02 1279 1280 1.283 1.400 1.395 1.372 1.336 varies between the two isomers (from 7.70 to 764, for the
'C\')%:ﬁf_ o 1'12872 1'12883 1'12982 1239 1241  1.254 1.269 pitrg and nitrito complex in the gas phase, respectively), the
O2-N1-03 1224 1221 1209 1132 1131 1169 1171 CO4s population remains essentially constant (about|@-3p

The slow nitrito— nitro linkage isomerization can be easily
the magnitude of the solvent dielectric constant. This shortening monitored by IR spectroscopy. The nitrite group shows two
(between 0.003 and 0.04 A for the €bl bond lengths in the vibrational bands: the first is centered at about 1440 %cm
two complexes) increases the agreement with the X-ray data.corresponding to an asymmetric N@tretching, while the
An even greater effect is found for the €3 bond length ~ second is around 825 crh and has been assigned to the-Co
which decreases of 0.08 A in the nitro complex and 0.07 A in NO; deformation2 The best diagnostic regions are at 1315 &m
the nitrito complex in aqueous solution. These geometrical for the nitro isomer (symmetric NOstretching) and at 1065
variations are consistent with the stabilization of the charge cm* for the nitrito complex, where a strong band has been
separation structure (like [Co(NJ]3"+--NO,") in polar solvent. assigned to CoONO stretching vibration. This last band has
The net effect is the reduction of the donation from the nitro been used to monitor the linkage isomerization: on aging a
group to the pentaammine complex and the vanish of the transsample of [Co(NH)sONOP* it decreases in intensity until it
effect in solution. This latter result is in full agreement with disappears completely.
early kinetic studie® which reported the absence of any trans In Table 4 are reported the B3LYP results, while in Figures
bond-weakening effect, and it has been noted also in the crystal2 and 3 are plotted the theoretical IR spectra computed either
structuret* in the gas phase or in aqueous solution and reproduced by

The other discrepancies between the experimental andassociating a single Lorentzian function to each computed
computed geometrical parameters concern the MOiety in wavenumber, with a half-height width of 10 cfn Even if a
both isomers. Here, anyway, the precision of the X-ray data is direct comparison between theoretical harmonic wavenumbers
guestionable, since positional disorders lead to a very short (andand experimental anharmonic values is misleading, the theoreti-
in some case unreliable)-ND distancé? cal values can be used to support the experimental assignments.
Some insights on the electronic structures of such complexesThe spectra of the two isomers can be easily distinguished in
can be obtained by looking at the NPA charges, calculated bothtwo main regions: one characteristic of the Ngtoups and
in vacuo and in solution. These charges, as well as the electronone assigned to the NOnoiety. In the first region, the NH
configuration of the cobalt atom in both isomers, are reported stretching computed in the range 35@B00 cnt?! for both

TABLE 3: Natural Population Analysis for the Two Isomers of Nitropentaamminecobalt(lll) and the Corresponding Transition
State (TS), Computed Either in the Gas Phase or in Aqueous Solution, and the Charge for the NHGroup in the Trans
Position, (NHs)wans, @and the Average Values for the Equatorial NH Groups, (NHs)gq

gas phase solutién solution
atom charge conformation charge conformation charge conformation
[Co(NH3)sNO;; 2t
Co 0.958 4%303d 770 0.976 48303( 768 0.929 48303d 770
N1 0.292 0.305 0.292
02 —0.343 —0.422 —0.433
03 —0.343 —0.422 —0.433
(NH3)trans 0.298 0.298 0.325
(NH3)eq 0.249 0.316 0.330
[CO(N H3)5ONO]2Jr
Co 1.027 4%293( 764 1.044 48293762 1.000 48293766
N1 0.241 0.272 0.266
02 —0.603 —0.601 —0.553
03 —0.145 —0.290 —0.369
(NH3)trans 0.262 0.306 0.330
(NH3)eq 0.305 0.317 0.331
TS
Co 1.045 48303761 1.061 48303( 760 1.064 48303d 761
N1 0.202 0.204 0.188
02 —0.290 —0.414 —0.416
03 —0.512 —0.761 —0.576
(NH3)trans 0.316 0.309 0.324
(NH3)eq 0.293 0.423 0.354

2 Gas-phase geometry.
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TABLE 4: Gas-Phase Harmonic Wavenumbers (cm') Computed at the B3LYP/LANL2DZ Level?

[CO(N H3)5N02]2Jr [CO(N H3)50NO]2+

gas phase aqueous sol exp. assignment gas phase aqueous sol exp assignment
3554-3365 3456-3327 ~3200 NH stretch 35563370 3456-3364 ~3200 NH stretch
1683 1661 1595 NEdef 1684 1675 1595 Ngtef
1466 1439 1440 N@asym stretch 1586 1611 1460 ONO asym stretch
1257 1285 1315 NEdef + 1359 1353 1325 NEidef

sym NG, stretch
877-834 900-803 850 NH rock 846 899 1065 ONO sym stretch
757 777 825 N@def 828-876 898-819 850 NH rock
718 791 825 N@def

a Experimental data are from ref 12.
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Figure 2. Theoretical IR spectra for the nitro and nitrito linkage ONO asymmetric stretching at 1586 ch(experiment 1460

isomers. The spectra are reproduced by associating a single Lorentziarem %) for the nitrito isomer.
function to each computed wavenumber, with a half-height width of  As expected, in going from the gas phase to the aqueous

10 enTt. solution, a significant shift toward lower frequencies is observed
4000 3500 3000 2500 2000 1500 1000 500 for all the V|_brat|onal modes, Whlch (eflects the v_arlatlons of
0 e L bk "ﬂf ) the geometrlgal parameters. This shift generally improves the
A i H‘m Il agreement with the experimental wavenumbers, as can be seen
{ X from the data collected in Table 4. In particular, the greatest
v variations are found for the stretching modes of the ammonia
NH, rock ligands in the nitro isomer, while smaller shifts are computed
for the modes of the nitrito group. In this last case, the modes
of the nitrito isomer corresponding to the ONO symmetric
stretch and to the N&leformation increas¢53 and+73 cnt?,
respectively.

The overall trend is reported in Figure 3, where the IR spectra
of the nitro complex in the gas phase and in aqueous solution
are plotted.

As mentioned in the Introduction, there is still a great

Figure 3. Theoretical IR spectra for the nitro isomer computed in gas ambiguity about th_e_ nature of the transition state (TS), the
phase (dotted line) and in aqueous solution (continuous line). The experimental data fitting two possible molecular rearranger_n_ent
spectra are reproduced by associating a single Lorentzian function to(Structures I and Il of Scheme 1). We have found a transition
each computed wavenumber, with a half-height width of 10%cm state along the path connecting the two linkage isomers, and
its geometrical parameters are reported in Table 1. This
isomers corresponds to the experimental bands around 3200molecular structure has been obtained by a full geometrical
cm™L. In a similar manner, the Ndtleformation is predicted to  optimization, and has been characterized as a first-order saddle
be 1683 cm!, quite close to the experimental finding (1595 point, with one imaginary frequency & 441 cm™1). In Figure
cm™1). Finally, the NH rocking mode, which is observed at 4, we have reported the optimized structure of this TS, together
around 850 cm! in both isomers, is calculated at 877 tin with the transition vector components. As it appears from this
As concerns the NPmodes, they are well reproduced for the sketch, this structure can be described as a heptacoordinate
nitro isomer, the greatest error being 70 ¢rfor the symmetric rearrangement, with the N@noiety in arn, coordination. This
stretching mode (1257 vs 1315 ch see Table 4). Greater was the only stationary point localized on the reaction path
errors €100 cntl) are found for the nitrito isomers. In  joining the two minima: all the other efforts to localize different
particular, the highest NO stretching vibration is overestimated TS structures led to one of the minimum energy structures, thus
(1586 vs 1460 cmb), while the second is underestimated (846 discharging all the other alternatives (structures Il and Il of
vs 1065 cmt) with respect to the experimental values. Scheme 1). The geometrical parameters indicate that the N atom
The plot of Figure 2 well evidenced the fingerprint regions and one of the O atoms of the nitro ligand are at almost the
of the two isomers: the NDasymmetric stretching at 1257 same distance from the Co atom (2.38 vs 2.41 A, respectively).

200

def
NO s stretch =

400 - V’

I (km/mol)

NH, def
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600
gas-phase
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800 -

NO, as strecth.
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TABLE 5: Endothermicity ( AE) and Activation Energy (AE") for the Linkage Isomerization Reaction of
Nitritopentaamminecobalt(lll) — Nitropentaamminecobalt(lIl) &

B3LYP
gas phase THF acetone water exp
LANL2 DZ LANL2DZp LANL2DZ LANL2DZ LANL2DZ LANL2DZp THF ® watef solid staté
AE 1.0 4.7 1.7 (2.9) 2.4 (3.7) 3.3(5.4) 7.3
AE*  30.1 34.3 (30.2) (28.3) 21.7 (23.1) 25.8 253.4 22.7+£0.2 22-26

a All values are in kcal/mol and refer to fully optimized geometries. In parentheses are reported the energies computed in solution using gas-
phase geometrie8 Reference 17¢ Reference 49 From ref 4.

All the other geometrical parameters, as those of the ammino TABLE 6: Different Contributions to the Free Energy of
ligands, are intermediate between the nitro and the nitrito isomer. Solvation in Water (kcal/mol)?
A better understanding of the electronic structure of the TS AGeay AGus AGep AGaet  AGi
comes from an analysis of the NPA charges, reported in Table [CoNH)sNOJ>~ 208 227 53 2125, 2092
3. The NQ~ fragment has an overall charge-©0.6 |e7|, thus [Co(NH):ONOP* 21.1 -234 57 —-2082 —204.7
suggesting that less charge (Q&|) is transferred to the TS 211 —-229 55 —217.4 —2139
pentaammlne compl_ex than in the two minima. A.t the SAME 2 See text for the definitions of the different terms. All the values
time, the Co charge is greater {.05). These results indicate a2 ,,ye peen computed using gas-phase geometries.
molecular rearrangement with a €bO, bond with a partial
ionic character. _ . torule out ans rearrangement of the transition state (structure
Starting from the gas-phase structure, we have fully optimized ||| j, Scheme 1), originally suggested by Jackson and co-
the transition state in water. The obtained geometrical parametersygrkersl?
are reported in Table 2. Also, this structure has been character- 3 2 Thermodynamics and Kinetics of the Linkage Isomer-
ized as a first-order saddle point with one imaginary frequency jzation. It is well-known that the nitro isomer is strongly favored
(v = 385 cm™). The overall geometrical rearrangement is iy any kind of solvent ¢ 95%) or in the solid stat¥, while no
§|mllar to that found in vacuo, but some significant variations g4at3 are available in the gas phase. Also, the activation energy
in the geometrical parameters can be observed. Among others¢or the nitrite/nitro interconversion have been evaluated in
the Co-N1 and Co-O2 bond lengths are significantly longer  so|ytion and it ranges between 19 and 26 kcal/mol, depending
(+0.1 A) than in the gas phase. As it concerns all the other g the kind of solvent useti317
geometrical parameters, they follow the trends already observed oy gas phase results are collected in Table 5. They indicate
for the nitrito isomer in going from gas phase to solution. The that the nitro isomer is only marginally more stable than the
charge separation effect induced by the solvent is well evident yjtrito complex, the energy difference being 1.0 kcal/mol. The
in the NPA charges (see Table 3). In particular, the nitro ligand consideration of the extended basis set significantly stabilizes
bears a charge 6f0.80|e"| in the fully relaxed structure; i.e.,  the nitro isomer over the nitrito one-@.7 kcal/mol, see Table
the charge transferred from the nitro group is reduced to 0.20 5). Our final estimation, including ZPE corrections evaluated
le|. at the B3LYP/LANL2DZ level (+0.8 kcal/mol), is that the nitro
The structures of the reactants and of the TS allow for the j5 more stable than the nitrite of 3.9 kcal/mol.
evaluation of a significant thermodynamic activation parameter, A further stabilization of the nitro isomer is found in solution,
namely the activation volume\y*). This quantity is certainly  \yhich depends on the considered solvent. So, the nitro isomer
interesting in defining the nature of a substitution reaction, i.e., js 1.7 kecal/mol more stable than the nitrito complex in THF,
if the mechanism is dissociative, D, associative, A, intermediate pt the energy gap increases to 2.4 kcal/mol in acetone and 3.3
associative, 4 or intermediate dissociativeg. ln this isomer-  kcal/mol in water (fully relaxed geometries). Unfortunately,
ization both A and D mechanisms are ruled out by experiments here are not direct measurements of the endothermicity, but
which suggest an intramolecular reactiéri! The experimental  {hese results are in agreement with the experimental evidences
work of Mares et al® on the kinetics of isomerization of [Co-  that the nitro isomer is more stable than the nitrito complex in
(NH3)sONOFP* reports a small and negative activation volume  ggjution.

(—6.4 cn¥/mol) for the isomerization suggesting apnhecha- But, why is the nitro isomer more stable in solution than the
nism. In order to compute the activation volume we decided to pjtrito one? In the frame of a PCM approach, like the one

evaluate the volume of the reactant and TS as proportional toconsidered here, it is possible to distinguish between different
the sum of all metal to donor atom distances as already appliedcontriputions to the total solvation free enerBsoi2’

in the literature for other substitution reactie#The activation

volume is therefore proportional @, the difference between AG.. = AG
the TS and the [Co(NgsONOJ?* volumes estimated in such a sl

way:

+ AGye oy + AG

cav rep elect
where AGeiect IS the electrostatic term\Geay is related to the
_ . . . work needed to form the molecular cavity in the solvent, and
= Zd(M Xi)rs ~ dM=X)coono Guis—rep S related to the dispersiemepulsion interactions. These
terms for [Co(NH)sNO2]2", [Co(NH3)sONOJ2H, and TS are
where M is the cobalt atom and X (> O, N) are the atoms of  reported in Table 6. Our computations show that the nonelec-
the nitrite moiety. From the computed structures, we filxi}8.0 trostatic contribution, i.e., the first two terms of the total
= — 0.64 A andZ,qer= —0.10 A. These values show a trend solvation energy, is almost equal for the two isomers, being
in agreement with the experimental findingsurther supporting 3.4 and 3.3 kcal/mol for the nitro and nitrito complex,
an l, mechanism. respectively. This contribution, as well as the others here
In summary, our results confirm the type intermediate discussed, have been evaluated freezing the molecular geom-
envisaged by Basolo and Pearson (I in Schem@ aphd seem etries at the gas-phase values. In contrast, the electrostatic term
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is —212.5 kcal/mol for the nitro isomer and208.2 kcal/mol
for the nitrito complex. This difference arises from the different
exposition to the solvent of the NOgroup in the two molecules

as can been seen from the sketch of the two cavities reporte
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solvent effects strongly affect the equilibrium in favor of the
nitro species. While these results are coherent with the
experimental data, we have, for the first time, shown the nature
of the transition state. In fact, we have found that the transition
state of the nitrito/nitro interconversion can be described as a
nz-coordinated structure in the gas phase, quite high in energy.
The solvent, strongly favoring a species with charge separation,
increases the ionic character of the-@¥O, bond and, at the
same time, decreases the activation energy of the reaction.
As last significant remark we want add a small comment
about the interplay of theory and experiments. In particular,
modern computational tools, even if developed for the study of
organic systems, have now reached a sufficient level of
reliability to allow their routine application to the study of
complex inorganic systems. This paves the route for a better
understanding of the subtle effects ruling many organometallic
reactions, both in the gas phase and in condensed phase.
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