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Negative Ion Photoelectron Spectroscopy of NH, (NH3); and NH, (NH3);: Gas Phase

Basicities of Partially Solvated Anions

Joseph T. Snodgrass,” James V. Coe,* Carl B. Freidhoff,® Kevin M. McHugh,"

Susan T. Arnold,! and Kit H. Bowen*

Department of Chemistry, Johns Hopkins University, Baltimore, Maryland 21218
Received: November 15, 1994; In Final Form: February 7, 1995%

The photoelectron spectra of the gas phase negative cluster ions NH, (NHz); and NH; (NHz), are reported.
The spectra imply that these ions consist of intact amide ions solvated by ammonia. Vertical detachment
energies and ion—solvent dissociation energies are obtained. In addition, spectral features are also observed
that indicate that the ammonia moiety in these cluster anions is distorted from the equilibrium configuration
of the free ammonia molecule. The spectra are compared to the photoelectron spectra of H™(NHs), and
H~(NH;),;. Gas phase basicities are determined for NH,"(NH3);, NH,™(NH3;);, H"(NH3),, and H™(NHa)..
While NH;" is a stronger base than H™ in the gas phase, our data show that the addition of only two ammonia
solvent molecules reverses the relative basicities of these two species.

Introduction

The governing influence of solvation on the energetics,
equilibria, and rates of chemical reactions occurring in solution
has long been recognized.'”? There are many cases in which
a change in solvent medium changes the rate or equilibrium
constant of a reaction by several orders of magnitude.* In order
to understand solution phase chemistry, a knowledge of the
primary reaction chemistry must be supplemented by informa-
tion on the interactions between reactant and product molecules
with the solvent. Distinguishing between the intrinsic properties
of reacting chemical species and the effects attributable to
solvation, however, is often difficult.

The development in the mid-1960s of experimental methods
for studying ion—molecule reactions in the gas phase, in the
absence of a solvent medium, profoundly influenced our
understanding of chemical reactivity.”~® Using ion cyclotron
resonance mass spectrometry,” high-pressure mass spectrom-
etry,? and flowing afterglow methods,” it became possible to
make thermodynamic and kinetic measurements for a wide
variety of chemical reactions without the complicating effects
of solvation. Since solvation energies are often large enough
to dominate over differences in intrinsic reactivities, the data
generated revealed subtle yet important chemical differences
for the first time. During the course of these studies, gas phase
acid—base chemistry received considerable attention,>%!0~16 By
measuring equilibrium constants for proton transfer reactions,
relative acidities and basicities were determined and anchored
to an absolute scale (see tables in refs 5, 6, and 16). Of
particular significance, it was found that the ordering of relative
acidities for a number of alcohols in the gas phase is the reverse
of their ordering in solution.’* Likewise, for a given list of
related bases, it was found that the ordering of their basicities
in the gas phase often differs from their ordering in solution.'
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In addition to information on intrinsic reactivities, information
on the interactions between ions and solvent molecules has also
been obtained.'”"?> By measuring equilibrium constants as a
function of temperature for solvation reactions, i.e.,

A%S), +S+M—A%S),,, + M

sequential ion—solvent dissociation enthalpies and entropies
have been determined via van’t Hoff plots. The utility of such
data in understanding ion solvation has been reviewed,'*~2! and
a comprehensive compilation is available.?? The vast majority
of such measurements have been made using high-pressure mass
spectrometry and flowing afterglow methods. More recently,
the determination of ion—solvent bond dissociation energies
from the photoelectron spectra of negative cluster anions has
also been demonstrated.?>?* An additional benefit of using a
spectroscopic approach is the possibility of obtaining structural
information as well as qualitative information on the nature of
bonding between anions and neutral solvents.

In this paper, we report the results of our investigation on
the cluster anions NH;™(NH3); and NH; (NHs), by negative
ion photoelectron spectroscopy. The NH, (NH3); ion is an
ion—molecule complex of a strong base, NH,™, with its
conjugate acid, NHs. Solvation decreases the effective basicity
of a gas phase ion. In this study, we measure the extent of this
decrease with sequential solvation. This work is complimentary
to our previously reported study of H™(NHai),=i2 cluster
anions,”> which we review in the context of acid—base
chemistry, the emphasis of this study.

Experimental Section

In continuous beam negative ion photoelectron spectroscopy,
a steadily operating mass-selected beam of negative ions is
crossed with a fixed-frequency photon beam, and the resultant
photodetached electrons are energy-analyzed. Subtraction of
the center-of-mass electron kinetic energy of an observed
spectral feature from the photon energy gives the transition
energy (the electron binding energy) from an occupied level in
the negative ion to an energetically accessible level in the
corresponding neutral. Our apparatus, which has been described
previously,?® employs a Wien velocity filter for mass selection,
an argon ion laser operated intracavity in the ion—photon

© 1995 American Chemical Society
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Figure 1. Typical mass spectrum obtained by using ND; and NHj in
OUr Supersonic expansion ion source.

interaction region, and a magnetically shielded, hemispherical
electron energy analyzer.

Negative cluster ions of NH,™(NH3), were generated using
a supersonic expansion ion source. The operation of this source
involves the injection of electrons from a biased hot filament
into an expanding supersonic jet in the presence of magnetic
fields. Typical source operation conditions were as follows: a
nozzle diameter of 18 um, a stagnation pressure of 30 psig of
ammonia, a beam voltage of —500 V, a filament bias of —70
V relative to the nozzle, a filament emission of ca. 15 mA, an
extraction voltage of ca. 1300 V, and a nozzle temperature of
ca. 0 °C. Currents measured at the Faraday cup beyond the
ion—photon interaction region were usually ca. 2 x 107° A of
NH,~(NH3); and ca. 5 x 107'° A of NH,~(NH3),. Typical mass
spectra obtained by using neat NHz and NDs are presented in
Figure 1 on aligned mass scales. Mass assignments were
confirmed by photodetaching ions with well-known photoelec-
tron spectra such as NH,™ and OH™. As shown in Figure 1,
cluster ions of the H™(NHj), cluster ion series were also
produced under these conditions.

Results and Interpretation of Spectra

1. Data. The photoelectron spectra of NH,~, NH,~(NHz),,
and NH, ™ (NHs); are presented in Figure 2, all on aligned center-
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Figure 2. Photoelectron spectra of NH,~, NH,"(NHz);, and NH>~“(NHs),,
each recorded with 2.540 eV photons.

of-mass (cm) electron kinetic energy scales. The inset above
the NH,"(NH3); spectrum is a magnified trace of the low
electron kinetic energy portion of the spectrum. The photo-
electron spectrum of ND,™(NDj3); was also recorded. In all the
spectra shown here, the photon energy was 2.540 eV, the
electron energy channel spacing was 8.5 meV, and the electron
energy analyzer’s instrumental resolution was 30 meV. The
mass resolution typically used in these experiments was that
shown in Figure 1. The photoelectron spectrum of OH™ was
recorded before and after each NH, (NH3), spectrum to calibrate
the electron energy analyzer’s energy scale. The ND,™ ion’s
photoelectron spectrum served as the calibrant for the ND,™(NDs);
spectrum. The NH™ photoelectron spectrum was also recorded
periodically to determine the electron energy analyzer’s com-
pression factor, which was always found to be between 1.000
and 1.020. Table 1 summarizes peak positions, intensities, and
widths as determined by fitting the experimental data to
asymmetric Gaussian peak shapes.

The photoelectron spectra of NH, (NH3); and NH>™(NH3),
are both dominated by large peaks, which are designated as
peaks A and A’, respectively, in Figure 2. The NH>"(NH3),
spectrum also exhibits two smaller peaks on the low electron
kinetic energy side (the high electron binding energy side) of
peak A, and these are designated as peaks B and C. Also, the
NH,~(NH3)2 spectrum exhibits an unresolved shoulder on the
low electron kinetic energy side of peak A’. In the sections
below, we first interpret peaks A and A’ and then peaks B and
C.

The photoelectron spectra of the H~(NH3), cluster ion system,
which is closely related to the NH,~(NH3), system, are presented
in Figure 3 for comparison. The spectra of H™(NH;), and
H~(NH3); are both dominated by large peaks, again designated
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TABLE 1: Peak Positions, Widths, and Intensities for the
Photoelectron Spectra of NH,~, ND,~, NH,"(NH3),,
ND, (ND3);, and NH,™(NH;),*

peak center positions®Y)

peak c.m. electron  electron binding  peak widths: rel

labels  kinetic energy energy fwhm (eV) int?
NH,~
1.760 0.780 0.050
ND;~
1.767 0.773 0.043
NH,"(NH3),
A 1.229 1.311 0.246 1.00
B 0.786 1.754 0.09
C 0.411 2.129 0.02
ND,~(NDs)
1.236 1.304 0.239
NH, (NHz),
A’ 0.765 1.775 0.315

@ Photon energy = 2.540 eV. ? Highest intensity peak normalized
to 1.00.
electron binding energy (eV)
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Figure 3. Photoelectron spectra of H™(NH3); and H™(NHs),, both
recorded with 2.540 eV photons. The spectrum of H™ is a single peak,
and it has been sketched here for comparison.

as peaks A and A’, respectively, with smaller peaks at lower
electron kinetic energies designated as peaks B and B/,
respectively. The H™(NHj3), spectra have been described and
interpreted in detail previously.”> Upon analyzing both sets of
spectra, we find that qualitatively similar interpretations can
explain the general features in both. However, a quantitative
comparison reveals significant chemical and structural differ-
ences.

2, Peaks A and A’. In preparing to interpret peaks A and
A’ in the spectra of NH>~(NH3); and NH,~(NHj3),, we should
first consider the spectrum of NH,™ itself. The NH»~ photo-
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electron spectrum, which has been studied previously,26?7 is
dominated by a single peak (see Figure 2). Extremely low’
intensity peaks (<0.7% of this peak’s intensity) were also
observed on the lower electron kinetic energy side of this peak.
Spectroscopic studies have shown that the geometries of the
NH;~ anion and the NH; neutral radical are quite similar.?® The
electronic ground states of these two species differ only by the
presence of a nonbonding electron in the b; orbital of NH,™.
The photoelectron spectrum of NH,™ shown in Figure 2 is
consistent with these geometric and electronic similarities. The
main feature is assigned as the NH, (X 2By, v/ = 0) — NH,~
(X 'Aj, v’/ = 0) vibrational origin transition. The peak is
broader than the 30 meV instrumental resolution because it
contains unresolved Q, P, and R rotational branches. The
maximum of peak A occurs at an electron binding energy of
0.780 + 0.004 eV, where the error cited is the statistical
uncertainty in locating the peak center. This value agrees well
with that of a previous study?® in which the electron binding
energy measured from the peak center was reported as
0.77925013 eV. The energy of the vibrationless, rotationless
origin transition, which is equal to the adiabatic electron affinity
(EA) of NH,, may not coincide exactly with the electron binding
energy as determined from the peak center. We estimate this
difference to be less than +0.010 eV. In a recent photoelectron
investigation of NH,™ in which the Q, P, and R rotational band
contours were resolved,?’ the electron affinity of NH, was
determined to be EA(NH,) = 0.771 £+ 0.005 eV, in good
agreement with the conclusions reached from the NH,™ pho-
toelectron spectrum shown in Figure 2. The extremely low
intensity peaks observed on the low electron kinetic energy side
of the main feature in the photoelectron spectrum of NH,™ are
due mainly to transitions to NH; with low levels of vibrational
excitation in the symmetric stretching and bending modes. Also,
a broad, weak peak was observed at electron kinetic energies
<0.5 eV. This feature is probably due to transitions to the A
2A, state of NH,.

The photoelectron spectra of NH;™(NH3); and NH,™(NH3),
are both dominated by single peaks, i.e., peaks A and A’ in
Figure 2. These peaks arise due to photodetachment of electrons
from solvated NH;™ ion “chromophores” within NH,™(NH3),
and NH, (NHas),, respectively. For this reason both peaks
resemble the photoelectron spectrum of free NH,™ except for
being broadened and shifted to progressively lower electron
kinetic energies owing to the stabilizing effect of solvation. The
photoelectron spectra of NH, ™ (NH3); and NH>~(NH3); indicate
that the excess negative charge is largely localized on a specific
component within these cluster ions to form a sub-ion which
interacts with the remaining components. Thus, the photoelec-
tron spectra of the resulting ion—molecule complexes may be
viewed as the spectra of their perturbed sub-ions. An analogous
interpretation has been applied?® to the photoelectron spectra
of the H™(NHj3); 2 cluster ion series shown in Figure 3.

The electron binding energies of peaks A and A’ are equal
to the energy differences between the occupied states of the
cluster anion and the states in the Franck—Condon region of
the potential energy surface of the corresponding neutral. Little
is known about the geometries and potential surfaces of
NH,~(NH3); and NH;~(NH3), and their corresponding neutrals.
The van der Waals interactions between constituents of the
neutral clusters most likely result in broad, shallow potential
surfaces.” Consequently, the region of the neutral potential
surface accessed by photodetachment, irrespective of the exact
geometric configuration, will lie at an energy that does not differ
appreciably from the energy of the dissociation asymptote. As
a result, the electron-binding energies of peaks A and A’ are
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TABLE 2: Summary of Ion—Solvent Dissociation Energies
Derived from the Photoelectron Spectra of NH, (NHa)y,
NH; (NH3)2, H"(NH3), and H™(NH3),*

process dissociation energy
NH,~(NH3); — NH,™ + NH; 0.54
NH,~(NH3); — NH, (NH3); + NH; 0.46
H~(NH3); — H- + NH; 0.36*
H~(NH;); — H™(NH3), + NH;3 0.35%

7 All values given in electronvolts. ? See ref 23.

reasonably good approximations to the dissociative detachment
energies of NH,~(NH3); and NH;~(NH3); and to the adiabatic
electron affinities of their corresponding neutral complexes.

The electron-binding energy of peak A in the NH>~(NH3),
photoelectron spectrum is 1.311 eV. As discussed above, this
is an approximate measure of the dissociative detachment energy
for NH, (NH3)y, i.e., the energy required for the process

NH, (NH,), — NH, + NH, + ¢

Subtracting the electron affinity of NH, from the dissociative
detachment energy of NH; (NHj); yields the ion—solvent
dissociation energy for NH, (NH3), dissociating into NH,™ and
NH;. This value, Dy[NH, (NH3);], is 0.54 eV. The ion—
solvent dissociation energy of NH, (NH3); is a physical quantity
of fundamental interest because it is a measure of the strength
of the interaction between NH»~ and a single NHj solvent
molecule. Theoretical calculations by Squires® have suggested
a value of 0.52 eV for the ion—solvent dissociation energy of
NH, (NH3),, in agreement with these results. Castleman?! has
pointed out that NH,~(NHj;), is isoelectronic to F~(NH3); and
that it too has an ion—solvent dissociation energy of ~0.5 eV.
By analogous reasoning, the ion—solvent dissociation energy
for NH,~(NH3), dissociating into NH,~(NH3), and NH; is given
by the difference in the electron-binding energies of peaks A’
and A. This value, Do[NH,~(NH3),], is 0.46 eV, indicating a
slightly smaller stabilization by the second NHj solvent
molecule.

The ion—solvent dissociation energies for H™(NH3); and
H~(NH3;); were extracted from the photoelectron spectra shown
in Figure 3 as described in ref 23. In order to facilitate
comparison between the NH,~(NH3), and H™(NH3), cluster ion
systems, the ion—solvent dissociation energies for both systems
are collected together in Table 2.

The full widths at half maximum of peaks A and A’ are 0.246
and 0.315 eV, respectively, considerably broader than the 0.030
eV instrumental resolution. The width of the peak analogous
to peak A in the ND,~(NDj3); photoelectron spectrum is 0.239
eV, not greatly different from that in the NH,~(NH3); spectrum.
The broadening of these peaks in the cluster ion spectra is
probably due to contributions from several sources including
(a) excited weak-bond vibrations in the cluster ions, (b)
vibrational excitations in the resulting neutrals, and/or (c) access
to a repulsive portion of the neutral’s potential surface. These
broadening mechanisms are discussed in greater detail in ref
23.

3. Peaks B and C. Peaks B and C in the photoelectron
spectrum of NH,;~(NH3); are primarily due to the excitation of
stretching modes in the ammonia solvent during photodetach-
ment. Within the NH,7(NHz3); ion—molecule complex, the
NH,~ ion interacts with its NH3 solvent and distorts it from its
equilibrium geometry. This creates some Franck—Condon
overlap between the distorted ammonia in the ion—molecule
complex and the vibrationally excited modes of NH; in the
resultant neutral. The intensities of peaks B and C relative to
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peak A is an indication of the degree of distortion of the NH3
moiety within the cluster ion.

The above assignment of peaks B and C is supported by
comparing the spacings between peaks A, B, and C with the
stretching frequencies of the free NH3 molecule,?' by examining
the isotope shifts in the ND,~(NH3); spectrum, and by com-
parison to the photoelectron spectra of the H™(NH3), cluster
ion series.?®> The spacing between peaks A and B in the
NH,~(NHj3), photoelectron spectrum is 3570 =+ 120 cm™', where
the cited error is a conservative estimate of the uncertainty in
determining the difference between peak centers. The spacing
between peaks B and C is 3000 £ 150 cm™!. In NHj, the band
center for the asymmetric stretch occurs at 3443 cm™' while
that for the symmetric stretch occurs at 3336 cm™'. Although
the locations and intensities of peaks B and C are highly
reproducible, these are not sharp peaks. Nevertheless, the A—B
peak spacing is reasonably close to an NHj stretching frequency.
Likewise, the B—C peak spacing is not far from an NHj
stretching frequency. There may also be minor contributions
to peaks B and C from excitation of NH;3 bending modes upon
photodetachment; however, it appears that, if present, these
contributions are less intense and only serve to broaden the
peaks.

In the ND,7(ND3); photoelectron spectrum, the main peak
occurs at nearly the identical electron binding energy as peak
A in the spectrum of NH; (NH3);. The peaks analogous to
peaks B and C in the ND;7(ND3s); spectrum, however, have
shifted substantially closer to the main peak. This observation
confirms peak A as the origin and supports the assignment of
peaks B and C as being due to the excitation of NHj stretching
modes during photodetachment.

In the H™(NHj3); photoelectron spectrum, a peak analogous
to peak B in the NH;™(NH3); spectrum is also observed. (It,
too, is designated as peak B; see Figure 3.) The spacing between
this peak and the main peak is also close to the energy of an
NH; stretching frequency. Furthermore, in the H™(NH3)
spectrum, there is less uncertainty in ascertaining the spacing
between peaks since the broadening of the main peak is less
pronounced. This makes it possible to assign a specific
vibrational mode to this spacing, the NH; asymmetric stretch.
In the D™(ND3), photoelectron spectrum, its peak B shifts closer
to its main peak (its peak A) by the appropriate amount, in
consonance with the proposed interpretation.

The peaks in both the NH,"(NH3); and H™(NH3); photo-
electron spectra assigned to excitation of stretching modes in
the NH3 moiety are direct manifestations of the complexation-
induced distortion of the NHj; solvent by its anion. The
intensities of these peaks are a measure of the extent to which
the NH3 moiety in the cluster ion is distorted. If the NH; moiety
in the cluster anion were not distorted, transitions leading to
vibrational excitation in NH; modes would not have appreciable
Franck—Condon factors. In the NH, (NH3); spectrum, the
intensity of peak B is ~9% that of peak A, while in the
H~(NH3), spectrum this ratio is only ~3%. This is consistent
with the ion—solvent dissociation energy of H™(NH3); being
less than that of NH,~(NH3); (see Table 2). Thus, H™ interacts
with NH3 more weakly and distorts it less than does NH;™.
These findings are also consistent with structural calculations®®
which predict a small solvent distortion in H™(NH3);, yet a
significant elongation of an ammonia N—H bond in NH,~(NHz).

Discussion

The clustering of solvent molecules around a bare gas phase
anion stabilizes the excess negative charge on the ion, and this
results in a decrease in its gas phase basicity. The ordering of
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relative basicities in the gas phase often differs from their
ordering in solution.!” This observation underscores the im-
portant role played by the solvent in determining the energetics
involved in solution phase chemistry and the value of studying
bare ions in the gas phase to determine their intrinsic chemical
properties. Partially solvated ions afford a means of studying
the transition between bare ions in the gas phase and solvated
ions in condensed phases. Below, the gas phase basicities of
NH,™ and H™ will be computed as a function of the number of
NH; solvent molecules by using ion—solvent dissociation
energies derived from our cluster ion photoelectron spectra.

The gas phase basicity, GB(A™), of a negative ion, A7, is
defined® as the free energy change for the reaction

AH— A" +H" AG =GB(A")
The gas phase acidity, Haia(HA), of the conjugate acid, AH, is
defined’ as the enthalpy change for the same reaction:
AH—A +H"  AH=H_,HA)
Since AG and AH for a reaction differ only by the term —TAS,
at low temperatures the gas phase acidity of AH will be
approximately equal to the gas phase basicity of its conjugate
base, A~. At 0 K, these quantities are formally equal.

The H™ ion and the NH,™ ion are both strong bases and have
similar gas phase basicities. By using flow tube techniques to
study the reaction NH,” + H, — H™ + NH;j, Bohme!3
definitively showed, however, that in the gas phase NH,™ is a
stronger base than H™. The gas phase acidity of NH;3 at 0 K
has been calculated by Wickham-Jones et al.?’ by using their
experimentally measured value of EA(NH;) = 0.771 £ 0.005
eVineq l:

H_40xk(NH;) = Dy(H—NH,) + IP(H) — EA(NH,) (1)

where Do(H—NH;) = 106.7 £+ 0.3 kcal/mol is the ammonia
bond dissociation energy>? and IP(H) = 313.59 + 0.01 kcal/
mol is the ionization potential of the hydrogen atom.>* The
value calculated in this way is Hycigox(NH3) = 402.5 £+ 0.4
kcal/mol, and it agrees with the gas phase equilibrium value of
Haciq 20k (NH3) = 403.6 & 0.8 kcal/mol. The gas phase acidity
of H; at 0 K may be calculated in a similar manner:

H, 4 0x(H,) = Dy(H,) + IP(H) — EA(H) (2)

where Dy(H,) = 103.27 kcal/mol** and EA(H) = 17.39 kcal/
mol is the electron affinity of the hydrogen atom.** The value
derived in this way is Hacq0x(H2) = 399.47 £ 0.01 kcal/mol,
in reasonable agreement with the gas phase equilibrium value
of Haianosk(Ha) = 400.4 £ 0.5 kcal/mol® As mentioned
earlier, at 0 K, the gas phase acidity of AH is equal to the gas
phase basicity of the conjugate base A~. Thus, the gas phase
basicities at 0 K of NH,™ and H™ are 402.5 £ 0.4 and 399.47
+ 0.01 kcal/mol, respectively. Note that higher gas phase
basicity values are associated with stronger bases. The gas
phase basicity values of NH,™ and H™ given above support
Bohme’s conclusion'? that the bare NH, ™ ion is more basic than
the bare H™ ion in the gas phase.
The gas phase basicity of NH, (NH3), is obtained from

GBk[NH, (NH,),] = D,[(NH,),] + D,(H—NH,) +
IP(H) — EA(NH,) — Dj[NH, (NH,),] (3)

where Do[(NH3),] is the van der Waals dissociation energy of
the neutral ammonia dimer and the other quantities have been
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TABLE 3: Summary of Gas Phase Basicity Values®

ion GBox ref ion GBok ref.
NH,~ 4025+ 04 28 H- 399.47 £ 0.01 see text
NH,"(NH3); 390£2 this work H™(NH3); 392 +2 23
NH, (NH3); 379+2 this work H™(NH;), 384 £+2 23

4 All values given in kcal/mol.
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Figure 4. Gas phase basicity values for H™(NHz),=o-. [M] and
NH,~(NH3),=0—, [®], plotted as a function of solvation number.

defined previously. The van der Waals dissociation energy of
the ammonia dimer is probably about an order of magnitude
smaller than any of the other quantities in eq 3, and it is assumed
here to be negligible.”® Using Do[NH>~(NH3)1] = 0.54 eV gives
a value of GBox[NH>~(NH3);] = 390 kcal/mol. The gas phase
basicities of H™(NH3);, NH,"(NHs),, and H™(NH;), were
calculated in an analogous fashion. All of the gas phase basicity
values calculated in this way are summarized in Table 3 and
plotted as a function of the number of NH; solvent molecules
in Figure 4.

These results show that the gas phase basicities of H™ and
NH,~ decrease as they are solvated by ammonia. While the
bare NH;~ ion is a stronger base than the bare H™ ion, the
addition of only two NHj solvent molecules is sufficient to
reverse the relative basicities of these species. Upon association
with one ammonia molecule, the gas phase basicities of the
amide and the hydride ions become comparable. Upon as-
sociation with two ammonia molecules, however, the gas phase
basicity of the hydride ion exceeds that of the amide ion by 4.5
kcal/mol. The primary factor responsible for this reversal is
that the NH,> ™ ion interacts more strongly with NH3 than does
the H™ ion, resulting in greater changes in the basicity of NH,™
upon addition of each solvent molecule. This makes the slope
of the plot of the amide data in Figure 4 steeper than that of the
hydride data, and this is at the heart of the reason for the
switchover in basicity ordering. While the basicities of
H~(NH3); > and NH, (NH3); » determined in this work are still
far from converging to the basicity values of hydride and amide
ions in bulk ammonia solvent, it is clear that only a few
ammonia solvent molecules are necessary to switch around the
ordering of basicities in these systems. Related studies by
Bohme and colleagues'!373% have also demonstrated the im-
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portant role played by specific interactions between anion and
solvent molecules. In their flow-tube studies, the relative
basicities of OH~ and CH;0O~, for instance, were found to
reverse upon addition of two CH3;0H solvent molecules, while
with H,O as the solvent, even three molecules were not
sufficient to induce the switch. The results reported in the
present paper, along with those of Bohme, have significance for
chemists because they emphasize that ion—solvent complexes
containing only a few solvent molecules can serve as useful
models for describing some of the main qualitative features of
ion solvation.
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