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N indicated a composition Mo(IV) (total):CN~ of 1:3.96 
with all C and N present as CN - . It was demonstrated that 
the oxidation state of the aquomolybdenum remained (IV) 
by determination of the ratio of Fe(III) needed for oxida
tion of the molybdenum before and after reduction by 
Zn/Hg to Mo(III) (air-free techniques required). These re
sults show that the solid obtained is a 1:1 adduct of aquo 
Mo(IV) and Mo(CN)8

4-. Flame photometry revealed the 
presence of about one K+ per aquo Mo(IV) indicating the 
possibility of one H+ in the solid. Analysis figures were re
producible to ±5% for different samples and a ratio aquo 
Mo(IV):Mo(CN)8

4-:CN- of 1:1:8 was obtained in all 
cases. The solid is only stable for periods <3 hr. It is weakly 
acidic, a 1.25 X 1O-3 M solution giving a pH of 3.08. The ir 
spectrum gives a broad v(C=N) stretch at 2125 cm -1. The 
lack of any shift compared to K4[Mo(CN)8] indicates that 
CN - bridging of the two molybdenum centers is probably 
absent. 
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Intrinsic Acid-Base Properties of Molecules. 
Binding Energies of Li+ to ir- and n-Donor Bases 

Sir: 

The intrinsic basicity of a molecule B may be quantita
tively specified by its binding energy to a reference acid in 
the gas phase. Proton binding energies (eq I) have been ob
tained for a large number of organic and inorganic species,1 

providing one scale of molecule basicity. We wish to report 
the determination of the binding energies of 30 T- and n-
donor bases to the reference acid Li+ (eq 2) and the com
parison of two scales of molecular basicity afforded by these 
results. 

B H + - B + H+ A// = Z)(B-H+) = PA(B) (1) 

BLi+ — B + Li+ AH = D(B-Li+) (2) 

We have recently demonstrated that bimolecular reac
tions of alkali ions with certain alkyl halides lead to the for
mation of complexes of these species with molecules.2 For 
example, Li+ reacts with isopropyl chloride to form the 
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Figure 1. Binding energies of molecules to Li+. 

complex of Li+ with propylene (reaction 3). Transfer of Li+ 

between molecules (reaction 4) is rapid allowing examina
tion of the relative binding energies of Li+ to various bases 
by use of trapped ion cyclotron resonance (ICR) tech
niques.34 

(CH3)2CHC1 + Li+ — (CH3CH=CH2)Li+ + HCl (3) 

BiLi++ B 2 ^ B, +B2Li+ 
(4) 

Relative values of Z)(B-Li+) are quantitatively deter
mined in cases where the free energy change for reaction 4 
is sufficiently small (<3 kcal/mol) that equilibrium con
stants can be obtained.' A scale of Li+ binding energies 
(Figure 1) has been constructed by combining the results of 
such determinations5 and is referenced to experimental6 

and theoretical7 values for Z)(H2O-Li+) = 34 kcal/mol. 
Relative to H2O, reported values are estimated to be accu
rate to ±2 kcal/mol, with higher accuracy for smaller dif
ferences. 

Several points may be noted in examining the data of 
Figure 1. Molecular binding energies of Li+ are substantial 
even for a saturated species such as cyclohexane, Z)(B-Li+) 
= 24 kcal/mol, and become quite large for aromatics, 
Z)(C6H6-Li+) = 37 kcal/mol. Z)(B-Li+) increases with 
methyl substitution at the basic site in both T- (isobutene > 
propene) and n-donor bases (Me2O > MeOH > H2O, 
Me3N > NH3). Greater basicity toward Li+ also results 
from increasing the size of the alkyl substituent (/-PrF > 
EtF > MeF). Compared to first-row species Z)(B-Li+) is 
smaller for second-row n-donor bases (MeCl < MeF, Me2S 
< Me2O). 

These results may benefit theoretical approaches to the 
understanding of alkali ion interactions with molecules. The 
interaction potential has been described both at short dis
tances where scattering results have been used to character
ize the repulsive part of the potential8 and at long distances 
where electrostatic terms dominate.9 The present data de
scribe the interaction at the equilibrium configuration. 
They provide quantification of the energetic changes associ
ated with reactions in which alkali ions are involved both in 
the gas phase and solution and may be used to interpret the 
specific binding of alkali ions by polyfunctional molecules 
and in biological systems.10 In addition, the data are direct
ly applicable to the development of chemical ionization 
sources using alkali ions." 
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Figure 2. Comparison of two scales of gas phase basicity: binding ener
gies of molecules to H+, D(B-H+), and to Li+, D(B-Li+). 

Of particular interest is the comparison of the present 
data for Li+ binding energies Z)(B-Li+) to proton affinities 
Z)(B-H+),1'3'12 Figure 2. The data are consistent with the 
expectation that bonding to Li+ is largely ionic while bond
ing to H + may also reflect strong covalent interactions. 
Many of the data fall near a line of slope 3 which intercepts 
the Z)(B-H+) axis at 70 kcal/mol for Z)(B-Li+) = 0. The 
larger ionic bonding distances of second-row elements make 
them understandable exceptions. More dramatic is the com
parison for alkenes: the intimate interaction afforded the 
proton in carbenium ions may be contrasted with the loose 
complex expected for Li+. The different magnitudes of 
methyl substituent effects for the two reference acids also 
appear to reflect ionic contributions to the bonding of Li+. 
Thus the dipole moments13 NH3 (1.47 D) > Me3N (0.612 
D) and H2O (1.85 D) > MeOH (1.70 D) > Me2O (1.30 D) 
as compared to CH2O (2.33 D) < MeCHO (2.69 D) < 
Me2CO (2.88 D) and HCN (2.98 D) < MeCN (3.92 D) 
are reflected in larger methyl substituent effects for D(B-
Li+) in the latter series. 
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Nitrogen to Oxygen Isomerization of the 
Pentaammineruthenium(III) Glycine Ion 

Sir: 

During the course of our investigations into the interac
tion of amino acids and amino acid derivatives with the ru
thenium ammine system, we observed a very facile isomer
ization of glycine as ligand from the N-bound to the O-
bound form in pentaammineruthenium(III). This type of 
reaction has not been observed for the glycine complex of 
pentaamminecobalt(III).1 Our observations on the pen-
taammineruthenium system are reported herein. 

Pentaammineglycineruthenium(II) hexafluorophosphate 
was prepared by first reducing aquopentaamminerutheni-
um(III) trifluoromethylsulfonate (0.075 M)1 with zinc 
amalgam in an argon atmosphere. A tenfold excess of sodi
um glycinate was added to the reaction vessel. After 90 min 
the desired complex was precipitated as a yellow solid by 
acidifying with trifluoroacetic acid and adding an excess of 
ammonium hexafluorophosphate. The solid was filtered in 
air, washed with ethanol and ether, dried, and stored in a 
vacuum desiccator. Anal.3 Calcd for [(NH3)sRu-
NH2CH2COOH](PF6)2: C, 4.36; N, 15.2; H, 3.63; Ru, 
18.3. Found: C, 4.63; N, 15.4; H, 3.42; Ru, 18.3. 

The electronic and infrared absorption spectra of this 
complex show the expected behavior for a "hexaammine" 
type of ruthenium(II) species.4 The carboxylate stretch is 
clearly evident in the infrared spectrum at 1740 cm-1. The 
cyclic voltammogram shows a reversible couple with E( = 
160 mV vs. NHE in 0.1 M trifluoroacetic acid to be com
pared to 120 mV measured for (NH3)SRuNH2CH2C6H5

2+ 

under the same conditions.5 Oxidation of this species in acid 
media with a variety of oxidizing agents and reprecipitation 
with ammonium hexafluorophosphate produced a white 
solid (45% yield) which showed no -COOH stretching fre
quency in the infrared. The ultraviolet absorption spectrum 
of a typical reaction mixture before and after oxidation is 
shown in Figure 1. The peak at 288 nm has an extinction 
coefficient of 1.43 X 103 A/-1 cm -1, and is very similar in 
both position and intensity to known carboxylato complexes 
of pentaammineruthenium(III).6 It should be noted that 
the isolated solid has an identical spectrum. The cyclic vol
tammogram shows behavior which is like that of carboxyla-
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