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T w o contradictory statements in recent publications justifies a reconsideration of the problem in its various aspects. Sidgwick 11 remarks in his classification of these compounds " Colourless co~pounds like sodium methyl:
covalent but highly associated", while Coates makes the observationJ
" T h e alkyls of these elements include compounds with the properties of
salts, e.g., methyl potassium." The apparent abnormal behaviour of
lithium methyl and the variations noticed in other cases further complicates
the problem.
The spectroscopic work of Franck and Herzberg 4 has clearly shown that
there can be very little homopolar interaction between the alkali and halogen
atoms. One may reasonably extend this observation to other systems of
similar electronic structures. Thus taking into account the electronic similarity in the series
F-, OH-, NH~-, CH3- BH4an ionic structure can be expected for the alkali salts. This is further
strengthened by the work of Baughan, Evans and Polanyi 1 who find that the
potential energy curves for ionic binding are strikingly lower than for covalent binding in sodium methyl.
A further piece of evidence is provided by considerations of electronegativity. Using Pauling's relation between electronegativity and ionic
character of bonds 9 and the revised electronegativity values reported by
Gordy, 5 the alkalimetal-carbon bond must have more than 50~ ionic character with a minimum in the case of lithium compounds. The dipole moment
measurements of Rogers and Young 1° has been reported to indicate
covalency. There is reason, however, to suggest that electronegativity is
by no means a reliable criterion for absolute indications of bond character.
For instance, electronegativity suggests for the carbon-hydrogen bond only
about 5 ~ ionic character while the recent work of Coulson "a has shown
that this bond has about 40~0 ionic character. Qualitative comparisons
can none the less be made. From electronegativity values, one gets for
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the sodium chloride bonds about 65% ionic character and since each
sodium ion is surrounded by six chloride ions, this gives an approximately
6 ~ covalent character for each such bond. By analogy, the sodium-carbon
bond should have only about 8% covalent character. The compounds
can thus be reasonably considered to be salt-like rather than as associated
covalent compounds.
Carrying the analogy further, it is of some interest to apply to the case
of sodium methyl the Bom-Haber cycle, as has been done in the case of
sodium chloride and other alkali halides. One has further to assume that
sodium methide kas the same lattice structure as sodium chloride, with the
methide ion taking the place of the halogen. The following sequence of
changes may then be pictured:
I.

The crystal sodium methyl is broken up into sodium and methyl
ions. The energy absorbed in the process is the lattice energy U ;
II. An electron is removed from the methide ion and added to sodium
ion leaving sodium and methyl as " m o n a t o m i c ' gases. If the
electron affinity of methyl is E and the ionisation potential of
sodium is I then the energy involved in the change is E-I.
III. The alkali metal is condensed to the solid state and methyl "atoms "
combine to form the dimer (ethane). If the sublimation energy
of sodium is V and the dissociation energy of ethane 2X, the
energy change in the two processes will be - - V - - X ;
IV. The molecules of the reactants combine to reform the salt. The
heat of reaction Q will be the heat evolved in the process.
ApplyiI~g Hess's Law to the cyclic process, we get
U--Q=V+X--R+I
Of the various quantities involved, the sublimation energy and ionisafion
potentials of sodium are known experimentally, while Polanyi (loc. c i t . ) h a s
calculated the electron affinity of methyl which can be used here. For the
present purpose, no serious error arises by carrying the analogy of the electronic similarity of the series of anions to the parent molecules. The dissociation energy o f ethane then gives us the value of energy of formation of methyl
" a t o m s '. We are thus left with two unknown quantities, the lattice energy
and the keat of formation of the compound. Taking the known qualitative
correlation between ionic radii and lattice energy, the assumption can be
made that the lattice energy of sodium methide has a value between that of
sodium bromide and sodium iodide, probably near that of the bromide.
The value of the heat of formation of the compound can be readily obtained.
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Alternatively, the heat o f formation may be computed. Since the potential energy curves of both covalent and ionic bond formation lies close to
each other (Polanyi, loc. cit.) one can use for the energy of formation the
calculated covalent bond energy. This can then give us the lattice energy.
The results in both cases are given below in Table I.
TABLE I
H e a t o f formation o f Na2 . . . .
Ionisation potential o f Na . . . .
Heat of sublimation o f sodium
..
H e a t o f dissociation of ethane
..
Electron affinity of methyl . . . .
Lattice Energy -- Heat o f F o r m a t i o n =

17.5 K. Cals.
5.14 e. Volts
118 K. Cals.
26 K. Cals.
88 K. Cals.
20 K. Cals.
26 + 44 -- 20 + 118=168.

(1) Ionic radius methide ion
..
,,
o f Br..
..
,,
o f I. . . .
Lattice energy of sodium bromide
Lattice energy of sodium iodide
Lattice energy of sodium methyl ..
H e a t of formation of sodium methyl

2.1 A
1.96 A
2-20
174.6 (Landoldt and Born163.9
stein Tables)
170 K. Cals.
- - 2 . 0 K. Cals.

(2) Using Pauling's geometric mean, covalent bond energy for
N a -- C bond is ( 1 7 . 5 x 88)~= 39 K. Cals.
Lattice energy of sodium m e t h i d e = 168 + 39 = 207 K. Cals.
It may be expected t h a t the first one gives a more correct picture and the
small value for the heat o f formation is not surprising because of the analogy
with the halides. Even the lattice energy obtained in the second case is
below that o f sodium fluoride and as such o f the right order.
All these considerations indicate that for the alkyl derivatives o f the
alkali metals, the metal carbon bond is essentially an ionic bond and we
shall attempt to interpret the properties, chemical and physical on this basis.
Among the physical properties that have been prominent in the study of
these compounds may be mentioned the melting and boiling points, conductivity and solubility. We find on scrutiny that each one of these is quite
consistent with an ionic type of binding even in the case of lithium compounds. While the external appearance and the relatively low volatility
are adequate indications, low melting points of lithium ethyl and the higher
atkyls have been presumed to indicate covalent binding and abnormal molecular weights in solution have been attributed to association of unknown
nature. The ionic character of the bond between lithium and fluorine is
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not in question and it will be of interest to compare these physical data for
all the members of the first short period for both fluorides and the alkyl
derivatives (Table II).
TABLE II
All the values have been taken from Sidgwick (loc. cit.). Boiling points are given
within brackets. All temperatures are in °C.
Derivative
Fluoride
Methyl
Ethyl

..

Li

Be

840

840.

(1~7o)

B

(-101)

C
--184

(-128)

N

(-129)

O

F

(--144)

-223
(-187-9)

(-23)

(- 78.5)

&

,. High m.p. t
90

200
ca 180

(200)

(-20.2)
(95.0)

--19.5

(9.4)

(2.s)

--31.1
(146-4)

(89.0)

(34.6)

--141.8

--143.2
( - 37.7)

The sharp change from the first two members of the period to the others
is noticeable in all the cases and even though the absolute value o f the melting
point of lithium ethyl is small, there is no justification for attributing this
to covalency. There is a general tendency for melting points of ethyl derivatives to be lower than those of the corresponding methyl derivatives, only
the gap is rather large in the case of lithium. It is not unlikely that this is
due to the comparative small size of the cation with the anion o f very much
larger dimensions (radius ratio < 0-28).
Turning to solubility, the evidence is again not unequivocal. While
generally salts do not dissolve in typical organic solvents, there are instances
of salts dissolving in benzene, e.g., silver perchlorate. The small dipole
moment of Lithium butyl observed by Rogers and Young (lot. cit.) in benzene
has been taken as evidence of covalent character in these compounds. The
formation of aggregates of ion pa!rs in a non-polar solvent can equally
lead to small dipole moment values. In the absence of adequate data on
dielectric absorption and measurements of dielectric loss it is not possible
to test this but the six-fold" association suggested by molecular weight
determinations in benzene solution clearly indicates such cluster formation.
Conductivity in diethyl zinc is another uncertain evidence. Ethyl
sodium and phenyl Lithium conduct while phenyl sodium is a non-conductor
in the same solvent. 6 In accounting for the small conductivity, however,
it is not necessary to postulate the presence in so!utior, of complexes formed
by the covalent compound analogous to those that have been isolated in
the solid state. 7 The work of K r a u s a n d co-workers s in non-aqueous solvents
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have clearly shown the considerable variaticns in the transport number of
anion with solvent, the change affecting both cation and anion so that a
small conductivity in a solvent of low dielectric constant does not necessarily
mean that we are dealing with a covalent compound.
We may then conclude that none o f the physical properties of the alkali
alkyls are inconsistent with an ionic structure for the metal carbon bond.
The chemical properties are not materially altered by this picture. The reactions o f the metal alkyls are governed by the electrophilic activity o f the
metal cation and the proton affinity of the alkide ion and this is not altered
whether one deals with the ions or with the polarised molecule in a covalent
structure.
SUMMARY
A consideration o f the properties o f the alkali alkyts shows clearly that
the compounds are essentially salt-like in nature, the bond between the alkali
ion and the alkide ions being ionic in character.
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