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experimental conditions becomes an important additional 
factor affecting their separation and flow characteristics. 

Thus, based on the concept of preferential sorption and 
capillary flow through critical and sub-critical pores. it 
seems possible to develop a general process for the separa
tion of substances in gaseous, vapour or liquid solutions. 
It is clear that properly oriented researches on the precise 
physicochemical criteria of preferential sorption and the 
development of process t echniques for making suitable 
high flow porous films can contribute much to the emer
gence of a new and versatile field of separation technology. 
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Calculation of Valence State Energies from 
Thermochemical Data 

THE predictive power inherent in the concept of intrinsic 
bond energies has led to many attempts to calculate the 
energy of the hypothetical valence state of an atom in a 
molecule1- 1 • The intrinsic bond energy l can be defined' 
by the equation: 

(1) 

where !:,.H1 is the atomic heat of formation of a molecule, 
V is the energy of the valence state of an atom, and the 
summation is over all atoms and bonds in the molecule. 
The valence state of an atom in a molecule can be defined 
as the hypothetical state in which the free atom would 
find itself if the bond involved were broken without any 
change in the electronic configuration of the atom. Long 
has summarized the attempt to calculat e the valence state 
energy of the tetrahedral carbon atom from thermo
chemical data '. He concluded that the probable limits 
for the energy of this state are approximately 60-70 kcal/ 
mole. This value is quoted • as the only experimenta l 
value presently available for this quantity. (In several 
communications with people in this field it has been 
brought to our attention that this number is still widely 
quoted.) 

One of the primary purposes of this communication is 
to point out that the limits for the valence state energy of 
the t etrahedral carbon atom given by Long were based on 
a value for the heat of atomiza tion of graphite that is no 
longer accepted. Whereas Long used a value of 125 kcal/ 
mole, it is now known that the heat of atomization of 
graphite is 171 kcal/mole•-10 • Long himself stated that if 
the controversy over the value for the la tter atomization 
energy were resolved in favour of the higher quantity, 
then his conclusions were invalid. As often happens in 
science these qualifications ha ve been commonly ignored 
when the value of 60-70 kcal/mole is quoted for the tetra
hedral valence state energy of the carbon atom. If 
Long 's procedure is applied with atomic heats of formation 
based on presently accepted thermochemical data the 

lower limit becomes 6·8 and 0·8 kcal/mole instead of the 
previously reported 58·6 and 48·4 kcal/mole. 

It is instructive to consider why Long's valence state 
energies become trivial when correct values for the thermo
chemical data are inserted in his procedure. He used 
equation 1 to set up simultaneous equations of the type: 

!:,.HJ,CH, = V - 41 
t:,.HJ,CH, = V - 31 

based on the assumption that the valence state energies 
and intrinsic bond energies were essentially equivalent for 
CH4 and CH3 • This is apparently unjustified. In point of 
fact the bond distances in CH4 and CH3 are l ·094 (ref. 8) 
and 1·066 A (ref. 11), respectively, indicating that the 
C- H bond in CH3 is stronger than in methane. This point 
is also verified by the respective overlap integrals, calcu
lated from Mulliken's tables12• The overlap for sp• er- Is 
at l ·066 A is greater than that for sp• er - Is at I ·094 A; it 
is believed that CH3 is planar with sp• hybridization of the 
carbon atom13 •14• The stronger C-H bond in CH3 com
pared to CH4 requires consideration of appreciably larger 
intrinsic bond energies for the CH, molecule, compared 
to CH4 • 

Successful application of equation ( 1) to the calculation 
of the various valence state energies of carbon from 
thermochemical data requires either prior knowledge of 
the intrinsic bond energies, or exact relationships between 
the intrinsic bond energies in a dissociation sequence such 
as CH,, CH3 , CH2 and CH. Such information is not 
available at present. Actually, the only system that 
might presently be solved satisfactorily by Long's pro
cedure is that for BeH2 and BeH. Since the ground-state 
of the beryllium atom has the 2s2 electronic configuration, 
the principle of minimum energy for molecules requires 
that the beryllium atom in both BeH2 and BeH be essen
tially sp hybridized, assuming that these molecules are 
mostly covalent. For the latter reason the intrinsic bond 
energies in both of these hydrides should be essentially 
equivalent, and V identical for the sp beryllium atom in 
both molecules, since the valence state energy is based on 
isolated atoms. One can then solve the following equa
tions to obtain V and 1 . 

t:,.H1,BeH,= V-21 

t:,.H1,BeH= V-1 
Unfortunately the atomic heat of formation for BeH2 has 
not been experimentally determined. Using an empiri
cally estimated value of -153± 3·5 kcal/mole (ref. 15) for 
this quantity with - 53 ± 7 kcal/mole for BeH (refs. 8, 16) 
leads to V = 4 7 ± 17 kcal/mole and I= 100 ± 10·5 kcal/mole. 
Better values for these energy quantities can be obtained 
only when better thermochemical data are availablo. 
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