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TABLE I. Comparison of expectation values of rand ,2 
(atomic units). 

Hart and 
Schwarz Goodfriend Hartree-F ock 

------ ------
(r) (r2 ) (r) (r2 ) (r) (r2 ) 

Na 3.885 17.25 4.366 25.41 4.209 20.71 
K 4.795 26.27 4.938 32.51 5.244 31.54 
Rb 5.117 29.93 4.961 32.81 5.632 36.18 

values and possibly increase the usefulness of the method. 
It should be noted, however, that Dr. Schwarz's 

"single" STO functions are really not that much better 
than those presented by us. Our functions agree exactly 
with the lowest s- and p-state energies, while his do not. 
A comparison of the expectation values of rand r2 
with those of the corresponding orbitals from Hartree
Fock calculations3 is given in Table 1. It will be noted 
that our functions agree more closely with the Hartree
Fock results. 

The dismissal of our (very good) results for Cs as an 
"artifact" of our method may result from an artifact of 
Schwarz's method. It is not yet clear at what rate the 
parameters in Eq. (1) converge (if they do) to uniquely 
optimum values with an increase in the size and 
flexibility of the basis set. 

Schwarz's argument is based on a basis set con
sisting of four STO's. It is not a universal theorem. 

Contrary to Schwarz's assertion, there is a funda
mental difference between the values presented by 
Hellmann4 and those presented by us. By carefully 
adhering to the Szasz and McGinn4 modification of 
Hellmann's method, our parameters and wavefunctions 
are assured of obeying the virial theorem exactly. 
Hellmann's values do not. 

Since the vi rial theorem has never before been dis
cussed in the context of Hellmann pseudopotentials, it 
is relevant to do so here. 

The quantum mechanical virial theorem for a single 
particle may be written 

(2) 

where T is the kinetic energy operator and V is the 
potential function. It can be derived from the more 
general hypervirial theorem if y; represents a stationary 
state.5 The validity of Eq. (2) for 

VCr) = -Z/r+A exp( -2Kr)/r (3) 

follows immediately if Eq. (1) is assumed to be valid. 
Use of atomic-orbital-type variation functions causes 
no difficulty as shown by the general considerations of 
Lowdin.6 Thus, for an S state of the form 

1f/= Nrq exp( - pr), (4) 

the equation that must be satisfied in the one-electron 

case is 

2KA = [E+ p2/2(2q+ 1) ][(p+ K) / p ]2q+3, (5) 

where E is the energy of the state in Hartree atomic 
units. 

The motive in our studying the fitting of pseudo
potential parameters to atoms has been the possible 
use of such parameters in a recently proposed method 
for estimating trends in the electronic spectra of 
molecules.7 Preliminary results using Dr. Schwarz's 
parameters, of which we were not aware until after 
publication of our note, indicate that they are not 
suitable for this purpose. 

We wish to thank Dr. Schwarz for sending us m
formation on his work and comments. 
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Hoesterev and Robinson! have recently reanalyzed 
some of ou; earlier results concerning triplet diffusion.2 

The initial analysis of these experiments was based 
upon two assumptions: (i) steady state initial condi
tions were applicable to the triplet distribution after 
delay periods of ~ 10-2 sec; (ii) complete surface 
quenching of triplet excitons occurred. The article by 
Hoesterey and Robinson! shows the first assumption 
of Ref. 2 is not strictlv valid, although the resulting 
mathematical simplific~tion is considerable. Since the 
reported experimental accuracy of those initial experi
ments was approximately ±50% (primarily because 
of difficulties in determining the exact peak maximum 
due to the peak shape), the advantage gained by con
sidering triplet redistribution seemed insignificant. 
However, the results of the calculations by Hoesterey 
and Robinson! indicate the experimental error was 
overestimated, for after considering triplet redistribution 
of triplet excitons the corrected value for D conforms 
with the recent values of Ern.3 We have repeated a 
series of room temperature experiments using the 
method reported earlier/ with the added feature that 
the phosphoroscope dead time was varied from 2X 10-3 
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to 2.5 X 10-4 sec. The results indicated that the maxi
mum in the delayed fluorescence intensity shifted to 
shorter excitation wavelengths as the dead time 
decreased, until a limiting value of D "" 1 X 10-5 cm2secl 

was obtained. This shows indeed that the more com
plete analysis is sound, and the first assumption of Ref. 
2 is unsatisfactory. It should perhaps be added that 
under these experimental conditions the second assump
tion made in Ref. 2, namely that the anthracene surface 
acts as a complete sink for triplet excitons, seems to be 
correct. However, care must be taken to ensure the 
crystal surface is satisfactory, and sublimation was 
used for this purpose. Cleaved or polished crystal 
surfaces tend to distort and shift the fluorescence peak. 

* Issued as NRCC No. 11726. 
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The usual derivationl of the virial theorem 

2(T)+(V)=0, (1) 

for isolated Coulombic systems implies that (T) is the 
total kinetic energy of the system. However, it is also 
clear that with this interpretation, (1) must be false 
since one can change the total kinetic energy without 
changing the average potential energy (V) simply by 
changing the momentum of the center of mass. The 
difficulty in the derivation lies in the assumption that 
an energy eigenfunction of the whole system vanishes 
when any Cartesian coordinate becomes large. Clearly 
this is not true for the center of mass coordinate. 

It is our purpose here to remedy this defect and to 
show that (1) is true if, as one would expect, (T) is 
interpreted as the average internal kinetic energy. The 
proof is simple. If one separates off the center of mass 
motion, then (in many ways) the internal motion of 
the svstem can be described bv an internal Hamiltonian 
HI of the form . 

HI=TI+V, 

where V, the potential energy operator, is a homogene
ous function of degree -1 of internal coordinates tk, and 
where TI , the internal kinetic energy operator, is a 
homogeneous function of degree 2 of the corresponding 
canonical momenta 'II'k. Then if 1/11 is a bound-state 
eigenfunction of HI we have 

(1/11, [HI, I: tk' 'II'kYrI) =0. (2) 
k 

(The integration here is only over internal coordinates, 
and 1/11 does go to zero when any I gk I becomes large 
so that the expectation value of the commutator does 
vanish.) However, 

[HI, I:gk"'II'k]= h/iI: [(dHr/d'll'k) "'II'k- (dHr/atk) "tk], 
k k 

which, from the form of HI and Euler's theorem for 
homogeneous functions, becomes 

[HI, I:gk"'II'k]= (h/i)(2TI + V). (3) 
k 

The result (3) when combined with (2) then obviously 
yields 

2(TI )+(V)=0, 
as advertised. 

* Research supported by the National Science Foundation, 
Grant ~o. GP-12832. 

1 See, for example, J. C. Slater, J. Chern. Phys., 1, 687 (1933). 
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In a recent paperl Dooley and Haas (D-H) have 
described some results obtained by low energy electron 
diffraction (LEED) for the chemisorption of hydrogen 
on a molybdenum (100) surface. Data of this type are 
of much current interest, because detailed observations 
of hydrogen adsorption on transition metals are likely 
to provide a test of the theoretical models of chemi
sorption which are now being developed.2- 7 It is there
fore important that the available results be interpreted 
as carefully as possible. 

According to D-H, hydrogen adsorbs on Mo( 100) 
in two states. The first produces a LEED pattern which 
contains "extra" spots in the positions 10, H, H; 
01, H, H; etc. The second gives a saturated surface, 
and the LEED pattern shows only "normal" (integral 
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FIG. 1. Surface structure proposed by Dooley and Haas. The unit 
mesh is [2 X H 5112 ) ] and the coverage, 8, is half a monolayer. 


