
IONIZED STATES OF MOLECULAR CRYSTALS* 

The ionized electronic states (cf. Seitz 1940) expected in molecular crystals 
are of two types, in which (i) the electron is free within the crystal, and (ii) the 
electron is bound to an individual molecule. 

(i) If the molecular orbital from which the electron is excited is large 
enough to encompass several neighbouring molecular sites then the ionization 
takes place in a medium having the bulk dielectric constant E (equal to the 
square of the refractive index). We assume an isotropic crystal although this 
restriction is easily removed. Ionization from such orbitals needs energy 

Ic  = Ig/  e2, 

where I, is the gaseous ionization potential (Mott and Gurney 1940). Excitation 
from such an orbital to a higher orbital is expected to give rise to Rydberg 
levels over a range calculated as 0.25 eV. Such levels have been reported in 
Cu,O and CdS (Gross and Karryev 1952 ; Hayashi and Katsuki 1952) but have 
not yet been discovered in organic crystals. 

If the original orbital is small compared to the intermolecular spacing, then 
I,-I, is due only to P, the polarization energy of the crystal. For anthracene, 
P has been calculated as 2 eV. Photoemission has been observed with anthracene 
(Carswell and Iredale 1953) irradiated with quanta of energy 5.6 eV, which 
compares with the value calculated as 6.2 eV. 

(ii) Levels with the electron bound to a neutral molecule occur a t  lower 
energies than those for which the electron is free, provided the molecule has a 
positive electron affinity A. For anthracene, A = 1  a 4  eV (Lyons 1950). Polariza- 
tion when the electron is on the nearest neighbour to the positive hole has 
been calculated as 0 -8  eV. The mutual attraction of the opposite charges 
lowers the ionization energy by 2 - 8  eV for nearest neighbours. The net energy 
needed to form the lowest ionized state is accordingly 2-2  eV (cf. von Hippel 
1936). 

There will be many ionized levels between that of lowest energy and the 
point I,-A a t  which the positive and negative centres are separated to a large 
distance within the crystal. 

Consequently, the energy diagram expected for anthracene will be in outline 
similar to Figure 1, in which for simplicity excitation transfer is neglected. 
This neglect is not as serious as might a t  first seem, provided attention is confined 
to optically allowed transitions. 
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I t  is seen that the lowest ionized states are comparable in energy to the . 
usual 2px excited states. Transitions to the ionized states are expected to be 
Z r y  feeble due to the small overlap of the orbitals of different molecules. Even 
for nearest neighbours the oscillator strength is estimated as to little 
greater than that of singlet-triplet transitions. 

The observation in both absorption (Prikhotjko 1944 ; XcClure and Schnepp 
1955) and fluorescence (Obreimov and Shabaldas 1943) of a band in an o. 3 mm 
thick naphthalene crystal a t  29946 em-I is possibly a direct observation of an 
ionized state. 

Photoconduction in molecular crystals is expected if an ionized bound- 
electron state produced optically is then dissociated (e.g. thermally or electrically). 
The positive and negative centres would then be free to move through the crystal 
independently and so contribute to the conductivity. Phis is indeed what 
is observed (Putseiko 1949 ; Lyons and Morris 1957). 
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Fig. 1.-Some energy levels in anthracene. 

The positive temperature coefficient of photoconduction (Chynoweth and 
Schneider 1984 ; Bree and Lyons 1956) becomes explicable for this mechanism 
as due to the energy necessary to dissociate the ion pair. 

The existence in these crystals of positive and negative ions has been 
suggested earlier (Lyons and Morris 1957), to explain the occurrence of observed 
space charge effects. Details of the present calculations will be published 
elsewhere. Use of a von Hippel cycle in the case of helium, but without numerical 
values of the inclusion of polarization terms has been made independently 
by Dr. J. S. Xurrell, with whom, as with Professor William Moffitt, I have had 
interesting discussions. 
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A CARBONATO COMPLEX OF MOLYBDEKUM K,?~Io(CO,)~.~H,O* 

Mellor (1948, p. 659) states that no molybdenum carbonate has been 
reported and there appears to be nothing in more recent literature. 

The carbonato complex reported in the present paper was formed when an 
attempt was made to produce an iodo complex with molybdenum(II1). 

Emperimental 
Potassium molybdate solution was made acid with hydriodic acid and 

about 2 g of potassium iodide added. This solution was electrolysed using a 
mercury cathode and a carbon anode. The iodine liberated, markedly corroded 
the carbon anode and a carbon deposit formed which was filtered off. The 
carbon anode was replaced by a platinium anode and electrolysis was continued. 
The final reduced solution was a very light brown-red colour which was quite 
different from the more intense red coloured solutions of molybdenum(lII), 
chloride or bromide. 

The reduced solution was evaporated under suction a t  70" C to about 
50 ml ; ethanol mas added ; two layers formed, the electrolysed solution 
and the ethanol layer. Carbon dioxide was bubbled through the reduced 
electrolyte and a white precipitate formed from the aqueous layer. The 
precipitate was filtered, washed with ethanol. and dried a t  100 "C (Pound: 
1\10,14 a7 ; CO,, 45 a0 ; K, 35 ~ 4 % ) .  This is in agreement with K6Mo(C0,),.2H20 
or K,Mo(C03),.K,C0,.2H,0. 

The molecular conductivity of N/1016 a t  25 "C=680 mhos. The con- 
ductivity increases slightly with time indicating that the compound undergoes 
some hydrolysis. 

Magnetic susceptibility measurements shop-ed this compound to be dia- 
magnetic ( x  x 106 = -0 ~052)  involving No(1V). 

Heide and Hofmann (1896) reduced an acid solution of molybdenum trioxide 
with potassium iodide. The excess iodine was removed by electrolysis. To this 
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