
PRESSURE ON THE ELECTRONIC STATES OF ORGANIC SOLIDS 

Table 4. Configuration coordinate parameters 

Material A(ero3/mol) R p 

Phenanthrene 
in crystal - 3.7 1.01 1.4 
inPMMA - 1.0 1.00 0.53 
in hexane - 3.1 1.00 0.016 

Anthracene 
in crystal - 10.2 1.00 1.1 
inPMMA - 3.3 1.01 0.27 
in hexane - 9.2 1.00 1.7 x 10- 3 

in methanol - 7.4 1.00 2.9 x 10 - 3 

in glycerol - 5.7 1.02 0.18 

.1, fl and R for phenanthrene and anthracene in various media. The decrease 
in volume of the system upon electronic excitation, .1, depends strongly on 
the medium. There is a balance among several factors: the increase in dipole 
moment of the molecule upon electronic excitation, the polarizability of the 
surrounding medium and the compressibility of the medium. The crystal 
has a larger polarizability than the PMMA or the hexane, while the hexane 
has a much larger compressibility than the crystal of PMMA. The balance 
of these factors gives the resultant value of .1. The effect of compressibility 
can be seen in the data for anthracene in hexane, methanol and glycerol. 
The relative compressions of the solvents in 10 kbar are 0.31/0.25/0.12. The 
excited state of anthracene e L.,) has a much larger dipole moment than the 
excited state of phenanthrene e Lb)' The ratio of the .1 values for the two 
molecules are : in the crystal 2.7, in PMMA 3.3, and in hexane 3.2. 

fl is largest for the most rigid medium, the crystal; smaller by a factor of 
three for PMMA; and smaller by two orders of magnitude in hexane. For 
anthracene the fls are in the ratio 1/ 1.7/ 100 for hexane/methanol/glycerol. 
The viscosities of the three solvents are in the ratio 1/1.7/1200. There is a 
clear relationship between the stiffness of the medium and the coupling to 
the solute molecule. 

For these and other 1t- 1t* excitations R ~ 1.0. This is not necessarily 
general. For impurities in alkal halides values of R ranging from 0.5 to 1.5 
have been observed. 

In addition to studies on aromatic hydrocarbons in various environ
ments20

, this analysis has been successfully applied to purine and pyrimidine 
bases and the corresponding nucleosides in the crystal, in neutral aqueous 
solution and in acidic and basic solution21

. It appears to be a powerful 
method for characterizing electronic excitations. 

ACKNOWLEDGEMENT 
The author is indebted to many students for contributions to all aspects 

of this work; to Professor C. P. Slichter for his essential collaboration in the 
configuration coordinate analysis; and to Professors J. C. Martin, N. J. 
Leonard and S. G. Smith for vital assistance in unravelling the structure of 
the perylene dimers and the pyrene tetramers. The support of the US Atomic 
Energy Commission in this research is gratefully acknowledged. 

397 



H. G. DRICKAMER 

REFERENCES 

1 H. G. Drickamer and C. W. Frank, Electronic Transitions and the High Pressure Chemistry 
and Physics of Solids. Chapman and Hall: London ; Halsted Press: New York (1973). 

2 H. G. Drickamer and C. W. Frank, Ann. Rev. Phys. Chem 23, 39 (1972). 
3 H. G. Drickamer, Chem Brit. 9, 353 (1973). 
4 H. G. Drickamer, Angew. Chem 13, 39 (1974). 
5 H. G. Drickamer, C. W. Frank and C. P. Slichter, Proc. Nat. Acad. Sci. Wash. 69, 933 (1972). 
6 G. A. Samara and H. G. Drickamer, J. Chem Phys. 37, 474 (1962). 
7 R. B. Aust, W. H. Bentley and H. G. Drickamer, J. Chem Phys. 41, 1856 (1964). 
8 V. C. Bastron and H. G. Drickamer, J. Solid State Chem 3, 550 (1971). 
9 R. S. Mulliken and W. B. Person, Molecular Complexes. Wiley-Interscience : New York 

(1969). 
10 W. H. Bentley and H. G. Drickamer, J. Chern. Phys. 42, 1573 (1965). 
11 R. B. Aust, G. A. Samara and H. G. Drickamer, J. Chem. Phys. 41 , 2003 (1964). 
12 T. Uchida and H. Akamata, Bull. Chelt!. Soc. Japan, 34, 1015 (1961). 
13 O. Hassel and C. Romming, Quart. R ev. 16, 1 (1962). 
14 M. l. Kuhlman and H. G. Drickamer, J. Amer. Chem Soc. 94, 8325 (1972). 
15 G. H. Brown (ed.1 Photochromism Wiley-Interscience: New York (1971). 
16 D. L. Fanselow and H. G. Drickamer, J. Chem Phys. 61 ,4567 (1974). 
1 7 R. Korenstein, K. A. Muszkat and S. Sharafy-Ozer~ J . Amer. Chem Soc. 95, 6177 (1973). 
18 Y. Hirschberg and E. Fischer, J. Chem Phys. 23, 1723 (1955). 
19 B. Y. Okamoto, W. D. Drotning and H. G. Drickamer, Proc. Nat. Acad. Sci~ Wash. 71, 2621 

(1974). 
20 B. Y. Okamoto and H. G. Drickamer, J. Chem Phys. 61. 2870( 1974). 
21 B. Y. Okamoto and H. G. Drickamer, J. Chem Phys. 61 , 2878 (1974). 

APPENDIX 

The theme of this paper is the effect of pressure on electronic energy 
levels in solids, and resulting chemical reactivity. However, there is also 
a very extensive area of research involving the effect of pressure on chemical 
reactivity in solution. This has generally been limited to pressures in the 
range of 5- 10 kbar, but since organic liquids compress 16-20 per cent in 5 
kbar and 25-30 per cent in 10 kbar, significant results can be expected. 
These studies fall into two general areas : the inducing of new chemical 
reactions or the enhancement of yield in chemical reactions, and studies of 
the effect of pressure on reaction rate in order to elucidate the mechanisms 
of reactions. A general review of the area is given by Weale lA

. Important 
contributions for both organic and inorganic systems have been made by 
Osugi and co-workers2A

-
6A

• A recent paper by Dauben and KozikowskF A 

is a particularly nice example of the use of pressure to overcome stereo
chemical resistance to reaction. 

Physical-organic chemistry at high pressure has been reviewed by 
LeNoble8A and by Eckert9A, both of whom have made important contri
butions. Johnson, Eyring and Stover lOA discuss pressure effects on rate 
processes in biological systems. 

The basic approach to physical-organic chemistry in this area is to start 
from an equation for the reaction velocity constant : 

k = (kBT/h)exp(- /JG* /RT) (AI) 

where kB is Boltzmann's constant, h is Planck's constant, Tthe temperature 
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