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1603 ecm~1') and aliphatic (2951 cm~') and aromatic carbon-hydrogen stretch (3006
to 3078 cm—1)

When the dianthracene crystals were compressed and illuminated, for example at
514.5 nm and 296 K, a weak but broad luminescence background appeared around
10 kbar (fig. 5) and grew in intensity until at pressures higher than 25 kbar, the intensity
was competitive to the Raman process. Fig. 9 shows the structureless excimer-like
luminescence excited with laser radiation at 457.9, 488.0, 514.5 and 632.8 nm. At
32 kbar the emission is more intense than the dianthracene Raman spectra ; however,
some of the stronger Raman peaks excited at 514.5 nm could still be followed. The
intensity of the emission band induced by pressure and irradiation decreased with
decreasing excitation energy. An interesting observation is that both pressure and
irradiation appear to be required in creating high photoreactivity in dianthracene.
The luminescence lifetime was determined to be approximately 10 ns at 25 kbar and
296 K when excited by 448.5 nm radiation.

DISCUSSION

The most significant conclusion of this study relates to the apparent stability of
dianthracene. The Raman spectra demonstrate that the dimer is quite stable under
compression to 20 kbar and higher pressures. contrary to other reports. No signifi-
cant intensity of bands associated with the monomer and no obvious mode-instability
or “softening ” were observed. One difference between these and other studies of
the stability under compression was that crystals and compacted powder were used
here whereas others have studied powder highly dispersed in compacted KBr
matrices.> 7 The shearing and exposure of a large surface area in preparation of KBr
pellets may induce deomposition of the dimer, although this was not detected in the
infrared spectra of dianthracene-KBr pellet shown in fig. 2.

The pressure dependences of the spectra of the lattice modes and many internal
modes of dianthracene are qualitatively similar to those observed for benzene,
naphthalene and anthracene.?®-25 However, the shifts of the internal mode fre-
quencies are especially large, by factors of 2 to 6. It is especially interesting that the
modes whose frequencies are most sensitive to pressure are the very low-frequency
lattice modes and the very high-frequency aromatic C—H stretch modes. This
suggests that the predominant factor is the density dependence of the intermolecular
H—H distances between atoms on the periphery of the molecules and the associated
change of the intermolecular repulsive potentials. Changes of intermolecular C—H
distances also may contribute to this effect. The relatively large magnitudes of these
shifts suggests that the compressibility of dianthracene may be even larger than that
of anthracene which, combined with the higher density of dianthracene at atmospheric
pressure. implies that the relative stability of dianthracene is even greater at high
pressures.?!  This is consistent with the reported pressure—induced dimerization and
polymerization of similar aromatic molecules.?®: 27

The structureless and anomalous high pressure emission bands are a most puzzling
feature of this work on dianthracene, and it is difficult to identify the emitting levels.
The shape of each high pressure emission spectrum is very similar to one of the three
reported excimer fluorescence spectra of dianthracene, namely the red-emitting or
the ““stable” and ‘“unstable ” green emitting sandwich dimers.®-2® The high
pressure emission band excited with the He—Ne laser (fig. 9), for example, is similar
to the isolated red excimer fluorescence in crystalline dianthracene, while the spectra
excited with the Ar ion laser (fig. 9) may be related to the green emitting sandwich
dimer. The measured fluorescence lifetime of 10 ns at 296 K and 25 kbar and excited
by 448.5 nm radiation is not easily compared with the 77 K sandwich excimer lifetimes
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of 215 and 10 ns for the ‘“ unstable ” and “ stable ” green cmitting and finally 110 ns
for the red emitting sandwich dimers.?8-3° The fluorescence lifetime of the com-
pressed dianthracene, however, is not inconsistent with the lifetimes of the excimer
emissions at 77 K, since the latter are expected to be considerably shorter at ambient
temperatures. It can be seen from the above discussion that the luminescence
spectra of compressed dianthracene may arise from a distribution of close coupled
sandwich-like defects that were created and trapped in the crystal under pressure. An
alternate explanation is the occurrence of a high pressure phase transition in which
another crystalline modification is formed.3!

Further Raman and infrared studies of large single crystals of dianthracene would
be desirable to explain the stability of the dimer. Polarization studies would be
especially useful to establish the assignments of many of the Raman active peaks.
The problem lies, however, in locating an appropriate solvent for dianthracene from
which a large crystal could be grown.
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Mr. J. Wiget in screening the solvents for growing dianthracene crystals. This work
was supported in part by ERDA.

! R. Luther and F. Weigert, Z. phys. Chem., 1905, 51, 297.
2 E. J. Bowen and D. W. Tanner, Trans. Faraday Soc., 1955, 51, 473.
3 M. O’Donnell, Nature, 1968, 218, 460.
4 P. C. Subudhi, N. Kanamuru and E. C. Lim, Chem. Phys. Letters, 1975, 32, 503.
5 E. J. Baum, Photochemistry of Organic Solids: Anthracene, Excited State Chemistry, ed. J.
N. Pitts (Gordon and Breach, New York, 1970), p. 121.
¢ E. A. Chandross and J. Ferguson, J. Chem. Phys., 1966, 45, 3564.
7J. K. S. Wan, R. N. McCormick, E. J. Baum and J. N. Pitts, J. Amer. Chem. Soc., 1965, 87,
4409.
8 E. A. Chandross, J. Ferguson and E. G. McRae, J. Chem. Phys., 1966 45, 3546.
9 P. F. Jones and M. Nicol, J. Chem. Phys., 1968, 48, 5440.
10 K. N. Trueblood, Molecular Dynamics and Structure of Solids, ed. R. S. Carter and J. J.
Rush (NBS publication 301, Washington, 1969), p. 355.
1J. M. Thomas and J. O. Williams, Prog. Solid State Chem., 1971, 6, 119.
12 G. Adler, Trans. Amer. Cryst. Assn., 1971, 7, 55.
13 G. Guarini and P. Sarti-Fantoni, Mol. Cryst. Liquid Cryst., 1970, 6, 423.
14 M. Ehrenberg, Acta Cryst., 1966, 20, 177.
15 M. M. Julian, J.C.S. Dalton, 1971, 558.
16 R. L. Barnes and J. B. Birks, Proc. Roy. Soc. A, 1966, 291, 570. ’
17 B. Stevens, Spectrochim. Acta, 1962, 18, 439. fn
18 M. D. Cohen, Z. Ludmer and V. Yakhot, Phys. Stat. Sol. B, 1975, 67, 51.
19 J. Tanaka, T. Koda, S. Shinonoya and S. Minomura, Bull. Chem. Soc. Japan, 1965, 38, 1559.
20 H. Ohigashi, I. Shirotani, H. Inokuchi and S. Minomura, Mol. Cryst., 1966, 1, 463.
21 M. Nicol, M. Vernon and J. T. Woo, J. Chem. Phys., 1975, 63, 1992.
22 Infrared Spectrum of Anthracene, Sadtler Standard Spectra # 1319 (Sadtler Research Labora-
tories, Philadelphia, Pa.).
23'W. D. Ellenson and M. Nicol, J. Chem. Phys., 1974, 61, 1380 and references cited therein.
24D. A. Dows, L. Hsu, S. S. Mitra, O. Brafman, M. Hayek W. B. Dame]s and R. K. Crawford,
Chem. Phys. Letters, 1973, 22, 595.
25 P, T. T. Wong and E. Whalley, Rev. Sci. Instr., 1974, 45, 904.
26 R. B. Aust, W. H. Bentley and H. G. Drickamer, J. Chem. Phys., 1964, 41, 1856.
27 M. Kuhlman and H. G. Drickamer, J. Amer. Chem. Soc., 1972, 94, 8325.
28 J. Ferguson and A. W. H. Mau, Mol. Phys., 1974, 217, 377.
29 P, E. Fielding and R. C. Jarnagen, J. Chem. Phys., 1967, 47, 247.
30 N. Mataga, T. Torihashi and Y. Ota, Chem. Phys. Letters, 1967, 1, 385.
31 P. W. Bridgman, Collected Experimental Papers (Harvard University Press, Cambridge, Mass.,
1964), vol. vi, p. 415.

(PAPER 6/1252)

PRINTED IN GREAT BRITAIN AT THE UNIVERSITY PRESS, ABERDEEN




