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Stepwise Solvation of the Intramolecular-Charge-Transfer Molecule

p-(Dimethylamino)benzonitrile
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This paper presents a systematic study of gas-phase p-(V,N-dimethylamino)benzonitrile (DMABN) both in a supersonic
jet expansion and in a thermalized vapor. From the jet studies, the excited- and ground-state vibrational spectra of the isolated
molecule are resolved, and the spectroscopy of the stoichiometric complex with water, methanol, ammonia, and acetonitrile
in the beam is reported. It is concluded that 1:1 complexes are not sufficient for the local perturbation to cause charge separation.
At higher temperatures in the jet, we observe emission that we attribute to DMABN self-complexes. Under high pressure
and temperature vapor conditions (>30 mTorr, 60 °C), red-shifted fluorescence from DMABN is observed. This is attributed
to the charge-transfer state of DMABN in self-complexes.

Introduction

Many recent investigations have focused on the role of the
solvent in the charge-transfer process for molecules in solution.!
Both intramolecular® !4 and intermolecular'*!7 charge separations
have been studied. The solute-solvent interactions can be passive,
as observed in the cage effect where the primary role of the solvent
is to trap the solute particles within a volume enabling them to
collide and react with each other.!®"2 The solute can also be
actively coupled to the medium, as in the case of charge-transfer
reactions where the energies of initial, intermediate, and final
states, the reaction pathways leading to different products, and
the kinetics of the transitions can be dramatically affected by the
solvent. Static!*1% and dynamic*514 polarity effects, as well as
local solute-solvent interactions?! such as hydrogen bonding are
important in these latter processes.

An example of a molecule that interacts strongly with polar
solvents is p-(dimethylamino)benzonitrile (DMABN). In polar
solvents, an excited DMABN molecule undergoes a rotation of
the dimethylamino group about the amino—-phenyl bond to achieve
a perpendicular geometry with respect to the plane of the benzene
ring.?2 This motion results in charge separation, as evidenced
by the measured increase in the excited-state dipole moment from
6to 16 D.? In polar solvents, the twisted, charge-separated form
is stabilized, and a dual fluorescence appears. It consists of a UV
component plus a new red-shifted emission that does not appear
in nonpolar solvents. Rapid equilibration between the twisted and
planar forms in polar media yields the dual fluorescence. This
twisted internal-charge-transfer model (TICT), was first proposed
by Grabowski and co-workers.?? Picosecond spectroscopic stud-
ies!!?¥ have confirmed that (i) the planar state is the precursor
of the twisted state and (ii) equilibrium between the two states
is established during the excited-state lifetime. Further, the
dominant solvent effect on the dynamics of the charge separation
in this case has recently been attributed to static polarity effects.!©
The proposal of a barrier whose height changes with the polarity
of the medium gives a simple explanation for the appearance of
dual fluorescence in polar solvents and a single UV fluorescence
in alkanes: a certain polarity is required before the TICT barrier
is low enough to allow the forward TICT process to proceed within
the lifetime of the initially excited state.

The recent work by Robinson et al.?> and others?® attempts to
deduce the number of water molecules that must be present in
order to induce effects such as the one described above for
DMABN. The idea is that a critical number of solvent molecules
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exists for a given charge-transfer or proton-transfer process. It
is conceivable in the case of DMABN that a 1:1 DMABN/solvent
complex could provide sufficient stabilization by charge-transfer
or dipolar interactions to permit the photoisomerization of
DMABN to its twisted charge-transfer state.?’-30

(1) Marcus, R. A.; Sutin, N. Biochim. Biophys. Acta 1985, 811, 265.

(2) Albery, W. J. Annu. Rev. Phys. Chem. 1980, 31, 227.

(3) Balzani, V.; Scandola, F. In Energy Resources through Photochemistry
and Catalysis; Gratzel, T. J., Ed.; Academic: New York, 1983; 1.

(4) Calef, D. F.; Wolynes, P. G. J. Phys, Chem. 1983, 87, 3387, J. Chem.
Phys. 1983, 78, 470.

(5) Hupp, J. T.; Weaver, M. J. J. Phys. Chem. 1985, 89, 1601.

(6) Van der Zwan, G.; Hynes, J. T. Chem. Phys. Lett. 1983, 101, 367, J.
Phys. Chem. 1985, 89, 4181.

(7) Zusman, L. D. Chem. Phys. 1980, 49, 295.

(8) Miller, J. R.; Calcaterra, L. T.; Closs, G. L. J. Am. Chem. Soc. 1984,
106, 3047.

(9) Grabowski, Z. R.; Rotkiewicz, K.; Siemiarczuk, A.; Cowley, D. J.;
Baumann, W. Nowv. J. Chim. 1979, 3, 443,

(10) (a) Hicks, J. M.; Vandersall, M.; Babarogic, Z.; Eisenthal, K. B.
Chem, Phys. Lett. 1985, 116, 18. (b) Hicks, J. M.; Vandersall, M.; Sitzmann,
E. V.; Eisenthal, K. B. Chem. Phys. Lett, 1987, 135, 413.

(11) Huppert, D.; Rand, S. D.; Rentzepis, P. M.; Barbara. P. F.; Struve,
W. S.; Grabowski, Z. R. J. Chem. Phys. 1981, 75, 5714,

(12) Wang, Y.; Eisenthal, K. B. J. Chem. Phys. 1982, 77, 6076.

(13) Rotkiewicz, K.; Rubaszewska, W. J. Lumin. 1982, 27, 221.

(14) Kosower, E. M. J. Am. Chem. Soc. 1985, 107, 1114. Giniger, R;
Huppert, D.; Kosower, E. M. Chem. Phys. Lett. 1985, 118, 240.

(15) Miller, J. R. Springer Ser. Chem. Phys. 1985, 42, 234.

(16) McGuire, M.; McLendon, G. J. Phys. Chem. 1986, 90, 2549.

(17) Harrer, W.; Grampp, G.; Jaenicke, W. Chem. Phys. Lett. 1984, 112,
263.

(18) Frank, J.; Rabinowitch, E. Trans. Faraday Soc. 1934, 30, 120.

(19) Abul-Haj, N. A,; Kelley, D. F. J. Chem. Phys., in press.

(20) Berg, M.; Harris, A. L.; Harris, C. B. Phys. Rev. Lett. 1985, 54, 951.

(21) Felker, P. M,; Zewail, A. H. J. Chem. Phys. 1983, 778, 5266; Chem.
Phys. Lett. 1983, 94, 448, 454.

(22) Grabowski, Z. R.; Rotkiewicz, K.; Rubaszewska, W.; Kirkor-Ka-
minska, E. Acta Phys. Pol., A 1978, 454, 767.

(23) Baumann, W., personal communication.

(24) Wang, Y.; McAuliffe, M.; Novak, F.; Eisenthal, K. B. J. Phys. Chem.
1981, 85, 3736.

(25) Lee, J.; Robinson, G. W. J. Am. Chem. Soc. 1985, 107, 6153; J.
Chem. Phys. 1984, 81, 1203.

(26) Hierl, P. M.; Ahrens, A, F.; Henchman, M. J.; Viggiano, A. A,
Paulson, J. F. J. 4m. Chem. S0c.1986, 108, 3140, 3142,

(27) Visser, R. J.; Weisenborn, P. C. M.; Konijnenberg, J.; Huizer, B. H,;
Varma, C. A. G. O.J. Photochem. 1986, 32, 217. Visser, R, J.; Weisenborn,
P. C. M,; Varma, C. A, G. O.,; de Haas, M. P; Warman, J. M. Chem. Phys.
Lerr. 1984, 104, 38. Visser, R. J.; Varma, C. A. G. O.; Konijnenberg, J.;
Bergwerf, P. J. Chem. Soc., Faraday Trans. 2 1983, 79, 347,

© 1987 American Chemical Society



