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  In a previous paper,1) the charge transfer (CT) 
interaction between an excited fluorescer and a 

quencher was shown to play a significant part in 
the mechanism of fluorescence quenching on the 
basis of the correlation between the quenching 
constants and the electron affinities of quenchers. 
A study was made on quenching of fluorescence of 
anthracene and pyrene by electron-accepting 
substances. With the purpose of clarifying further 
the inner quenching mechanism, the present work 
was carried out for the systems of rubicene and 
various amines, where excited rubicene may be 
considered as an electron-acceptor and amines as 
electron-donors. Amines have been known to be 
effective quenchers, and if their large quenching 
abilities can be attributed to their strong electron-
donating powers, it will be expected that in com-
binations of a given fluorescer and a series of amines 
their effective quenching radii are related to their 
ionization potentials. 
 The advantage in dealing with these systems is 

that rubicene fluoresces at a relatively long wave-
length (553mμ) and the amines employed scarecely

absorb the exciting light(436 mμ), so that the

possibility of the trivial "quenching" caused by the 
inner filter effect and the waste of exciting light 

can be excluded to permit one to make a more 

reliable discussion.

Experimental 

Rubicene was synthesized from fluorenone2) and 

recrystallized several times from toluene. The absorp-
tion spectrum of this sample agreed with that given in 
literature.3) The liquid amines were fractionally 
distilled in a nitrogen atmosphere under reduced pres-

sure after being dried with potassium hydroxide, and the 
crystalline amines were recrystallized and sublimed in 

a vacuum. Such amines as are very apt to be colored 
were purified by repeated distillations or sublimations 
in a vacuum until they became colorless. Toluene was 

distilled once from a G.R. grade reagent and used as a

solvent for the measurement of fluorescence. For the 
observation of CT bands, spectro-grade carbon tetra-
chloride was used as a solvent and purified chloranil was 

employed as an electron-acceptor. 
  The apparatus and the procedure were almost the 
same as described in the previous paper.1) The excita-

tion wavelength was selected at 4358A Hg line with a 
Bausch & Lomb grating monochromator. The con-
centration of rubicene was 4.96×10-s mol/l.

          Results and Discussion 

 The ionization potentials of the amines were 

estimated by making use of the CT absorption 

bands of chloranil complexes with these amines. 

It is well known that for a given electron-acceptor 

the CT absorption maximum, hvcT, can be related 

to the ionization potential of a donor, Ip, as follows:4)

where a and b are the constants to be determined 

experimentally. Since the interaction between an

aliphatic amine and chloranil(n-π interaction)may

be different from that between an aromatic amine

and chloranil (π-π interaction), the two cases

should be treated separately.4) Using those amines 

whose ionization potentials had been measured 

directly,5) the following relations were obtained by 

the method of least squares:

  From these the ionization potentials of the other 

amines were estimated.6) The Ip-values thus 

obtained as well as the positions of the CT bands 

observed are given in Table 1. 

  The quenching constants were evaluated from 

the Stern-Volmer equation:7)

  *1 Present address: Research Institute of Applied 
Electricity, Hokkaido University, Sapporo. 

  1) A. Nakajima and H. Akamatu, This Bulletin, 
41, 1961 (1968). 
  2) E. Clar, "Aromatische Kohlenwasserstoffe," 
Springer, Berlin (1952). 
  3) R.A. Friedel and M. Orchin, "Ultraviolet Spectra 
of Aromatic Compounds," John Wiley & Sons, New 
York (1951).

  4) G. Briegleb, "Elektronen-Donator-Acceptor-
Komplcxe," Springer, Berlin (1961); J. Rose, "Molec-
ular Complexes," Pergamon, London (1967). 
  5) V.I. Vedeneyev, L.V. Gurvich, V.N. Kondrat'-

yev, V.A. Medvedev and Ye. L. Frankevich, "Bond 
Energies, Ionization Potentials and Electron Affinities," 
Edward Arnold, London (1966); A. Terenin and F. 
Vilessov, "Adv. in Photochem.," Vol. 2, ed. by W.A. 
Noyes et al., Interscience, New York (1964), p. 385. 
 6) G. Briegleb, Angew. Chem., 76, 326 (1964); P. 

Farrell, J. Phys. Chem., 69, 3506 (1965). 
  7) Th. Forster, "Fluoreszenz Organischer Verbind-

ungen," Vandenhoeck and Ruprecht, Gottingen (1951).



October, 1969] NOTES 3031

TABLE 1. THE POSITION OF CT BANDS, THE IONIZATION POTENTIALS, THE QUENCHING 

         CONSTANTS AND THE EFFECTIVE QUENCHING RADII FOR THE AMINES

* Directly measured ionization potentials taken from Ref. 5, used for determining the values of a and b.

where Io and I are the fluorescence intensities 
respectively in the absence and presence of the 

quencher. The slopes of the plots of (1,-I)/I 
against [Q], the concentration of quencher, give 
the quenching constants, k, which are listed in 
Table 1. 
  Since the absorption spectrum of rubicene was 
not affected by the addition of an amine, it may be 
considered that a dynamical quenching process 
is predominant and the interaction of rubicene in 
the ground state with an amine is very small, but 
in the excited state, quite large. 
  For dynamical quenching, the quenching con-
stant is approximated by the following formula:7'8)

where τ is the fluorescence life-time of rubicene in

the absence of a quencher, N' is the number of the

fluorescent molecules per millimol, i.e., 6.02×

1020, Dis the relative diffusion constant in toluene,

i.e., the sum of the diffusion constants for rubicene

and a quencher, and (γR) represents the effective

quenching radius. τ was estimated by the relation

τ=τoφ, *2 where τo is the natural life-time evaluated

from the absorption spectrum of rubicene, and

φo is the fluorescence quantum yield of rubicene

determined by comparing it with that of perylene 

in a degassed benzene solution9) The diffusion 

constants of the fluorescer and the quenchers were 

estimated by the method of Othmer and Thaker.10)

The (γR)-values obtained from the above formula

are also listed in Table 1. 

 Since the effective quenching radius of a quencher 

can be reasonably taken as a measure for its quench-

ing ability, it is of great interest to plot the effective

quenching radii, (γR), against the ionization poten-

tials, Ip, which is shown in Fig.1.

  As is seen from the figure, a good correlation can

be recognized between (γR) and Ip; that is, the

lower the ionization potential of an amine, the 

larger its effective quenching radius. This fact 

suggests that the charge transfer or electron trans-

 8) A. Weller, Z. p4ysik. Chem., N.F., 13, 335 
(1957).

  *2 Our values were: φ=0.18, τo=7.05×10-9 sec;
therefore, τ=1.27×10-9 sec.

  9) J.B. Birks, Proc. Roy. Soc., A275,135(1963).

10)D.F. Othmer and M.S. Thaker, Ind. Eng. Chem.,

45, 589 (1953).
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Fig. 1. Relation between the ionization poten-
 tials and the effective quenching radii of the 

 amines. Numerals refer to the respective num-
 bers of the compounds in Table 1. The broken 
 curve is drawn tentatively.

fer mechanism11) is especiallyi mportant for fluores-

cence quenching. 

  Because the absorption spectra of the amines and 

the fluorescence spectrum of rubicene do not overlap

at all, the energy transfer mechanism,12) in which 

excited rubicene is an energy-donor and amines 

are energy-acceptors, can be left out of account. 

The trend observed can not be explained by the 

mechanism of external heavy-atom effect, in which 

rubicene in the singlet excited state is converted 

into the triplet state.

As one can see from Fig.1, the (γR)-values for

some N-substituted amines*3 are considerably 

smaller than those expected from their Ip-values. 

This may be interpreted in terms of a kind of steric 

effect; e.g., the steric effect of the massive groups 

attached to the nitrogen atom. A remarkable 

example is found in triphenylamine, whose molec-

ular structure may be unfavorable for an interac-

tion.

  The relationship between (γR)and Ip will be

useful for estimating the ionization potential of an

amine from its (γR)-value.

  The authors wish to thank Professor Hiroaki 

Baba for some valuable advice in preparing the 

manuscript.

 11) H. Leonhardt and A. Weller, "Luminescence of 
Organic and Inorganic Materials," ed. by H. Kallman 
and G. Spruch, John Wiley & Sons, New York (1962). 

p. 74. 
 12) Th. Forster, Discussions Faraday Soc., 27, 7 (1959). 
  *S Those compounds (Nos. 8, 14, 17, 18, 19, 24) 
that lie extraordinarily lower than the tentatively 
drawn curve in Fig. 1.


