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Emission spectra of charge transfer (CT) complexes of purines.
pyriI1iidines and amino acids (as donors) and tetracycline and
oxyt¢tracycline (as acceptors) have been determined in highly polar
solv~ts. The CT fluorescence peak undergoes pronounced red
shift with considerable decrease in emission intensity within the
group as the polarity of the solvent increases. The excited CT state
dipole moments of adenine. guanine. xanthine. hypoxanthine,
thymine, cytosine. phenylalanine. tyrosine. histidine and tryptophan
complexes have been estimated using Onsager and Lippert­
Mataga models.

A number of excited state charge transfer (CT) com­
ple~es are known in the literature1 -5. However, no
sys~matic work has been done on emission from CT
co~plexes of nucleic acid bases with antibiotics, such
as tetracycline and oxytetracycline. In this connection,
Labianca et al.6 showed that the excited molecule

inteiracted with the donor to give an exciplex in a
rev¢rsible process which decayed to give the
products. The exciplex e AO*) was stabilized by
res6nance structures (see Eq. 1), assuming that

1A~D¢AIO*¢A-0+ ... (1)

excitation wavelength corresponded to the absorption
of the acceptor.

A mechanism similar to that proposed by Evan 7

(Eq. la)
k_1 k

IA*+O ¢ (A,O)*~A -OT ... (la)
k1

was suggested by the authors8 for fluorescence
qut1nching effect on tetracycline and oxytetracycline

by purines, pyrimidines and amino acids in highly
pol~r solvents. The title investigation is in
cOQtinuation of our earlier studies8• The excited state
dipble moments of complexes of purine and
py~midine bases and of amino acids with the
ant,biotics have been evaluated using Onsager model
of liquid dielectrics.

All the purines, pyrimidines, and amino acids were
obtained from E Merck, BOH and Loba Chemicals
(Austria). Their purity was checked by usual
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procedure. The solvents used were dimethyl
sulphoxide (OMSO), dimethylformamide (OMF) and
propylene glycol (PG) (all from E Merck) and water.
The water had a conductivity of 3-40 -1 and the other
three solven ts were carefully dried and freshly distilled.

Tetracycline and oxytetracycline were obtained from

Sigma Chemiscals (USA) and their purity was checked
by usual procedure. Fluorescence spectra were
recorded at 23°C with the fluorimeter instrument

designed and described earlier8. The concentration of
donors used were 10 -2 mol dm -3 and those of

acceptors were of lO-5moldm -3.
Using Onsager model of liquid dielectrics, the

energy change involved in the transfer of a dipole from
vacuum to a medium of dielectric constant (e) and
refractive index (n) could be calculated by Eq. (2).

2112 [[; - I n2 - 1 J
A£=-- ~--- ... (2)

a3 e+2 n2 + 2

where a is the radius of a circular cavity surrounding
the molecule. This is normally equal to molecular
radius calculated from molecular volume. So if we

know fluorescence frequency (vsl in the solvent of
dielectric constant (e) and that in the vacuum (v.), then
the change in energy is given by Eq. (3).

A£=hAv (where Av=vs-v.) ... (3)

or

or

[ 2-1J
2112 e - 1 _n __

hAv=h(vs-vv)=(i3 e+2 n2+2

or

[£-1 n2 -1 JA plot of hvs( = hveT) versus [;+ 2 - n2 + 2 should,
therefore, be linear if the solute-solvent interaction is

small and from the slope of this curve 11, the dipole
moment can be evaluated. Since the completely
charge-separated dative state should have a dipole
moment of 15.350, it is thus possible to calculate the

degree of excited state CT from the shift in the
fluorescence spectra in media of different dielectric

constants. On the other hand, using the Lippert­
Mataga9 -II method. the dipole moment of the CT
state has been estimated from the knowledge of values

of A'l =(110 -11,), where l1eT and I1g represent the
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Table I-Excited State Dipole Moments of CT Complexes

Donor

Solvent*VCT x 10-3 h VCTDipolemoment
(em-I)

(eV)(D)

Tetra-

Oxytetra-Tetra-Oxytetra-Tetra-Oxytetra-
cycline

cyclinecyclinecyclinecyclinecycline

Adenine

a20.0019.382.4822.405

b

20.1619.612.5022.433
13.72
10.18

c
20.3219.842.5222.462

d

22.3222.622.7702.808

Guanine

a21.7421.282.6982.641
b

22.0222.832.7342.833
12.39
9.92

c
22.2223.252.7582.886

d

22.7223.472.8212.913

Xanthine

a19.9221. 742.4722.698

b

22.6222.222.8082.758
9.83

10.60
c

22.7222.472.8212.789

d

22.8322.722.8332.821

Hypoxanthine

a19.2319.232.3872.387

b

19.6119.382.4332.405
13.85
13.14

c
19.9619.922.4772.472

d

20.4020.002.5332.482

Thymine

a18.4218.522.21152.298
b

19.0118.872.3592.342
13.78
12.94

c
19.0519.382.3642.405

d

19.1619.532.3772.424

Uracil

a18.5218.702.2982.320
b

18.8719.052.3422.364
13.14
12.47

c
19.2319.232.3872.387

d

19.3119.382.3962.405 •
Phenylalanine

a19.4219.532.4102.424
b

19.6119.682.4332.443
12.4719.80
19.802.4572.457

11

c d
21.2720.922.6402.596

Tyrosine

a19.5319.612.4242.433
b

20.1619.762.5022.453
13.14
12.47

c
20.4020.002.5332.482

d

20.4920.322.5432.522

Histidine

a19.3819.162.4052.377
b

19.6119.682.4332.443
11.75
11.52

c
20.0019.842.4822.462

d

20.1620.002.5022.482

Tryptophan

a19.2319.382.3872.405
b

20.1619.532.5022.424
12.29
11.23

c
20.4919.682.5432.443

d

20.8320.662.5852.564

*a=water. b=DMSO. c=DMF, d=propy1ene glycol; the corresponding dielectric constants (0) are 78.54, 48.90,36.70,32.00 and the

refractive indices (n) are 1.02606, 1.4780, 1.4295, 1.4320.

dipole moments of the excited CT state and ground
state, respectively of the form

_ 2F(e, n) (df.1)2

dVCT =Const. + h 3ca

where

( e-l n2 -1 )F(c, n)= 2£+ I - 2n2 + 1

A plot of dVCT as a function of F(e, n) is linear from the
slope of which df.1 value may be obtained.

The results of the present investigation are given in
Table 1. It may be observed that for all the systems
studied the emission peak undergoes red shift as the
polarity of the medium is increased. The dipole
moments estimated from Eq. (3) are found to be II
±2D. The Onsager radii range is of 3 to 4A in these
calculations. Similar results were obtained using
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Lippert-Mataga equation. All calculations are based
on method of least squares.

Since the completely charge-separated state has a
dipole moment of 15.35 D and the no-bond structure
has ~o moment, the charge transfer in these systems
was ¢a1culated to be in the range of 64 to 90%. Thus the
ovefl'111wavefunction of the state becomes
\fI == ~ + j,\f' •... (5)

(0 A)* (0 +A )

where the first term denotes the CT resonance
contbbution and the second term represents the CT
contribution. It appears, therefore, that the CT
resonance contribution is in the range of 36 to 10% in
these systems.
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