STUDIA UNIVERSITATIS BABEŞ-BOLYAI, PHYSICA, SPECIAL ISSUE, 2001

DANA DOROHOI and DAN DIMITRIU

MICROSCOPIC PARAMETERS IN THE EXCITED STATES OF SOME ANTHRACENE DERIVATIVES


MICROSCOPIC PARAMETERS IN THE EXCITED STATES

OF SOME ANTHRACENE DERIVATIVES

DANA DOROHOI and DAN DIMITRIU

“Al. I. Cuza” University, Faculty of Physics, 11 Bdv. Carol I, 6600 Iasi, Romania

ABSTRACT. The results obtained by Takehiro Abe’s model for a non-polar, isotropic liquid and spectral measurements in the visible vibronic band of some anthracene derivatives were used to estimate the electric dipole moments and the polarizabilities in the molecular excited electronic states.

The study pointed out the applicability of the Takehiro Abe model in the case of non-polar solutions of the anthracene derivatives.

The value of microscopic parameters obtained using the three vibrational electronic bands emphasized very closed values for the electric dipole moment and for the polarizability in the first excited state of anthracene, comparable with those estimated using the value of the wavenumber corresponding to the pure electronic transition (calculated from the wavenumbers of absorption and fluorescence bands).

The values of the pure electronic transition in each solvent were used to estimate microscopic parameters of the anthracene derivatives.

1. Introduction

The sounding of the local reactive field in the liquids is usually achieved by solving spectrally active molecules, at low concentration, in a pure transparent liquid [1-3]. The solvation energies in the electronic states responsible for the electronic (absorption or fluorescence) band appearance determine spectral shifts compared to the gaseous state of the spectrally active molecule.


In Takehiro Abe model [1] the spectral shifts are expressed in function of the microscopic parameters of the molecules. The concentration of the spectrally active molecules is very low (10-5 mol/l), thus the solution can be divided into identical, independent subsystems consisting from a spectrally active molecule surrounded by solvation spheres with identical spherical molecules of the pure liquid, having their centers on the solvation sphere surface. The system of spheres is considered in two electronic states:

· ground state (g) in which all the molecules are in their ground electronic state;

· excited state (e) corresponding to the ground state of the solvent molecules and to the excited state of the spectrally active molecules.

The liquids used as solvents must be transparent in the absorption range of the spectrally active molecules. So, we can consider that, during spectra recordings, the solvent molecules do not change their electronic state. In Fig. 1 are shown the electronic levels participating to the absorption visible band appearance both for the gaseous and liquid states of the spectrally active molecule. Indexes g and e refer to the ground and to the excited state respectively; u and v refer to the spectrally active molecule and to the pure liquid molecule respectively.
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Fig. 1: The spectral shift by passing from gaseous to solution state

Because the solvent molecules do not change their electronic state, the total energy of these molecules interaction, Wg(v), is the same in the both state of the subsystems. It result that spectral shift can be expressed by the following relation:
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Formula (1) shows that the spectral shift is directly proportional with the solvation energy of the spectrally active molecule in its excited and ground states.


A final formula of the type:
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 (2)

was obtained by Takehiro Abe [1] after expressing the solvation energies from (1) as functions of molecular microscopic parameters. In relation (2) μ and α are dipolar moment and polarizability of the spectrally active molecule, and a and b are parameters depending on the solvent characteristics:
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where n - refractive index, I – ionization potential, ε - electric permitivity, α - polarizability, μ – electric dipole moment, MV – molecular mass, ρV - density.


We intend to check the applicability of relation (2) in the case of some anthracene derivatives [4]. Three electronic bands are characteristic for these molecules. They are named α, p and β by Clar [5]. We refer to the longest wavelength as α-band in Clar’s notation, or A1g – B3u+ in group nomenclature [6].

2. Materials and methods

With a Specord UV-VIS spectrophotometer having a data acquisition system we have recorded the electronic absorption spectra of anthracene (A) and two anthracene derivatives, namely 9,10 dichloroanthracene (9,10-DClA) and 9,10 dibromoanthracene (9,10-DBrA) (Fig. 2). These compounds were purchased from Merck Company and used without purification. The concentration of the studied solutions was 10-5 mol/l. The simple liquids were spectrally grade and carefully dried by specific methods.

Fig. 2: Chemical formula of the studied anthracene derivatives

3. Results and discussion

The wavenumber of the vibronic absorption bands for anthracene and of the pure electronic transition for 9,10 DBrA and 9,10 DClA are listed in Tables 1-3. A linear relation exists between the parameters a and b (from the equations 3 and 4) (see Fig. 3). From this linear dependence we calculated the polarizability and the electric dipole moment for each excited state of molecules (Table 4, where R is the linear correlation coefficient). The obtained values are in good agreement with the structure of the studied compounds and with previous studies based on Bakhshiev’s theory [2]. From Table 4 it result that the electronic transition responsible for α – band appearance induces an increase of the molecular dipole moment. The highest value of the first excited state has been obtained for 9,10 DBrA.

4. Conclusions

The spectral method derived from the result of Takehiro Abe can be successfully used for estimate some microscopic parameters in the excited states of anthracene and anthracene derivatives, like polarizabilities and electric dipole moments. The obtained results are in good agreement with those obtained by another methods.

Table 1: 

Wavenumbers (cm-1) of the visible absorption bands of anthracene

Solvent
υ exp. (cm-1)


1
2
3

Cyclohexane
26500
27940
29400

Methyl acetate
26540
27980
29400

Ethanol
26540
27980
29400

Acetone
26480
27920
29340

Carbon tetrachloride
26335
27740
29160

Mesitilene
26375
27810
29230

Toluene
26375
27680
29425

Ethyl acetate
26500
27935
29360

Pyridine
26230
27670
29080

m-Xylene
26375
27820
29200

p-Xylene
26315
27745
29170

o-Xylene
26355
27810
29215

Propionic acid
26585
28000
29425

Chlorobenzene
26350
27660
29130

Benzene
26290
27700
29170

Methyl ethyl ketone
26500
27915
29340

Anisole
26290
27730
29145

Table 2: 

Wavenumbers (cm-1) of the pure electronic transition band of 9,10-DClA

Solvent
υ exp. (cm-1)

Cyclohexane
25560

Methyl acetate
25650

Ethanol
25600

Acetone
25620

Ethyl acetate
25650

Pyridine
25320

Propionic acid
25630

Chlorobenzene
25320

Table 3: 

Wavenumbers (cm-1) of the pure electronic transition band of 9,10-DBrA

Solvent
υ exp. (cm-1)

Cyclohexane
24630

Methyl acetate
24730

Acetone
24680

Carbon tetrachloride
24460

Ethyl acetate
24670

Pyridine
24390

Propionic acid
24760

Chlorobenzene
24340

Benzene
24450

Table 4: 

Microscopic parameters in the excited state and the linear correlation coefficient (R) determined from the vibronic bands (1-3) of anthracene (A) and from the pure electronic transition of 9,10 DBrA and 9,10 DClA respectively

Anthracene and anthracene derivatives
αe
(10-25cm3)
μe2 – μg2
(D2)
R
μg
(D)
μe
(D)

A (1)
590.91
0.52
0.997
0
0.72

A (2)
588.77
0.77
0.998
0
0.88

A (3)
551.83
1.10
0.998
0
1.05

9,10-DClA
514.25
2.42
0.999
0
1.55

9,10-DBrA
621.31
6.21
0.998
0
2.49


Fig. 3: The linear dependence between the coefficient a and b corresponding to the vibronic bands of anthracene (1-3) and to the pure electronic transition of anthracene derivatives
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