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ABSTRACT. Electric dipole moments and polarizabilities of three benzo-[f]-quinolinium cycloaducts were estimated using a spectral method derived from the statistical cell model proposed by Takehiro Abe for the simple liquids.

1. Introduction

Benzo-[f]-quinolinium cycloaducts [1,2] are organic compounds used as initial substances in some chemical reactions, such as in antimicrobial and antifunginc drug obtaining. The values of the microscopic parameters of these compounds could help chemists in increasing the reaction output and physicist to explain the cycloaducts intermolecular interactions in their condensed states. Benzo-[f]-quinolinium cycloaducts have some characteristic visible bands corresponding to n-π* or to π-π* transitions [3,4]. The benzene rings from these cycloaducts structures assure a great polarizability and their spectral sensibility to the solvent nature.

Our purpose was to check if the statistical cell model proposed by Takehiro Abe [5] could be applied to the benzo-[f]-quinolinium cycloaducts solutions and to determine the electric dipole moments and polarizabilities of these spectrally active molecules.

Takehiro Abe developed his model in the following assumptions:

1) the model can be applied only to the solutions of spectrally active molecules in a solvent which is a simple liquid free of specific intermolecular interactions, having approximate spherical molecules with small values for their dipole moments;

2) the studied solutions contain spectrally active molecules solved, at very low concentrations, in the simple, pure liquid. Such a solution can be divided into identical subsystems consisting from only a single spectrally active molecule surrounded by the solvent molecules;

3) the solvents do not absorb in the range were the studied molecule is spectrally active. The solvent molecules are only in their ground state;

4) the studied system has only two energetic states, one in which all the molecules are in their ground state and another in which spectrally active molecule is in its excited state and the solvent molecules are in their ground state;

5) the electronic transitions are very fast, so the arrangement of the solvent molecules around the spectrally molecule is not changed after absorption.

2. Material and Methods 

Three cycloaducts with the structures from Fig.1 were prepared in the laboratories of Organic Chemistry Department of “Al.I.Cuza” University, by the method described in [2]. The electronic absorption spectra were recorded with a Specord UV-VIS spectrophotometer having a data acquisition system. The concentration of the studied solutions was 10-5 mol/l. The simple liquids were spectrally grade and carefully dried by specific methods.

[image: image1.wmf](

)

(

)

(

)

22

uuaub

ege

mma

éù

-+×=

êú

ëû

Fig. 1: Structural formula of the studied benzo-f-quinolinium cycloaducts

Table 1: 

Wavenumbers (cm-1) of the visible absorption bands of C1 cycloaduct

Solvent
υ exp. (cm-1)


1
2
3
4
5
6

Dichloroethane
18960
20160
21440
22800
27280
28240

Methyl alcohol
19440
20960
22000
23600
27920
28800

Ethyl alcohol
19360
20840
21900
23500
27700
28800

Acetone
19000
20260
21400
-
27560
28180

Chloroform
19000
20400
21640
22780
27520
28600

Toluene
18580
19920
21240
22580
26920
28040

Isoamil acetate
18700
20120
21500
22920
27220
28400

Methyl ethyl cetone
19000
20120
21440
22900
27420
28400

o-Xylene
18500
19960
21360
22900
26750
28100

Phenyl chloride
18750
20080
21420
22640
27120
28200

Benzene
18660
20080
21320
22920
27040
28100

Anisol
18620
20040
21400
22600
27180
28300

Table 2:

Wavenumbers (cm-1) of the visible absorption bands of C2 cycloaduct

Solvent
υ exp. (cm-1)


1
2
3
4
5
6

Dichloroethane
19240
20420
21700
22920
27200
28200

Methyl alcohol
19700
21000
22080
23580
27700
28660

Ethyl alcohol
19600
20820
21960
23460
27500
28600

Acetone
19240
20540
21780
23160
27320
28360

Carbon tetrachloride
18920
20240
21540
22820
26660
27880

Toluene
18900
20320
21580
22900
26940
28120

Ethyl acetate
19140
20320
21580
22820
27200
28200

p-Xylene
18920
20480
21620
23000
26900
28100

o-Xylene
19000
20300
21620
22880
-
-

Phenyl chloride
19000
20280
21580
22740
26940
28000

Benzene
19000
20340
21640
22900
26920
28080

Anisol
19000
20300
21580
23160
27040
28160

Table 3: 

Wavenumbers (cm-1) of the visible absorption bands of C3 cycloaduct

Solvent
υ exp. (cm-1)


1
2
3
4
5

Dichloroethane
25540
26860
28160
-
32320

Methyl alcohol
25740
27080
28360
-
32420

Ethyl alcohol
25720
27060
28350
-
32400

Acetone
25720
27040
28300
29750
-

Toluene
25440
26740
28020
29480
32120

Isoamyl acetate
25600
26940
28260
29560
32300

Methyl ethyl cetone
25620
26920
28260
29720
-

o-Xylene
25420
27400
28120
29600
-

Phenyl chloride
25360
26700
28080
29500
32060

Carbon tetrachloride
25440
26800
28120
29580
32100

Ethyl acetate
25700
27020
28280
29680
32480

Anisol
25360
26700
27940
29560
32140

3. Results and Discussions 

The wavenumber of the electronic absorption bands of the studied compounds are listed in Tables 1-3. The first four electronic absorption bands of C1 and C2 are attributed to an n-π* transition, because they have a small intensity and disappear in acid media. This transition involves the unbounded electrons of the substituents attached to the addition cycle of the compounds C1 and C2. The addition cycle of these compounds isolates the substituents from the point of view of π conjugation with heterocycle. Otherwise, the addition cycle of C3 cycloaduct permits [1,2] a large conjugation of the π electron cloud reflected in the aspect of the electronic absorption spectra that become very alike with the spectra of benzene derivatives having a number of benzene rings bigger than three [6]. Visible electronic bands of this compound do not disappear in the protic solutions. They are attributed to a π-π* transition [1,3]. Two last peaks near UV spectral range were attributed to π-π* transitions [3,4] because they are very intense and do not disappear in the protic solutions. Data analysis using Bakhshiev theory [7] indicated that, by passing from the ground to the excited electronic state, these compound change their dipole moments and the polarizabilities in a measurable ratio [3,4]. The final formula from the model proposed by Takehiro Abe [5]:
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(1)

was used to check the applicability of the model to benzo-[f]-quinolinium cycloaducts solutions. In equation (1) a and b are parameters dependent on the solvent characteristics as well as on the ionization potential of the spectrally active molecule:
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(2)
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(3)

where n - refractive index, I – ionization potential, ε - electric permitivity, α - polarizability, μ – electric dipole moment, M – molecular mass, ρ - density. In equations 1-3 u and v denominate the spectrally active molecules and the solvent molecules and, on the other hand, indices g and e refer to the ground and to the excited states of the electronic transition of the spectrally active molecules. A linear relation exists between a and b (see Fig. 2) with a high degree of correlation for all electronic absorption bands of the studied cycloaducts (Table 4-6, where R is the linear correlation coefficient). The slopes of the line signify the electric polarizability in the excited state of electronic transition and the cuts are equal with the difference μe2 - μg2. From Table 4-6 it result that the polarizability in the excited molecular state are higher for the π-π* transitions compared with those for n-π*.


The positive signs obtained for the differences μe2 - μg2 indicate an increase of the molecular dipole moment by excitation, excepting a UV π-π* absorption band of C1.

Table 4: 

Cycloaduct C1

Excited state
αe 

(10-25cm3)
μe2 – μg2
(D2)
R
μg
(D)
μe
(D)

1
488.68
20.49
0.998
3.67
5.82

2
517.75
14.06
0.998
3.67
5.24

3
583.57
12.33
0.998
3.67
5.07

4
357.28
4.01
0.973
3.67
4.18

5
1341.06
1.73
0.992
3.67
3.89

6
1438.78
-7.75
0.995
3.67
2.38

Table 5:

Cycloaduct C2

Excited state
αe 

(10-25cm3)
μe2 – μg2
(D2)
R
μg
(D)
μe
(D)

1
434.53
17.18
0.998
4.10
5.83

2
443.42
8.17
0.998
4.10
4.99

3
440.12
4.00
0.998
4.10
4.56

4
496.66
3.38
0.997
4.10
4.49

5
1227.58
3.60
0.989
4.10
4.51

6
972.99
0.51
0.995
4.10
4.16

Table 6: 

Cycloaduct C3

Excited state
αe 

(10-25cm3)
μe2 – μg2
(D2)
R
μg
(D)
μe
(D)

1
1482.16
4.58
0.999
2.34
3.17

2
1508.54
5.02
0.999
2.34
3.24

3
1416.36
2.87
0.999
2.34
2.88

4
1441.30
3.42
0.999
2.34
2.98

5
1507.36
19.42
0.999
2.34
4.98
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The lack of π conjugation on the cycloadition cycle in the case of compounds C1 and C2 determines an important charge separation and a higher variation of electric dipole moments compared with C3 cycloaduct.

4. Conclusions

There are a few methods that permit estimation of the microscopic parameters in the excited states of the molecules. This spectral method deriving from the results of Takehiro Abe gives information on these parameters and permits to estimate the transition dipolar moments. We are looking for another specific methods permitting to evaluate electric dipole moments and polarizabilities in order to compare them with the values obtained by orbital molecular theories.
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Fig. 2: The linear dependence between


the coefficient a and b for the


studied cycloaducts
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