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1. Introduction 

Coumarin derivatives attracted the attention of chemists over 
the past years [1], they constitutes a class of compounds with 
many biological activities [2-9]. The coumarin derivatives 
present a great number of biological properties, such as, anti-
inflammatory [10], analgesic [11], anti-spasmodic [12], 
antitumor [13], antimicrobial [14], antibacterial [15], anti-VIH 
[16] and antioxidant [17] activities. The application of their 
fluorescence properties are widely known [18-20], being used 
as fluorescent probes and fluorescent markers in biochemistry 
[21-22]. Thus, to prepare functionalized coumarins at position 
2, we have reacted 2-imino-2H-chromene-3-carboxyamide (1) 
with a series of aromatic amines 3-10 (Scheme 1). 

 

Scheme 1. Synthesis of iminocoumarins 3-10. 

We will also describe the ground and excited-state dipole 
moments of the prepared (2Z)-2-arylimino-2H-chromene-3-

carboxamide derivatives 3-10 calculated from the relation of 
Lippert, Bakhshiev and Kawski-Chamma-Viallet [23]. The 
excitation of a compound by absorption of photons causes a 
redistribution of charges that lead to conformational changes in 
the excited state. This may result in an augmentation or 
diminution of the dipolar moment of the excited state relative to 
that of the ground-state [24]. Prospecting of dipole moments in 
the ground and excited state of electronically excited molecules 
provides important information about the electron and 
geometric structure of the compound in a short-lived state. The 
knowledge of the excited state dipole moment of electronically 
excited molecules is very effective to design new compounds 
with nonlinear optical properties, to elucidate the nature of the 
excited state and to get the path of their photochemical 
transformation. 
In the absence of crystal structures to determine the most stable 
conformation of the titled compounds, full-optimized geometry 
of different rotamers will be carried out. The ground state 
structures were optimized using density functional theory (DFT) 
model and employing the hybrid Becke3-Lee-Yang-Parr 
(B3LYP) functional and at the excited state, structures were 
optimized by using the time-dependent density functional 
theory (TD-DFT) method with the 6-311++G(d,p) basis sets. 
Also, dipole moments and HOMO–LUMO analysis of these 
molecules are reported here, and the theoretical calculations are 
correlated with experimental data.  
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The study on the fluorescence and UV-Vis absorption of some iminocoumarins at ambient
temperature in several solvents showed a bathochromic shift with the increase of the solvent 
polarity. The use of the solvathochromic method allowed us to determine the dipole moment in 
both ground and excited states. The studied molecules exhibit much higher dipole moments in 
the excited state than in the ground state, which can be due to the redistribution of π-electron 
densities in the excited state making molecules more polar with higher dipole moments. 
Furthermore, HOMO–LUMO gap were also estimated theoretically using B3LYP/6–
311+G(d,p) level of theory; the low energy gap indicated the eventual charge transfer 
interaction occurring in the molecules, and responsible for their light emitting properties. 
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2.1. Apparatus  

Melting points were obtained with an Electrothermal Stuart 
scientific SPM3 apparatus. IR spectra (KBr) were recorded on a 
FTIR-Perkin Elmer (Spectrum One) spectrophotometer. 1H and 
13C spectra were acquired in CDCl3 and DMSO-d6 solutions 
with TMS as internal standard, on a Bruker Avance 300 
(operating at 300.13 MHz for 1H and at 75.47 MHz for 13C). All 
spectrophotometric measurements were conducted at room 
temperature. UV/Vis absorption spectra were recorded on a 
Varian CARY 50 spectrophotometer. Fluorescence spectra were 
recorded on a Varian Cary Eclipse spectrofluorometer. The 
fluorescence quantum yields (Φ) calculated using as standard 
the disodium fluorescein salt (Φ = 0.9) according to the 
conventional formula: 

ΦX = (ΦS AS FX nX
2) / (AX FS nS

2)  

Where, A is the absorbance at the excitation wavelength, F the 
Area under the fluorescence curve and n the Refractive index of 
the solvents used. Subscripts “s” and “x” refer to the standard 
and to the sample of unknown quantum yield, respectively. The 
excitation source was Xenon flash lamp.  

2.2. General procedure for the synthesis of (2Z)-2-
(arylimino)-2H-chromene-3-carboxamides 3-10. 

A mixture of 2-imino-2H-chromene-3-carboxamide (1) (1.88 g, 
10 mmol) with the appropriate aniline 2 (10 mmol) and acetic 
acid (5 mL) were vigorously stirred at ambient temperature for 
the appropriate time (3, 4 and 9 120 min; 5 and 7 15 min; 6 and 
8 10 min; 10 1440 min). After reaction completion, controlled 
by tlc, ice-cold distilled water was added. The obtained solid 
(2Z)-2-(arylimino)-2H-chromene-3-carboxamides 3-10 were 
separated by vacuum filtration and then washed with distilled 
water and ethyl ether.  

2.2.1. (2Z)-2-(Phenylimino)-2H-chromene-3-carboxamide 
(3). 

Yield 80% (2.11 g), m.p. 234-236°C. IR (cm-1): 3245 
(CHaromatic), 3113 (CH, C=CH), 1708 (C=O), 1590 (C=C); 1H 
NMR: δ 9.04 (s, 1H, NH), 9.57 (s, 1H, H-4), 10.38 (s, 1H, NH), 
8.84 (d, 1H, H-5, J 9.0 Hz), 8.60 (d, 1H, H-8, J 9.0 Hz), 8.45 (d, 
2H, H-6, H-7, J8.1 Hz), 8.38-8.30 (m, 3H, H-3’, H-4’, H-5’), 
8.24-8.19 (m, 2H, H-2’,6’); 13C NMR: δ 114.7, 115.4, 118.0, 
118.8, 123.92, 123.9, 124.7, 126.3, 128.0, 127.2, 129.9, 149.3, 
152.9, 153.6, 162.5; MS (ESI+): m/z 265 (100%) (M+H)+, 287 
(5%) (M+Na)+. 

2.2.2.(Z)-2-[(3-Carbamoyl-2H-chromen-2-
yliden)amino]benzoic acid (4). 

Yield 85% (2.62 g), m.p. 207-208°C. IR (cm-1): 3393 
(CHaromatic), 3304 (OH, carboxylic acid), 3159 (CH, C=CH), 
1694 (C=O), 1576 (C=C); 1H NMR: δ10.23 (s, 1H, COOH), 
9.95 (s, 1H, NH), 9.93 (s, 1H, NH), 8.95 (s, 1H, H-4), 8.91-8.87 
(m, 4H, H-5, H-6,H-7, H-8), 8.66-8.55 (m, 2H, H-5’, H-6’), 
8.37-8.29 (m, 2H, H-3’, H-4’); 13C NMR: δ 114.7, 115.8, 118.2, 
121.0, 124.2, 124.2, 124.7, 129.4, 129.4, 130.3, 132.7, 140.8, 
147.5, 152.4, 153.6, 162.5, 167.2; (ESI+): m/z 309 (100%) 
(M+H)+, 331 (8%) (M+Na)+. 

2.2.3.(Z)-2-(4-Methylphenylimino)-2H-chromene-3-
carboxamide (5). 

Yield 85 % (2.36 g), m.p. 237-238°C. IR (cm-1): 3245 
(CHaromatic), 3165 (CH, C=CH), 1706 (C=O amide), 1673 
(C=O), 1597 (C=C); 1H NMR: δ 10.25 (s, 1H, NH), 8.66 (s, 1H, 

H-4), 6.18 (s, 1H, NH), 7.61-7.51 (m, 2H, H-5, H-8). 6.32-6.14 
(m, 6H, H-6, H-7, H-2’,6’, H-3’,5’), 2.46 (s, 3H, CH3); 

13C 
NMR: δ 21.1, 115.3, 115.3, 115.4, 118.5, 122.8, 122.9, 124.5, 
128.1, 129.5, 134.5, 152.6, 153.4, 164.2; (ESI+): m/z 279 
(100%) (M+H)+, 301 (9%) (M+Na)+. 

2.2.4. (Z)-2-(4-Methoxyphenylimino)-2H-chromene-3-
carboxamide (6). 

Yield 87% (2.54 g), m.p. 239-240°C. IR (cm-1): 3252 
(CHaromatic), 3120 (CH, C=CH), 1701 (C=O), 1570 (C=C); 1H 
NMR: δ 10.96 (s, 1H, NH), 9.13 (s, 1H, H-4), 6.73 (s, 1H, NH), 
8.30-8.22 (m, 2H, H-5, H-8), 8.07-7.97 (m, 4H, H-2’,6’, H-
3’,5’), 7.69 (d, 2H, H-6, H-7, J9.00 Hz), 4.61 (s, 3H, OCH3); 
13C NMR: δ 55.4, 113.9, 115.4, 120.6, 121.4, 124.3, 124.6, 
129.4, 132.7, 141.3, 153.6, 153.8, 156.8, 164.1; (ESI+): m/z 295 
(100%) (M+H)+, 317 (3%) (M+Na)+. 

2.2.5.(Z)-2-(4-Bromophenylimino)-2H-chromene-3-
carboxamide (7). 

Yield 85 % (2.98 g), m.p. 263-264 °C. IR (cm-1): 3260 
(CHaromatic), 3119 (CH, C=CH), 1698 (C=O), 1595 (C=C); 1H 
NMR:δ 8.18(s, 1H, NH), 8.51 (s, 1H, H-4), 6.95 (s, 1H, NH), 
6.80-6.77 (m, 4H, H-5, H-6, H-7, H-8), 6.32-6.14 (m, 4H, H-
2’,6’, H-3’,5’); 13C NMR: δ 114.8, 116.4, 118.2, 121.3, 121.7, 
124.3, 124.8, 124.8, 129.4, 131.3, 131.6, 141.1, 152.3, 162.4; 
(ESI+): m/z 343 (100%) [(M+H)+, 79Br], 345 (100%) [(M+H)+, 
81Br], 365 (9%) [(M+Na)+, 79Br], 367 (9%) [(M+Na)+, 81Br]. 

2.2.6. (Z)-2-(3,4-Dichlorophenyl)imino)-2H-chromene-3-
carboxamide (8). 

Yield 83 % (2.76 g), m.p. 236-237°C. IR (cm-1): 3286 
(CHaromatic), 3127 (CH, C=CH), 1708 (C=O), 1570 (C=C); 1H 
NMR: δ 10.10 (s, 1H, NH), 9.60 (s, 1H, H-4), 9.03 (s, 1H, NH), 
8.87 (d, 1H, H-5, J 9.0 Hz), 8.69-8.61 (m, 3H, H-6, H-8, H-6’), 
8.40-8.32 (m, 2H, H-7, H-5’), 8.23 (d, 1H, H-2’, J8.10 Hz); 13C 
NMR: δ 114.8, 118.2, 121.2, 122.9, 124.3, 129.4, 129.4, 130.2, 
130.6, 130.6, 132.9, 141.5, 149.5, 152.3, 152.3, 162.3; (ESI+): 
m/z 333 (100%) [(M+H)+, 35Cl], 335 (60%) [(M+H)+, 35Cl, 
37Cl], 337 (15%) [(M+H)+, 37Cl], 355 (12%) [(M+Na)+, 35Cl], 
357(7%) [(M+Na)+, 35Cl, 37Cl], 359 (3%) [(M+Na)+, 37Cl]. 

2.2.7. (Z)-2-(2,5-Dichlorophenyl)imino-2H-chromene-3-
carboxamide (9). 

Yield 73 % (2.43 g), m.p. 216-217°C. IR (cm-1): 3300 
(CHaromatic), 3141 (CH, C=CH), 1708 (C=O), 1570 (C=C); 1H 
NMR: δ 9.76 (s, 1H, NH), 8.91 (s, 1H, H-4), 6.01 (s, 1H, NH), 
7.48-7.38 (m, 2H, H-5, H-8), 7.18-7.15 (m, 2H, H-3’, H-4’), 
7.05-6.99 (m, 3H, H-6, H-7, H-6’); 13C NMR: δ 116.1, 119.1, 
120.8, 123.8, 125.4, 125.4, 125.7, 126.6, 130.1, 130.8, 133.7, 
143.9, 152.6, 153.8, 164.1; (ESI+): m/z 333 (100%) [(M+H)+, 
35Cl], 335 (60%) [(M+H)+, 35Cl, 37Cl], 337 (15%) [(M+H)+, 
37Cl], 355 (12%) [(M+Na)+, 35Cl], 357 (7%) [(M+Na)+, 35Cl, 
37Cl], 359 (3%) [(M+Na)+, 37Cl]. 

2.2.8. (Z)-2-(2,4-Dichlorophenyl)imino-2H-chromene-3-
carboxamide (10). 

Yield 80 % (2.65 g), m.p. 247-248°C. IR (cm-1): 3314 
(CHaromatic), 3162 (CH, C=CH), 1708 (C=O), 1570 (C=C); 1H 
NMR: δ 9.16 (s, 1H, NH), 8.62 (s, 1H, H-4), 8.04 (s, 1H, NH), 
7.83 (d, 1H, H-6’, 8.4 Hz), 7.68 (s, 1H, 3’-H), 7.59-7.21 (m, 4H, 
H-5, H-6, H-7, H-8), 7.18 (d, 1H, H-5’, J8.7 Hz); 13C NMR: δ 
115.2, 118.5, 121.1, 124.8, 127.3, 127.3, 127.7, 128.5, 128.8, 
129.9, 133.4, 140.9, 142.3, 150.2, 152.5, 162.4; (ESI+): m/z 333 
(100%) [(M+H)+, 35Cl], 335 (60%) [(M+H)+, 35Cl, 37Cl], 337 
(15%) [(M+H)+, 37Cl], 355 (12%) [(M+Na)+, 35Cl], 357 (7%) 
[(M+Na)+, 35Cl, 37Cl], 359 (3%) [(M+Na)+, 37Cl]. 
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3.1. UV/vis absorption spectra  

The absorption spectra of all the iminocoumarins 3-10 
(concentration 10-5 M) were recorded immediately after 
compounds dissolution and filtration through paper. The 
magnitudes of Stokes shift vary between 4700 and 125900 cm−1 
and are indicative of a charge transfer transition (Table 1). 
These spectra in DMSO, DMF, acetonitrile, dichloromethane, 
THF, ethyl acetate and chloroform displays two distinct bands 
(Figures 1a-h). The n�π* transition could be located on the 

carbon 2 carrying the imine function. Indeed the angle C8a-O-
C2 is 123.4° [25], which indicates a sp2 hybridization for the 
oxygen atom corresponding to free pairs of this atom that 
occupies a 2pz orbital, thus having a fairly important π character 
with the core of coumarin. Most certainly, the transition n � π* 
is completely covered by that of π � π*, which could in part 
explain the large shoulder obtained around 290 nm. Therefore, 
the conjugate π electrons system and the electron cloud 
intensify the stability of the molecules, which explains the low 
energy of the transitions π�π*.  
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Figures 1a–h: Absorption spectra of all compounds (a) 3, (b) 4, (c) 5, (d) 6, (e) 7, (f) 8, (g) 9 and (h) 10 in different solvents. 

3.2. Fluorescence spectra 

The fluorescence of iminocoumarins 3-10 in all solvents (10-5 
M) was acquired at ambient temperature (Table 1). 

3.2.1. Steady-state emission spectra 

In the emission spectra, the shape and position of all 
iminocoumarins 3-10 were independent of the excitation 
wavelength, which confirms that only one specie emits in each 
solution (Figures 2a-f, Table 1). As example, the spectrum of 
emission of compound 3 has an emission band at 400 nm in 
acetonitrile that shifts to 408 nm in chloroform. Compound 4 

emits at 347 nm in dichloromethane, at 338 nm in THF and at 
334 nm in chloroform.  
Table 1 presents the wavelengths of the maxima fluorescence 
emission bands of their iminocoumarins 3-10 studied at 293K. 
We note that these iminocoumarins 3-10 do not present an 
important bathochromic displacement of the fluorescence 
band, passing from polar solvents to non-polar solvents, since 
the peaks are almost in the same domain field for all 
compounds. 
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Figures 2.a–h: Emission spectra of all compounds (a) 3, (b) 4, (c) 5, (d) 6, (e) 7, (f) 8, (g) 9 and (h) 10 plotted in different solvents 
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Absorbance wavelength; ε: Corresponding molar extinction coefficient; λex: Maximum excitation wavelength; λem: Maximum emission wavelength and 
shoulders; va-vf: Stokes shift; and Φf: Fluorescence quantum yield with excitation at the maximum absorption wavelength. 

 

Compounds Solvent λabs (nm) ε (M−1 cm−1) λex (nm) λem (nm) va-vf (cm−1) Фf 

3 

DMSO 340 26800 310 362 1787.45 0.083 
DMF 361 23600 310 412 3428.99 0.113 
ACN 362 28400 315 400 2624.31 0.048 
CH2Cl2 363 35800 330 407 2978.18 0.086 
THF 364 29000 315 400 2472.53 0.035 
ACE 363 36300 315 402 2672.59 0.062 
CHCl3 333 102000 315 408 5520.23 0.014 

4 

DMSO 342 26800 310 360 1461.99 0.088 
DMF 341 24400 310 404 4573.04 0.162 
ACN 345 21400 315 348 249.87 0.104 
CH2Cl2 347 36200 310 403 4004.55 0.044 
THF 338 15100 310 398 4460.18 0.043 
ACE 342 49700 310 400 4239.77 0.061 
CHCl3 334 49700 310 404 5187.64 0.044 

5 

DMSO 367 11200 315 352 ----------- 0.087 
DMF 368 4700 310 347 ----------- 0.549 
ACN 369 24000 315 404 2347.79 0.065 
CH2Cl2 370 36700 330 405 2335.69 0.047 
THF 369 28100 315 404 2347.79 0.086 
ACE 366 52400 315 404 2569.93 0.063 
CHCl3 331 115900 315 405 5520.12 0.016 

6 

DMSO 381 11100 310 351 ----------- 0.095 
DMF 382 25700 320 405 1486.65 0.053 
ACN 383 26500 315 404 1357.18 0.040 
CH2Cl2 384 37600 330 406 1411.12 0.051 
THF 385 26400 315 400 974.02 0.059 
ACE 380 37100 315 401 1378.13 0.058 
CHCl3 330 111700 315 407 5733.00 0.025 

7 

DMSO 364 26600 310 352 ---------- 0.084 
DMF 365 12300 315 405 2705.90 0.148 
ACN 366 17900 315 400 2322.40 0.188 
CH2Cl2 367 40900 330 404 2495.48 0.025 
THF 365 39600 315 400 2397.26 0.150 
ACE 360 45500 315 402 2902.15 0.051 
CHCl3 333 125900 315 403 5216.13 0.026 

8 

DMSO 360 28600 310 352 ---------- 0.044 
DMF 361 32400 320 405 3009.47 0.072 
ACN 362 34100 315 402 2748.69 0.053 
CH2Cl2 363 38700 330 407 2978.18 0.030 
THF 360 40500 315 403 2963.88 0.094 
ACE 360 41800 315 404 3025.30 0.054 
CHCl3 334 111600 315 408 5430.31 0.011 

9 

DMSO 356 26500 310 352 ---------- 0.055 
DMF 357 12500 320 405 3319.85 0.208 
ACN 358 36700 315 404 3180.48 0.041 
CH2Cl2 362 41800 320 408 3114.50 0.050 
THF 354 33400 315 400 3248.59 0.061 
ACE 353 50700 315 401 3390.96 0.031 
CHCl3 333 121000 315 408 5520.22 0.024 

10 

DMSO 360 32100 310 353 ----------- 0.062 
DMF 361 33300 320 404 2948.35 0.055 
ACN 358 24000 315 402 3057.34 0.147 
CH2Cl2 360 31200 330 404 3025.30 0.056 
THF 356 35900 315 400 3089.89 0.067 
ACE 355 39700 315 402 3293.39 0.067 
CHCl3 333 118700 315 410 5639.79 0.024 
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3.3.1. Computational methods:  

Calculations have been performed by using Kohn–Sham’s 
DFT and the gradient-corrected hybrid density functional 
B3LYP [26–28]. This functional is obtained by coupling the 
three parameters non-local exchange potential of Beck with the 
non-local correlation functional of Lee et al. [29,30]. The 
complete geometry optimization is done on a set of this 
functional and the 6-311++G(d,p) [31,32] basis set as 
implemented by Gaussian 03W package in gas phase [25]. The 
solvents were modelled using their dielectric constant 
employing the CPCM solvation model; calculations were 
realized as single points on the gas phase geometries. The 
characterization of electronic transitions and excited states 
were realized thanks to the time-dependent DFT method (TD-
DFT) on their correspondingly optimized ground state 
geometry. The method, is enough precise to determine the 
excited states of low molecules and aims to evaluate both the 
physical and chemical constraints. In order to reproduce the 
experimental results, vertical excitation energies were 
calculated for the first 20 singlet excited states. 

3.3.2. Geometry  

To depict the 3D structure of each compound, we studied the 
geometry of our compounds using DFT/6-311++G(d,p), under 
vacuum in different solvents. In order to have the most stable 
conformation molecular for each compound, we have studied 
the geometry of various rotamers, when they exist, and 
calculated their relative energies (Table 2). These relative 
energies show a little energy difference between rotamers, 
which indicates the presence of many rotamers in the samples 
at ambient temperature except for compound 4. The hydrogen 
bond, in this case, excludes the existence of both rotamers 4a 
and 4b. Structure 4b seems the most stable in vacuum in all 
solvents which is probably due to its shorter O....HN distance 
2.153 Å comparing to O.....HN distance 2.990 Å in structure 4a. 
The use of different solvents significantly change the hierarchy 
between rotamers' stability of all compounds. The relative 
energies of rotamers stay very small. 

Table S1 (see supporting information) shows the optimized 
parameters of the most stable rotamers of iminocoumarins 3-
10, under vacuum and figure 3 shows the numbering of the 
atoms in structure-3. The calculated CC, CH, CO and CN bond 
distances are almost unchanged in all compounds. The 
influence of the different substituents on all bond lengths 
seems to be negligible. The hydrogen bond N18…H31 varies 
between 1.946 Å and 1.975 Å for the compounds 3, 5-10. This 
bond appears longer in the case of compound 4 (2.089 Å) since 
the interaction between H31 and the oxygen of the carboxylic 
acid group which weakens the hydrogen bond N18…H31 
(figure 4; structure-4b). The bond angles vary with the 
electronegativity of the central atom. For example, in all 
structures, the high electronegativity of oxygen induced the 
largest value of the C3-O15-C13 bond angle. As for the bond 
lengths, the substitution of the hydrogen atoms of the phenyl 
group by the chlorine, bromine, methyl group, metoxy group or 
carboxylic acid group have not a great influence on the value 
of the different bond angles. 

 

Figure 3: The numbering of the atoms of structure-3. 

The substituted phenyl moieties in 4-10 structures are more 
tilted than non-substituted phenyl ring in structure-3 as is 
apparent from the values of torsion angle C13-N18-C19-C21 in 
the different structures. This inclination indicates interactions 
between the different substituents and oxygen O15. Indeed, the 
phenyl group of compound 9a is the most inclined because of 
the strong repulsions between chlorine bonded to carbon C21 
and oxygen O15. 

 

Figure 4. Optimized structures of iminocoumarins 3-10 at the B3LYP/6–311++G(d,p) theory level. 
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3.3.3. Dipole moment 

The dipole moment is a significant electronic parameter that 
results from non-uniform distribution of charges on the 
different atoms of a given molecules. It is calculated using the 
B3LYP/6–31++G(d,p) level of theory in gas phase and various 
solvents are shown in Table 2. As can be note there is an 
important difference in the dipole moment, while passing from 
gas to solvent phase environments. Dipole moments have 
important values in the solvent phase, which may be because 
of the interactions between the solvent molecules and the 
dipolar moment of the compounds. The dipole moments 
increase with dielectric constant in the following order: gas 
phase < CHCl3< EAC < THF < CH2Cl2< ACN. 

3.3.4. Frontier Molecular Orbitals 

The Highest Occupied Molecular Orbital (HOMO) and Lowest 
Unoccupied Molecular Orbital (LUMO) are the principal 
orbitals participating in the chemical stability and chemical 

reactivity [33-36]. The absorbance and emission of a 
fluorescent compound are directly related to the energy of 
these electronic transitions. To provide a reasonable qualitative 
indication of the excitation properties, HOMO and LUMO for 
the iminocoumarins 3-10 were investigated. The HOMO and 
LUMO energies and HOMO–LUMO band gaps were predicted 
from the B3LYP method to investigate the solvent effects on 
these energies and band gaps (Table 3). It can be note that the 
computed energies and the HOMO–LUMO energy gap slightly 
related to the nature of solvent. The extended conjugated π-
systems of iminocoumarins 3-10 decrease the HOMO-LUMO 
gap resulting in lower energy electron transitions to produce 
visible light emissions. This low energy gap justifies the 
eventual charge transfer interaction taking place within these 
compounds, which is responsible for their light emitting 
properties. 

 

Table 3: Energies of HOMO, LUMO and gaps ∆�|������	��| (eV) of the most stable rotamers, calculated at the B3LYP/6–311++G(d,p) theory level. 

Compounds Gas phase ACN CH2Cl2 THF EAC CHCl 3 
Structure 3       

HOMO -6.098 -6.140 -6.135 -6.132 -6.132 -6.129 
LUMO -2.488 -2.466 -2.467 -2.468 -2.468 -2.469 

Gap 3.610 3.674 3.668 3.664 3.664 3.660 
Structure 4b       

HOMO -6.247 -6.277 -6.273 -6.273 -6.272 -6.270 
LUMO -2.469 -2.490 -2.486 -2.485 -2.483 -2.482 

Gap 3.778 3.787 3.787 3.788 3.789 3.788 
Structure 5       

HOMO -5.931 -5.988 -5.891 -5.980 -5.977 -5.974 
LUMO -2.443 -2.447 -2.445 -2.444 -2.444 -2.443 

Gap 3.488 3.541 3.446 3.536 3.533 3.531 
Structure 6a       

HOMO -5.658 -5.740 -5.730 -5.728 -5.725 -5.720 
LUMO -2.394 -2.427 -2.422 -2.421 -2.420 -2.417 

Gap 3.264 3.313 3.308 3.307 3.305 3.303 
Structure 7       

HOMO -6.162 -6.973 -6.154 -6.155 -6.155 -6.156 
LUMO -2.618 -2.506 -2.517 -2.519 -2.523 -2.529 

Gap 3.544 4.467 3.637 3.636 3.632 3.627 
Structure 8a       

HOMO -6.310 -6.269 -6.258 -6.260 -6.262 -6.266 
LUMO -2.705 -2.543 -2.566 -2.570 -2.575 -2.583 

Compounds Gas phase 
(ε 1.0000) 

ACN 
(ε 5.6880) 

CH2Cl2 
(ε 8.9300) 

THF 
(ε 7.4257) 

EAC 
(ε 5.9867) 

CHCl 3 
(ε 4.7113) 

 ∆E µµµµ ∆E µµµµ ∆E µµµµ ∆E µµµµ ∆E µµµµ ∆E µµµµ 
3 − 3.88 − 5.10 − 4.95 − 4.92 − 4.87 − 4.80 
4a 0.46 4.54 0.37 6.06 0.45 5.88 0.44 5.84 0.46 5.77 0.49 5.69 
4b 0.00 5.22 0.00 7.08 0.00 6.85 0.00 6.80 0.00 6.72 0.00 6.61 
5 − 4.15 − 5.46 − 5.31 − 5.27 − 5.21 − 5.14 
6a 0.00 3.78 0.00 4.70 0.00 4.60 0.00 4.57 0.00 4.53 0.00 4.48 
6b 0.06 5.21 0.05 6.65 0.06 6.66 0.07 6.61 0.07 6.54 0.08 6.44 
7 − 3.48 − 4.56 − 4.44 − 4.41 − 4.36 − 4.30 
8a 0.00 3.06 0.00 3.89 0.00 3.80 0.00 3.78 0.00 3.75 0.00 3.70 
8b 0.03 4.70 0.01 6.16 0.03 6.00 0.04 5.96 0.04 5.90 0.05 5.81 
9a 0.00 3.81 0.00 5.07 0.00 4.92 0.00 4.88 0.00 4.83 0.00 4.76 
9b 0.30 3.97 0.31 5.20 0.30 5.06 0.30 5.02 0.30 4.97 0.30 4.90 
10a 0.31 3.57 0.34 4.66 0.32 4.54 0.32 4.51 0.31 4.46 030 4.40 
10b 0.00 4.60 0.00 6.14 0.00 5.96 0.00 5.92 0.00 5.85 0.00 5.76 
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Structure 9a       

HOMO -6.579 -6.330 -6.336 -6.337 -6.339 -6.342 
LUMO -2.636 -2.570 -2.581 -2.584 -2.588 -2.593 

Gap 3.943 3.760 3.755 3.753 3.751 3.749 
Structure 10b       

HOMO -6.305 -6.257 -6.262 -6.264 -6.266 -6.268 
LUMO -2.684 -2.551 -2.564 -2.567 -2.572 -2.578 

Gap 3.621 3.706 3.698 3.697 3.694 3.690 

 

3.4. Evaluation of the dipole moments 

The effect of the electric field (internal or external) on its 
spectral bands position for the molecule in the excited state is 
used to determine its dipole moment. The maxima of the 
absorption and fluorescence bands are used to evaluate the 
excitation state dipole moments of solutions of compounds 3-
10 in the selected solvents. To have a better evaluation of the 
dipole moments of the excited molecules, we used the 
equations [Eqs. (1) and (2)] given by Kawski and Bojarski [23-
37-38]:  

The difference fa νν − :  

constnfSfa +=− ),(1 ενν    Eq. (1) 

and the sum fa νν + : 

constnSfa +Φ−=+ ),(2 ενν    Eq. (2) 

Where: 

)(2),(),( ngnfn +=Φ εε    Eq. (3) 
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and  are the absorption and fluorescence maxima (cm-

1), respectively. In equation (5) and (6) ε and n represent the 
dielectric constant and the refractive index of the solvent, 
respectively. The values of the solvent parameters  
and are given by Kawski et al. [21]:  
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The values of solvent polarity parameters ),( nf ε  and 
),( nεΦ are given in the table 4. 

Table 4: Summary of solvent properties and calculated values of solvent 
polarity parameters ),( nf ε  and ),( nεΦ . 

The slopes S1 and S2 are given from Eqs (1) and (2): 

3
0

2

1

)(2

hca
S ge µµ −

=      Eq. (7) 

3
0

22

2

)(2

hca
S ge µµ −

=      Eq. (8) 

Where gµ  and eµ  are ground- and excited-state dipole 
moments of the solute molecule. h and c are respectively the 
Planck constant and the light velocity. 

0a  is the Onsager cavity radius of the solute compound and its 

values was obtained from the equation of Suppan [39,40]:

( ) 3/1
0 4/3 NMa πδ= , where δ  is the density of the solute 

molecule, M and N the molecular weight of solute and the 
Avogadro’s number, respectively. The ground- and excited-
state dipole moments are estimated from Eqs. 9-11. Based on 
Eqs. (7) and (8) and assuming that the symmetry of the 
iminocoumarins 3-10 remains unchanged upon electronic 
transition and the ground- and excited-state dipole moments 
are parallel, one obtains: 

2/1

1

3
012

22 






−
=

S

hcaSS
gµ    Eq. (9) 

2/1

1

3
012

22 






+
=

S

hcaSS
eµ    Eq. (10) 

12

12

SS

SS

g

e

−
+

=
µ
µ

 Slope S2 > Slope S1 Eq. (11)  

The slopes 1S  and 2S were determined by tracing
)( fa νν −  and )( fa νν +  according to ),( nf ε  and 

),( nεΦ respectively, for different solvents.  
The absorption and emission maxima, Stokes shift 

)( fa νν − and arithmetic mean of Stokes shift )( fa νν +
for all the molecules in different solvents are depicted in Table 
S2 (see supporting information). Typical absorption and 
emission spectra of the molecules are reported in Table 1. 
The correlation coefficients slopes and intercepts of the fitted 
lines calculated from figures S1.a–h and S2.a–h (see 
supporting information) that present the graph of ( )fa νν −  vs 

and ( fa νν + ) vs ] are illustrated in Table 

5. Good correlation coefficient is obtained for all cases using 
the Eqs. (9)–(10) and the values are presented in Table 6. The 
higher values of µe and µg and the deviation in the dipole 
moment for the imimocoumarins 3-10 can be understood in 
terms of their possible resonance structures as show in figure 5; 
the carboxamide substituent does not produce a considerable 
change in the π electron mobility of imimocoumarins 3-10. 
Upon excitation, the imine group becomes strong electron 
donors, which explain the greatest value of dipole moment in 

),( nf ε ),( nεΦ
Solvent µ ε n ),( nf ε  ,( nεΦ

 
ACN 3.45 37.5 1.344 0.863 1.331 

CH2Cl2 1.14 8.9 1.421 0.596 0.581 

THF 1.75 7.58 1.407 0.549 1.102 

EAC 1.88 6.02 1.372 0.489 0.996 

CHCl3 1.15 4.81 1.446 0.371 0.972 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

12 

 

the excited state during the discrepancies between the 
experimental and theoretical excited dipole moment result 
from the Kawski and all equation’s [20] used for treatment of 
solvatochromic effect (Table 6) and at B3LYP/6-31+G(d,p) 
level of theory in different mediums (Table 2) and explain that 
the dipole moment of the imimocoumarins molecules depends 
on the transfer process within the molecule. The 
imonocoumarins 3-10 fluorophores shows that they are more 
polarin the excited state than the ground state. 

 

Figure 5. Resonance structure of iminocoumarin 6. 

Table 5: Statistical treatment of the correlations of solvent spectral shifts 
of iminocoumarins3-10.charge transfer. 

Table 6: Ground state, excited state and the variation in the dipole 
moment. 

aThe experimental ground-state dipole moment calculated from Eq (9); 
bThe experimental excited-state dipole moment calculated from the Eq 
(10); cThe dipole moment change calculated from the eq. (7) of Kawski et 
al.; dThe ratio of µe and µg is calculated from Eq. (11).  
Debye = 3.33564 × 10−30 C m = 10−18 esu C m. 

4. Conclusion 

The solvents effect on the spectrum of UV/Vis and 
fluorescence emission characteristics of iminocoumarins 3-10 

were studied. The results were done in solvent with different 
polarities indicates a π-π* transition. 

The linear correlation of spectral properties with 
solvatochromic method indicates the role of solute-solvent 
interactions the dipole-dipole interactions. The first excited 
state is higher than in the ground state indicating a substantial 
redistribution of π-electron densities in a more polar excited 
state of our iminocoumarins 3-10. This fact indicates the 
existence of a more relaxed excited state, due to intramolecular 
charge (ICT). Theoretical ground‐state dipole moments of the 
studied iminocoumarins were predicted using the B3LYP/6–
311+G(d,p) level of theory. The results given follow the trend 
observed in the experimental data. Thus, the determination of 
the solvatochromic behaviour of the iminocoumarins may 
provide a valuable tool for the interpretation of their 
spectroscopic properties. In conclusion, our results assisted 
with the interpretation of spectroscopic data, refine explicitly 
the discussions and provide a better understanding of the 
complex photophysical and photochemical behaviours of the 
studied iminocoumarins. 
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• A bathochromic shift occurs in the UV-Vis and fluorescence spectra of iminocoumarins with the increase 

of solvent polarity 

• Dipole moments of the excited state are higher than those of the ground state 

• A substantial redistribution of the π-electron densities in a more polar excited state is observed 

• The small transition energy gap explains the charge transfer interaction within the molecules and their light 

emitting properties 


