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ABSTRACT 1,4-Dimethylquinoxaline-2,3-dione potassium iodide complex
was prepared, and its structure was determined by single crystal X-ray diffraction.
Elsewhere, solvent effects on the energy of excited and ground states of the
complex in solution have been investigated by absorption and fluorescence spec-
troscopy. The change displayed by the photophysical properties of this complex
in different solvents can be explained in terms of a sum of dielectric and
hydrogen bonding effects taking part in the stabilization or destabilization of
the structure

KEYWORDS 1,4-dimethylquinoxaline-2,3-dione potassium iodide complex, dipole–
dipole and hydrogen bond interactions, electronic absorption, fluorescence, single crystal
structure, synthesis

1. INTRODUCTION

1,4-Dimethylquinoxaline-2,3-dione is composed of a phenyl ring condensed
with a six-membered heterocyclic (Fig. 1). We were interested in the molecular
properties of the 1,4-dimethylquinoxaline-2,3-dione potassium iodide
complex as several publications recently indicated that some quinoxaline-2,3-
dione derivatives have been studied because of their biological and pharmaco-
logical activities.[1–4] Renewed interest arises from the discovery that
disubstituted derivatives, notably 6,7-dinitro and 6-cyano-7-nitro, are potent
antagonists of the quisqualate and kalnate receptors on neurons of the central
nervous system.[5–7]

Because of this pharmacological interest, and in the absence of fundamental
spectroscopic data in the literature on this quinoxaline-2,3-dione complex, we
considered it useful to discuss some of their molecular properties of potential
interest. These could explore the reactivity and mechanisms of quinoxaline-
2,3-dione in biological systems like those mentioned above. The purpose here
was to synthesize and study the structure of the complex by X-ray diffraction
analysis and to observe its spectral behavior in various solvents.
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2. MATERIALS AND METHODS

2.1. Preparation of the Complex

Quinoxaline-2,3-dione precursor was synthesized
according to a method described elsewhere.[8] To ortho-
phenylenediamine (1 g, 0.01 mole) dissolved in HCl
(4 N, 20 mL) was added dehydrate oxalic acid (1.17 g,
0.017 mole). The mixture was heated for 10 min and
the resulting precipitate was collected by filtration and
washed three times with water then recrystallized from
methanol. The product was isolated as a white solid
with 90% yield, m.p. 250–3528C; IR (KBr):
y (C55O) ¼ 1770 cm21, y (NH) ¼ 3400 cm21; 1H
NMR (300 MHz, DMSOd6): d ppm: 7.05 (4H, m,
CH-aromatic); 11.87 (2 H, S, NH); 13C NMR
(75 MHz, DMSOd6): d ppm according to the atoms
classification in Figure 2: d ppm: 115.10 [C-aromatic
(C2;C5)]; 115.50 [C-aromatic (C3;C4)]; 122.68 [C-
quaternary (C1;C6)]; 155.15[C-quaternary (C8;C9)].

The quinoxaline-2,3-dione was identified by NMR
1H, 13C, IR, and by comparison of its physical charac-
teristics with those of the literature[9] 1,4-dimethyl-qui-
noxaline-2,3-dione.

The 1,4-dimethylquinoxaline-2,3-dione potassium
iodide complex was obtained by the reaction of quinoxa-
line-2,3-dione in dimethylformamide using methyl
iodide in the presence of potassium carbonate and tetra-
butylammonium bromide at room temperature.

Potassium carbonate (0.03 mole) was dispersed in
60 mL dimethylformamide, and quinoxaline-2,3-
dione (0.01 mole) was added to this mixture. The
solution was stirred for 1 h; afterward, 0.03 mole of
methyl iodide and 0.001 mole of tetrabutylammonium
bromide were added. The mixture was stirred for 6 h at
room temperature. Then the mixture was filtered, and

the filtrate was left at room temperature for 10 h. The
resulting precipitate was filtered and dried. Figure 2b
shows the IR spectrum of the complex indicating
some intensity bands and compared with those
observed in the IR spectrum of the 1,4-dimethylqui-
noxaline-2,3-dione. This comparison suggests the
existence of the 1,4-dimethylquinoxaline-2,3-dione
potassium iodide complex.

2.2. Crystallographic Data
Collection and Structure Analysis

An uncolored single crystal (0.25 mm � 0.10 mm �

0.10 mm) was selected and mounted on an ENRAF-
NONIUS CAD4 diffractometer equipped with a
charge-coupled device (CCD) detector using Cu-Ka
X-ray radiation (l ¼ 1.054180 Å). 1329 reflections were
collected in the 4.868 to 64.998 theta range. The details
of data collection are given in Table 1. The structure
was solved by direct methods. The non-hydrogen
atoms were located from the difference Fourier maps
and further refined anisotropically by full-matrix
least squares to final reliability values of 0.04. All

FIGURE 2 IR Spectra of the 1,4-Dimethylquinoxaline-2,3-dione

(a) and the Complex (b).

FIGURE 1 Chemical Diagram of 1,4-Dimethylquinoxaline-2,3-

Dione.
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hydrogen atoms were allowed to ride on the parent
atoms in the model. Refinements were carried out
using SHELXL-97.[10] Molecular structures were drawn
using ORTEP and Material studio software.[11]

2.3. Spectroscopy Measurements

Electronic absorption and fluorescence spectra in
various solvents have been recorded at room tempera-
ture. All the used solvents are commercial and of

TABLE 1 Crystal Data and Structure Refinement for the

Complex

Empirical formula ¼ C10 H10 I0.50 K0.50 N2 O2; Formula

weight ¼ 273.20 g

Crystal system: orthorhombic; space group: P b c n, Z ¼ 8

Unit cell dimensions: a ¼ 18.206(4) Å, b ¼ 7.094(5) Å,

c ¼ 16.385(2) Å

Volume:2116.2(16) Å3, Calculated density: 1.715 g cm23

Absorption coefficient: 13.953 mm21

F(000) ¼1088

Crystal size: 0.25 � 0.10 � 0.10 mm

Theta range for data collection: 4.868 to 64.998
Limiting indices: 0 � h � 21, 0 � k � 5, 0 � l � 19

Reflections collected/unique: 1329/1329 [R(int) ¼ 0.0000]

Completeness to theta ¼ 64.99, 73.8%

Max and min transmission: 0.3359 and 0.1281

Refinement method ¼ full-matrix least-squares on F2

Data/restraints/parameters: 1329/0/140

Goodness-of-fit on F2 ¼ 1.114

Final R indices [I . 2sigma(I)]: R1 ¼ 0.0309, wR2 ¼ 0.0839

R indices (all data): R1 ¼ 0.0427, wR2 ¼ 0.0926

Extinction coefficient: 0.00218(14)

Largest diff. peak and hole: 0.686 and 20.416 e Å23

TABLE 2 Atomic Coordinates (3104) and Equivalent Isotropic

Displacement Parameters (Å2 3 103) for the Complex

Atoms x y z U(eq)

C(1) 2235(2) 1240(7) 635(2) 36(1)

C(2) 1479(2) 1305(8) 531(2) 47(1)

C(3) 1191(2) 1471(8) 2243(3) 55(1)

C(4) 1643(3) 1595(8) 2908(3) 63(2)

C(5) 2400(2) 1540(8) 2815(2) 51(1)

C(6) 2700(2) 1368(7) 235(2) 37(1)

N(7) 3465(2) 1321(6) 73(2) 41(1)

C(8) 3777(2) 1126(7) 819(2) 41(1)

C(9) 3273(2) 989(7) 1547(2) 38(1)

N(10) 2540(2) 1064(6) 1422(2) 38(1)

C(11) 3962(2) 1442(8) 2636(2) 61(2)

O(12) 4442(1) 1101(5) 932(2) 60(1)

O(13) 3544(2) 798(5) 2230(2) 55(1)

C(14) 2054(2) 935(7) 2140(2) 47(1)

I(1) 0 800(1) 2500 58(1)

K(1) 5000 809(3) 2500 56(1)

U(eq) is defined as one third of the trace of the orthogonalized Uij
tensor.

FIGURE 3 ORTEP Drawing of the Complex Showing the Atom Numbering Scheme and Thermal Motion Ellipsoids (50% Probability

Level for Non-hydrogen Atoms).
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spectroscopy grade. Experimental technique and appar-
atus for measurements are described elsewhere.[12]

3. RESULTS AND DISCUSSIONS

3.1. Crystal Ddata of the Complex

The 1,4-dimethylquinoxaline-2,3-dione potassium
iodide complex structure has been determined at
room temperature. The details of structure analysis are
given in Table 1 and the ORTEP plot of the complex
is given in Figure 3. The complex crystallizes in orthor-
hombic Pbcn group and contains eight molecules. The
atomic coordinates and equivalent isotropic displace-
ment parameters of the atoms are given in Table 2.
Bonds lengths and angles are given in Table 3. The
phenyl group presents standard C–C bond lengths
about 1.39 Å. N(7)–C(8) and N(10)–C(9) distances

are shorter than C(6)–N(7) and C(1)–N(10) indicating
a slight resonance with the O(12) and O(13), respect-
ively, which is coherent with the delocalization of the
carbonyl double bond. The N(7)–C(11) and N(10)–
C(14) distances are in agreement with the theoretical
studies of some heterocyclic derivatives previously
done by some of us.[13–15] Each potassium atom has
a dative bond with four oxygen. Close contacts invol-
ving the K atom can be noticed as K(1)–C(9)#3
(3.514 Å), K(1)–C(8)#3 (3.548 Å), K(1)–C(11)#4
(3.931 Å), and I(1)–K(1)#1 (3.540 Å) (Table 3).
Moreover, the distances between the K atom and the
two oxygen atoms are slightly different: 2.770 Å
for O(12)–K(1) and 2.688 Å for O(13)–K(1).
These values indicate some geometric deformation in
the complex structure. Furthermore, two intramolecular
hydrogen bonding chelate withdrawals appear involving
C(11)–H(11A)...O(12) and C(14)–H(14C)...O(13);

TABLE 3 Bond Lengths (Å) and Angles (Degrees)

C(1)-C(6) 1.389(5) C(3)-C(4) 1.368(6) C(8)-C(9) 1.508(5)

C(1)-C(2) 1.388(5) C(5)-C(6) 1.395(5) I(1)-K(1)#1 3.540(3)

C(2)-C(3) 1.378(5) C(4)-C(5) 1.386(6) K(1)-I(1)#1 3.554(3)

C(1)-N(10) 1.410(4) C(6)-N(7) 1.405(5) O(13)-K(1) 2.688(3)

N(10)-C(14) 1.475(4) N(7)-C(11) 1.473(4) O(12)-K(1) 2.770(3)

C(9)-N(10) 1.350(4) N(7)-C(8) 1.356(5) K(1)-C(9)#3 3.514(3)

C(8)-O(12) 1.224(4) C(9)-O(13) 1.231(4) K(1)-C(8)#3 3.548(3)

C(14)-I(1) 3.787(5) I(1)-C(14) 3.540(3) K(1)-C(11)#4 3.931(3)

C(6)-C(1)-C(2) 120.4(4) C(6)-C(1)-N(10) 119.2(3) C(2)-C(1)-N(10) 120.4(3)

C(3)-C(2)-C(1) 119.5(4) C(4)-C(3)-C(2) 120.7(4) C(3)-C(4)-C(5) 120.5(4)

C(4)-C(5)-C(6) 119.5(4) C(1)-C(6)-C(5) 119.4(4) C(1)-C(6)-N(7) 120.3(3)

C(5)-C(6)-N(7) 120.3(3) C(8)-N(7)-C(6) 122.1(3) C(8)-N(7)-C(11) 117.3(3)

C(6)-N(7)-C(11) 120.6(3) O(12)-C(8)-N(7) 123.5(3) O(12)-C(8)-C(9) 118.8(3)

N(7)-C(8)-C(9) 117.7(3) N(10)-C(9)-C(8) 118.7(3) C(9)-N(10)-C(1) 122.1(3)

O(13)-C(9)-C(8) 118.8(3) O(13)-C(9)-N(10) 122.5(3) C(1)-N(10)-C(14) 119.9(3)

O(13)-C(9)-K(1) 39.9 (2) C(8)-C(9)-K(1) 79.0(2) C(9)-N(10)-C(14) 118.0(3)

N(10)-C(9)-K(1) 162.3(2) C(9)-O(13)-K(1) 123.0(3) O(13)#3-K(1)-C(9) 162.95(8)

O(12)#3-K(1)-O(12) 171.4(2) O(13)-K(1)-C(9) 17.09(8) O(12)-K(1)-C(9) 41.99(8)

O(13)#3-K(1)-O(13) 179.6 (2) O(13)-K(1)-O(12) 59.05(8) O(13)-K(1)-O(12)#3 120.98(8)

K(1)#1-I(1)-K(1)#2 180.0 O(12)#3-K(1)-C(9) 137.55(8) O(13)#3-K(1)-I(1)#2 90.18(8)

O(13)-K(1)-C(9)#3 162.95(8) O(12)#3-K(1)-C(9)#3 41.99(8) O(12)#3-K(1)-I(1)#2 85.72(9)

C(9)-K(1)-C(9)#3 175.8 (2) C(9)-K(1)-I(1)#2 87.92(9) O(13)#3-K(1)-I(1)#1 89.82(8)

O(12)#3-K(1)-I(1)#1 94.28(9) C(9)-K(1)-I(1)#1 92.08(9)

Symmetry transformations used to generate equivalent atoms: #1, 2 x þ 1/2, y 2 1/2, z; #2, 2x þ 1/2, y þ 1/2, z; #3, 2x þ 1, y, 2z þ 1/2; and #4, x,
2y, z þ 1/2.

TABLE 4 Intramolecular Hydrogen Bonding with Chelate Withdrawal Geometry

D H A D–H (Å) H. . .A (Å) D. . .A (Å) D–H. . .A (8)

C11 H11A O12 0.9597 2.2948 2.725(5) 106.32

C14 H14C O13 0.9599 2.2741 2.718(5) 107.21
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bond length and angles are given in Table 4. The projec-
tions of the crystal structure along a, c, and b are plotted
in Figures 4a, 4b, and 4c, respectively. The 1,4-
dimethylquinoxaline-2,3-dione molecules are
set along two rows parallel to the b axis and separated
by straight lines containing alternately the potassium
and iodine atoms that are located on a twofold axis
parallel to b and situated at z ¼ 0.25. The two rings
of the 1,4-dimethylquinoxaline-2,3-dione molecules
are nearly in the same plane. The molecules are not
parallel one to another and do not show p-p intermo-
lecular interaction.

3.2. Spectroscopy Analysis

3.2.1. Electronic Absorption

In Figure 5 are reported the room temperature
absorption spectra of the 1,4-dimethylquinoxaline-2,3-
dione potassium iodide complex and the

1,4-dimethylquinoxaline-2,3-dione molecule in
solution at concentration C ¼ 1024 M. As is shown
in this figure, a resemblance appears at the level of the
structure and form of the two spectra absorption; the
only difference appears in their maximum position.
The energy band difference is estimated to be
1700 cm21 indicating more stability of the complex
than the molecule in the ground state. This observation
suggests the existence in solution of two absorbent
entities, which are the complex and the 1,4-dimethyl-
quinoxaline-2,3-dione molecule.

Figure 6 reports the room temperature absorption
spectra of the 1,4-dimethylquinoxaline-2,3-dione pot-
assium iodide complex in solution at concentration
C ¼ 1024 M. The spectrum in each solvent presents
one dominant high-intensity band with two shoulders
that appear on the long wavelength tail of the intense
peak. The highest energy band, which is the most
intense, is located in n-hexane at around 284 nm,
and the lowest energy bands at shoulders are located
at 297 and 317 nm. The band is red-shifted by

FIGURE 4 Projection of the Complex Crystal Structure: (a) Along a, (b) Along c, and (c) Along.

FIGURE 5 Absorption Spectra in Ethanol of the 1,4-

Dimethylquinoxaline-2,3-Dione (. . .) and the Complex (___) at

Room Temperature (C 5 1024 M).

FIGURE 6 Absorption Spectra in Different Solvents of the

Complex at Room Temperature (C 5 1024 M).
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about 33 nm when the solvent polarity is increased
from n-hexane (m ¼ 0.0 D) to acetonitrile (m ¼ 3.4
D). The important red shift caused by the solvent
polarity effect led us to attribute the two low-intensity
bands to a pp� transition. The band at 284 nm corre-
sponds with the 1Lb transition of the phenyl part. The
important red shift provokes a high stabilization of
the complex in the ground state in polar solvents.
This stabilization can be mainly due to the electronic
polarization effect of the solvent. The corresponding
state is considered as a CT (charge transfer) state
created by dipole–dipole interactions.

On the other hand, the absorption band spectra of
the complex are critically dependent on the nature of
the solvent. In fact, as shown in Figure 4 and Table 5,
the shift due to the polarity effect in a protic solvent
such as ethanol (m ¼ 1.7 D) appears larger than
the shift obtained in an aprotic solvent such as
n-butylchloride (m ¼ 1.9 D). This observation indicates
that the shift in ethanol is due to two simultaneous
effects that should be identified as the solvent polarity
and the hydrogen bonding interaction. The hydrogen
bonding energy of the complex is evaluated by using
the data in Table 4. As a consequence, the obtained
value for the hydrogen bonding energy is estimated to
be 2500 cm21 and the dipole–dipole interaction
energy is about 300 cm21 in ethanol. Comparison of
theses values indicates that the strong hydrogen
bonding effect exerts a specific influence on the
complex and reduces the magnitude of the CT inter-
actions within the complex. It should be noted that
the hydrogen bonding complex was formed between
the hydroxyl group of alcohol and the p electron of
the molecule ring (OH. . .p) type or the oxygen of the
C55O group (O. . .HO).

3.2.2. Electronic Emission

Figure 7 collects the fluorescence spectra of the
complex in the same solvents used for absorption
study. This figure shows that the fluorescence band struc-
tures are strongly dependent on the nature of the solvent.
Indeed, in aprotic solvents the spectrum has a large band
with a maximum at about 436 nm in n-hexane. This
band is red-shifted on going from the nonpolar n-
hexane to polar acetonitrile solvents. The red shift evalu-
ated to 420 cm21 stabilizes the complex in the first
excited state. This stabilization is weaker than in the
ground state. Furthermore, it should be noted (Table 5)
that the calculated Stokes shift in these solvents is
found to be very large. This phenomenon is attributed
to a change in geometric conformation of the complex
between the ground and excited states. The dipole
moment orientation of the complex excited state is not
identical to this in the ground state.

TABLE 5 Absorption na, Fluorescence Maxima nf and Dnst of the Complex in Different Solvents as a

Function of Df(D,n) at Room Temperature

Solvent Df (D,n) na (cm21) nf (cm21) Dnst (cm21)

n-Hexane 0.003 35,211 22,935 12,276

N-Butylchloride 0.209 34,843 24,203 10,640

Dichloromethane 0.215 34,722 24,402 12,320

Acetone 0.246 32,362 22,537 9825

Acetonitrile 0.306 32,453 22,522 9637

Propanol 0.262 32,467 23,584 8883

Butanol 0.276 32,368 23,529 8333

Ethanol 0.289 32,348 23,568 8780

Methanol 0.311 32,051 23,310 8741

FIGURE 7 Fluorescence Spectra of the Complex in Different

Solvents at Room Temperature lexc 5 300 NM, (C5 1024 M).
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The spectral behavior of the complex presents a
remarkable change in the protic solvents. The fluor-
escence band appears, and its maximum is blue-shifted
with increasing solvent polarity. This anomaly is due to
a hydrogen bonding effect on the complex in its
excited state. Contrary to dipole–dipole interactions
that stabilize the complex in this state, the hydrogen
bonding contributes strongly in its destabilization. The
higher stability of the complex can be explained by the
larger dipole moment in polar and aprotic solvents
compared with that in protic solvents.

The fluorescence band as discussed before is critically
dependent on the solvent polarity and on the hydrogen
bonding effects. The electrostatic and charge transfer
interactions in aprotic and polar solvents influence
the geometry of the complex in its S1 (CT) excited
state. The difference of the geometry in this state and
the state in protic solvent implies a difference in their
dipole moment. In order to estimate this difference,
we have determined the Stokes shift as a function of
the solvent macroscopic features (Table 5). The differ-
ence (Dm) between the excited and the ground states
is determined in protic and aprotic solvents.

According to Lippert and Mataga[16,17] formalisms,
the Stokes shift is given by the relation (1),

Dnst ¼ ðna � n f Þ ¼ mDf ðD; nÞ ð1Þ

where Df (D, n) ¼ [(D–1)(2Dþ 1)21]–[(n2–1)(2n2þ
1)21]; in this expression, n and D[18,19] designate respect-
ively the relative index and the static dielectric constant
of the solvents. m is given by Equation (2)

m ¼ 2ðme � mgÞ
2=hca3; ð2Þ

whereme andmg are the dipolemoments of the complex in
the excited and ground states, a designates the Onsager
cavity radius, h Planck’s constant, and c the speed of light
in a medium. This relation is applied in the two following
cases. We note that (Dm)a ¼ m(CT)2mg in aprotic
solvents and (Dm)p ¼ m(pp�)-mg in protic solvents.
Figure 8 shows a linear regression (origin program) of
Dnst as a function of Df (D,n). This causes us to determine
two slopes for the complex.

The first slope (Fig. 8a) equal to 9176 cm21 gives the
difference of the dipole moment between the ground S1
(CT) excited state. The second slope (Fig. 8b) equal to
3118 cm21 gives the difference between the ground
state and the S1 (pp�) excited state. The use of this
curve gives a (Dm)a/(Dm)p ratio equal to 3. This result
shows a noticeable difference in dipole moment of the
complex between the protic and aprotic solvents.

4. CONCLUSIONS

1,4-Dimethylquinoxaline-2,3-dione potassium iodide
complex was prepared and characterized by single X-ray
structure. Its crystal structure has been solved at room
temperature. A detailed description of the geometry of
the 1,4-dimethylquinoxaline-2,3-dione in the K and I
positions has been given. Moreover, the results
obtained in the study by UV spectroscopy in aprotic
and protic solvents confirm the important role played
by the dipolar and hydrogen bonding interactions in
the nature of photophysical properties of the complex.
Indeed, the comparison of the Dm values estimated
for the series of solvents are not the same, a fact that is
compatible with the remarkable difference in the
absorption and emission found in the two types of media.

FIGURE 8 Evolution of Dnst According to Df(D,n) for the Complex (Correlation Factors R 5 99%). (a) in Aprotic Solvents, (b) in Protic

Solvents.
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