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Abstract

The synthesis, crystal structure analysis and characterization of 4-(4,5-dicyano-1-H-imidazolyazo)-N,N-diethylaniline (C15H15N7, DIAA)
were reported. Both the effects of pH value and solvent polarity upon the absorption properties of the compound were presented. The compound
DIAA is monoclinic in C2/c with a¼ 20.793(4) Å, b¼ 14.008(3) Å, c¼ 15.771(3) Å, b¼ 102.79(3) �, V¼ 4479.6(15) Å3, Dcalc¼ 1.143 g/cm3

and Z¼ 8. Crystal stacking scheme indicates the hydrogen bonds and intermolecular p/p stacking interactions; the azo molecules arrange in
a head-to-tail fashion along the ac plane due to the strong ‘pushepull’ electron system.
� 2006 Elsevier Ltd. All rights reserved.

Keywords: Monoazo; Crystal structure; Solvent effect
1. Introduction

Azo dyes have attracted considerable attention due to their
versatile application in various fields. Their importance in dye
industry, in biological chemistry, and in many high-technolog-
ical frontier applications has been documented over years
[1e5]. Recently, the study of azo dyes as nonlinear optical ma-
terials manifested that many heterocyclic azo dyes showed large
molecular hyperpolarizabilities [6e8]. Such optical properties
depended on not only the spectroscopic properties of the mol-
ecules, but also their crystallographic arrangement [9e11].

In this paper, a monoazo dye 4-(4,5-dicyano-1-H-imidazo-
lyazo)-N,N-diethylaniline (DIAA) was synthesized; the single-
crystal X-ray diffraction and its crystal packing were presented.
Both the effects of varying pH values and solvent polarity upon
the absorption properties of the compound were also investi-
gated. These properties are very important for the practical
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applications of such monoazo compounds as the precursors
of nonlinear optical materials.

2. Experimental

The starting materials were purchased from ACROS Or-
ganic or TCI Co. Ltd. and used without further purification un-
less otherwise specified. Solvents for spectral measurements
were of spectrophotometric grade.

2.1. Preparation

The monoazo dye DIAA was readily synthesized in high
yield according to the following methods [12e14].

Diazotization reaction: 1.064 g (0.008 mol) of 2-amino-4,5-
dicyano-1-H-imidazole was dissolved in 25.6 ml water and
2.6 ml concentrated hydrochloric acid, and then cooled to
0e5 �C in an ice-brine bath. Solid sodium nitrite (0.600 g,
0.0087 mol, 10% excess) was added to the above solution
over 30 min while the temperature was maintained at
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0e5 �C, and stirring was continued for 1 h. Urea (240 mg)
was then added to destroy the excess nitrous acid.

Coupling reaction: 1.192 g (0.008 mol) of N,N-diethylani-
line was dissolved in 15 ml of acetic acid and cooled to
0e5 �C in an ice-brine bath. The solution was then slowly
added to the vigorously stirred diazonium salt solution. The
mixture was then stirred for 5 h. Sodium acetate (6 g) was
added to adjust the pH value to 4. Water (50 ml) was added
dropwise subsequently, and it was stirred for another 3 h.
The solution was left to stand overnight while the temperature
rose spontaneously to room temperature. The orange precipitate
was collected and washed thoroughly with cold water and dried.
Crude dye (2.030 g) was obtained. The yield was about 86.6%.
The azo dye was recrystallized twice from methanol. Block-
like deep red crystal was grown from ethanol by slow evapo-
ration at ambient temperature for two weeks.

MALDI-TOF-MS (C15H15N7) m/z: 294 [Mþ 1]þ, 316
[MþNa]þ.

Anal. Calcd. for C15H15N7 (293): C, 61.43; H, 5.12; N,
33.45. Found: C, 61.07; H, 5.45; N, 33.31.

IR (KBr, cm�1): 2988, 2930 (w, eCH2CH3), 2235 (m,
eCN), 1601 (s, Benz. ring), 1544 (w, Imidazole, eC]C/
eC]N), 1343, 1272 (s, CeN]NeC,eCeN), 1175, 1155
(m,eN(CH2CH3)2, eCeN), 834 (w, Benz. ring).

1H NMR (d6-DMSO as solvent), d (ppm): 1.13 (t, 6H); 3.52
(q, 4H); 6.87 (d, 2H); 7.82 (d, 2H); 3.98 (s, 1H).

A general ORTEP structure view and atom labeling scheme
for DIAA molecule is shown in Fig. 1. DIAA is a planar
molecule and the distortion from planarity is small (see the
structure analysis below).

2.2. Instruments and methods

MALDI-TOF-MS measurements were carried out on
a Brucker APEX II and KYKY-ZHP-5 spectrometer. FT-IR
spectra were recorded in the solid state over the range
4000e400 cm�1 using a BIO-RAD FT-165 IR spectrometer.
Samples for micro-analyses were dried under vacuum and
the analysis was performed with a Carlo Erba-1106 elemental
analyzer. 1H NMR spectra were measured with a Bruker
dmx300 MHz NMR spectrometer at room temperature in
d6-DMSO. UVevis absorption spectra were obtained on a Hi-
tachi UV-3010 spectrophotometer by monitoring the spectra
between 350 and 700 nm.

2.3. X-ray crystallography

Crystals suitable for X-ray diffraction studies were obtained
by solvent evaporation at 25 �C. Accurate unit cell parameters
were determined by a least-square fit of 2q values, measured
for 200 strong reflections, and intensity data sets were mea-
sured on Rigarku Raxis Rapid IP diffractometer with Mo Ka
radiation (l¼ 0.71073 Å) at room temperature. The intensities
were corrected for Lorentz and polarization effects, but no cor-
rections for extinction were made. All structures were solved
by direct methods. The crystal data and the correlated param-
eters are listed in Table 1.

3. Results and discussion

The compound DIAA displayed ordered molecular arrange-
ment in the solid state and significant intermolecular interac-
tions were observed. The compound crystallizes in
monoclinic space group C2/c, each asymmetry unit contains
one azo molecule and two crystalline ethanol molecules. The
fractional atomic coordinates and equivalent isotropic thermal
parameters for nonhydrogen atoms are given in Table 2.
The selected bond lengths and angles are listed in Table 3.

The dyeing and photochemical properties of azo dyes are
often affected by molecular structures. Besides hydrogen
Fig. 1. Molecular structure and atomic numbering of DIAA.
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bond, DIAA typically has large p-conjugated planar struc-
tures. Fig. 2 displays the ORTEP structure with the hydrogen
bonds and intermolecular p/p stacking interactions. Viewing
along the crystallographic c axis, the well-conjugated azo mol-
ecules show significant intermolecular interactions, including
hydrogen bonding and p/p stacking interactions. As shown
in Fig. 2, the crystalline ethanol molecules were strongly
bonded to the imidazole moiety of the azo molecule by hydro-
gen bonds. The oxygen atoms of ethanol and the amine or im-
ine N atoms contribute to the formation of hydrogen bonds
(N4eH4AeO1, 1.86 Å, 2.684(4) Å, 159.5 �; N5eH5AeO2,
2.10 Å, 2.874(4) Å, 150.2 �). Interestingly, the azo molecules
arrange in a head-to-tail fashion along the ac plane due to
the strong ‘pushepull’ electron system. Specifically, the imid-
azole moiety containing the cyano groups from one molecule
interacts with the benzene ring containing the imine group.
The shortest intermolecular C/C contact between the imidaz-
ole ring and benzene ring is 3.577 Å, belonging to the gener-
ally strong p/p interaction. Overall, the conjugated aromatic
part of the azo molecule is well co-planar; the dihedral angle
between two planes of imidazolyl and anilinyl ring is
only 4.0 �.

Effects of various pH value and solvent polarity on the
absorption spectrum were studied in different solutions. The
absorption spectral characteristics of the dye are shown in
Figs. 3 and 4.

As shown in Fig. 3, both spectra of the conjugated base and
protonated salt of the compound showed significant shift,

Table 1

Crystal data and structure refinement for DIAA

Compound C19H27N7O2

Crystal colour Deep red

Formula wt. 385.48

Temperature (K) 293(2)

Wavelength (Å) 0.71073

Crystal system Monoclinic

Space group C2/c
Unit cell dimensions a¼ 20.793(4) Å a¼ 90 �

b¼ 14.008(3) Å b¼ 102.79(3)�

c¼ 15.771(3) Å g¼ 90 �

Volume (Å3) 4479.6(15)

Z 8

Density (calculated, g/cm3) 1.143

F000 1648

Crystal dimensions (mm) 0.52� 0.43� 0.26

q range for data collection ( �) 2.07e27.48

Ranges of h, k, l �26� h� 26

�17� k� 17

�19� l� 20

Reflections collected Total: 20,110

Unique: 5066 (Rint¼ 0.0448)

Refinement method Full-matrix least-squares on F2

Absorption correction Empirical

Max. and min. transmissions 0.9796 and 0.9606

Data/restraints/parameters 5066/0/254

Goodness-of-fit on F2 0.988

Final R indices (I> 2s(I )) R1¼ 0.0812, wR2¼ 0.1979

R indices (all data) R1¼ 0.2001, wR2¼ 0.2379

Extinction coefficient 0.0037(7)

Largest diff. peak and hole e�/Å3 0.336 and �0.161
relative to that of DIAA in methanol. The lmax of the com-
pound in methanol showed large bathochromic effect when
0.1 M HCl was added. It indicated that DIAA existed in cat-
ionic form. From the dissociation constants of the conjugate

Table 2

Atomic coordinates (�104) and equivalent isotropic displacement parameters

(Å2� 103) for DIAA

Atom x/a y/b z/c U(eq)

N(1) �2531(1) �450(2) �3676(2) 81(1)

N(2) �131(1) 265(2) �1345(2) 74(1)

N(3) 212(1) �436(2) �1013(2) 75(1)

N(4) 979(1) 788(2) �248(2) 76(1)

N(5) 1254(1) �749(2) �89(2) 79(1)

N(6) 2287(2) 2165(3) 976(2) 125(1)

N(7) 2828(2) �944(3) 1264(2) 143(2)

C(1) �1952(1) �284(2) �3099(2) 68(1)

C(2) �1713(1) 640(2) �2862(2) 72(1)

C(3) �1124(2) 786(2) �2311(2) 75(1)

C(4) �727(1) 22(2) �1925(2) 69(1)

C(5) �955(2) �900(2) �2142(2) 73(1)

C(6) �1545(2) �1051(2) �2707(2) 76(1)

C(7) �2959(2) 343(3) �4066(2) 95(1)

C(8) �3436(2) 670(4) �3542(3) 145(2)

C(9) �2775(2) �1421(3) �3912(3) 104(1)

C(10) �3101(2) �1860(4) �3264(3) 147(2)

C(11) 804(2) �132(3) �458(2) 71(1)

C(12) 1599(2) 745(3) 294(2) 77(1)

C(13) 1750(2) �198(3) 382(2) 79(1)

C(14) 1975(2) 1542(3) 673(3) 93(1)

C(15) 2347(2) �633(3) 875(2) 100(1)

C(16) �366(3) �3143(7) 1082(6) 232(4)

C(17) �914(3) �3310(5) 1366(5) 196(3)

C(18) 624(3) �3018(5) �1105(5) 168(2)

C(19) 422(3) �3990(6) �1112(6) 224(3)

O(1) �417(2) �2523(2) 392(3) 135(1)

O(2) 716(1) �2646(2) �199(3) 140(1)

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

Table 3

Selected bond length (Å) and bond angles ( �)

Bond Distance Atom Angle

N(1)eC(1) 1.359(4) C(1)eN(1)eC(7) 121.0(3)

N(1)eC(9) 1.470(5) C(9)eN(1)eC(7) 116.8(3)

N(1)eC(7) 1.470(4) N(3)eN(2)eC(4) 114.7(3)

N(2)eN(3) 1.257(4) N(2)eN(3)eC(11) 111.1(3)

N(2)eC(4) 1.410(4) C(11)eN(4)eC(12) 105.8(3)

N(3)eC(11) 1.409(4) C(11)eN(5)eC(13) 104.3(3)

N(4)eC(11) 1.360(4) N(1)eC(1)eC(2) 122.9(3)

N(4)eC(12) 1.382(4) N(1)eC(1)eC(6) 121.1(3)

N(5)eC(11) 1.311(4) C(5)eC(4)eN(2) 125.9(3)

N(5)eC(13) 1.367(4) C(3)eC(4)eN(2) 116.4(3)

N(6)eC(14) 1.130(5) C(5)eC(6)eC(1) 122.0(3)

N(7)eC(15) 1.138(4) N(1)eC(7)eC(8) 114.4(3)

C(7)eC(8) 1.496(5) N(1)eC(9)eC(10) 113.3(4)

C(9)eC(10) 1.480(5) N(5)eC(11)eN(3) 121.1(3)

C(12)eC(13) 1.358(5) N(4)eC(11)eN(3) 126.0(3)

C(12)eC(14) 1.416(6) C(13)eC(12)eN(4) 105.5(3)

C(13)eC(15) 1.446(6) C(13)eC(12)eC(14) 129.2(3)

C(16)eC(17) 1.333(8) C(12)eC(13)eN(5) 111.4(3)

C(16)eO(1) 1.377(7) C(12)eC(13)eC(15) 128.0(3)

C(18)eC(19) 1.424(8) N(6)eC(14)eC(12) 178.3(5)

C(18)eO(2) 1.493(7) N(7)eC(15)eC(13) 177.6(5)
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Fig. 2. Crystal packing model along crystallographic c axis showing the hydrogen bonds and intermolecular head-to-tail p/p stacking interactions.
acids of organic bases [15], we know that the nitrogen atoms
of the imidazole (N4 or N5, shown in Fig. 1) have the priority
of combination with the proton. The formation of protonated
salt resulted in an increase in the intramolecular charge trans-
fer ability. Consequently, the energy of the p/p* transition
was lowered and the bathochromic absorption band of DIAA
under acidic condition was observed. On the contrary, when
0.1 M KOH was added the lmax of the compound in methanol
showed slightly hypsochromic shift. This may be brought
about by the decrease of intramolecular charge transfer ability
due to the strong effect between H atom (combined with nitro-
gen atom of imidazole heterocycle) and O atom of the
hydroxyl.

In general, heterocyclic azo disperse dyes tend to show
larger solvatochromic effects compared to phenyl azo dyes be-
cause of the increase in the polarity, especially in the excited
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Fig. 3. pH-dependent absorption spectra of DIAA in methanol. C¼ 1� 10�5 M.
state [16]. Typical absorption spectra of DIAA in different sol-
vents are given in Fig. 4. It showed that the absorption spectra
of the dye changed significantly in solvents with different po-
larity, indicating that this complex was much sensitive to sol-
vent environments. As expected, the p/p* transition band of
DIAA was strongly solvent-dependent. The visible absorption
maximum showed a large hypsochromic shift as the solvent
polarity increases, varied from 514 to 464 nm with an increase
in the solvent polarity from dichloromethane to methanol.

4. Conclusion

We have reported the synthesis, spectroscopic properties
and single-crystal structure of a novel monoazo DIAA. The
compound shows significant intermolecular interactions, in-
cluding hydrogen bonding and p/p stacking interactions.
The azo molecules arrange in a head-to-tail fashion due to
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Fig. 4. Solvent-dependent absorption spectra of DIAA. C¼ 1� 10�5 M.
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strong ‘pushepull’ electron system. Hence, it is potentially
useful to develop new functional third-order nonlinear optical
materials. Further work of the spectroscopic and optical prop-
erties of DIAA with transition metals is currently under inves-
tigation and will be presented in full in due course.
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