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A new molecular cocrystal of quinoxaline with 3,5-dichloro-2-hydroxybenzoic acid (QODCS) was synthesised by slow evaporation 

technique and its structural, spectral, thermal and nonlinear optical properties were studied. Single crystal X-ray diffraction revealed that 

the crystal belongs to the triclinic system with 1P  space group and is stabilised by hydrogen bonding and ··· interactions. FT-IR and 

UV–Vis analyses confirmed the formation of the cocrystal and the presence of conjugated systems. Thermal analysis showed that the 

material is stable up to 286 ºC with single-stage decomposition. Hirshfeld surface and NBO analyses indicated strong intermolecular 

interactions and effective charge transfer within the system. Theoretical UV studies supported -electron delocalisation through HOMO–

LUMO transitions. The crystal exhibited enhanced dipole moment and significant hyperpolarizability values, indicating strong nonlinear 

optical behaviour. 
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INTRODUCTION 

 Cocrystals are solids that are neutral crystalline single 

phase materials composed of two or more different molecular 

and/or ionic compounds generally in a stoichiometric ratio 

which are neither solvates nor simple salts [1]. In recent era, 

the researchers pay more attention on organic crystals than 

inorganic due to their high flexibility, high degree of deloca-

lisation of -electrons, high non-linear response, etc. Also, 

organic crystals are found to have potential applications in 

the field of pharmaceutical, optical communications, optical 

computing, optical switches, frequency doubling and mate-

rials science, etc. [2-4]. The crystal engineering is note-

worthy in constructing supramolecular structures with desired 

physico-chemical properties. 

 Hydrogen bonding plays a significant role in crystal 

engineering among various non-covalent interactions present 

in organic molecules [5]. The crystals are usually formed bet-

ween donor and acceptor molecules, they tend to form a 

molecular complex and they are treated as a resonance hybrid 

of two structures. One of them is considered to be no bond 

structure [DA] in which the molecular components are bound 

by weak van der Waals interactions. Another one, in which the 
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donor and acceptor species are held together by strong ionic 

bond [D+A–] [6]. As carboxylic acids have good supra-

molecular properties and strong hydrogen bonding ability, 

they are often chosen as a donor in crystal engineering [7]. 

Similarly, the organic compounds with hetero atoms are freq-

uently employed as an acceptor. The molecular complexes 

formed due to electron donor-acceptor were seemed to be less 

stable as a result of weak electrostatic interactions. Whereas, 

the molecular complexes formed because of proton transfer are 

found to be more stable due to strong ionic interactions [8]. 

 The quinoxaline scaffold holds significant importance in 

various fields of medicinal and material chemistry. It exhibits 

a wide range of applications, including antibacterial [9], anti-

tubercular [10] and antimalarial activities, as well as in the 

development of electroluminescent materials, molecular probes, 

fluorescent materials, organic sensitizers for solar cells and 

polymeric optoelectronic materials. Moreover, quinoxaline also 

used for crop protection in agro-industries, as a major comp-

onent of insecticides [11], herbicides [12] and fungicides [13]. 

Besides their medicinal and crop protection applications [14], 

they are also employed as organic semiconductors and corro-

sion inhibitors for metals [15,16]. However, comprehensive 

investigations into their crystal growth behaviour, optimi-
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sation of growth parameters and mechanistic aspects are still 

limited. The majority of previous studies focus mainly on the 

synthetic methodologies and functional applications, with 

comparatively little emphasis on obtaining high-quality single 

crystals or controlling morphology, defect formation and crystal 

engineering parameters. Furthermore, when compared to other 

heterocyclic systems, quinoxaline-based cocrystals and supra-

molecular assemblies remain insufficiently explored, parti-

cularly for tailoring optical and nonlinear optical responses. 

Although theoretical studies predict promising electronic and 

optical properties, experimental validation through single-

crystal analyses is relatively scarce, leading to a gap between 

computational predictions and experimental evidence. 

 Similarly, hydroxybenzoic acid have been highly noticed 

due to their significant in vitro antimicrobial and antifungal 

activities [17]. Based on these aspects, in present work, quino-

xaline and 3,5-dichloro-2-hydroxybenzoic acid were utlised 

for the crystal growth. The grown crystals are subjected to 

various characterisation techniques. 

EXPERIMENTAL 

 Analytical grade quinoxaline (QO) and 3,5-dichloro-2-

hydroxybenzoic acid (DCS) was taken in a definite stoichio-

metric ratio, 1:1 by weight. For the crystallisation process, a 

solvent assisted grinding method was adapted. A few drops 

of methanol were added in the stoichiometric mixture of both 

reactants while grinding with a help of a mortar and a pestle 

for about 15 to 20 min. The finely ground homogeneous 

mixture was dissolved in methanol and kept undisturbed in a 

perforated beaker. High-quality quinoxaline:3,5-dichloro-2-

hydroxybenzoic acid (QODCS) crystals were successfully 

grown (Scheme-I) using the slow solvent evaporation tech-

nique. The cocrystal was obtained in good yield from the 

stoichiometric amounts of the components under optimized 

conditions. The obtained crystals were further subjected to 

various physico-chemical characterisations. 

RESULTS AND DISCUSSION 

 Single crystal XRD studies: The crystal structure of the 

synthesised QODCS was confirmed using single crystal  

X-ray diffraction analysis (ORTEP view is given in Fig. 1). The 

crystallographic data of QODCS is given in Table-1, which  

 
Fig. 1. ORTEP of QODCS showing the atom labelling scheme at 30% 

probability level 

 
TABLE-1 

CRYSTALLOGRAPHIC DATA FOR QODCS 

Chemical formula C15H10Cl2N2O3 

Mr 337.15 

Crystal system, space group Triclinic, 1P  

Temperature (K) 298 

a, b, c (Å) 3.8552 (9), 13.039 (3), 14.563 (4) 

α, β, γ (º) 80.903 (6), 83.121 (6), 86.496 (6) 

V (Å3) 717.0 (3) 

Z 2 

Radiation type MoK 

m (mm–1) 0.47 

Crystal size (mm) 0.20 × 0.20 × 0.20 

Diffractometer Rigaku mercury 375R (2 × 2 bin 

mode) 

Absorption correction Multi-scan Jacobson, R. (1998) 

Private communication 

 Tmin, Tmax 0.663, 1.000 

No. of measured, 

independent and observed  

[I > 2s(I)] reflections 

7153, 3230, 2483  

Rint 0.029 

R[F2 > 2s(F2)], wR(F2), S 0.049, 0.143, 1.18 

No. of reflections 3230 

No. of parameters 201 

H-atom treatment H-atom parameters constrained 

Dmax, Dmin (e Å–3) 0.32, -0.38 

 

 

Scheme-I: Synthesis of quinoxaline:3,5-dichloro-2-hydroxybenzoic acid (QODCS) co-crystal 
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shows the cocrystals crystallises in a triclinic system with 1P  

space group. Various inter and intramolecular hydrogen 

bonding interactions are shown in Table-2. In the asymmetric 

unit, the QO and DCS molecule lie in a twisted plan with a 

dihedral angle of 27.09º to each other favours various types 

of interactions like ···, C–Cl···, O–H···N, O–H···O,  

C–H···N and C–H···O interactions which stabilize the mole-

cule. The molecule exhibits abundant ··· stacking inter-

actions that extend along the a-axis (symmetry operations: 

-1+X,Y,Z; 1+X,Y,Z; 1-X,1-Y,1-Z; -1+X,Y,Z; 1+X,Y,Z), 

contributing significantly to the stabilisation of the crystal 

packing. It is interesting to observe that QODCS has C–Cl··· 

interactions as observed in the literature for chlorine deriva-

tives. On extending c-axis, QODCS has face to face ··· 

and C–Cl··· stacking interactions. In addition to their stacking 

interactions, the molecule is linked with numerous intra and 

inter molecular hydrogen bonding interactions. Carboxylic 

group of DCS moiety is known to form ring graph set format of 

hydrogen bonding interactions. With no surprise, the carbo-

xylic O–H forms O1-H1···N1 interactions with neighboring 

pyrazinyl nitrogen and pyrazinyl C8-H8 forms C8-H8···O3 

interactions with neighbouring DCS moiety leads to R2
2 (12) 

graph set. The DCS moiety also connected through inter- 

molecular O3–H3···O2 hydrogen bonding interactions which 

arises from hydroxyl group of one of the molecules with the 

carboxylic C=O of another DCS moiety. This type of inter-

actions forms various graph sets like R3
3 (9), R2

2 (12), etc. 

which is clearly seen while extending the molecule at a-axis. 

Interestingly, QODCS also has rich chlorine and Cl···H inter-

actions. The hydroxyl group in the second position for DCS 

moiety favours intramolecular O3-H3···O2 hydrogen bonding 

interactions. The hydrogen attached to the carbon in the sixth 

position bring forth C6-H6···O1 intramolecular interactions 

with the neighbouring carboxylic O–H. Thus, the QODCS 

molecule is stabilised with the numerous and extend of differ-

ent molecular interactions [18]. 

 Electronic spectral features: Electronic transition spec-

trum of QODCS dispersed into methanol solvent was obser-

ved, which is apparent in Fig. 2. The spectrum shows an identi-

fiable absorption band at 247 nm, that is associated to -* 

absorption of the aromatic ring and 312 nm, which is associated 

to n-* bands of the QODCS compound [19].  

 FT-IR spectral studies: The FT-IR spectrum is displayed 

in Fig. 3 and the various functional groups present in the crystal 

QODCS is verified. Spectrum indicates that the O–H stret-

ching vibration is responsible for the band at 3040 cm–1. The 

aromatic C=C stretching vibrations are represented by the 

absorption bands at 1497 and 1579 cm–1 correspondingly.  

 
Fig. 2. UV-Visible absorption spectrum of QODCS 

 

 
Fig. 3. FT-IR spectrum of QODCS 

 
The C=O stretching band [20] of the DCS moiety is observed 

at 1680 cm–1 and its slight shift relative to the parent acid 

indicates participation in hydrogen-bond interactions with 

the quinoxaline nitrogen atoms. Similarly, the DCS moiety’s 

COO stretching vibration at 1438 cm–1 reflects changes in the 

electronic environment upon cocrystallisation. The absorption 

peak at 748 cm–1 is attributed to the aromatic C–H out-of-plane 

bending vibration. At 694 cm–1, the C–Cl stretching vibration 

is observed [21]. The C–N stretching vibration at 874 cm–1 

and the NCC bending mode near 969 cm–1 exhibit slight devi-

ations compared to parent quinoxaline, indicating its inter-

action with the acid moiety. 

 

TABLE-2 

NON-COVALENT AND HYDROGEN BOND INTERACTIONS DATA IN QODCS 

Donor···Acceptor D–H (Å) H···A (Å) D···A (Å) D–(H)···A (⁰) Symmetry 

O1–H1···N1 0.82 1.83 2.625(3) 165 – 

O3–H3···O2 0.82 1.93 2.638(3) 145 – 

O3–H3···O2 0.82 2.55 3.120(3) 128' 1-x,1-y,2-z 

C4–H4···N2 0.93 2.60 3.528(4) 175 1+x,1+y,z 

C6–H6···O1 0.93 2.38 2.709(3) 100 – 

C3–Cl01···π – – 3.7388(17) 67.53(9) 1+x,y,z 
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 Thermal studies: The thermal characteristics of the 

QODCS crystal were investigated using thermogravimetric 

and differential thermal investigations. The TG curve (Fig. 4) 

shows that the crystalline material broke down right away 

after melting and that there was no discernible weight loss up 

to 286 ºC. Decomposition occurs in a single step at a high 

temperature, yielding volatile gaseous products such as NH3, 

CO2, NO2 and HCl. One possible residue that is left over after 

the breakdown is a stable carbon molecule. The TG curve and 

the DTA curve both display the same changes. The material’s 

melting point is indicated by the steep endothermic dip at 286 

ºC [22]. 

 

 
Fig. 4. Thermogram curves of QODCS 

 

 Hirshfeld surface studies: The Hirshfeld surface analysis 

was carried out for QODCS by using the .cif file (Fig. 5). The 

red spots are identified over phenylic hydrogen of pyrazinyl 

moieties as well as hydroxyl hydrogen of salicylic moiety in 

the di surfaces for QODCS. In de surfaces, strong red spots 

appear on pyrazinyl nitrogen as well as the chlorine atom of 

salicylic acid. Even though there are numerous hydrogen 

bonding interactions observed with the help of SCXRD, the 

hydrogen bonds involved with pyrazinyl nitrogen and carb-

oxylic oxygens as well as hydroxyl group of salicylic acid 

moieties are dominant in QODCS. The fact is supported by the 

fingerprint plots in which O···H/H···O and N···H/H···N cont-

acts contribute 15.3 and 6.1%, respectively. This is due to the 

inter and intramolecular hydrogen bonding interactions as 

shown in Table-2. It is observed that QODCS enriched with 

different stacking interactions such as ···, C3-ClO1···, etc. 

which were verified from C···C and Cl···C/C···Cl contacts 

contributing 9.9 and 3.1%, respectively. Other major contacts 

observed are Cl···Cl, C···H/H···C and H···H contributes 3.8, 

12.0 and 21.4 %, respectively to the total Hirshfeld surfaces. 

Notably the hydrogen bonding interaction involving chlorine 

(Cl···H/H···Cl contacts) is proved by the contribution of 21.3% 

to the total Hirshfeld surfaces. This contacts also appears as 

a pair of spikes in the 2D fingerprint plots (Fig. 6) along with 

another couple of spikes which belongs to the O···H/H···O 

and N···H/H···N contacts. The curvedness and shape index 

indices support the contribution of stacking interactions invo-

lved in the stabilisation of QODCS molecule.  

 NBO analysis: NBO analysis has been carried out for 

QODCS. It is found from the data that the molecule exhibits 

conjugative and hyper conjugative interactions. The major 

conjugative interactions have been arising due to the transfer 

of LP(1) C19→* N18-C31, LP(1) C19→ * C21-C25,  

N18-C31→* N17-C29,  C21-C25→* C23-C27,  C23- 

 

 

Fig. 5. Molecular structure of QODCS (i) Hirshfeld surfaces mapped on (ii) di, (iii) de, (iv) dnorm, (v) shape index and (vi) curvedness 
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Fig. 6. Fingerprint plot for QODCS 
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C27→* C21-C25,  N17-C29→* N18-C31 with the larger 

stabilisation of 60.11, 48.56, 17.83, 17.73, 16.73 and 13.63 

kcal/mol. It is also interesting to observed that there are inter 

and intramolecular conjugative interactions arises with the 

transfer of LP(2) O6→*O5−C16, LP (2) O3→*C14−C15, 

C14−C15→*C8−C11, C18−C11→ *C10−C12, C10− 

C12→*C14-C15, C14−C15→*C10-C12, C10−C12→ 

*C8-C11, C8-C11→*C14-C15 with stabilisation ener-

gies 59.71, 39.65, 26.09, 25.45, 23.41, 21.83, 16.04, 15.13 

and 14.52, respectively. The presence of electronegative 

chlorine atoms in the phenylic moiety arises a couple of 

interactions, viz. LP(3) Cl1→* C10−C12 and LP(3) Cl2→ 

−*C8-C11 with stabilisation energies, 12.38 and 11.6, resp-

ectively. It is noted that there are numerous hyperconjuga-

tive interactions arises due to the molecular interactions. 

 Theoretical UV analysis: The theoretical UV-spectra 

has been calculated for QODCS (Fig. 7). A major peak obser-

ved at around 337 nm with an oscillator strength of 0.0006 is 

due to the HOMO→LUMO transitions. From the CHELPG 

atomic charges analysis, it was found that the potential of 3,5-

dichloro salicylic acid moiety and quinoxaline are -0.214232e 

and +0.214232e, respectively reveals that the former is an 

electron acceptor and the latter is an electron donor. The high 

oscillator strength are observed at the wavelength of 305 and 

282 nm for the transitions HOMO→LUMO+1 (92%), HOMO-

4→LUMO+3 (4%), HOMO-1→LUMO (2%) and HOMO-3 

→LUMO (78%), HOMO-1→LUMO+2 (20%), respectively. 

These transitions are due to the ··· interactions found in 

the QODCS molecule. 

 

 
Fig. 7. Theoretical UV spectrum of QODCS calculated at B3LYP/6-

311G(d,p) level  

 

 Microscopic optical properties: The strong optical res-

ponse of QODCS at ω = 0.0428 a.u., summarised in Table-3, 

can be attributed to the significant intermolecular interactions 

within the crystal lattice. The dipole moment of the crystal is 

6.2899 Debye, which was strongly influenced by z compo-

nent is higher than that of many conventional organic NLO 

materials such as urea and simple -conjugated systems indi-

cating strong molecular asymmetry and efficient intramolecular  

TABLE-3 

MICROSCOPIC OPTICAL PARAMETERS DATA FOR QODCS 

Property Components Values 

Dipole moment (Debye) μtot 6.2899 

Polarizability 

α (0;0) 

(× 10–24 esu) 

αxx 13.861 

αyx 6.701 

αyy 37.318 

αzx 0.484 

αzy 1.869 

αzz 43.473 

<α> 31.551 

∆α 29.638 

Polarizability 

α (-ω,ω) 

(× 10–24 esu) 

ω =0.0428 a.u. 

αxx 13.942 

αyx 6.855 

αyy 37.938 

αzx 0.507 

αzy 1.957 

αzz 44.397 

<α> 32.092 

∆α 30.426 

β|| (0;0,0) (× 10–30 esu) Static 2.262 

β|| (-ω;ω,0) (× 10–30 esu) ω = 0.0428 a.u. 2.556 

β|| (-2ω; ω,ω) (× 10–30 esu) ω = 0.0428 a.u. 3.389 

γ(0; 0,0,0) 

× 10–36 esu 

γxxxx 0.466 

γyyyy 11.636 

γzzzz 36.559 

γxxyy 1.142 

γxxzz 1.180 

γyyzz 8.693 

γ|| 14.144 

γ(-ω;ω,0,0) 

ω = 0.0428a.u 

× 10–36 esu 

γxxxx 0.482 

γyyyy 12.380 

γzzzz 40.430 

γ|| 15.461 

γ(-2ω;ω,0,0) 

ω =0.0428a.u 

× 10–36 esu 

γxxxx 0.519 

γyyyy 14.148 

γzzzz 54.055 

γ|| 19.690 

 
charge transfer, a key requirement for enhanced non-linear 

optical response [23]. The static and frequency dependent iso-

tropic hyperpolarizability for QODCS are found to be 31.551 

and 32.092 (× 10–24 esu), respectively. The DC pockels effect 

and frequency dependent first hyperpolarizability are found 

to have increase of 13% and 49.8%, respectively with respect 

to the static hyperpolarizability of 2.262 × 10–30 esu. The trend 

has been extended on second hyperpolarizabilities as the Kerr 

effect and frequency dependent second hyperpolarizabilities 

are increased by 9.3% and 39.2 %, respectively over the static 

second hyperpolarizability of 14.144 × 10–36 esu. It is signifi-

cantly higher than those of many simple organic crystals and 

comparable to advanced donor–acceptor substituted systems 

and -delocalised frameworks reported [24,25]. These enhanced 

dipole moment, first-order () and second-order () hyper-

polarizability values, confirming its potential as a promising 

candidate for second harmonic generation and third-order non-

linear optical applications. 

Conclusion 

 A new crystal with interesting microscopic properties 

has been explored in this study with the help of both experi-
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mental and theoretical analysis. SCXRD experimentally con-

firms that QODCS is stabilised by an extensive network of 

hydrogen bonding, chlorine interactions and − stacking inter-

actions. The presence of various functional groups in the 

QODCS compound has been confirmed experimentally by 

FT-IR spectroscopic study. The thermal stability of the co-

crystal was determined by TG/DTA studies and it can be used 

in high temperature applications. The contribution of each inter-

action has been proved from the 2D fingerprints and Hirsh-

feld surfaces. In contrast, the electronic structure and charge 

transfer characteristics of QODCS are derived from theoretical 

investigations. In QODCS, significant charge transfer is obser-

ved due to extensive intermolecular interactions, as evidenced 

by NBO analysis and theoretical UV spectral studies. This 

charge transfer influences the microscopic optical properties 

under the applied frequency. The QODCS crystal exhibits more 

than 20% enhancement in hyperpolarizability at an applied 

frequency of  = 0.0428 a.u. The experimental molecular geo-

metry obtained from XRD data agrees well with the optimized 

structure calculated using the B3LYP method. These findings 

suggest that QODCS is a promising candidate for further studies 

aimed at exploring its advanced optical and nonlinear optical 

applications. 
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