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In this study, 4-[(4-methyl-5-phenyl-4H-1,2,4-triazol-3-yl)sulfanyl]benzene-1,2-dicarbonitrile was 

synthesized and its molecular structure was characterized by means of FT-IR and X-ray diffraction meth-

ods. The crystal is monoclinic and belongs to the P21/n space group. There are three weak intermolecular 

C-H…N type hydrogen bonds in the molecular structure. The geometrical parameters, vibration frequen-

cies, HOMO–LUMO energies, and molecular electrostatic potential (MEP) map of the compound (3) in 

ground state were calculated by using density functional theory (DFT/B3LYP) with the 6-311G(d) basis 

set. Calculated geometrical parameters were compared with X-ray diffraction geometric parameters. On 

the other hand, theoretical and experimental FT-IR results were also compared.  

 

Keywords: crystal structure; 1,2,4-triazole; DFT calculations; molecular electrostatic potential;  

frontier orbitals 
 

 
ЕКСПЕРИМЕНТАЛНИ И ТЕОРЕТСКИ ИСПИТУВАЊА НА  

4-[(4-МЕТИЛ-5-ФЕНИЛ-4H1,2,4-ТРИАЗОЛ-3-ИЛ)СУЛФАНИЛ]БЕНЗЕН-1,2-ДИКАРБОНИТРИЛ 

 
Во ова истражување беше синтетизиран 4-[(4-метил-5-фенил-4Н1,2,4-триазол-3-ил)сул-

фанил]бензен-1,2-дикарбонитрил, а неговата структура беше карактеризирана со помош на FT-IR и 

рендгенска дифракција. Кристалот е моноклиничен и припаѓа на просторната група P21/n. Во 

молекулската структура постојат три слаби интермолекулски водородни врски од типот на C-H…N. 

Геометриските параметри, вибрациските фреквенции, енергиите на HOMO–LUMO и мапата на 

молекулскиот електростатички потенцијал (MEP) на соединението (3) во основна состојба беа 

пресметани со теоријата на функционалот на густината (DFT/B3LYP) и основен сет 6-311G(d). 

Пресметаните геометриски параметри беа споредени со геометриските параметри добиени со 

рендгенската дифракција. Исто така беа споредени и теоретските и експерименталните резултати 

добиени со FT-IR. 

 

Клучни зборови: кристална структура; 1,2,4-триазол; DFT пресметки;  

молекулски електростатички потенцијал; гранични орбитали 
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1. INTRODUCTION 

 

1,2,4-triazoles, planar five-membered heter-
ocyclic compounds with a 6π aromatic system, 
have an important role in synthetic chemistry. In 
particular, the pharmacological properties of this 
compound class have been extensively studied. It 
is known that these compounds show anti-inflam-
matory, antiviral, antimicrobial and antidepressant 
activities [1]. In addition, 1,2,4-triazole derivatives 
are potential chemosensors for the determination of 
many metal cations [2–11]. 

In this study, compound (3) was synthesized 

and its molecular structure was characterized by 

using FT-IR, X-ray diffraction, and quantum chemi-

cal methods. The geometrical parameters, vibration 

frequencies, molecular electrostatic potential, and 

frontier orbitals of compound (3) were calculated in 

the ground state by using DFT/B3LYP/6-311G(d). 

A comparison of the calculated geometric parame-

ters with the experimental parameters of compound 

(3) was carried out. 

 
2. EXPERIMENTAL SECTION 

 
2.1. Synthesis 

 

Dry DMF solution of 4-methyl-5-phenyl-

4H-1,2,4-triazole-3-thiol (1) (0.61 g, 3.2 mmol) 

and 4-nitrophthalonitrile (2) (0.55 g, 3.2 mmol) 

were stirred for 10 min at 55 ºC under N2 atmos-

phere. Dry potassium carbonate (0.48 g, 3.5 mmol) 

was added to the reaction mixture for two hours 

and the reaction was conducted under N2 atmos-

phere at 50 ºC for 5 days. Then it was poured into 

ice-water. The creamy solid precipitate was fil-

tered, washed with water, and dried in vacuum. 

Single crystals were obtained in acetone/petroleum 

ether solvent system. The yield was 0.71 g (70%).  
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Scheme 1. Synthesis route of compound (3) 
 
 

2.2. Measurements and calculations 
 

We used the Schlenk system, where all reac-

tions were carried out under dry and oxygen-free 

nitrogen atmosphere. DMF (dimethylformamide) 

was dried and purified in accordance with the litera-

ture [12]. 4-methyl-5-phenyl-4H-1,2,4-triazole-3-

thiol was prepared according to the literature [13]. A 

Perkin Elmer Spectrum One FT-IR device with the 

ATR technique was used for IR recordings. The X-

ray data of compound (3) were measured on a 

Bruker Smart CCD area-detector diffractometer by 

using CuK ( = 1.54178 Å) X-rays. For data col-

lection and cell refinement, the APEX2 [14] and 

Bruker SAINT [14] programs were used respective-

ly. SHELXS-97 [15], SHELXL-97 [15], ORTEP III 

[16], and WinGX software [17] programs were used 

to solve and refine the structure, to define the mo-

lecular figures, and to prepare material for publica-

tion. Crystallographic data are given in Table 1. 

All the theoretical calculations were per-

formed by using the Gaussian 03 [18] program 

package. The initial atomic coordinates of com-

pound (3) were obtained by means of X-ray data. 

Via the GaussView [19] molecular visualization 

program, the geometry of the molecule in three 

dimensions was defined. DFT calculations were 

performed with the 6-311G(d) basis set by using 

B3LYP [20,21] (Becke’s three-parameter hybrid 

functional using the LYP correlation functional) 
hybrid function. In order to calculate the vibration 

frequencies of the optimized structure, DFT/B3LYP 

methods and the 6-311G(d) basis set were used. 

The 0.9672 [22] scale value was used for the calcu-

lated vibration frequencies.  

 
3. RESULTS AND DISCUSSION 

 
3.1. Crystal structure 

 

Compound (3) is a monoclinic system be-

longing to the P21/n space group. The molecular 

structure of the title compound, which is obtained 
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by using the ORTEP-3 program, is shown in Fig-

ure 1. Furthermore, the package diagram of com-

pound (3) is given in Figure 2. The compound 

consists of one triazole and two benzene rings. 

When examining the bond lengths under the X-ray 

parameters of compound (3) in Table 3, it can be 

seen that especially C38-N32 [1.136 (2) Å], C37-

N31 [1.144(2) Å], C3-S31[1.743 (2) Å], N1-N2 

[1.381(2) Å], and N2-C3 [1.307(2) Å] are in con-

formity with the values in the literature [23–26]. 

The dihedral angles between the 1,2,4 triazole ring 

and the C31-C36 and C51-C56 rings are 76.92º and 

27.53º respectively. The crystal structure has three 

weak intermolecular C-H…N type hydrogen 

bonds. The details related to these interactions are 

given in Table 2.  
 

 

 

 
 

Fig. 1. Ortep-3 diagram of (3) with atom labeling 

 

 

 

 
 

Fig. 2. Packing diagram of the title compound 
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               T a b l e  1 
 

Crystallographic data for compound (3) 
 

Chemical formula C17H11N5S 

Formula weight 317.37 

Crystal system Monoclinic 

Crystal shape/color Prism/Colorless 

Temperature (K) 293 

Space group, Z P21/n, 4 

a, b, c (Å) 8.3466(3), 9.8392(4), 18.6857(8) 

β (°) 95.159(1) 

V (A3) 1528.33(11) 

Dx(Mg cm–3) 1.379 

Radiation type CuK 

µ (mm–1) 1.929 

F000 656 

Crystal size (mm3) 0.157×0.248×0.295 

Data collection  

Diffractometer/meas.meth Bruker CCD Smart / and w-scans  

Absorption correction Multi-scan 

Tmin,  Tmax 0.4456, 0.7530 

Number of measured, independent, and observed reflections 48158, 2779, 2673 

Criterion for observed reflections I > 2σ(I) 

Rint 0.041 

θmax 68.22 

Refinement  

Refinement on F2 

R[F2 >2σ(F2)], wR, S 0.037, 0.109, 1.05 

Number of reflections 2779 

Number of parameters 209 

Δρmax,  Δρmin (eÅ-3) 0.32, –0.24 

 

 

             T a b l e  2  
 

Hydrogen-bond geometry (Å, ο) 
 

D–H···A D–H H···A D···A D–H···A 

C54–H54···N32i 0.93(2) 2.93(2) 3.836(3) 163(1) 

C53–H53···N31i 0.93(2) 2.76(2) 3.452(2) 131(1) 

C41–H41B···N31ii 0.96(2) 2.70(2) 3.447(3) 134(1) 

Symmetry code: (i) x–1/2–1, –y+1/2, z–1/2; (ii) x–1/2, –y+1/2, z–1/2 

 

 

3.2. Optimized structures 

 

In order to constitute the initial geometry of 

compound (3) for theoretical calculations, the ex-

perimental results of X-ray diffraction are used. To 

obtain the geometrical optimization of compound 

(3), the DFT/B3LYP method and 6-311G(d) basis 

set are used. Experimental and calculated geomet-

rical parameters, bond lengths, bond angles, and 

torsion angles for compound (3) are given in Table 

3. To compare the consistency of the calculated 

and experimental geometric parameters, the RMSE 

values are found. These values are 0.014 Å for 

bond lengths and 0.78º for bond angles. As can be 

seen in Table 3, the greatest deviations in C31-S31 

bond length and C3-S31-C31 bond angles are 

found to be 0.032 Å and 1.27º. 
 

 

 
 

Fig. 3. Superposition of molecular conformation of (3) as 

established from X-ray (red) and DFT calculation (blue) 
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T a b l e  3 
 

Theoretical and experimental molecular structure 

parameters 
 

 

Furthermore, the superposition of the atomic 

positions of compound (3), which are obtained by 

theoretical and experimental methods, is shown in 

Figure 3. The RMSE value is calculated as 0.32 Å. 

The calculated dihedral angles between the 1,2,4 

triazole ring and the C31-C36 and C51-C56 rings of 

the molecular structure that is formed after the op-

timization of compound (3) are 76.56º and 35.41º 

respectively. The theoretical and experimental val-

ues of the dihedral angles are close to each other 

 

3.3. Vibrational spectra 
 

Characteristic C-H stretching vibrations of 
aromatic structures are observed between 3000 and 
3150 cm–1. In this study, the vibrations observed at 
3115 and 3077 cm–1 are calculated to be at 3092 
and 3084 cm–1 and show good agreement with the 
literature. The C-H3 stretching vibrations are ob-
served at 3047 and 2923 cm–1 in the experimental 
IR spectrum in accordance with the literature. Al-
so, they are calculated to be at 3033 and 2961 cm–1 
[27–29]. C≡N stretching vibration in the phthaloni-
trile ring is seen expressly at 2200–2300 cm–1 as a 
sharp peak. The theoretical C≡N stretching vibra-
tions were calculated to be at 2265 and 2269 cm–1 
and were observed at 2231 cm–1.  

The reason why only one sharp peak was 

observed in the theoretical and experimental spec-

tra may be due to two C≡N stretching vibrations 

that are very near to each other [30–32].   

The bending vibrations that occur inside the 
aromatic and aliphatic planes given in the literature 
are in the range of 1480–1000 cm–1. In our study, 
the vibrations observed at 1486–1079 cm–1 are 
calculated to occur at 1480–1104 cm–1 and are 
characterized as C-H bending vibrations in plane. 
All these results are in good agreement with the 
associated literature [30, 31, 33, 34]. 

The stretching vibrations ν(C=C) and ν(C=N) 

which belong to the phenyl and triazole groups were 

calculated to be at 1572, 1530, 1454, 1445, 1382, 

1270, and 1196 cm–1 and were observed at 1587, 

1565, 1456, 1428, 1329, 1262, and 1206 cm–1, in 

agreement with the literature [35–36]. 

The C-H out-of-plane bending wagging at the 
phenyl and triazole rings is observed at about 675–
1000 cm–1. In this study, the peaks calculated to be 
at 1104, 1085, 1010, 902, 837, 762, 712, and 687 
cm–1 are matched with the peaks observed at 1079, 
1056, 991, 901, 853, 772, 719, and 693 cm–1 and 
defined as wagging [30, 35, 36]. CCC (in-plane 
bending) vibration is observed at about 1000 cm–1. 
We defined this vibration experimentally at 991cm–1 
and also theoretically at 1010 cm–1 [32, 37].  

 X-ray B3LYP/6-311G(d) 

Bond Lengths(Å)   

C38–N32 1.136 1.154 

C37–N31 1.144 1.154 

C34–C37 1.431 1.428 

C35–C36 1.381 1.399 

C31–C32 1.390 1.398 

C31–S31 1.767 1.799 

C3–S31 1.743 1.763 

C3–N2 1.307 1.313 

C3–N4 1.366 1.380 

N4–C41 1.459 1.459 

N4–C5 1.366 1.373 

N1–C5 1.322 1.322 

N1–N2 1.381 1.363 

C5–C51 1.465 1.469 

C51–C52 1.393 1.402 

Bond angles (º)   

C55–C56–C51 120.32 120.38 

C3–S31–C31 102.80 101.53 

C3–N4–C5 104.77 104.04 

C3–N4–C41 125.65 126.85 

C5–N4–C41 129.58 128.96 

N31–C37–C34 178.32 178.55 

C32–C31–C36 120.30 120.06 

C32–C31–S31 123.12 122.02 

C36–C31–S31 116.57 117.80 

C35–C36–C31 119.49 120.30 

C5–N1–N2 108.16 108.18 

N1–C5–N4 109.40 109.78 

N1–C5–C51 123.55 123.48 

N4–C5–C51 126.94 126.71 

C3–N2–N1 106.51 107.52 

N2–C3–N4 111.17 110.45 

N2–C3–S31 123.87 124.90 

N4–C3–S31 124.74 124.63 

N32–C38–C35 177.20 178.41 

Torsion angles (º)   

C51–C56–C55–C54 –1.7 –0.29 

C3–S31–C31–C32 –14.0 –39.5 

S31–C31–C32–C33 –177.0 –177.2 

N2–N1–C5–N4 –0.07               0.01 

N2–N1–C5–C51 –176.3 –178.6 

C31–C32–C33–C34 0.0       1.1 

N1–C5–C51–C56 –154.2 –143.8 

N1–N2–C3–S31 174.8 179.6 

C5–N4–C3–N2 0.0 –0.3 
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Fig. 4. Experimental IR spectrum of the compound (3) 

 
 

    T a b l e  4  
 

Values of the experimental and calculated vibrational frequencies (cm–1) 
 

       Assignmentsa                                Experimental                               Calculated 

 

ν(C-H)s 3115 3092 

ν(C-H) s 3077 3084 

ν(C-H3)as 3047 3033 

ν(C-H3)s 2923 2961 

ν(C≡N)s 2231 2265 

ν(C=C)  1587 1572 

ν(C=C)  1565 1530 

γ(C-H) + ω(C-H3)  1486 1480 

ν(C=N) + γ(C-H) + ω(C-H3) 1456 1454 

γ(C-H) + ω(C-H3) + ν(C-C) 1428 1445 

γ(C-H) + ω(C-H3)  1394 1425 

ν(C=N) + ν(C-N) + ω(C-H3) + γ(C-H) 1329 1382 

ν(C-C)  1262 1270 

γ(C-H) + ν(C-CN) 1206 1196 

γ(C-H) 1174 1172 

ν(C-S) + ω(C-H3) + γ(C-H) 1079 1104 

ν(N-N) + ω(C-H3) 1056 1085 

ν(C-S) 1021 1061 

β(CCC) + ω(C-H3) 991 1010 

ω (C-H) 901 902 

ω(C-H) 853 837 

ω(C-H) + τ(CCCN)  772 762 

ω(C-H) + τ(CCNN) 719 712 

ω(C-H) 693 687 

             a ν, stretching; γ, rocking; ω, wagging; β, bending; τ, torsion; s, symmetric; as, asymmetric 
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3.4. Frontier molecular orbital  

and molecular electrostatic potential 
 

By means of the DFT/B3LYP method ap-

plied on the optimized structure derived from the 

6-311G(d) basis set, the frontier molecular orbitals 

and MEP map are obtained. As can be seen in Fig-

ure 5, the HOMO is generally concentrated on the 

1,2,4 triazole and phenyl rings. On the other hand, 

LUMO is concentrated on the phthalonitriles ring 

system. HOMO and LUMO have energy levels of 

–7.08 and –2.69 eV respectively. Gap = EHOMO –

ELUMO, and hardness = Gap/2 [38]. The HOMO–

LUMO energy difference is 4.39 eV and the hard-

ness of the molecule corresponds to 2.19 eV.  

 

 
Fig. 5. Molecular orbital surfaces and energy levels  

using the DFT/B3LYP method for the HOMO and LUMO  

of compound (3) 

 
The molecular electrostatic potential (MEP) 

is calculated considering the electrical charge of the 

related molecule. We can define electronegative and 

electropositive locations looking at these results as 

well as hydrogen bonding interactions [39–41]. The 

MEP map of compound (3) is shown in Figure 6. 
 

 
Fig. 6. Appearance of the molecular electrostatic potential 

(MEP) map of compound (3) 

When examining the map, it can easily be 

seen that negative (red) partitions are mainly con-

centrated on cyano groups and on N1 and N2 atoms 

of the 1,2,4 triazole ring. These negative V(r) values 

are –0.05 a.u for N31, –0.048 a.u for N32, –0.049 

a.u for N1, and –0.048 a.u for N2. The largest posi-

tive (blue) partition is located around the methyl 

group and its V(r) value is 0.038 a.u.  

The MEP map provides the information that 

the molecular interactions will take place in these 

regions. Examining Table 2, this prediction about 

the interaction locations can be confirmed. 

 
4. CONCLUSIONS 

 

4-[(4-methyl-5-phenyl-4H-1,2,4-triazol-3-yl) 

sulfanyl]benzene-1,2-dicarbonitrile(3), formulated 

as C17H11N5S, was synthesized and its molecular 

structure was characterized by means of FT-IR and 

X-ray diffraction methods. The calculated geomet-

rical parameters in ground state obtained via the 

DFT/ B3LYP method with the 6-311G(d) basis set 

were compared with geometric parameters ob-

tained via the X-ray diffraction experimental 

method and a very small difference was observed. 

Some small differences between theoretical calcu-

lations and experimental results are seen because 

the theoretical methods used consider a molecule 

alone unless there are interactions between neigh-

bouring molecules in crystal form. Also, the exper-

imental and calculated vibration frequencies were 

compared with each other and were found to be in 

compliance. The HOMO–LUMO energy gap was 

calculated as 4.39 eV.  

 
Supplementary data 

 

Further information can be obtained from 

the Cambridge Crystallographic Data Centre (E-

mail:deposit@ccdc.cam.ac.uk), where the crystal 

structure X-ray data of compound (3) are stored 

under depository number CCDC-1441403. 
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