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A hydrazide-hydrazone derivative, (E)-N'-(2-hydroxybenzylidene)-2-((3-(trifluoromethyl)phenyl) 
amino)benzohydrazide, was synthesized and characterized using various spectroscopic techniques such as 
FTIR, 1H-NMR and 13C-NMR spectroscopy, and X-ray diffraction. The compound crystallized in the 
monoclinic space group P2/n, with lattice parameters: a = 21.0586(8) Å, b = 8.1969(3) Å, c = 
21.6475(10) Å, and β = 92.886(2)°. 

Within a single crystal cell, two crystallographically independent asymmetric molecules are pre-
sent. These molecules are chemically identical but display a non-planar geometric molecular structure. 
The crystal structure was stabilized by C–H⋯O and C–H⋯N hydrogen bonds, which facilitate intermo-
lecular interactions that form a three-dimensional network. The presence of effective hydrogen bond do-
nors and acceptors contribute to the formation of a tightly interconnected three-dimensional structure. 
Additionally, Hirshfeld surface analysis was conducted to examine potential hydrogen bonding and spa-
tial arrangement of atoms. This analysis quantified hydrogen bond interaction and identified atoms likely 
to participate in such interactions. Alongside stabilization by strong hydrogen bonds, π⋯π interactions 
significantly influence the packing arrangement, with interactions among the phenyl rings observable 
through shape index and curvedness diagrams. 
 
Keywords: crystal structure; X-ray diffraction; Hirshfeld surface analysis; fingerprint plots;  
hydrazide-hydrazone 

 
 

СИНТЕЗА, КРИСТАЛНА СТРУКТУРА И АНАЛИЗА НА ХИРШФЕЛДОВА 
ПОВРШИНА НА (E)-N'-(2-ХИДРОКСИБЕНЗИЛИДЕН)-2-((3- 
(ТРИФЛУОРОМЕТИЛ)ФЕНИЛ)АМИНО)БЕНЗОХИДРАЗИД 

 
Синтетизиран е дериват на хидразид-хидразон, (E)-N'-(2-хидроксибензилиден)-2-((3-

(трифлуорометил)фенил)амино)бензохидразид и направена е негова карактеризација со користење 
на различни спектроскопски техники: FTIR, 1H-NMR и 13C-NMR спектроскопија и рендгенска 
дифракција. Соединението кристализира во моноклиничната просторна група P2/n, со параметри 
на ќелијата: a = 21,0586(8) Å, b = 8,1969(3) Å, c = 21,6475(10) Å и β = 92,886(2)°. Во една кристална 
ќелија, се присутни две кристалографски независни асиметрични молекули. Овие молекули се 
хемиски идентични, но покажуваат непланарна геометриска молекулска структура. Кристалната 
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структура е стабилизирана со водородни врски C–H⋯O и C–H⋯N кои ги олеснуваат 
интермолекуларните интеракции, образувајќи тридимензионална мрежа. Присуството на 
ефективни донори и акцептори на водородни врски придонесува за формирање на стегнато 
поврзана тридимензионална структура. Дополнително, беше спроведена анализа на Хиршфелдова 
површина, за да се испита потенцијалното поврзување преку водородна врска и просторниот 
распоред на атомите. Оваа анализа ја квантифицираше интеракцијата на водородните врски и 
идентификуваше атоми кои веројатно учествуваат во таквите интеракции. Покрај стабилизацијата 
со силни водородни врски, π⋯π интеракциите значително влијаат на распоредот на пакувањето, 
при што интеракциите меѓу фенилните прстени можат да се регистрираат преку дијаграмите на 
индексот на обликот и на заобленоста. 

 
Клучни зборови: кристална структура; рендгенска дифракција; анализа на Хиршфелдова 
површина; графици на отпечатоци на прсти; хидразин-хидразон 

 
 

1. INTRODUCTION 
 

Schiff bases represent compounds distin-
guished by the presence of carbon-nitrogen double 
bonds, which arise from the nucleophilic addition 
reaction between amines and aldehydes or ke-
tones.1 The bond formed when an amine reacts 
with an aldehyde is called an azomethine bond, 
while the bond resulting from reaction with a ke-
tone is referred to as an imine bond.2 Also known 
as imines, Schiff bases have become noteworthy 
due to their stability and ease of synthesis, making 
them compounds of interest.2–4 

Hydrazones contain a specific functional 
group characterized by the C=N double bond and 
an NH2 group, which is part of the hydrazone func-
tional group. They are interesting functional 
groups of significant importance in chemistry, dis-
playing remarkable biological activity in organic 
chemistry due to the presence of the azomethine 
group (N=CH).5,6 The activity of these compounds 
is attributed to the presence of the azomethine 
group and other surrounding subunit groups.7 They 
are produced by the reaction of aldehydes and ke-
tones with the –NNH2 group8 and are defined by 
the presence of an (HN–N=C) linkage between 
two aromatic phenyl rings.9 

Hydrazones are an important category of lig-
ands with binding properties attributed to various 
coordination sites, typically coordinated through 
oxygen and nitrogen atoms to create an environment 
similar to biological systems.10,11 The fact that some 
of the newly synthesized hydrazones have biologi-
cal activity,12 such as antimicrobial,13 anticonvul-
sant,14 analgesic,15 anti-inflammatory,16 antiplate-
let,15 antituberculosis,17 and anticancer18 effects, has 
attracted significant research interest in this field. 

The hydrazone group, with its structural and 
functional diversity, exhibits: (i) nucleophilic 
imine and amino-type nitrogens, which are highly 
reactive; (ii) an imine carbon with both electro-

philic and nucleophilic properties; (iii) configura-
tional isomerism due to the unique nature of the 
C=N double bond; and (iv) N–H-type acid and 
proton-donating properties.19 These structural mo-
tifs define the physical and chemical properties of 
the hydrazone group and are crucial in determining 
its range of applications. 

Similar in structure to imines, hydrazones ex-
hibit greater stability, primarily attributed to me-
someric effects that reduce the electrophilicity of the 
C=N bond. Under normal conditions, hydrazones are 
considered kinetically inert, even in pure water, with 
optimal stability in the pH range of approximately 5–
11. However, they are susceptible to all three types of 
reactions observed in imines: (i) exchange; (ii) me-
tathesis; and (iii) hydrolysis.20 

In addition to assessing individual molecular 
characteristics, it is crucial to investigate intramo-
lecular effects. This exploration aids in compre-
hending how interaction points influence the geo-
metric attributes of individual molecules. Further-
more, Hirshfeld surface analysis provides valuable 
insights into determining whether a crystal demon-
strates polymorphic properties.21 

The compound discussed in this article was 
systematically produced in the same manner as 
part of the synthetic discovery of numerous other 
organic analogs in a French patent.22 In this patent, 
the title compound is labeled as compound number 
30. The purpose of this article is to re-synthesize 
the compound, (E)-N'-(2-hydroxybenzylidene)-2-
((3-(trifluoromethyl)phenyl)amino)benzohydrazide, 
to elucidate its molecular geometry by performing 
single crystal X-ray diffraction (XRD) analysis. 
This hydrazide-hydrazone compound was previ-
ously synthesized by Çakmak et al. to study its 
anticancer activity. Although non-original, this 
molecule was selected for evaluation in terms of its 
structure-activity relationship.23 Additionally, the 
compound was characterized experimentally using 
various spectroscopic techniques, including FTIR, 
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1H-NMR, and 13C-NMR. Furthermore, Hirshfeld 
surface analysis was performed computationally 
using Crystal Explorer 21.5.24 An examination of 
the π⋯π contacts between the phenyl rings was 
also performed to enhance our understanding of 
molecular packing. 
 
 

2. EXPERIMENTAL 
 

Firstly, synthesis of the title compound was 
conducted. Then, FTIR and NMR experimental 
spectra were obtained. The structural determination 
and refinement processes were conducted using 
computer software specifically designed to solve 
the molecular crystal structures from single-crystal 
data obtained by X-ray diffraction. 
 

2.1. Materials, methods, and instruments. 
 

All chemicals were purchased from Merck 
and Sigma-Aldrich. The chemical purities of all 
compounds were checked by thin layer chromato-

graphy (TLC), employing a 20×20 cm alumina 
plate and a mobile phase consisting of a 1:1 mix-
ture of petroleum ethyl acetate and hexane. Melt-
ing points were determined using a Schmelzpunkt-
bestimmer SMP II melting point apparatus. FTIR 
spectra were recorded on a Shimadzu FTIR-8400 
spectrometer. The 1H-NMR and 13C-NMR spectra 
were acquired using Bruker AV400 and Bruker 
Avance III spectrometers (300 MHz or 400 MHz), 
with tetramethylsilane (TMS) as the internal refer-
ence. Deuterated dimethylsulfoxide was used as the 
solvent for NMR. CHNS/O elemental analysis was 
performed using a Perkin-Elmer 2400 analyzer. 
 

2.2. Chemistry 
 

Hydrazide and its hydrazide-hydrazone de-
rivative were synthesized from the starting material 
etofenamate. The structures of the synthesized 
compounds were confirmed through FTIR, 1H-
NMR, 13C-NMR, and elemental analysis. 

 
 
 
 

 

 
Fig. 1. General procedure for the synthesis of the compounds.  

Reagent and conditions: (a) NH2–NH2∙H2O, EtOH; (b) Substituted aldehydes, EtOH 
 

 

2.3. Synthesis of hydrazone derivatives. Synthesis 
of 2-(3-(trifluoromethyl)anilino)benzohydrazide1 

 
The compound 2-((3-(trifluoromethyl)phenyl) 

amino)benzohydrazide1 was prepared as previously 
described in the literature.25,26 Etofenamate (1 mmol) 
and an excess of hydrazine hydrate (99 %) (3 mmol) 
were mixed without solvent and heated at 110 – 120 
°C for half an hour. To this mixture, EtOH (10 ml) 
was added, and the solution was heated in a water 
bath under reflux for 3 h. After cooling, the solid 
products formed were washed with water, filtered, 
recrystallized from ethanol, and dried.27 
 

(E)-N'-(2-hydroxybenzylidene)-2-((3-
(trifluoromethyl)phenyl)amino)benzohydrazide 

The compound 2-(3-(trifluoromethyl)aniline) 
benzohydrazide1 synthesized in the first step was 

used in the subsequent reaction. The hydrazide 
compound (1 mmol) was dissolved in 15 ml of eth-
anol. Then, 2-hydroxybenzaldehyde (1.2 mmol) 
was added, and the mixture was heated in a water 
bath for 4 hours. After heating, the solution was 
allowed to cool to RT. The resulting solid was re-
crystallized from ethanol.23,28 

 

(E)-N'-(2-hydroxybenzylidene)-2-((3-
(trifluoromethyl)phenyl)amino)benzohydrazide 

Yellow solid, yield 85%, mp 274 ºC. FTIR ν 
max. (cm–1): 3333 (O–H), 3173 (N–H), 3021 (ar-
omatic C–H), 2877 (O–H∙∙∙∙N=C), 1622 (C=O), 
1597 (C=N); 1H-NMR (300 MHz, DMSO‐d6) δ 
6.90 – 7.76 (m, 12H, Ar–H), 8.58 (s, 1H, –
N=C–H), 9.22 (s, 1H, sec-amine), 11.27 (s, 1H, 
Ar–OH), 12.16 (s, 1H, O=C–NH); 13C-NMR (100 
MHz, DMSO‐d6) δ 114.20, 116.40, 117.06, 
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117.43, 118.59, 119.34, 120.20, 120.70, 121.57, 
122.79, 125.49, 129.29, 129.47, 129.89, 130.21, 
130.34, 131.43, 132.39, 142.56, 143.17, 148.29, 
157.44, 164.33; Elemental analysis calculated for 
C21H16F3N3O2: C, 63.16%; H, 4.04%; N, 10.52%. 
Measured C, 63.25%; H, 3.84%; N, 10.76%. The 
melting point of the compound was obtained using 
a Schmelzpunktbestimmer SMP II melting point 
apparatus. We obtained the material by crystalliz-
ing it in ethanol, determining its melting point as 
274 °C. We believe that the difference between our 
findings and the melting point stated in the patent 
(74 °C) may be attributed to a typographical error 
or variations in the experimental conditions used. 
Different solvents can change the melting point by 
affecting molecular interactions and crystal struc-
ture. Crystallization of the material in different 
solvents can lead to significant differences in melt-
ing points. In addition, the purity of the material 
plays an important role; the melting point of a pure 
compound may differ from that of a compound 
containing impurities. Such discrepancies are espe-
cially likely given the differences in methods and 
conditions used. 
 

2.4. FTIR, 1H-NMR, and 13C-NMR spectra 
 

In the FTIR spectrum of the hydrazone 
compounds, the C=O and C=N stretching bands 
were detected at 1622 cm–1 and 1597 cm–1, respec-
tively.23,29,30 The N–H stretching band of the hy-
drazone was observed at 3173 cm–1 (Fig. 1S).29,30 
Additionally, the disappearance of the sharp bands 
characteristic of the hydrazide in the spectroscopic 
analysis confirmed the successful completion of 
the synthesis reaction. In the 1H-NMR spectrum, 
the absence of the peak expected for hydrazide and 
the increase in the number of aromatic protons 
indicate that the synthesis has occurred (Fig. 2S). 
In addition, the 13C-NMR spectra of the hydrazone 
structures showed peaks at 164.33 ppm and 148.29 
ppm,31,32 corresponding to the carbonyl and imine 
carbons, respectively (Fig. 3S). 
 

2.5. Single-crystal structure determination 
 and X-ray diffraction 

 

A crystal of an appropriate size was selected 
and securely mounted on a suitable holder within a 
Bruker D8 Venture Photon II CMOS diffractometer.   

 

T a b l e  1 
 

Crystal data and structure refinement for title compound 
 

CCDC deposition number 2335288 

Empirical formula C21H16F3N3O2 
Formula mass (g ·mol–1) 399.375 

Radiation type, wavelength (Å) Mo Kα radiation, λ = 0.71073 

Temperature (K) 100 

Crystal system Monoclinic 

Space group P 2/n 

Crystal color Colourless 

Unit cell dimensions (a, b, c) (Å) 21.0586(8), 8.1969(3), 21.6475(10) 

Unit cell angles (α, β, γ) 90º , 92.886º (2), 90º 

Volume (Å3) 3731.9(3) 

Z 8 

Density ρ(g/cm–3) 1.422 

Absorption correction Multi-scan 

Absorption coefficient (μ) 0.114 

Crystal size (mm3) 0.056 × 0.069 × 0.153 

F000 1649.4 

2θ range for data collection ( ◦ ) 3.768 ≤ θ ≤ 56.604 

Index ranges –28 ≤ h ≤ 25, –10 ≤ k ≤ 10, -28 ≤ l ≤ 28 

Reflections collected 96321 

Independent/observed reflections 9257, 7890 

Rint, Rsigma 0.0376, 0.0187 

Goodness of fit on F2 1.037 

Final R indexes [I ≥ 2σ(I)] R1= 0.0383, wR2= 0.0931 

Final R indexes [all data] R1= 0.0468, wR2= 0.0986 

Largest difference peak hole (e/Å–3) 0.47/–0.35 
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The crystal structure of the molecule was de-
termined using X-ray diffraction data. The struc-
ture was determined using Olex2-1.5 software33 
and with the SHELXT34 structure solution pro-
gram, which employs intrinsic phasing. Initially, 
the positions of the non- hydrogen atoms were re-
fined anisotropically with SHELXL,35 utilizing the 
full-matrix least- squares method for precise re-
finement. Subsequently, the positions of the hy-
drogen atoms were refined isotropically. A crystal 
information file (CIF) representing the molecule's 
structure was generated using WinGX.36 Finally, the 
X-ray diffraction data in CIF format was deposited 
at the Cambridge Crystallographic Data Centre un-
der accession number CCDC 2335288, ensuring 
accessibility for scientific reference and validation 
purposes. The details of the crystal data and the X-
ray diffraction experiment are outlined in Table 1. 

 
2.6. Computational methodology 

 
Hirshfeld surface analysis is a powerful tool 

for visualizing and quantitatively evaluating intermo-
lecular interactions in crystal structures. This method 
provides a three-dimensional representation of the 
molecular surface, enabling the examination of hy-
drogen bonds, Van der Waals interactions, and other 
weak interactions. For theoretical calculations, the 
crystal information file (CIF) for the molecule was 
generated using the WinGX-2014.1 program, and all 
computational processes were conducted using this 
file with the Crystal Explorer 21.5 software. 
 
 

3. RESULTS AND DISCUSSION 
 

3.1. XRD crystallography 
 

The solid-state structure of the compound 
was verified through single-crystal X-ray diffrac-
tion (XRD) analysis. In the asymmetric unit of the 
compound, there are two crystallographically inde-
pendent but chemically identical molecules, la-
beled as A and B, both of which are non-planar 
(Fig. 2a). The X-ray diffraction analysis of a single 
crystal indicates that the title compound possesses 
a monoclinic crystalline structure characterized by 
the P2/n space group. The unit cell dimensions are 
determined to be a = 21.0586(8) Å, b = 8.1969(3) 
Å, and c = 21.6475(10) Å, with unit cell angles (α, 
β, γ) of 90°, 92.886(4)°, and 90°, respectively. The 
unit cell volume was calculated as 3731.9(3) Å³, 
and the number of molecules in the unit cell is Z = 
8 (Fig. 2b). Molecular geometry calculations and 
drawings were performed using the Olex2-1.5 and 
Mercury software applications.37 

In the molecular structure of A and B, the 
following bond lengths were observed: C1- F2 (A: 
1.3474 Å, B: 1.3430 Å); C6-N1 (A: 1.3947 Å, 
B: 1.4046 Å); N1-C8 (A:1.3912 Å, B:1.3825 Å); 
C9-C14 (A:1.4908 Å, B:1.4835 Å); C14-N2 (A: 
1.3460 Å, B: 1.3486 Å); N2- N3 (A: 1.3835 Å, B: 
1.3833 Å); and C15-C16 (A:1.4495 Å, B:1.4521 
Å). All of these are single bonds. Other sources 
corroborate these findings, showing strong align-
ment with the calculated values of the compound: 
F2–C1 (1.336 Å);38 N6-C20 (1.372 Å);39 C8-N1 
(1.383 Å);38 C6-C7 (1.508 Å);40 N2–C11(1.357 
Å);41 N2-N3(1.339 Å);42 and C13-C17 (1.480 Å).40 

In addition, the double bond distances for 
C15=N3 and C14=O1 in the studied compound are 
as follows: C15=N3 (A:1.2889 Å, B:1.2890 Å) and 
C14=O1 (A:1.2428 Å, B:1.2452 Å), respectively. 
Similar results have been reported in the literature, 
indicating good agreement with the calculated val-
ues of the title compound: C10=N3 (1.282 Å)43 
and C1=O1 (1.231 Å).42 The XRD results of se-
lected geometric parameters, along with these 
specified values, are presented in Table 2. 

 
 

T a b l e  2  
 

Some selected geometric parameters  
from XRD results 

 

Geometrical parameters         Molecule A Molecule B 

Bond length (Å)   

C1-C2 1.4970(19) 1.4950(20) 

C1-F2 1.3474(16) 1.3430(18) 

O1-C14 1.2428(14) 1.2452(14) 

O2-C17 1.3536(17) 1.3528(15) 

N1-C6 1.3947(16) 1.4046(15) 

C14-N2 1.3460(15) 1.3486(15) 

N3-N2 1.3835(13) 1.3833(14) 

C15-N3 1.2889(16) 1.2890(16) 

C3-C4 1.3880(20) 1.3830(20) 

C21-C16 1.4041(18) 1.4016(18) 

Bond angles (◦)   

F2-C1-F1 105.79(11) 105.85(13) 

C11-C12-C13 120.66(12) 121.10(12) 

C6-N1-C8 128.47(11) 127.97(11) 

O1-C14-N2 122.56(11) 122.31(11) 

C14-N2-N3 119.67(10) 120.02(10) 

Cl6-C17-O2 122.27(11) 122.09(11) 

C19-C20-C21 118.82(13) 119.28(13) 

Torsion angles (◦)   

C15-C16-C17-C18 175.53(12) 177.40(12) 

F1-C1-C2-C7 –123.36(14) –97.55(12) 

N1-C8-C12-C13 178.02(12) 174.07(12) 

O1-C14-N2-N3 2.38(14) 2.64(14) 
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(a) 

 
 

 
 

(b) 

 

(c) 

 
Fig. 2. (a) View of the title molecule, (b) crystal packing diagram,  

(c) crystal packing of the intermolecular hydrogen bonds of the studied compound 
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Furthermore, intramolecular H bonds were 
observed. The interaction bond lengths in molecu-
lar structures A and B are as follows: N3A-H2Aa 
(1.928 Å); O1A-H1A (2.177 Å); N3B-H2B (1.937 
Å); and O1B-H1B (1.971 Å), as shown in Table 3. 

The crystal structure reveals that the three 
phenyl rings (Ph1: C2/C7), (Ph2: C8/C13), and 
(Ph3: C16/C21) exhibit a planar conformation for 
both molecules A and B, with corresponding root 
mean square deviation (RMSD) values of 0.008, 
0.004, and 0.009 for molecule A and 0.005, 0.018, 
and 0.003 for molecule B, respectively. X-ray dif-
fraction measurements have shown that the dihe-
dral angles between the rings are as follows: for 
molecule A, the angle between (Ph1 and Ph2), 
(Ph2 and Ph3), and (Ph1 and Ph3) are 41.88º, 
21.25º, and 61.54º, respectively; for molecule B, 
the corresponding angles are 54.49º, 49.34º, and 
68.31º, respectively. 

3.2. Intermolecular geometric properties 
 

The intermolecular geometric characteristics 
of the title compound involve a close-packed ar-
rangement of its molecules. Table 3 displays se-
lected bond length measurements for the com-
pound. The examined molecule forms a six-
membered ring due to intramolecular interactions 
between N3 and O1 atoms (N1A-H1A···O1A#3, 
N1B-H1B···O1B#3, O2A-H2Aa···N3A#3, and 
O2B-H2B···N3B#3), which enhance the stability of 
the crystal structure through strong hydrogen bond-
ing. The crystal packing of the studied compound 
includes intermolecular hydrogen bonds, as illus-
trated in Figure 2c and Table 3: C15A-
H15A···O1B#1; C15B-H15B···O1A#2; C10B-
H10B···O1A#2; N2B-H2Ba···O1A#2; C19A-
H19A···N3B#3; and N2A-H2Aa···O1B#1. 

 
 

                          T a b l e  3  
 

Hydrogen-bond geometry 
 

D-H⋯A (D-H)/Å (H⋯A)/Å (D⋯A)/Å D-H⋯A/deg. 

C15A-H15A···O1B#1 0.950 2.616 3.322 131.48 

C15B-H15B···O1A#2 1.289 2.425 3.217 126.52 

C10B-H10B···O1A#2 0.950 2.663 3.318 140.75 

N2B-H2Ba···O1A#2 0.872 1.980 2.824 162.36 

C19A-H19A···N3B#3 0.950 2.676 3.626 179.23 

N2A-H2Aa···O1B#1 0.908 2.676 2.778 170.49 

N1A-H1A···O1A#3 0.880 2.177 2.744 121.76 

N1B-H1B···O1B#3 0.880 1.971 2.682 136.84 

O2A-H2Aa···N3A#3 0.840 1.928 2.663 145.4 

O2B-H2B···N3B#3 0.840 1.937 2.674 145.95 

Symmetry codes: #1–x+1, –y, –z+1; #2 –x+1, –y+1, –z+1; #3x,y,z 

 
 

π⋯π interactions play a crucial role in mo-
lecular packing, significantly influencing the ar-
rangement of molecules. While intramolecular ge-
ometric characteristics provide insights into inter-
molecular hydrogen bonding, they may not explic-
itly address π⋯π interactions between phenyl rings 
of adjacent molecules. Using the Olex2 software 
for structural determination, calculations were per-
formed to assess various parameters, including the 
distance between ring planes, the angle between 
ring planes, and the shift values between centers of 
the ring plane. 

 
 

Our results reveal the presence of π⋯π inter-
actions between the Ph3B–Ph1A, Ph1A–Ph1A and 
Ph3A–Ph3A phenyl rings within the molecule (Fig. 
3). For the Ph3B-Ph1A ring planes, we obtained a 
centroid-centroid distance of 3.920 Å, a shift dis-
tance of 1.750 Å, and an angle between the ring 
planes of 3.925º. For the Ph1A–Ph1A ring planes, 
the centroid-centroid distance was 3.750 Å, the shift 
distance was 1.058 Å, and the angle between the 
ring planes was zero. Similarly, for the Ph3A–Ph3A 
ring planes, the centroid-centroid distance was 
3.638 Å, the shift distance was 1.567 Å, and the 
angle between the ring planes was also zero. 
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Fig. 3. π···π interactions between phenyl rings of neighboring molecules 
 
 

3.3. Hirshfeld surface analysis 
 

Hirshfeld surface analysis is a powerful 
method for investigating intermolecular atomic 
interactions within crystal structures.44–49 The 
three-dimensional (3D) Hirshfeld surface analysis 
is utilized to scrutinize these intermolecular inter-
actions in the crystal environment through calcula-
tions and graphical representation. It is constructed 
by mapping the distance from each surface point to 
the nearest atom within the molecule.50 The surface 
is then colored to reflect the attributes of the intera-
tomic contacts. 

The two-dimensional (2D) fingerprint map 
is a plot that shows the angle between two vectors 
(di and de), representing the directions of intera-

tomic contacts in two dimensions when determin-
ing the dnorm. The dnorm represents the distance of a 
point on the Hirshfeld surface to the nearest atomic 
center, normalized by the sum of the van der Waals 
radii of the two atoms involved in the contacts. In 
this context, de denotes the distance from the clos-
est atom outside the Hirshfeld surface, while di 
denotes the distance from the nearest atom inside 
this surface, respectively.51 

Hirshfeld surface analysis was performed 
using Crystal Explorer 21.5 software. Figures 4 
and 5 illustrate the Hirshfeld surfaces and 2D fin-
gerprint maps for the two separate molecules (A and 
B). The dnorm plots were color-mapped, with values 
ranging from 1.2362 au (red) to 1.7394 au (blue). 

 

 

 
 

Fig. 4. Hirshfeld surface with dnorm and 2D fingerprint plots of molecule A 
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As seen in Figures 4 and 5, the investigation 
of intermolecular contacts on the Hirshfeld surface 
mapped at the dnorm value specific to the titled mol-
ecule revealed several prominent short dominant 
contacts, including C15A–H15A···O1B, C15B–
H15B···O1A, C10B–H10B···O1A, N2B–
H2Ba···O1A, C19A-H19A···N3B, and N2A–
H2Aa···O1B. These interactions are represented in 
the dark red regions on the surface of the atoms, 
indicating areas where the distance between the at-
oms is smaller than the Van der Waals radii. Con-
versely, the blue regions highlight longer contact 

points, while the white regions highlight contact 
points around the sum of the Van der Waals radii.52 

The 2D fingerprint maps provide a method to 
identify and summarize the various types of intermo-
lecular contacts within the molecules. The 2D finger-
print plots indicate the presence of H⋯H (28.4 %), 
H⋯F/F⋯H (21.8 %), C⋯H/H⋯C (19.1 %), and 
O⋯H/H⋯O (11.8 %) close contacts in molecule A 
(Fig. 4). In contrast, molecule B displays H⋯H 
(31.5 %), C⋯H/H⋯C (23.6 %), H⋯F/F⋯H (23.3 
%), and O⋯H/H⋯O (8.0 %) close contacts (Fig. 
5). 

 
 
 

 
 

Fig. 5. Hirshfeld surface with dnorm and 2D fingerprint plots of molecule B 
 
 
 

The total Hirshfeld surface area of the title 
compound highlights that H⋯H, C⋯H, F⋯H, and 
O⋯H contacts account for 81.1 % of the surface 
area for molecule A and 86.4 % for molecule B. 
These results offer valuable insights into the inter-
molecular contacts and arrangement within the 
crystal structures of the compound. 

The shape index, along with red triangular 
concave regions and blue triangular convex re-
gions, conveys information about each transmitter-

receiver pair.53,54 The intermolecular π⋯π interac-
tions occurring on the phenyl rings manifest as 
pairs of blue and red triangles organized in an 
"hourglass" configuration. The narrow sections and 
light-colored regions on the curvedness surface 
indicate weaker and longer contacts, in addition to 
hydrogen bonds.55 In contrast, the π⋯π interactions 
between molecular planes are represented as exten-
sive flat regions of consistent green color (Fig. 6).

 
 



H. Özşanli et al.  

Maced. J. Chem. Chem. Eng. 43 (2), xx–xx (2024) 

10

 
 

Fig. 6. Hirshfeld surfaces of molecules A and B with shape index and curvedness maps 
 
 

4. CONCLUSIONS 
 

(E)-N'-(2-hydroxybenzylidene)-2-((3-(trifluo-
romethyl)phenyl)amino)benzohydrazide was syn-
thesized from the starting material etofenamate. 
The study investigated the structural properties of 
a hydrazide-hydrazone derivative, employing 
techniques such as XRD and spectroscopic 
methods including FTIR, 1H-NMR, and 13C-
NMR. We determined that the compound consists 
of two crystallographically independent but chemi-
cally identical and non-planar molecules labeled A 
and B in its asymmetric unit, and that the title com-
pound possesses a monoclinic crystal structure 
characterized by the P2/n space group. 

Hirshfeld surface analysis was performed on 
the compound, revealing that predominant H⋯H 
contacts significantly influenced its crystal pack-
ing. Fingerprint plots were employed to discern the 
various types of intermolecular contacts existing 
on the Hirshfeld surface, showing that H⋯H, C⋯H, 
F⋯H, and O⋯H contacts account for 81.1 % of the 
surface area for molecule A and 86.4 % for mole-
cule B. While the stability of the crystal structure is 
enhanced by strong hydrogen bonds, π⋯π interac-
tions also play an important role in packing. 

The results indicate the existence of π⋯π interac-
tions among the phenyl rings Ph3B–Ph1A, 
Ph1A–Ph1A, and Ph3A–Ph3A within the mole-
cule, which can be readily observed from the 
shape index and curvedness diagrams. In sum-
mary, these findings provide valuable insights into 
the intermolecular interactions and crystal packing 
of (E)-N'-(2-hydroxybenzylidene)-2-((3-(trifluo-
romethyl)phenyl)amino)benzohydrazide, offering 
potential utility in understanding its properties and 
behaviors across diverse applications. 
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