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A B S T R A C T

This work presents the synthesis, spectroscopic characterization, and structural analysis of N'-((1Z,2E)-1,3- 
diphenylallylidene)-2-hydroxybenzohydrazide (DAHH). Comprehensive spectroscopic characterization was 
performed using ¹H and ¹³C NMR, MS, FT-IR, and optical spectroscopy. Single crystal X-ray diffraction analysis 
shows that the new benzohydrazide derivative crystallizes in the monoclinic space group P21/c with one 
molecule per asymmetric unit and general formula C22H18N2O2. The structural data enabled supramolecular 
analysis, showing that crystalline packing is formed by N-H⋅⋅⋅O and O-H⋅⋅⋅O hydrogen interactions. It also fea
tures weak T-shape C-H⋅⋅⋅π (edge-to-face) and C=C⋅⋅⋅π interactions. These results were corroborated and quan
tified using Hirshfeld surface and fingerprint plot analysis. The most abundant interaction is H⋅⋅⋅H dispersion 
(50.2%), followed by C⋅⋅⋅H (28%) and O⋅⋅⋅H (10.1%). Lattice energies and energy frameworks for the DAHH 
compound were also calculated. Finally, the luminescence properties of DAHH were studied.

1. Introduction

Benzohydrazide derivatives are an interesting organic platform with 
many applications in medicinal chemistry [1–4], material chemistry [5,
6], and coordination chemistry [7–9]. They have a characteristic N-acyl 
hydrazone group (R1–CONHN=C-R2R3) that can present various func
tional groups at both the acetyl site (R1) and the hydrazone end (R2 and 
R3). Structurally, these compounds contain donor atoms, allowing the 
formation of coordination compounds. They also have a double bond, 
which is susceptible to isomerism [10,11]. Their applications are 
strongly related to the structure and the nature of the R1, R2, and R3 
groups in the molecule. The presence of aromatic or heteroaromatic 
rings is associated with antibacterial, antifungal, and anticancer appli
cations [4,12,13], while the presence of halogen atoms is associated 
with herbicide and insecticide applications [14,15].

On the other hand, benzohydrazides show promising applications in 
material chemistry, due to the wide range of possible structures which 

may exhibit high conjugation, π systems, and rigidity necessary for use 
as photoluminescent materials. Also, structurally it is possible to obtain 
asymmetric structures with different substituents on the N-acyl hydra
zone group leading to non-centrosymmetric structures that may lead to 
optoelectronic properties, including optical transparency in the visible 
range, nonlinear optical (NLO) behavior with a high first-order hyper
polarizability (β₀) for uses such as optical limiting, and fluorescence 
properties suitable for sensors and OLEDs materials [16,17]. For 
example, molecules such as N, N′-diisonicotinoyl-2-hydroxy- 
5-methylisophthalaldehyde hydrazone [18] and 2-tosylamino-benzyli
dene-(2-benzo[d]thiazole) [19] are used as the emitting layer in OLED 
devices. In addition, several applications of these molecular systems 
include selective sensors for metal or molecular detection using naph
thalimide- or isoniazid-based N-Acylhydrazone derivatives [20–22], 
quinoline-based acyl hydrazone for solid-state emission materials [23], 
and hydrazone-based switches [10].

Since the study of N-acylhydrazones derivatives as molecular 
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materials has been underdeveloped and few structural reports are 
observed in the Cambridge Crystallographic Data Center (CCDC) data
base, this study focuses on the design and synthesis of a new molecular 
model with the basic characteristics of photoluminescence materials 
(conjugation, presence of π systems, and asymmetry) and relates the 
structural features with the electronic behavior. In this sense, the syn
thesis of trans-chalcone and salicylic hydrazide by condensation reaction 
was performed to obtain the N'-((1Z,2E)-1,3-diphenylallylidene)-2- 
hydroxybenzohydrazide (DAHH) compound. The spectroscopic char
acterization was performed by FTIR, UV-Vis, NMR (1H and 13C), and 
photoemission optical spectroscopy. Thermal characterization was 
performed by DSC analysis. The crystal structure of DAHH was deter
mined by single-crystal X-ray diffraction, and the crystal packing and 
supramolecular structure were analyzed using Hirshfeld surface anal
ysis, fingerprint plots, lattice energies, and energy frameworks. Finally, 
to understand the electronic and luminescent behavior of the new 
molecule, a preliminary emission analysis was conducted.

2. Materials and methods

2.1. Materials

All reagents and solvents used for synthesis were purchased from 
commercial suppliers (Trans-Chalcone 97 % and 2-Hydroxybenzohydra
zide 97 % from Sigma-Aldrich, Ethanol 99.9 % for analysis from Emsure, 
and Hydrochloric acid 37 % from Merck) and used as received without 
further purification.

2.2. Characterization

FTIR spectra was recorded using an ATR Thermo Nicolet iS10 
spectrophotometer (NICOLET iS10, DTGS and MCT detectors, spectral 
resolution: 4 cm-1, Thermo Fisher Scientific, USA) in the 400–4000 cm-1 

range with 32 scans. 1H NMR (400 MHz) and 13C NMR (100 MHz) 
spectra were obtained on a Bruker UltraShield Avance II spectrometer at 
room temperature (298 K) using CDCl3 as the solvent. The chemical shift 
values (δ) are reported in parts per million (ppm), and the coupling 
constants (J) are reported in Hz. Thermal analysis (DSC) was performed 
in a TA instrument (Discovery DSC 250) under the following conditions: 
25–500 ◦C temperature range, nitrogen atmosphere (50 mL min-1 Flow), 
and 20 ◦C min-1 heating rate.

Synthesis of N'-((1Z,2E)-1,3-diphenylallylidene)-2-hydrox
ybenzohydrazide (DAHH).

2 mmol of trans-chalcone and 2 mmol of salicylic hydrazide were 
dissolved in ethanol (10 mL) with 2 drops of 37 % HCl. The reaction 
mixture was stirred under reflux for 12 h. After cooling, a white solid 
was obtained. The product was obtained as white solid with a melting 
point of 182 ◦C with a yield of 90 %. FTIR (ATR) υ = 3262 (N-H), υ =
3055 (O-H), 1638 (C=O), 1H NMR (400 MHz, CDCl3) δ (ppm): 9.20 (s, 
1H), 7.71–7.62 (m, 3H), 7.47–7.28 (m, 10H), 6.98 (d, J = 8.1 Hz, 1H), 
6.73–6.71 (m, 2H), 6.48 (d, J = 16.4 Hz, 1H). 13C NMR (100 MHz, 
CDCl3) δ (ppm): 162.0, 139.3, 136.0, 134.8, 130.5, 130.2, 129.2, 129.0, 
128.4, 128.3, 127.3, 119.0, 113.4. EI MS (70 eV): m/z 342 (12 %), 221 
(57 %), 145(44 %), 121(100 %).

2.3. Single crystal X-ray diffraction analysis

Single crystals suitable for X-ray analysis were obtained by slow 
evaporation from a dichloromethane solution. Diffraction data for 
DAHH were collected at 100.00(11) K on a Rigaku Synergy-S diffrac
tometer equipped with a HyPix-6000HE detector system, using CuKα 
(1.54184 Ǻ) photon jet microfocus source. Cell parameters were ob
tained on all reflections using CrysAlisPro software [24]. Data integra
tion and scaling were performed using CrysAlisPro software [24]. The 
structure was solved using the SHELXT [25] program and refined with 
SHELXL [26], both within the Olex2 system [27]. Non-hydrogen atoms 

were clearly resolved in the Fourier map. They were refined by 
full-matrix least-squares on F2, with anisotropic thermal parameters. 
Hydrogen atoms were stereochemically positioned and refined using the 
riding model [28,29]. The thermal ellipsoid diagram was prepared with 
Diamond [30]. The Mercury program was used to prepare artwork [31]. 
CCDC 2488400 contains the supplementary crystallographic data for 
this paper. These data can be obtained free of charge via http://www. 
ccdc.cam.ac.uk/conts/retrieving.html (or from the Cambridge Crystal
lographic Data Centre, 12, Union Road, Cambridge CB2 1EZ, UK; fax: 
+44 1223 336033).

2.4. Optical spectroscopy

Photoluminescence (PL) measurement was performed in dichloro
methane (DCM) solution using a Horiba-Fluorolog 3 spectrofluorometer 
with FluorEssence software. Emission and excitation spectra were 
recorded using a Czerny-Turner spectrograph equipped with a R928 
PMT for detection and a double monochromator with a Xenon lamp for 
excitation, respectively. No optical filters were used. The absorption 
spectrum was recorded using a Thermo Scientific Evolution 300 spec
trophotometer. All optical spectra were recorded of a diluted solution in 
a 5 × 5 mm quartz cuvette.

3. Results and discussion

3.1. Synthesis and characterization of DAHH

The synthesis of the DAHH compound was carried out by acid- 
catalyzed condensation of trans-chalcone and salicylic hydrazide, as 
shown in Scheme 1, following the previously reported methodology 
[32]. The structure was confirmed by a combination of spectroscopic 
(1H, 13C NMR, MS, and FT-IR), thermal (DSC), and single-crystal X-ray 
diffraction techniques, as detailed in the experimental section and re
ported in the Supporting Information. The 1H NMR spectrum of the 
DAHH exhibits the expected features with the correct integration ratios. 
Notably, the proton signal caused by the amide moiety appears as a 1H 
singlet at 9.2 ppm. In comparison, the proton signal for the double bond 
system appears at 6.48 ppm as a 1H doublet with J = 16.4 Hz, indicating 
a trans configuration (see Figure S1). Also, the mass spectrometry 
analysis shows a m/z peak at 342, consistent with the expected molec
ular weight (Figure S3). The FT-IR spectrum shows the characteristic 
bands of the functional groups present in the DAHH compound 
(Figure S4). In the region of 3262 cm-1, a low-intensity band associated 
with N-H stretching vibration, together with a broad band of O-H at 
3055 cm-1, is present. The slight shift towards lower energy is associated 
with intramolecular and intermolecular hydrogen interactions between 
the amino group and the phenolic O-H. The vibrations that belong to 
C=C, C=O, and N=C are observed at 2658, 1638, and 1604 cm-1, 
respectively. The high intensity band at 1527 cm-1 is associated with the 
–NH–N=C of the hydrazide group. Finally, the DSC analysis shows a 
small endothermic signal associated with ethanol used to wash the re
action product, with Tonset at 78 ◦C, followed by a melting endothermic 
peak at 182 ◦C, and finally a decomposition endotherm at 202 ◦C 
(Figure S5).

3.2. Structural description

Regular block shape crystals suitable for single crystal diffraction 
were obtained by slow evaporation of a solution of DAHH in DCM under 
room conditions after 24 h. The compound crystallizes in the monoclinic 
space group P21/c, with one molecule of the DAHH by asymmetric unit 
(Fig. 1). Crystallographic and refinement parameters are summarized in 
Table 1. Structurally, the DAHH compound consists of a hydrazide 
group connecting one phenyl ring, one allylic ring, and one phenolic 
ring. Main bond length parameters are reported in Table 2. The phenyl 
and phenolic rings exhibit slight distortion around the hydrazide group, 
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with C1-C6-C7-N1 and C10-C9-C8-N2 torsion angles of 7.75(2)◦ and 
− 3.50(2)◦, respectively. Besides, the angle between the plane formed 
through the phenyl, and the phenolic ring is 17.22◦ (Figure S7). The 

allylic group is almost perpendicular to both rings with a C22-C17-C8- 
N2 torsion angle of 101.26(3)◦. The angle between allylic and the hy
drazide group is 87.05◦ (Figure S7). The allylic group presents a non- 
planar E conformation with a C22-C17-C16-C15 torsion angle of 
− 23.00(3)◦.

DAHH presents an intramolecular interaction (Table 3) between the 
amino and the phenol group with a N1-H1A⋅⋅⋅O1 distance of 2.6407(13) 
Å. The supramolecular structure is formed mainly by strong O1-H1⋅⋅⋅O2 
interactions with a distance of 2.6168(14) Å, giving rise to infinite 
chains along [001] direction with a C1

1(6) graph representation (Fig. 2a). 

Scheme 1. Synthesis of DAHH.

Fig. 1. ORTEP type view of the asymmetric unit of N'-((1Z,2E)-1,3-diphenylallylidene)-2-hydroxybenzohydrazide (DAHH) showing thermal ellipsoid at 50 % 
probability and labeling scheme.

Table 1 
Crystallographic and refinement parameters for the DAHH compound.

DAHH

Empirical formula C22H18N2O2

Formula weight 342.38
Temperature/K 100.00(11)
Crystal system Monoclínic
Space group P21/c
a/Å 9.2288(1)
b/Å 14.4015(2)
c/Å 12.8462(2)
β (◦) 94.290(1)
Volume/ Å3 1702.586
Z 4
ρcalc mg/mm3 1.336
μ/mm− 1 0.692
F(000) 720
2θ range for data collection/◦ 9.24 to 159.146
Reflections collected 18,992
Independent reflections 3684 [R(int) = 0.0303]
Data/restraints/parameters 3684/0/243
Goodness-of-fit on F2 1.055
Completeness (%) 99
Final R indices [I > 2σ(I)] R1 = 0.0492, wR2 = 0.1405
Largest diff. Peak/hole/ e.Å-3 − 0.3 and 0.38

Table 2 
Bond length parameters for DAHH.

Atoms Length (Å) Atoms Length (Å)

O1-C1 1.3546(17) ​ C14-C13 1.391(2)
O2-C7 1.2367(16) ​ C13-C12 1.385(2)
N1-N2 1.3734(16) ​ C2-C3 1.378(2)
N1-C7 1.3467(18) ​ C10-C11 1.387(2)
N2-C8 1.2906(19) ​ C12-C11 1.385(2)
C7-C6 1.4929(19) ​ C4-C3 1.392(2)
C9-C8 1.479(2) ​ C17-C16 1.479(2)
C9-C14 1.394(2) ​ C17-C18 1.393(3)
C9-C10 1.4057(19) ​ C17-C22 1.384(3)
C1-C6 1.4104(18) ​ C15-C16 1.319(2)
C1-C2 1.398(2) ​ C18-C19 1.391(3)
C6-C5 1.400(2) ​ C22-C21 1.391(2)
C8-C15 1.4976(19) ​ C21-C20 1.375(3)
C5-C4 1.378(2) ​ C19-C20 1.387(3)
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a N2⋅⋅⋅π interaction with a distance of 3.558(2) Å (Fig. 2b) is also 
observed. The infinite chains are joined by T-shape C-H⋅⋅⋅π and C=C⋅⋅⋅π 
intermolecular interactions with distances of 3.638(2) Å and 3.485(3) Å, 
respectively (Fig. 2c), stabilizing the crystal packing (Fig. 2d).

3.3. Hirshfeld surface and fingerprint plot analysis

To visualize and quantify intermolecular interactions, the Hirshfeld 
surface (HS) and its corresponding fingerprint plot analysis (FPP) were 
performed [33]. In this case, the dnorm surface is reported, with a color 
code indicating the proximity of the normalized Van der Waals radii 
[34]. In this sense, a red region over the oxygen atoms, indicating a 
strong interaction with distances below the sum of the Van der Waals 
radii (Fig. 3), is observed. White and blue colors represent interactions 
equal to or greater than the sum of Van der Waals radii and are asso
ciated with the C–H⋅⋅⋅π, π⋅⋅⋅π, as well as other weak interactions (Fig. 3). 
Fig. 3 represent the FPP [35] of DAHH in which it can be observed two 
peaks at the bottom of the diagram representing the O-H⋅⋅⋅O strong in
teractions with an abundance of 10.1%. The most abundant interactions 
are H⋅⋅⋅H dispersion interactions with 50.2 %, followed by C⋅⋅⋅H in
teractions with 28 % (Fig. 3).

3.4. Lattice energies and energy frameworks

Lattice energies and energy framework analysis of molecular mate
rials allow us to understand the relationship between crystal packing 
energy and macroscopic properties. In this sense, using the Crystal Ex
plorer software [33], the lattice energy was calculated as the sum of the 
different interaction energies of the central molecule and its neighbors 
within a 3.8 Å radius [36]. Electron density values were calculated using 
a B3LYP/6–31G(d,p) level of theory with Eele= 1.057, Epol= 0.740, 
Edisp= 0.871, and Erep= 0.618 scale factors. Lattice energy values are 
presented in Fig. 4, where N represents the number of molecules with 
the exact symmetry and energy, R represents the distance between the 
molecular centroids in Å, and the energies of the interactions are in 
kJ/mol[37]. The highest Etotal interaction values are observed between 
the central molecule (black) and both navy blue and light green mole
cules, with values of − 67.8 and − 87.8 kJ/mol, respectively (Fig. 4). In 
both cases, the significant contributions correspond to dispersion and 
electrostatic energies, which agree with the interactions observed in the 
supramolecular analysis, since the interactions with the highest abun
dance were H⋅⋅⋅H, C⋅⋅⋅H, and O-H⋅⋅⋅O.

Energy frameworks depict intermolecular energies in crystal packing 
as a cylinder whose width represents their magnitude [38]. These 
frameworks also show clearly the formation of ladders by O-H⋅⋅⋅O 
associated with coulombic energy and H⋅⋅⋅H and C⋅⋅⋅H interactions, 
associated with dispersion energy, and the sum of all the interactions as 
total energy representation (Fig. 5).

Table 3 
Main hydrogen bond parameters for DAHH.

Atoms Distance D⋅⋅⋅A (Å) Angle (◦) Symmetry

O1-H1⋅⋅⋅O2 2.6168(14) 160(3) x,1/2-y,− 1/2 + z
N1-H1A⋅⋅⋅O1 2.6407(15) 139.4(18) ​
C2-H2⋅⋅⋅O2 3.1643(19) 119.00 x,1/2-y,− 1/2 + z
C5-H5⋅⋅⋅O2 2.7533(18) 100.00 ​

Fig. 2. Representation of a) infinite chains along [001] direction formed by O-H⋅⋅⋅O strong hydrogen bonds, b) N2⋅⋅⋅π, c) C-H⋅⋅⋅π and C=C⋅⋅⋅π intermolecular in
teractions and d) DAHH crystal packing.

D.O. Garavito et al.                                                                                                                                                                                                                            Journal of Molecular Structure 1357 (2026) 145191 

4 



3.5. Photoluminescence Analysis

The DAHH molecule is composed of different functional groups, 
distinguished by high conjugation, aromatic rings, and electron- 
donating atoms. The presence of aromatic rings and double bonds in 
the structure confers high structural stability and unique electronic 
properties. The electronic processes involved in energy absorption and 
emission are well known and include the promotion of electrons from 
the S0 ground state to excited electronic states, followed by relaxation 
processes such as fluorescence, intersystem crossing, and/or phospho
rescence. In this case, it is possible to observe in the absorption spectrum 
(341 nm) one broad band which contains transitions associated with 
π→π* excitation of the aromatic and double bond systems, and n→π* 

electronic transitions related to the presence of groups with non- 
bonding electrons such as hydrazide and -OH groups (Fig. 6).

It is important to note that although the DAHH compound lacks a 
planar structure, the presence of three aromatic rings with electron- 
donating functional groups results in a single emission band at 511 
nm, as expected for arylhydrazine derivatives [39]. Photoluminescence 
can be characterized using the Commission Internationale de l’Eclairage 
(CIE) x,y coordinates to compare light-emission performance and to 
identify potential luminescence applications [40]. The color of the 
emission of DAHH can be characterized using the CIE x,y chromaticities 
system 2D diagram (Fig. 6) and shows a greenish-turquoise color 
emission with CIE-coordinates of x = 0.30, y = 0.49. Color purity is a 
measure of color's saturation from the CIE 1931 chromaticity diagram 

Fig. 3. Hirshfeld surface analysis (HS) represented by dnorm surface and fingerprint plot analysis (FPP) with the quantification of the interactions presents in the 
DAHH molecular crystal. Red circles indicate the N⋅⋅⋅H/ H⋅⋅⋅N interactions in dnorm surface and FPP.

Fig. 4. Crystal packing around one central molecule (black) of DAHH. The color representation of each molecule surrounding is associated with the values of energy 
(kJ/mol) in the table.
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and was determined to be 30.52 %. This value indicates the color purity 
as a percentage based on the ratio of two-line segments on the diagram: 
the distance from the white point to the sample's color, and the distance 
from the white point to the color's dominant wavelength, with the 
formula: 

color purity =

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅

(x − xs)
2
+ (y − ys)

2
√

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅

(xd − xs)
2
+ (yd − ys)

2
√ ⋅100 

The corresponding CIE coordinates, i.e. xs, ys for standard white, xd, 
yd for the dominant wavelength and x,y, for the sample. The spectral 
properties of DAHH are comparable to those of Alq3, one of the most 
widely used green-emitting molecules in OLEDs [41].. The tris 
(8-hydroxyquinoline)aluminum typically emits in the green region, 
with peaks around 520–530 nm and CIE coordinates x = 0.27, y = 0.50. 
Further emitters used in applications based on Schiff base complexes, 
such as Zn complexes with derivatives of salicylaldehyde and o-vanillin 
as ligands were also reported [42]. The applicability of an emitter in an 
OLED device depends on many factors such as emission efficiency, color 
purity, stability of the compound during OLED device fabrication as well 
as operation. Thus, the presented data are not sufficient to prove the 
applicability of DAHH as an emitter in an OLED device, but this new 
compound demonstrates its potential in this application.

4. Conclusion

We report the synthesis of a new benzohydrazide derivative, N'- 
((1Z,2E)-1,3-diphenylallylidene)-2-hydroxybenzohydrazide (DAHH), 
from trans-chalcone and salicylic hydrazide. The 1H NMR spectrum 
shows the characteristic signal for the amide proton, indicating the 
formation of the expected product. The crystal structure presents a 
distortion between the planes through the rings. The molecular 
conformation is stabilized by an N-H⋅⋅⋅O intramolecular interaction 
between the amino and the phenol group. N-H⋅⋅⋅O and O-H⋅⋅⋅O in
teractions, as well as weak T-shaped C-H⋅⋅⋅π and C=C⋅⋅⋅π interactions, 
consolidate the crystal packing. These interactions were quantified 
using Hirshfeld surface and fingerprint plot analysis, finding that the 
most abundant interactions are H⋅⋅⋅H dispersion interactions at 50.2 %, 
followed by C⋅⋅⋅H at 28 % and O⋅⋅⋅H at 10.1 %. The crystal packing was 
also analyzed in terms of lattice energies, finding that the significant 
contribution arises from the dispersion and electrostatic terms, in 
agreement with the supramolecular analysis. Finally, the study of the 
electronic and optical properties shows one emission band at 512 nm, 
with the CIE x,y chromaticity diagram showing greenish-turquoise color 
emission at x = 0.3, y = 0.486. This new molecule is a potential material 
for applications such as organic light-emitting diodes (OLEDs) and op
tical sensors.

Fig. 5. Energy frameworks for the most important interactions that contribute to total energy in the crystal packing for the DAHH compound.

Fig. 6. a) Excitation (green) and emission (red) spectrum, and b) CIE x,y chromaticities system 2D diagram for DAHH compound. Emission was recorded using an 
excitation wavelength set to 350 nm, an integration time of 1s per data point and a, scanning speed of 1 nm/s, slit width of 3.0 nm bandpass and a grating with 1200 
lines/mm. The excitation spectrum was recorded for detection at 502 nm, 1nm/s; 2,0 nm bandpass and proved to be independent of the detection wavelength. 
Excitation and absorption spectra are in accordance, cf. Supporting Information S6.
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