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Abstract

We report the crystal structure and nonlinear optical (NLO) characterization of the mono-
hydrate form of N′-[(E)-(2-fluorophenyl)methylidene]-4-hydroxybenzohydrazide (o-FHH),
an organic compound showing strong potential for second-order nonlinear optical applica-
tions. The compound crystallizes in a non-centrosymmetric tetragonal space group. The
supramolecular features of the novel crystal structure are strongly related to the role of
the water molecule that stabilized columns of o-FHH through strong hydrogen bonding
interactions. This structural feature is reflected in the high thermal stability of the com-
pound, which is evidenced by its ability to withstand temperatures in excess of 100 ◦C
without losing the water molecule. Second-harmonic generation (SHG) imaging confirms
bulk nonlinearity throughout the entire volume of the crystal, consistent with the acentric
class of the novel compound. The combination of a dense hydrogen-bonding network,
structural robustness, and the ability to grow millimeter-sized single crystals makes o-FHH
a good candidate for further development as an organic NLO material.

Keywords: NLO; SHG; hydrazide; single-crystal

1. Introduction
Acentric and polar crystal structures have attracted considerable attention because of

their remarkable physical properties that enable advanced applications such as ferroelectric-
ity [1,2], pyro and piezoelectricity [3–6], second-harmonic and THz wave generation [7,8],
and the linear electro-optic (Pockels) effect [9,10]. In optics, intense laser pulses can induce
nonlinear effects such as second-harmonic generation (SHG), a nonlinear optical (NLO)
phenomenon whereby a material generates coherent light at twice the frequency of the
incident radiation. These properties are described by odd-rank tensors, which are non-zero
only in acentric space groups and are significantly enhanced in polar space groups [11].
However, the discovery of new noncentrosymmetric materials is not trivial considering that
78.2% of all crystal structures deposited in the Cambridge Structural Database (CSD) [12]
are centrosymmetric. Notably, the 21.8% of acentric structures in the CSD is likely an overes-
timate, as it includes different enantiopure chiral compounds (mainly natural products) that
cannot crystallize in centrosymmetric space groups. The prevalence of centrosymmetric
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space groups over non-centrosymmetric ones has been a recurring theme since the early
days of crystallographic science [13]. SHG has emerged as an important phenomenon in
the field of NLO, with applications ranging from biological imaging to the development of
advanced laser sources. SHG materials are essential for frequency conversion, especially
in regions of the spectrum that are otherwise difficult to access, such as the blue, near-
ultraviolet, and mid- to far-infrared ranges [14]. These capabilities are crucial for fields
such as spectroscopy and information processing, particularly in the IR region, for the
fabrication of devices designed for optical communications [15,16]. In order to perform
effectively, SHG materials must fulfill a stringent set of criteria in addition to the crucial
presence of a non-centrosymmetric crystal structure. These include high second-order
molecular nonlinearity in terms of susceptibility (χˆ((2))), a wide band gap (Eg), broad
optical transparency windows, high laser-induced damage thresholds (LIDT), an appro-
priate birefringence (∆n) for phase matching, high chemical and physical stabilities, and
easy-to-grow bulk single crystals [14,15,17,18].

While well-established inorganic crystals such as KH2PO4 (KDP), LiNbO3, KTiOPO4

(KTP), and β-BaB2O4 (BBO) are widely used for SHG in the visible and near-IR ranges, they
often exhibit poor performance at longer wavelengths (1300–1550–2000 nm), which are now
utilized in novel industrial lasers [18,19]. In order to address these limitations, substantial
efforts have focused on organic NLO materials. These compounds often exhibit figures
of merit that range from two to three orders of magnitude higher than their inorganic
counterparts, largely due to their high molecular hyperpolarizability [7,19,20].

It has become increasingly evident that the bulk SHG response of acentric crystals is
not primarily governed by their molecular properties, but rather by the supramolecular
organization within the crystal lattice and the cooperative intermolecular interactions that
occur between the constituent molecules. The assembly of molecules with optimal orienta-
tions is also a prerequisite to effectively exploit their tensor components. Consequently, the
integration of hyperpolarizability prediction with crystal engineering methodologies has
facilitated advancements in the synthesis and design of high-performance materials [21].
Strategies include the incorporation of chiral centers, steric hindrance, or tangled hydrogen-
bonding networks [18]. Despite their advantages, there are challenges associated with the
use of organic SHG materials, particularly in terms of crystal growth. The highly polar
nature of these substances influences solvent–solute interactions and can complicate the
formation of large, defect-free single crystals from solution [22]. Nevertheless, continued
integration of computational predictions, synthetic chemistry, and materials engineering
holds great promise for overcoming these limitations.

In a previous study, a series of imines produced by the condensation of 4-hydroxybenzo
hydrazide with aromatic aldehydes and ketones [23,24] consistently crystallize in acen-
tric polar crystal structures, with a remarkable frequency of 47% when considering the
overall structure containing the same moiety. In the present work, we report a crystal
structure analysis of the monohydrate phase of N′-[(E)-(2-Fluorophenyl)methylidene]-4-
hydroxybenzohydrazide (o-FHH, Scheme 1), along with an analysis of its optical properties
and NLO imaging. This compound crystallizes in the tetragonal non-centrosymmetric space
group, P421c, in contrast to the non-hydrate phase that crystallizes in the orthorhombic
centrosymmetric space group Pbca [23]. This compound has exhibited a marked propensity
to yield large (millimetric) crystals that demonstrate stability over time—properties that
are essential for the effective implementation of NLO applications. The stability of this
hydrate is attributed to the formation of a dense network of hydrogen bonds that cage
the water molecule inside the crystal lattice. This results in a packing arrangement that is
fundamentally different from the centrosymmetric anhydrous structure, which exemplifies
a case of crystal engineering.
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Scheme 1. Chemical diagram of N′-[(E)-(2-Fluorophenyl)methylidene]-4-hydroxybenzohydrazide
monohydrate (o-FHH).

2. Materials and Methods
2.1. General

The reagents used in this study were purchased from Fluorochem (Glossop, UK) and
were used without further purification. The crystals were observed using a Zeiss Axioskop
polarizing microscope and a Zeiss Stemi 305 stereo microscope (Turin, IT), NMR spectra
were recorded with a Bruker spectrometer (Billerica, MA, USA) operating at 400 MHz in
d6-DMSO.

2.2. Synthesis

The synthesis of N′-[(E)-(2-Fluorophenyl)methylidene]-4-hydroxybenzohydrazide
was performed by following a procedure from the literature [17]. The product was obtained
as an off-white powder; yield: 80%. 1H NMR (400 MHz, DMSO-d6): δ 11.75 (s, 1H),
10.13 (s, 1H), 8.68 (s, 1H), 7.93 (t, J = 7.5 Hz, 1H), 7.81 (d, J = 8.3 Hz, 2H), 7.48 (m, 1H), 7.29
(m, 2H), 6.86 (d, J = 8.5 Hz, 2H). 13C NMR (DMSO-d6): δ 115.16, 115.95, 116.16, 122.06, 122.16,
123.68, 125.01, 125.04, 126.36, 129.82, 131.83, 131.91, 139.59, 159.56, 160.89, 162.04, 162.90.

2.3. Crystal Growth

Colorless transparent crystals of the hydrate o-FHH were prepared by very slow evapo-
ration (1 week), at room temperature, of a solution of N′-[(E)-(2-Fluorophenyl)methylidene]-
4-hydroxybenzohydrazide in ethanol/water (90:10). In this way, specimens several millime-
ters long were obtained (Figure 1) in the form of square pyramids (also truncated) or prisms.
The experimental PXRD pattern is in accordance with the simulated pattern obtained from
the single-crystal X-ray structure solution (Figure S1). DSC analysis (Figure S2) shows that
the hydrate crystals lose water between 120 and 160 ◦C, with melting in the anhydrous
phase at 219 ◦C, as previously reported [23].

Figure 1. Stereo microscope images of some crystal specimens of o-FHH placed on graph paper.
(a) square pyramid sample; (b) truncated square-pyramid sample; (c) prismatic sample. Each square
of the graph paper is 1 mm × 1 mm.
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2.4. Crystal Structure Determination

Single-crystal X-ray diffraction data were obtained using a Kappa CCD diffractome-
ter equipped with an Oxford Cryostream 700 apparatus (Oxford, UK) using graphite
monochromated Mo Kα radiation (λ = 0.71073 A). Figure S3 shows the single crystal used
for the data collection. Data reduction and semi-empirical absorption correction were per-
formed with the SADABS program [25]. The structure was solved by direct methods with
SIR97 [26] and was refined by the full-matrix least-squares method on F2 using SHELXL-
2015 program [27] within the WinGX software v. 2023.1 [28]. Hydrogen atoms bonded to
carbon were placed in calculated positions and refined with the riding model; those bonded
to N and O were clearly found in different Fourier maps as the first maxima, and their
coordinates were refined. For all H atoms, Uiso = 1.2 × Ueq of the carrier atom was assumed.
The complete crystallographic and refinement parameters are listed in Tables S1 and S2
of the Supporting Information. The figures were created using the program Mercury [29].
The structural data have been deposited in the Cambridge Crystallographic Data Center
(CCDC) with a deposition number of 2475743.

2.5. Differential Scanning Calorimetry

The thermal properties were studied using a NEXTA DSC-200 Hitachi calorimeter
(Tokyo, Japan). The samples were heated from 25 to 300 ◦C at a heating rate of 10 ◦C/min.
Nitrogen was used as the purge gas at 50 mL/min. The heat flow was measured in mW,
and the melting point of the sample was determined through peak height.

2.6. NLO Microscopy Methodology

NLO spectra on the crystal were recorded by a wide-field illumination of the crystal
at normal incidence with 1030 nm femtosecond IR pulses from a Pharos laser (Light
Conversion, London, UK) The beam was directed into a Thorlabs (MM101, scanning
multiphoton microscope, operating in reflection, Newton, NJ, USA) microscope with a
20× objective (Nikon, CFI Plan Fluor 20X CH, Tokyo, Japan) coupled with an imaging
spectrometer (Andor, Kymera 328i, Oxford, UK) and an I-CCD camera (Andor, iStar 340,
Oxford, UK). The spectrometer can be used for imaging and spectroscopy by switching
between a mirror and a grating (150 l mm−1 groove density; blaze = 500 nm), The detailed
experimental setup was described by Nicolas et al. [30].

For the scanning microscopy setup, a mode-locked femtosecond pulsed Ti:Sapphire
laser (80 MHz, 120 fs; Spectra-Physics, Insight DS+, Santa Clara, CA, USA) set at 1180 nm
was used. A rotatable achromatic half-wave plate (HWP; Newport, 10RP52-4, Darmstadt,
GE) was used in combination with a Glan-Laser polarizer (POL; Thorlabs, GL10) to tune to
the intensity of the fundamental beam. The light is guided into the microscope (BX61WI,
Olympus, Tokyo, Japan) through a series of mirrors (Thorlabs, F10-03-M01), where it enters
polarized in the X-direction through a polarizer (Thorlabs, GL10). Inside the microscope,
two Galvano scanners scan the light beam over the sample to scan the XY-plane. Sub-
sequently, an achromatic half-wave plate (Thorlabs, SAHWP05M-1700) is mounted on a
rotation stage, enabling control over the polarization state. A water immersion objective
(40×, 0.80 NA, 3.5 mm WD, Nikon, Tokyo, Japan) was used. A condenser (OEM) with
a numerical aperture of 0.9 was positioned after the sample to collimate the transmitted
beam. The beam was then redirected by a mirror towards an analyzer (Thorlabs, WP25M)
mounted on a rotation stage, enabling detection based on polarization. Two infrared fil-
ters are used to eliminate the fundamental beam, after which a dichroic mirror (Thorlabs,
DMLP425R; 425 nm cutoff) separated the SHG and THG signals. The generated light was
collected by photomultiplier tubes (PMT; Hamamatsu, R3896, Tokyo, Japan), each preceded
by a bandpass filter: 590 ± 10 nm for SHG (Thorlabs, FBH590-10) and 390 ± 10 nm for
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THG (Thorlabs, FBH390-10). These were connected to a computer with software used to
operate the shutter and HWPs. The setup was the same already described in the work by de
Coene et al. [31] and is illustrated in Figure 2. The generation of SHG signals is contingent
upon the concentration of a substantial number of photons at a singular point, due to the
quadratic dependence of photon density. This phenomenon manifests exclusively at the
laser’s focal point, yielding a highly resolved three-dimensional (3D) image exploiting this
inherent confocal effect. The z-scan was performed with step size of 1 µm per slice with
150 slices, for a total z-distance of 150 µm. The image size was 360.56 × 360.56 µm, with a
scanning speed of 12.5 µs/pixel and a Line Kalman averaging of 3. The total acquisition
time for this z-scan experiment was ~50 min. SHG signals were collected in transmission
mode. The 3D imaging consists of taking multiple images with incremental focal plane
steps and recombining them using ImageJ software v. 1.54p.

Figure 2. Schematic representation of the experimental setup, along with a laboratory coordinate system.

Polarized second-harmonic generation (SHG) imaging was used to determine the
point group symmetry of the sample [32,33]. SHG polarimetry enables the identification
of the structural origin of the second-order nonlinear response by analyzing the relative
contributions of the χ

(2)
ijk tensor components. A rotational transformation matrix contaning

the Euler angles Φ, θ, and ψ is used to describe the orientation of the microscopic coordinate
system (xyz) operating in the macroscopic laboratory frame (XYZ). The in-plane xy angle
for the linear polarization of the laser light is described by angle 2α. The relation between
the two coordinate systems can be visualized in Figure 3.

Figure 3. The relative orientation of the microscopic frame (xyz) with regard to the laboratory frame
(XYZ) expressed by means of the Euler angles Φ, θ, and ψ.
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The electric field component of the laser beam along the propagation axis (EZ) can be
neglected, allowing for the field to be considered as being confined to in-plane oscillations
(EX and EY). This assumption is valid when using a microscope objective with a numerical
aperture (NA) of up to 0.8 [34]. In order to relate the laser fields to the fields generated
within the sample, it is necessary to convert EX and EY into Ex, Ey, and Ez by using a
rotational matrix over Euler angles Φ, θ, and ψ (MΦ, θ,ψ ). This allows us to define the
induced second-order microscopic polarization as

P(2)
micro = χ(2) :

((
MΦ,θ,ψEmacro

)
⊗

(
MΦ,θ,ψEmacro

))
(1)

with Emacro being the electric field strength expressed in the macroscopic frame and ⊗ the
Kronecker product. To simulate the detected SHG intensity, the microscopic polarization
must be transformed back into the macroscopic reference frame using the inverse of the
rotation matrix:

ISHG =
∣∣∣P(2)

macro

∣∣∣2 =
∣∣∣MΦ,θ,ψ

−1P
(2)
micro

∣∣∣2 (2)

In order to be able to determine the point group symmetry, we defined three different
polarization tests (see Figure 4). Test 1 is a rotation of the plane of linearly polarized
incident light through 2π along the direction of light propagation while detecting all of the
generated second-harmonic light. In Test 2, the plane of linearly polarized light is similarly
rotated through 2π, but detection is restricted to the second-harmonic light polarized
along a specific, arbitrarily chosen direction using an analyzer. Test 3 consists of rotating
both the incident and detecting linearly polarized light through 2π, while maintaining an
anti-parallel (out-of-phase) orientation between them throughout the rotation. The HWP is
mounted in a rotation stage to control the angle of linear polarization.

Figure 4. Schematic representation of the 3 tests. The red arrow represents how the polarization of
the laser (EX) is affected by rotating the HWP from 0 to π rads. The analyzer is fixed in Test 2, while
it is rotated out-of-phase for Test 3.

During all polarimetry experiments, a kinetic series of 90 images was acquired consec-
utively, with no time delay between successive scans. The half-wave plate was rotated with
increments of 2◦ successively in between each image acquisition. This procedure produced
a full 2π rotation of the polarization state, with the first image corresponding to α = 0 and
the final image (image 90) corresponding to α = π. This is analogous to a full rotation of
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the ange Φ by 2π for Test 3. The image size was 360.56 × 360.56, with a scan speed of
12.5 µs/pixel.

The 3D visualization software employed was Fiji ImageJ (available at https://rsb.info.
nih.gov/ij (accessed on 1 March 2025); developed by Wayne Rasband, National Institutes
of Health, Bethesda, MD, USA), importing the images as a sequence.

3. Results
3.1. Crystal Structure Description

o-FHH crystallizes in the highly symmetric tetragonal space group P421c (D2d point
group) with half of a water molecule in the asymmetric unit (Figure 5a). The experimental
PXRD pattern matches with the simulated pattern, as shown in Figure S1, of the supporting
information file. The water molecule is in special position on a C2 axis, and then one
hydrogen is generated by symmetry. The hydroxyphenyl and the fluorophenyl rings of the
imine molecule are not coplanar, with their least squares planes making a dihedral angle
of 25.26(3)◦.

Figure 5. (a) Asymmetric unit of o-FHH with ellipsoids displayed at 30% of probability level; (b) skew
view of a column of imine molecules H-bonded to interposed water molecules; (c) the same column
of (b) viewed down the c axis; (d) crystal packing viewed down the c axis; (e) chain of H-bonded
molecules running parallel to axis a. H-bonds are shown as dashed lines.

The basic supramolecular architecture in the crystal packing of o-FHH is represented
by columns of H-bonded molecules that run parallel to the c axis (Figure 5b,c). These
columns are formed by couples of C2 related imine molecules that are H-bonded to in-
terposed water molecules. The columns are generated crystallographically by the c-glide
planes. The crystal packing is characterized by a complex H-bonds pattern, as shown
by compounds in which there is an a high number of donor and acceptor sites [35].
The interposed water molecules, which are placed within the hollow columns, act as H-
bonding donors to two carbonyl O atoms (O3-H···O2i: 0.86(2), 1.93(2), 2.7805(17) Å, 172(2)◦,
i = −y + 1/2, −x + 1/2, z − 1/2) and as H-bonding acceptors from two N-H donors of
imine molecules adjacent along the column (N1-H···O3 0.84(2), 2.18(2), 2.950(2) Å, 151(2)◦).
Therefore, water molecules are fully saturated in terms of H-bonds, and this accounts for
the stability of the hydrate crystals [36] which exhibit a persistent water retention capacity,

https://rsb.info.nih.gov/ij
https://rsb.info.nih.gov/ij
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as clearly evident by the first endothermic peak of the differential scanning calorimetry
reported in Figure S1 of the supporting information file, and the cavities in which the water
molecules are present (Figure 6). Along the columns, ring patterns R3

4(12) are observed.
The colums fill the unit cell in the plane (a, b) through the 21 screw axes running parallel
to the a and b axes (Figure 5d). In this way, additional H-bonds are formed between O-H
donor and imine N and carbonyl O acceptors (O1-H···N2ii: 0.88(2), 2.63(2), 3.297(2), 133(2);
O1-H···O2ii: 0.88(2), 1.92(3), 2.7448(19), 155(2), ii = x − 1/2, −y − 1/2, −z + 3/2) Figure 5e.
Therefore, in the H-bonding patterns of o-FHH, phenolic O-H is a bifurcated donor and
carbonyl O is a bifurcated acceptor.

Figure 6. Water molecules cavities (brown) in o-FHH. H atoms are omitted for clarity.

3.2. NLO Microscopy

Preliminary to NLO microscopy experiments, we have checked the bulk SHG of
powders of the sample, and the measured efficiency was equal to that of bulk powders of
urea. Measurements were performed by following the procedure described in our previous
paper [23]. In SHG microscopy, a NIR laser is directed through an objective lens and
focused on the sample. The image acquisition is commonly achieved through point-by-
point raster scanning of the laser beam across the sample, or by employing wide-field
imaging. When the laser interacts with non-centrosymmetric structures in the sample,
the specimen give rise to second-harmonic signals. In the electric dipole approximation,
the electric field, oscillating at twice the excitation frequency (E2ω), can be related to the
nonlinear second-order polarization P(2)

2ω as follows:

E2ω ∝ P(2)
2ω = X(2)EωEω (3)

where E2
ω = Iω is the intensity of the incoming light [37].

NLO microscopy provides high-resolution three-dimensional images due to its ability
to achieve a significant imaging penetration depth without the means of external dyes. The
capability of this technique to discern intricate details within the thickness of the samples
has led to its utilization in the study of various biological samples and tissues, notably
collagen. In nonlinear optical microscopy, laser excitation of the sample can induce a variety
of nonlinear optical processes that are highly dependent on the material properties. These
include phenomena such as the aforementioned SHG and THG, but also multi-photon
fluorescence (MPF). As previously discussed, the use of multiple detection channels enables
the discrimination of these signals. However, it should be noted that spectral overlap may
occasionally occur, for example, in cases of partial leakage of fluorescence emission into the
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SHG detection channel. The integration of a spectrometer in the imaging setup enables a
more precise spectral analysis.

Nonlinear optical signals were observed during the imaging of o-FHH crystals. A
comparison between images acquired with and without an SHG filter (Figure 7) using a
wide-field microscope indicates that the detected signal seems to be due completely to
second-harmonic generation.

Figure 7. (a) Bright-field image of a single crystal of o-FHH; (b) optical image of the same crystal
acquired using laser excitation at 1030 nm without spectral filtering (power intensity of 206 mW);
(c) optical image of the same crystal acquired under laser excitation with a filter only allowing for
SHG centered at 515 nm (power intensity of 282 mW) in wide-field microscopy. The detection slit
was fully open (~300 µm) during acquisition of the pictures.

This interpretation is further supported by a spectral analysis performed on the same
crystal. By narrowing the entrance slit of the spectrograph and employing full vertical
binning, a specific line region of the image was analyzed with enhanced spectral resolution.
The resulting spectrum reveals a single well-defined peak at 515 nm, Figure 8, consistent
with SHG, and no significant contributions from other nonlinear processes.
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Figure 8. SHG spectrum of o-FHH crystal (using 1030 nm fundamental laser light and 76 mW power
intensity). The detection slit was open of 100 µm during acquisition of the spectrum.
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Figure 9a–d illustrates frames from the scan at varying heights. The SHG signal is ob-
served throughout the entire volume of the crystal, consistent with its non-centrosymmetric
nature, which allows for a bulk second-order nonlinear optical response.

Figure 9. Four slices from the SHG 3D scan of the lower (a), mid-low (b), mid-high (c), and the higher
(d) depth of the total 121 slices for the z-scanning of o-FHH crystal. The step size in the Z direction is
1 µm. The step size between the four images is ~30 µm. Laser excitation wavelength is 1180 nm, with
an intensity of 5.54 mW.

3.3. Symmetry Determination with NLO Polarimetry

By performing a series of polarization experiments, we can check if the SHG response
is in accord with the D2d point group. For an SHG experiment, this point group has
two independent and nonzero tensor components, χxyz and χzxy. The execution of three
consequtive experiments, and fitting the experimental data to the theoretical intenstity
dependence (see Figure 10), enables the extraction of the Euler angles and the ratio of the
tensor components, as reported in Table 1.

Table 1. Parameters extracted from the sequential fit.

χxyz/χzxy Φ θ ψ

−0.97 ± 0.02 0.332 ± 0.002 0.36 ± 0.01 1.589 ± 0.002

It is remarkable that χxyz and χzxy are equal but opposite in sign. This is mainly
because, under Kleinmann Symmetry conditions, which are valid far away from electronic
resonance, χxyz = χzxy [38]. However, it has been shown that Kleinmann symmetry cannot
always be assumed in practical applications, especially in chiral systems [39].
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Figure 10. Sequential fit of the experimental data (green squares) for the normalized SHG intensity
(divided by the maximum within each test) for three consecutive tests. Test 1 comprises rotating the
HWP from 0 to π (with alpha the HWP angle) and unpolarized detection; Test 2 ( π to 2π) describes
the same, but only detecting the X-polarized component. The third test rotates the sample under
crossed polarized detection, with φ from 4π to 6π. Each test is fitted to the intensity expression
described in the SI.

4. Conclusions
In this study, we crystallized a novel acentric organic crystal structure and investigated

some NLO properties. In the crystal structure of o-FHH·H2O, the interstitial water acted
as both a bifurcated hydrogen-bond donor and acceptor, creating a dense supramolecular
network that caged the guest and stabilized a tetragonal framework. The arrangement of
the transverse dipole in the crystal packing translated into a strong bulk SHG response
that persists throughout the entire crystal volume, as confirmed by imaging measurements.
The compound is highly stable in the presence of dehydration, and the crystal growth
process demonstrates the potential to produce millimeter crystals from inexpensive sol-
vents. It is clear from the nonlinear signature positions that it as a viable organic material
for frequency conversion and other electro-optic applications. From a crystal engineering
perspective, hydration can be viewed as a method for altering the supramolecular hier-
archy, thereby directing crystallization towards acentric space groups without the need
for complex synthetic modifications. Ongoing efforts will include the quantification of the
χ2 tensor elements, the benchmarking of laser-damage thresholds, and the exploration of
functionalized analogs within the hydrazide family to further enhance transparency in the
near-infrared range and increase nonlinear coefficients.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/cryst15080739/s1, Table S1: Experimental details, Table S2: Geo-
metric parameters (Å, ◦), Figure S1: PXRD patterns of o-FHH, Figure S2: DSC heating thermogram of
the o-FHH imine. Heating rate is 10 K/min., Figure S3: Stereo microscope images of some crystal
specimens of o-FHH placed on graph paper. Each square of the graph paper is 1 mm × 1 mm,
NLO equations.

https://www.mdpi.com/article/10.3390/cryst15080739/s1
https://www.mdpi.com/article/10.3390/cryst15080739/s1
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