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The slow evaporation approach has been used to produce and develop imidazolium 4-hydroxybenzoate (I4HB), a novel 
organic proton-transfer chemical substance. Through single-crystal X-ray diffraction, detailed study shows a monoclinic 
crystal structure with the centrosymmetric space group P21/n. Vibrational modes have been investigated using FT-IR and 
FT-Raman spectroscopy. The chemical structure of the molecule has been thoroughly validated using 1H and 13C NMR 
analysis. UV-Vis-NIR absorption spectra have been used to investigate electronic transitions. Thermal parameters such as a 
melting point of 215°C and breakdown phases have been investigated using TG-DTA analysis. Third-order nonlinearity has 
also been confirmed using Z-scan analysis. 
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Currently, a lot of attention has been devoted for 
achieving “multi-component molecular crystals” in the 
frontier area of pharmaceutical, material science and 
other industrial applications1. Crystals of 
multicomponent molecules represent molecular solids 
composed of at least two distinct chemical entities, 
encompassing neutrals, salts, hydrates, solvates, 
clathrates, among others. The organization of 
molecules in these crystals is primarily dictated by 
hydrogen bonding interactions. Formations of 
molecular crystals have been extensively offering 
some admirable features of modifying important 
physicochemical perspectives to aim desired nonlinear 
optical applications2. Accordingly, in the 
pharmaceutical industry this strategy has been widely 
utilized to enhance physicochemical characteristics and 
therapeutic efficiencies over parent drugs3. Also, the 
formation of molecular crystal is valuable in lessening 
side effects in the parent drugs. In this context, in 
particular, the stability and bioavailability of active 
pharmaceutical ingredients can be improved by 
formulating them as hydrates or salts. In this scenario, 
intermolecular interactions between hydrogen  
bonds as well as van der Waals forces are crucial in 
producing multicomponent solids with the necessary 

components4. In frontier area of materials science, 
formation of multicomponent crystals is an emerging 
technique broadly discussed in achieving organic 
Nonlinear optical (NLO) crystals that exhibits 
enormous applications such as photonics and 
optoelectronics5-8. In recent times, intriguing multi-
component crystals have been created through the 
utilization of imidazole, a widely recognized organic 
base molecule known for its propensity to readily form 
proton transfer complexes. For example, imidazole-
imidazolium picrate monohydrate, imidazolium 
dipicolinate and imidazolium L-tartrate9-11. In similar 
way, 4-hydroxybenzoic acid is a familiar organic 
compound widely employed in forming pharmaceutical 
multicomponent crystals12-19. Based on the above facts, 
imidazole has been planned to complex with 4-
nitrobenzoic acid to form multicomponent crystals and 
study its essential properties for biological recognition. 
As reported20, in prior studies, researchers successfully 
synthesized the crystalline structure of 1H-Imidazol-3-
ium 4-hydroxybenzoate. The synthesis process resulted 
in a well-defined monoclinic crystal arrangement, 
which was characterized using the P21/c space group 
system. This crystallographic configuration provides 
essential insights into the compound's atomic 
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arrangement, aiding in a comprehensive understanding 
of its properties and behavior. The unit cell dimensions 
were as follows: a = 9.616(1) Å, b = 10.587(2) Å,  
c = 11.075(5) Å, β = 118.93(2)°, and the volume was 
986.8 Å³. However, in this current investigation, the 
crystal structure of I4HB displays a monoclinic crystal 
system with the P21/n space group and new unit cell 
parameters: a = 9.587(3) Å, b = 10.519(2) Å,  
c = 10.543(5) Å, β = 113.72(3)°, with a volume of 
973.39 Å³. Notably, this arrangement exhibits a 
different molecular packing compared to the previous 
one. The molecular crystal of I4HB obtained in this 
study was subjected to several experimental 
characterizations, including single crystal X-ray 
diffraction, NMR, FTIR, FT-Raman, UV-Vis spectral 
analysis, and thermal studies using TG-DTA. 
 

Experimental Section 
 

Synthesis of the I4HQ compound 
All chemicals were procured in AR grade from 

Merck Chemical Co. with a purity ≥ 98.0%, and they 
were utilized in the synthesis process as received. An 
equal proportion of imidazole (0.34 g, 0.5 mol) and 4-
hydroxybenzoic acid (0.69 g, 0.5 mol) was dissolved 
in 20 mL of ethanol as the solvent. The solution was 
continuously stirred and subjected to 2 h of sustained 
stirring on a hot plate. This process was employed to 
synthesize the chemical compound known as 
imidazolium 4-hydroxybenzoate. The resulting 
mixture was then filtered, and the filtered solution 
was placed in a clean petri dish covered with 
perforated transparent polythene paper to facilitate 
controlled ethanol solvent evaporation. Small 
crystalline particles collected from the solution after a 
week of evaporation, and their quality was improved 
through successive recrystallization steps using 
ethanol as the solvent. After a week, an optically 
transparent I4HB crystal measuring 9×9×1.3 mm³ was 
obtained. A colourless, block-shaped single crystal of 
I4HB with dimensions of 0.32×0.30×0.20 mm³ was 
chosen for X-ray diffraction analysis after optical 
quality assessment. The chemical scheme and a 
photograph of the as-grown single crystal of I4HB are 
depicted in Fig. 1(a-b). 
 

Characterization Techniques 
A detailed and exhaustive structural analysis was 

carried out using a BRUKER ENRAF NONIUS 
CAD4 diffraction spectrometer, where X-ray 
diffraction intensity data was meticulously gathered 
and studied. This sophisticated analysis provided 

valuable insights into the crystal’s atomic 
arrangement and helped in understanding its structural 
properties in depth. The analysis employed the ω-2θ 
scan method, maintaining the temperature at RT 
throughout the experiment. The system employed 
graphite monochromated Mo K X-rays having an 
effective wavelength of 0.71073 Å. The direct method 
techniques inside the SHELXS-97 software21 were 
used to solve the crystal structure of I4HB, and an 
anisotropic least-square refinement approach was 
used to all non-hydrogen atoms using the SHELXL-
97 program21. Hydrogen atoms were found and 
permitted to freely ride on non-hydrogen atoms. The 
molecular structure and molecular crystal packing 
diagram of I4HB were constructed in three 
dimensions using the Ortep-3 (Ref. 22) and Mercury-
3.8 software23. 

The 1H and 13C NMR spectra of the I4HB 
compound were recorded using a Bruker 500 MHz 
spectrometer with DMSO-d6 as the solvent. The FTIR 
spectrum for I4HB was obtained using the KBr pellet 
method on a Shimadzu IR Affinity-1S FTIR 
spectrophotometer in the spectral range of 4000-400 
cm⁻¹. A Shimadzu UV-2400 PC series 
spectrophotometer was also used to record the 
absorption spectra for I4HB. Perkin-Elmer 
Simultaneous Thermal Analyzer (STA) 8000 
equipment were used to perform simultaneous TG-
DTA measurements at a heating rate of 20°C/min. 

 
Fig. 1 — (a) The chemical scheme of I4HB compound;
(b) Photograph of I4HB single crystal 
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Fig. 2 — (a) The molecular arrangement of I4HB is presented, 
including atom numbering and the depiction of non-hydrogen 
atoms with thermal displacement ellipsoids set at a 50% 
probability level; (b) The protonated N1 atom in the cation and 
the carboxylate oxygen atoms (O1 and O2) in the anion come 

together to create a 2
1R (5) ring motif through a pair of 

intermolecular hydrogen bonds, specifically N1__H6ꞏꞏꞏO1 and 
N1__H6ꞏꞏꞏO2; (c) The three-dimensional network of I4HB, 
observed when viewing along the c-axis, is created through 
intermolecular hydrogen bonds (N1__H6…O1, N1__H6…O2, 
O3__H3…O2 and N2__H8…O2) ) highlighted as pink dotted lines. 

protons and a singlet at ẟ 7.74 for one proton can be 
attributed to the imidazolium ring. Furthermore, the 
occurrence of two sets of doublets at ẟ 7.85 and 6.88 
suggests the presence of the p-hydroxybenzoate unit. 
The fact that these protons exhibit the same coupling 
constants indicates that they are coupling partners. 

Similarly, the 13C NMR also proves the compound 
formation, which reveals the presence of 7 distinct 
carbon sets in the compound. As depicted in Fig. 3b, 
the 13C NMR spectrum clearly displays 6 carbon 
sets (with the possibility of one quaternary carbon not  

 

Fig. 3 — (a) 1H NMR (300 MHz, DMSO-d6) spectrum; 
(b) 13C NMR (75 MHz, DMSO-d6) spectrum

being visible). Notably, the appearance of a peak at ẟ 
168.18 signifies the presence of a carboxylate unit 
within the p-hydroxyphenyl group. Additionally, 
peaks at approximately ẟ 115.95 and 132.35 
(representing two sets of carbon signals) are attributed 
to the ortho and meta-carbons of the p-
hydroxybenzoate unit. Another peak at ẟ 123.42 
corresponds to the imidazolium C3 and C4 carbons. 
The quaternary carbon attached to a hydroxyl group is 
observed at ẟ 162.43, and a peak at ẟ 136.01 
corresponds to the imidazolium C2 carbon. 

Vibrational analysis using FTIR and FT-Raman 
spectroscopy 

FTIR and FT-Raman spectroscopic analyses were 
performed on the I4HB crystal, and the resulting 
spectra are depicted in Fig. 4a and Fig. 4b, 
respectively. The wavenumbers and their 
corresponding vibrational assignments for the 
functional groups present in I4HB are detailed in 
Table 3. 

The spectral peaks corresponding to the vibrations 
of functional groups within both the imidazolium 
cation and the 4-hydroxybenzoate anion were 
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observed within the spectral range of 4000 to 400 
cm⁻¹. Furthermore, the presence of N-HꞏꞏꞏO and O-
HꞏꞏꞏO hydrogen bonding significantly influences the 
shifts in the positions of deformational modes of 
vibrations and has an impact on their intensity. 

The X-ray crystal structure of I4HB clearly 
validates the protonation of the endocyclic nitrogen 
(N2) atom in imidazole, establishing intermolecular 
interactions with the oxygen (O1 and O2) atoms of 

the carboxylate group within the 4-hydroxybenzoate 
anion. Vibrational peaks associated with NH3+, C-N, 
and C-H stretching modes predominantly manifest in 
the high wavenumber region (3500-1500 cm⁻¹)27. 
These N-H stretching wavenumbers experience a 
redshift due to the influence of intermolecular 
interactions, while their deformation modes undergo a 
blue shifted28. Typically, N-HꞏꞏꞏO intermolecular 
interactions are predicted to result in a broad peak 
within the infrared spectrum's range between 2100 
and 1870 cm⁻¹. In the FTIR spectrum of the I4HB 
compound, a broad peak is indeed observed at  
2034 cm⁻¹, indicating the presence of N-HꞏꞏꞏO 
intermolecular interactions. Protonated NH+ species 
typically manifest in the spectral region between 3300 
and 2500 cm⁻¹. 

A weak intensity peak at 3385 cm⁻¹ corresponds to 
the N-HꞏꞏꞏO stretching vibration. Similarly, the 
vibrational modes associated with O-HꞏꞏꞏO 
intermolecular interactions are discerned with weak 
intensity at 3155 cm⁻¹ (FTIR) and 3174 cm⁻¹ (FT-
Raman). A strong intensity peak at 3068 cm⁻¹ in the 
FT-Raman spectrum corresponds to the aromatic C-H 
stretching vibration. The peaks appearing at 1615 
cm⁻¹ (FTIR) and 1604 cm⁻¹ (FT-Raman), both with 
strong intensity, arise from the asymmetric stretching 
vibration of the carboxylate (COO–) group present in 
the 4HB- anion. The symmetric stretching vibration is 
detected at 1430 cm⁻¹ (w) in FTIR and 1425 cm⁻¹ (m) 
in FT-Raman spectra. The aromatic C-C ring 
stretching of the 4HB- anion is observed at 1538 cm⁻¹ 
(w) in FTIR and 1530 cm⁻¹ (m) in FT-Raman spectra. 
A strong intensity peak at 1364 cm⁻¹ in both spectra is 
assigned to the vibration of the C-N stretching mode 
present in the imidazolium cation. In the FTIR 
spectrum, the aromatic ring (C-H) in-plane bending 
vibrations are identified at 1159 cm⁻¹ (w) and 1052 
cm⁻¹ (w) with corresponding vibrations appearing at 
1164 cm⁻¹ (m) and 1046 cm⁻¹ (w) in the FT-Raman 
spectrum.Weak intensity peaks observed around 749 
cm⁻¹ and 692 cm⁻¹ are attributed to the aromatic ring 
(C-H) out-of-plane bending vibrations. Additionally, 
the rocking, scissoring, and wagging vibrations of the 
carboxylate (COO-) group are noticed at 781 cm⁻¹ 
(w), 628 cm⁻¹ (s), and 437 cm⁻¹ (w) in the  
FTIR spectrum. 
 

UV-Vis spectral analysis 
The UV-Visible absorption analysis of I4HB reveals 

a lower cutoff wavelength at approximately 380 nm, as 
illustrated in Fig. 5. The grown I4HB crystal exhibits a 

 

Fig. 4 — (a-b) FTIR and FT-Raman spectra of I4HB 
 

Table 3 — FTIR frequencies along with their vibrational  
assignments for the I4HB compound 

FTIR (cm–1) FT-Raman (cm–1)  Mode of Vibrations 
3385(w)   ν N__HꞏꞏꞏO 
3155(w) 3174(w) ν N__HꞏꞏꞏO & O__HꞏꞏꞏO 
3068(s)   ν C-H 
2034(w)   ν N__HꞏꞏꞏO 

1615(s) 1604(s) νas COO– 

1538(w) 1530(m) ν C-C ring 

1430(w) 1425(m) νs COO– 

1364(s) 1363(s) ν C-N 
1283(w) 1283(s) ν C-N 
1245(s) 1248(m) δ (C-H) imi ring ipb 
1159(w) 1164(m) δ (C-H) 4HB- ring ipb 
1118(w) 1144(m) ν C-N 
1052(w) 1046(w) δ (C-H) 4HB- ring ipb 
873(w)   δ (C-H) 4HB- ring opb 
847(w) 855(s) δ (C-C) imi ring 

781(w)   δρ COO– 

749(w) 754(w) δ (C-H) opb 
692(w)   δ (C-H) opb 

628(s) 633(m) δs (COO–) 

535(s)   δ(C-N) 
501(w)   δ(C-N) 

437(w)   δω(COO–) 
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wide transparency range in the visible spectrum, 
making it well-suited for optoelectronic applications. 
The optical absorption spectra indicate an absorption 
peak at 303 nm, attributed to the n→π* transition. This 
broad transparency in both the visible and near-infrared 
regions suggests that the grown crystal holds 
significant potential for use in optoelectronic 
applications29. 
 

TG/DTA thermal analysis 
Thermo Gravimetric – Differential Thermal 

Analysis (TG/DTA) was used to determine the 
thermal stability and melting point of I4HB, and the 
resulting thermal curve is shown in Fig. 6. The 
TG/DTA thermal study was carried out in a nitrogen 
environment at temperatures ranging from 30°C to 
950°C at a heating rate of 10°C/min. No weight loss 
was recorded at 100°C during the thermal analysis of 
the formed crystal, confirming the lack of water 
molecules across the crystal lattice. In the TG curve, a  

 
 

Fig. 7 — The normalized transmittance T when using the Self-
focusing (open aperture) mode and the normalized transmittance 
T using the closed aperture mode in the distant field of I4HB 
crystal as an outcome of length Z along the lens axis. 
 

weight loss of 96.3% was recorded at 214°C. 
Meanwhile, the DTA curve exhibited a distinct 
endothermic peak at 215°C, attributed to the 
decomposition of volatile substances such as CO2, 
CO, N, CH2 molecules, and imidazole fragments. 
Based on the TG/DTA analysis results, it can be 
inferred that I4HB crystals demonstrate remarkable 
thermal stability, enduring temperatures of up to 
215°C and can be effectively employed in 
optoelectronic device applications. 
 

Z-Scan measurements 
The Z-scan technique has gained significant 

recognition within the nonlinear optics community, 
serving as a standard method for accurately 
measuring intensity-dependent non-linear 
susceptibility, nonlinear refractive value (n2), and 
the coefficient of nonlinear absorption (β)30. In 
Fig. 7, the open aperture curve for I4HB is 
illustrated. It is noteworthy that a typical Z-scan 
result with a completely open aperture demonstrates 
insensitivity in nonlinear refraction. This method has 
become widely accepted due to its precision and 
reliability in characterizing nonlinear optical 
properties. It also shows the closed aperture 
arrangement for I4HB. In transmittance, the pattern 
comprises a peak followed by a trough, indicating 
negative nonlinearity. The self-defocusing effect 
occurs as a result of local fluctuations in refractive 
index rising intensity. As a result, the findings are 
predicted to be symmetric with regard to the focus. 

A minimal transmittance is exhibited at the focus 
(valley) in materials with multi-photon absorption, 

 
Fig. 5 — UV-visible absorption spectrum of I4HB 

 

 
 

Fig. 6 — TG-DTA thermo curves of I4HB compound 
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whereas a maximum transmittance is recorded at the 
focus (peak) in saturable absorber crystals. Multi-
photon absorption reduces the peak while increasing 
the valley, whereas saturation does the reverse. The 
nonlinear refractive index (n2), nonlinear absorption 
coefficient, and third-order susceptibility of  
I4HB are calculated to be –8.87228×10⁻⁹ cm²/W, 
3.39139×10⁻⁵ cm/W, and 2.6623×10⁻⁸ esu, 
respectively. The existence of self-defocusing 
nonlinearity is shown by the minus sign associated 
with the nonlinear refractive index, underlining the 
title compound’s potential as a nonlinear optical 
(NLO) material31. 
 
Conclusion 

The organic single crystal imidazolium 4-
hydroxybenzoate (I4HB) was generated at ambient 
temperature adopting the solvent slow evaporation 
process with ethanol as the solvent. I4HB has 
monoclinic symmetry corresponding to the P21/n 
space group, according to X-ray diffraction (XRD) 
research. Various analytical methods, particularly 1H 
and 13C NMR, Fourier-transform infrared (FTIR), and 
FT-Raman spectroscopy, were used to confirm the 
molecular structure of I4HB. The UV-visible 
spectrum demonstrated that the I4HB crystal has a 
lower cut-off wavelength of 380 nm. Thermal 
analysis using TG/DTA indicated that I4HB remains 
thermally stable up to a temperature of 215°C. A Z-
scan investigation was also performed to establish the 
third-order nonlinear property of I4HB, indicating its 
intrinsic self-defocusing properties for nonlinear 
optical applications. 
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