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Abstract 

Supported ionic liquid phase (SILP) materials are a novel approach that blend the benefits of heterogeneous 
support materials and ionic liquids (ILs) by immobilizing an IL film on a solid phase. In an attempt to modify 
the surface characteristics of nanoparticles, this study explores a simple refluxing method to prepare two novel 
SILP materials using two supports, graphitic carbon nitride (g-C3N4) and titanium dioxide (TiO2) and a 1,8-
diazabicyclo[5.4.0]undec-7-ene (DBU) based protic ionic liquid (PIL), 1,8-diazabicyclo[5.4.0]undec-7-ene-8-
ium hydroxide ([HDBU]OH). FTIR spectra showed peaks for N-H stretching mode in the region of 3051-3200 
cm-1 indicating the presence of the PIL in g-C3N4-[HDBU]OH and TiO2-[HDBU]OH. The distinctly different 
UV-visible absorption spectra as reflected in absorption maxima in SILP materials compared to the PIL, 
[HDBU]OH indicates the formation of new materials. The surface morphology and the size of the particles of 
the SILP materials were determined from SEM images and DLS measurements. The g-C3N4 nanosheets 
exhibits significantly cracked surfaces in the SEM image of g-C3N4-[HDBU]OH with average particle size of 
9-12 nm. Although significant increase in the surface roughness is noted, the particle size does not change 
significantly from that of g-C3N4. TiO2 displayed a spherical surface morphology with an increase in particle 
size from 22 nm to 102 nm for the SILP. [HDBU]OH can interact in various ways with different supports such 
as g-C3N4 and TiO2 and allows for tailoring size of nanoparticles and surface morphology of the supports in 
SILP materials. 
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I. Introduction 

Ionic liquids (ILs) are widely recognized for their exceptional 
solubility, stability, and tunable properties and serve as unique 
media for the dispersion of nanoparticles (NPs) to improve 
mechanical, thermal, and electrical properties1,2. The 
incredibly low vapor pressure of ILs makes synthetic 
procedures possible at reduced pressure. ILs can serve better 
than organic solvents as media and catalysts for preparation 
and stabilization of nanoparticles and nanocomposites3,4. The 
supported ionic liquid phase (SILP) materials may be very 
efficient as an IL is able to reduce the diffusion distances of 
the reactants5. SILP materials help in resolving problems of 
limitations of mass transport and the need for large                  
amounts    of ILs by allowing ILs to spread on the inner 
surface of the supports while maintaining  mechanical  
properties and wide surface area ILs can be immobilized as 
thin films on porous surfaces simply by chemically attaching 
to the support or by physisorption. ILs, whether interacted 
with or without chemical bonds, serve as a unique medium to 
integrate with homogeneous or heterogeneous catalysts6. 
Heterogeneous catalysis offers many more advantages 
including reduced catalyst loading, reusability, and ease of 
catalyst separation. In contrast, homogeneous catalytic 
processes necessitate a disproportionately large number of ILs 
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as catalysts, resulting in waste that is difficult to dispose of 
and making the entire process environmentally unfriendly. 

Hence, there has been a surge of interest on ILs in a number of 
significant heterogeneous catalytic processes. ILs with alkyl 
chain specifically functions as a capping agent to control shape 
of metal oxide NPs7. ILs with a range of transition metal NPs 
are capable of producing stable nanoparticle dispersions with 
enhanced catalytic activity. Materials chemistry has advanced 
two significant fields with extensive research of ILs on the one 
hand8 and NPs on the other hand9 in the last several decades. 
The many technical uses of NPs, especially in catalysis, are 
greatly influenced by their size, shape, and composition10-11. 
The concept of supported ionic liquid catalysis (SILC) has, 
thus, gained popularity due to the simplicity of the conversion 
process for bulky and complicated organic compounds12. The 
incorporation of ILs may often significantly increase the 
catalytic effectiveness of the NPs13. Their synergistic action 
allows SILP materials to derive a number of unique 
performances and novel properties while still retaining the 
benefits of ILs and NPs. Noble metal NPs, like gold and silver, 
are considered stronger supports on a variety of materials 
because of their distinct catalytic, electrical, and optical 
characteristics14. Carbon nanotubes (CNTs), zeolites, clays 
(such as montmorillonite), mesoporous silica materials, and 
metal/metal oxide NPs are the most common supports that bind 
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ILs15. The ILs and supports can make covalent linkage when 
ILs with particular functional groups (OH-, R-O-R′, etc.) and 
pre-functionalized solid surfaces interact16. Sometimes, cations 
of the supported IL can act independently as catalysts. Metal-
free functionalized ILs and sulfonic acid are used to prepare 
SILP materials. The SILP materials are superior to other 
catalysts in terms of mild conditions, rapid reaction time, and 
reusability.  

Numerous investigations have reported preparation of hybrid 
NPs for use as supports for Brønsted acidic ILs17. The approach 
has significantly reduced acidic waste and demonstrated 
phenomenal competence in extraction of catalysts and 
recycling. Hydrophilic ILs facilitate interaction with NPs while 
hydrophobic ILs inhibit aggregation of NPs18. SILP materials 
exhibit efficient catalysis for oxidative degradation of organic 
compounds in presence of UV-visible light19. The 
nanocomposite materials based on g-C3N4 and TiO2 are, in 
particular, reported as stable and efficient photocatalysts to 
facilitate the breakdown of organic molecules20-21. In this 
regard, ILs immobilized g-C3N4/TiO2 composites have been 
effective with extended UV-visible light response22-23. There 
are many different approaches for oxidative degradation of 
organic compounds using NPs based catalysts, the majority of 
them have drawbacks, including the use of harmful and 
expensive chemicals, lengthy processes, extreme reaction 
conditions that only produce low or moderate yields, and 
inadequate catalysts in terms of recycling24. Therefore, 
development of novel SILP materials for better catalytic 
performance still remains an important concern.  

Considering the advantageous features of ILs and usefulness 
of supported NPs, we aimed to develop new SILP materials 
using a protic ionic liquid, 1,8-diazabicyclo[5.4.0]undec-7-
ene-8-ium hydroxide ([HDBU]OH) and graphitic carbon 
nitride (g-C3N4) and TiO2 nanomaterials. To the best of our 
knowledge, the use of 1,8-diazabicyclo[5.4.0]undec-7-ene 
(DBU) based protic ILs has not been studied in the preparation 
of SILP materials. We report herein, preparation of g-C3N4-
[HDBU]OH and TiO2-[HDBU]OH by following a simple 
refluxing route. The goal is to modify the surface of the g-
C3N4 and TiO2 using [HDBU]OH which may have the 
potential to absorb UV-visible light and improve the 
breakdown of organic compounds in aqueous system. The 
formation of the novel SILP was traced from the FTIR and 
UV-visible absorption spectral analyses. The surface property 
and the size of the particle of the prepared SILP materials were 
evaluated from SEM images and DLS measurements. The 
ultimate goal is to explore the prospect of SILP materials for 
application as catalyst in degradation of organic compounds 
in presence of UV-visible light. 

II. Experimental 

Materials  

Analytical grade chemicals were used as received. 1,8-
diazabicyclo[5.4.0]undec-7-ene from Sigma-Aldrich (China) 
and acetic acid from RCI Labscan Ltd. (Thailand) were used 
for the preparation of ILs. Melamine powder from Sigma-

Aldrich and ethyl acetate from BDH Chemicals Ltd, England 
were used. Ultrapure water (specific conductivity is 0.055 µS 
cm-1 at 25 °C) was prepared from a BOECO (Germany) 
HPLC-grade water purification system. 

Preparation of g-C3N4 and TiO2 nanoparticles 

The g-C3N4 and TiO2 nanoparticles were prepared following 
the procedure reported in the literature25-26. TiO2 was prepared 
by heating a mixture of polyvinyl pyrrolidone (0.02 g), 
titanium tetra-isopropoxide (5 mL), absolute ethanol (30 mL) 
and deionized water (40 mL) to 130 °C for 12 h in an oven. 
Ammonia solution was added dropwise to maintain the pH of 
the reaction mixture 9. To prepare g-C3N4, melamine was 
heated to 450-550 °C at a rate of 3 °C per min for 7 h in 
autoclave. 

Preparation of [HDBU]OH  

[HDBU]OH was prepared by following the method (Scheme 
1) reported earlier27, where equal amount of water (6.569 
mmol) and DBU (6.569 mmol) were added in a vial placed in 
an ice bath and sonicated for 30 min.  

 

Scheme 1. Neutralization reaction of water and DBU. 

Preparation of g-C3N4-[HDBU]OH and TiO2-[HDBU]OH  

In a round bottomed flask, 3 mmol of g-C3N4 or TiO2 and 15 
mL of ethyl acetate were taken and sonicated for 15 min. 3 
mmol of [HDBU]OH was added dropwise and the mixture 
was refluxed for 4 h. It was then cooled down to room 
temperature. The product was separated by filtration, washed 
with DI water, and dried at 60 °C under vacuum.  The 
preparation is schematically presented in Scheme 2. 

(a) 

 

 

 

 

(b) 

 

Scheme 2. (a) Schematic route for the preparation and (b) 
photographic images of g-C3N4-[HDBU]OH and TiO2-[HDBU]OH. 

Characterizations 

FTIR spectra were recorded by a FrontierTM by PerkinElmer 
spectrophotometer with 20 scans for each sample in absorbance 
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mode in KBr. Gaussian profiles were created by deconvoluting 
and smoothing the raw spectra. Before performing deconvolution, 
each spectrum had baseline correction, and each peak fitting 
obtained an R2 value of 0.9991. 

Field emission scanning electron microscopic (FESEM) 
images were acquired by ZEISS Sigma 300, Germany, and 
Hitachi S3400N. The SEM images were captured applying 
accelerating potential of 5.00 kV at 150.00 KX magnification 
and 3.1–3.3 mm of Z-height. 

A Zetasizer Nano ZS90 (ZEN3690, Malvern Instruments Ltd, 
UK) particle size analyzer was used to measure the diameters of 
the aggregates of nanoparticles and SILP materials using DLS 
measurements. The measurements were conducted at a fixed 
scattering angle of 90 degrees using a He-Ne laser beam with a 
wavelength of 632.8 nm. The hydrodynamic dimeter (Dh) of the 
particles present was determined by analyzing the scattering 
intensity data. A 10-mm-diameter measuring glass cell was 
employed. The detection limit of particle size was around 0.3 
nm-5 μm. The accuracy of Dh was ± 2%. The run time was set 
at 30 s for each sample and at least 3 measurements, each of 30 
runs were carried out for each sample. 

The UV-visible absorption spectra were recorded using a UV-
1800, Shimadzu, Japan, single-beam UV-visible absorption 
spectrophotometer. The aqueous dispersions of g-C3N4, TiO2, 
g-C3N4-[HDBU]OH, and TiO2-[HDBU]OH were used for 
UV-visible absorption measurements.  

III. Results and Discussion 

[HDBU]OH was prepared by neutralization reaction between 
DBU and water 27. Using two supports g-C3N4 and TiO2, two 
SILP materials, g-C3N4-[HDBU]OH, and TiO2-[HDBU]OH 

have been prepared (Scheme 2) and characterized by FTIR, 
UV-visible spectral analyses, SEM images, and DLS 
measurements. The potential interactions in SILP materials 
that keep ILs immobilized on the solid surface of the support 
materials include chemical attachment and/or physical 
attraction. Through physisorption and/or chemical 
interactions, [HDBU]OH can be immobilized as thin films on 
porous surfaces of NPs. The presence of hydroxyl groups on 
the surface of the TiO2 and the nature of surface charge of g-
C3N4 can form hydrogen bonds, electrostatic or ion-dipole 
interactions with anions and cations of [HDBU]OH. The 
nanopores or mesopores of both TiO2 and g-C3N4 allow 
capillary-condensing the [HDBU]OH that can help stronger 
physical immobilization. A good wetting behavior of 
[HDBU]OH can provide even spreading and film formation 
on the surface of NPs. 

FTIR spectral analyses of g-C3N4 and g-C3N4-[HDBU]OH  

FTIR spectral analyses were carried out to determine structure 
of the prepared g-C3N4-[HDBU]OH (Fig. 1). The 
characteristic bands at 1323-1570 cm-1 resemble the C-N 
bending mode of heterocycles, at 1635 cm-1 for C=N 
stretching mode and at 806 cm-1 for triazine units describe the 
structure of g-C3N4NPs (Fig. 1(a))28. In Fig. 1(b), the FTIR 
spectrum of g-C3N4-[HDBU]OH shows all characteristic 
bands for g-C3N4 along with a broad band in the wavenumber 
range of 3000-3500 cm-1. The deconvolution of the broadband 
(R2 = 0.9965) clearly shows the presence of N-H stretching 
mode at 3051, 3143, and 3200 cm-1, confirming the existence 
of [HDBU]OH in g-C3N4-[HDBU]OH. The OH- stretching 
mode has been found in the region of 3300-3500 cm-1.  

 
 

(a) 

 (b) 

Fig. 1. FTIR spectra of (a) g-C3N4, and(b) g-C3N4-[HDBU]OH with deconvoluted spectra in the region of 3000-3500-1 cm.

-  
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FTIR spectral analyses of TiO2 and TiO2-[HDBU]OH  

Fig. 2 shows FTIR spectral analyses to determine the structure 
of the prepared TiO2-[HDBU]OH. The characteristic band at 
551 cm-1 is for the Ti-O- stretching mode, at 1402 cm-1 for Ti-
O-Ti stretching, 1628 cm-1 for OH- bending, and 3410 cm-1 
for OH- stretching describe the structure of TiO2 NPs (Fig. 
2(a))29. In Fig. 2(b), all characteristics bands for TiO2 were 
present along with bands at 2854 and 2927 cm-1 for C-H 

stretching bands in the region 900-1200 cm-1 for appearance 
of C-N stretching and an overlapped broad band in the region 
of 3000-3500 cm-1 indicates the presence of [HDBU]OH in 
TiO2-[HDBU]OH. The broad band upon deconvolution (R2= 
0.9912) clearly shows the N-H stretching mode at 3076, 3154, 
and 3238 cm-1, confirming the presence of [HDBU]OH in 
TiO2-[HDBU]OH. The OH- stretching mode has been found 
in the region 3300-3500 cm-1.  

    (a)                            

 (b) 

Fig. 2. FTIR spectra of (a) TiO2, and (b) TiO2-[HDBU]OH with deconvoluted spectra in the region of 3000-3500 cm-1.

UV-visible absorption spectral analyses of g-C3N4, TiO2, g-
C3N4 -[HDBU]OH, and TiO2-[HDBU]OH in aqueous 
dispersion 

The UV-visible absorption spectra were investigated for g-
C3N4, g-C3N4-[HDBU]OH, TiO2, and TiO2-[HDBU]OH in 
aqueous dispersion (Fig. 3). The absorption spectra for g-C3N4 
and TiO2 did not show characteristics absorption maxima. 
Same amount of material was taken to prepare the aqueous 

dispersion but the supernatant for TiO2-[HDBU]OH showed 
very poor intensity as compared with that of g-C3N4-
[HDBU]OH in the UV absorption spectra. The wavelength 
corresponding to absorption maximum was found for 
[HDBU]OH at 282 nm. Interestingly, the new SILP materials 
showed absorption maxima at different wavelengths from that 
of [HDBU]OH at 207, 327, and 392 nm for g-C3N4-
[HDBU]OH and at 329, 296, 283, and 266 nm for TiO2-
[HDBU]OH. 
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Fig. 3. UV-visible absorption spectra for aqueous dispersion of g-C3N4-[HDBU]OH, [HDBU]OH, and TiO2-[HDBU]OH with 
an inset for the region of 240-380 nm (marked by dotted box).

Surface morphology and particle size analyses of g-C3N4 and 
g-C3N4 -[HDBU]OH   

The individual particle shape and surface appearance of g-
C3N4 and g-C3N4-[HDBU]OH have been investigated by SEM 
images (Fig. 4(a) and Fig. 4(b). The particles in g-C3N4 were 
uniformly distributed like a sheet with average size of the 
particles of 10-12 nm. The presence of [HDBU]OH over the 
g-C3N4 matrix is shown by the visible cracking of the 
nanosheets in g-C3N4-[HDBU]OH and resulting increased 
roughness with similar average size of the particles around 9-
10 nm (Fig. 4(b)). 

On the other hand, the study of particle size from DLS 
measurement of g-C3N4 and g-C3N4-[HDBU]OH is shown in 
Fig. 4(c) and 4(d), respectively. The Dh includes the hydration 
layer around the particles in the suspension. The Dh of around 
80% particles in g-C3N4-[HDBU]OH is 132 nm and nearly the 
same as that of g-C3N4, which was 154 nm (Fig.4(c)). In g-
C3N4-[HDBU]OH, only about 20% particles had an increased 
hydrodynamic diameter of 423 nm. The trend in the change in 
particle size from SEM measurements is consistent with that 
from DLS measurements (Fig. 4).   

 

Fig. 4. SEM images of (a) g-C3N4 and (b) g-C3N4-[HDBU]OH and particle size distribution of (c) g-C3N4 and (d) g-C3N4-
[HDBU]OH. 
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Surface morphology and particle size analyses of TiO2 and 
TiO2-[HDBU]OH  

The SEM images of TiO2 and TiO2-[HDBU]OH have been 
investigated to show the individual particle shape and surface 

appearance and are shown in Fig. 4(a) and Fig. 4(b), 
respectively. Fig. 4(a) shows the surface morphology of 
spherical particles around 18-20 nm in TiO2. The particle size 
increased up to 157 nm for TiO2-[HDBU]OH to indicate that 
[HDBU]OH facilitated aggregation of TiO2

 
 

 

Fig. 5. SEM images of (a) TiO2 and (b) TiO2-[HDBU]OH and particle size distribution of (c) TiO2 and (d) TiO2-[HDBU]OH. 

. 

DLS measurements have been carried out to evaluate the Dh 
of the particles in the suspension of TiO2 and TiO2-
[HDBU]OH in water as shown in Fig. 5(c) and Fig. 5(d), 
respectively. The Dh of TiO2 is shown around 22 nm and 
increased to 102 nm in TiO2-[HDBU]OH. A notable increase 
in particle size in TiO2-[HDBU]OH suggests that [HDBU]OH 
plays an important role in the aggregation of TiO2 particles. 
The variation of the particle size of TiO2 and TiO2-
[HDBU]OH in their SEM images shows a similar trend to that 
of the DLS measurement (Fig. 5). 

It was reported that IL could prevent association of 
nanoparticles and collapse of pore structure of solid support 
materials, that helps increase in surface area. A few 
investigations reported usage of some imidazolium based 
aprotic ILs in modifying nanoparticles as photocatalysts with 
improved photoactivity30. The photocatalytic activity of IL-
NP varies with variation of the nature anions of ILs31. 
Therefore, different ILs can modify the size NPs in different 
ways. Thus, the g-C3N4-[HDBU]OH could show improved 
photocatalytic activity with increased surface area. On the 
other hand, TiO2-[HDBU]OH could exhibit reduced 
photocatalytic performance with increased size (decreased 
surface area) of the particles.  

[HDBU]OH has the potential to tune the size of the particles 
of support materials, g-C3N4 and TiO2 in the SILP materials. 

In g-C3N4-[HDBU]OH, about 80% particles have the particle 
size similar to the g-C3N4 NPs. Thus, it is expected that the 
SILP materials would retain the catalytic activity of g-C3N4 in 
presence of UV light identical. Significant cracking on the 
surface of g-C3N4 was observed in g-C3N4-[HDBU]OH. The 
SILP, g-C3N4-[HDBU]OH, may provide increased surface 
area of the particles because of the enhanced roughness on the 
surface of g-C3N4 and could show increased catalytic activity. 
On the other hand, TiO2-[HDBU]OH, showed a significant 
increase from 22 nm to 102 nm in particle size, indicating that 
[HDBU]OH improved the capacity of the TiO2 to aggregate. 
Hence, [HDBU]OH when immobilized on the surface of g-
C3N4 and TiO2 can tune the size of the particles of the supports 
in SILP materials. The PIL, [HDBU]OH is also able to tailor 
the surface morphology in g-C3N4-[HDBU]OH by inducing 
cracks on the surface and in TiO2-[HDBU]OH by increasing 
the combining capacity of the particles. 

TiO2 and g-C3N4 are generally used as catalysts in heterogeneous 
photocatalysis due to many unique properties including potent 
oxidation and reduction capabilities, and high chemical stability. 
However, the applications are limited by low activity in the 
visible area of the solar spectrum and the slow rate of electron 
transfer to oxygen while excited electron-hole pairs recombine. 
To comprehend the mechanism of excitation of IL-NP materials, 
it is crucial to investigate how the structure of ILs affects the 
surface characteristics and activity due to visible light. 
Imidazolium-based aprotic ILs have been used successfully in a 
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few studies to modify the surface of the NPs as photocatalysts 
with enhanced photoactivity. Thus, attempt may be made to 
regulate the band gap, surface area, charge separation efficiency, 
and visible light absorption capacity of NPs using the potential 
of DBU based PILs in the SILP materials. Oxygen vacancies in 
TiO2 and nitrogen vacancies in g-C3N4 may be created due to 
interaction with ILs and may promote effective charge separation 
while retaining a substantial level of oxidation capacity. 

IV. Conclusions  

[HDBU]OH can be used to prepare two new supported ionic 
liquid phase materials, g-C3N4-[HDBU]OH and TiO2-
[HDBU]OH using a simple refluxing method. The g-C3N4 
may show the catalytic activity, as the prepared g-C3N4-
[HDBU]OH showed negligible increase in the size of only 
20% particles. Moreover, the SILP, g-C3N4-[HDBU]OH is 
expected to improve the overall catalytic performance of g-
C3N4 because of the insignificant agglomeration of the 
particles and enhanced roughness on the surface of the support 
material. A notable increase in particle size from 22 nm to 102 
nm in TiO2-[HDBU]OH suggests that [HDBU]OH assisted 
the tendency of TiO2 to aggregate. [HDBU]OH can modify g-
C3N4 and TiO2 in different ways, and it can contribute 
significantly to the improve performances and surface 
morphological characteristics in g-C3N4-[HDBU]OH and 
TiO2-[HDBU]OH. 
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