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Abstract 

A luminescence hybrid material, Bis(8-hydroxyquinoline)cobalt(II) (Co(8hq)2), was incorporated into the 

mesoporous silica. To study the preparation of mesoporous silica from rice husk and the development of 

fluorescence efficiency. The mesoporous silica was prepared by swelling-shrinking mechanism which used the 

sodium silicate from rice husk as the precursor. The hybrid materials were prepared by solid-state reaction at room 

temperature with two different routes; the first one was the hybrid material processes via the in situ formation of 

cobalt(II)chloride hexahydrate (CoCl26H2O) as well as 8hq into the mesoporous silica (MCM) mixed ground 

(MCM_Co(8hq)2) and the another one was step by step ground of the mesoporous silica, cobalt(II)chloride 

hexahydrate and 8hq (MCMCo(II)_8hq). The hybrid materials were characterized by SEM, XRD, FT-IR, AAS, 

as well as PL. The FT-IR spectra showed the 8hq characteristic at 820, 786, 784, and 747 cm-1 that all of the FT-

IR spectra shifted to higher frequencies of free 8hq (815, 778, and 739 cm-1), confirming the coordination between 

cobalt(II) cation and 8-hydroxyquinoline. The excellent photoluminescence of MCM_Co(8hq)2 revealed at 484 

nm and MCMCo(II)_8hq demonstrated blue-shifted peak at 474 nm in this comparison, indicating that the 

formation of different nanostructures and/or packing of bis    (8-hydroxyquinoline)cobalt(II) were formed into the 

mesoporous silica. 
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1. Introduction  

In recent years, the luminescence of metal 

complexes has attracted significant attention due to 

the coordination chemistry of inorganic and organic 

components, electron-transfer substitution of metal 

or ligand provides an effective means can serve as 

an efficient approach for the development of 

electroluminescent materials (Singh et al., 2018; Li 

& Li, 2009). As a common ligand in metal 

complexes are widely used aromatic rings such as 8-

hydroxyquinoline (8hq), pyridine, and benzoic acid 

that have conjugate double-bonds as well as stronger 

absorption than metal ions in the ultraviolet (UV) 

region (Li & Li, 2009; Świderski et al., 2018; He et 

al., 2018). Among these ligands, 8hq has attracted 

much attention because of a variety of one-

dimensional (1D) nanostructures of the metal-8-

hydroxyquinoline complexes have been obtained 

such as nanorods, nanowire, and nanoribbon that 

nanostructures of the complexes are also tunable 

electronic and optical properties (Li et al., 2012; 

Tsuboi et al., 2012; Behzad et al., 2014; Pimchan et 

al., 2014).  

The metal complexes illustrate potential 

applications in organic light-emitting devices 

(OLED) and efficient light-conversion molecular 

devices. However, their practical application in 

many fields limited by the low light and thermal 

stability and poor mechanical strength of metal 

complexes (He et al., 2018; Pimchan et al., 2014). A 

wide variety of metal chelates were prepared base-

on the nanospace of mesoporous silica, boron nitrite 

porous, and inter layer as an appropriate host solid 

that an effective way to solve and protect the metal 

complexes (He et al., 2018; Pimchan et al., 2014; 

Sábio et al., 2016). These hybrid materials also have 

been reported to have many possible applications as 

photocatalyst and so on (Patriarca et al., 2019; 

Maučec et al., 2018).  

As an emerging host, mesoporous silica has 

attracted much research because of the possibility of 

tailoring the pore structure, framework composition, 

and morphologies over a wide range (Lui et al., 
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2015; Sohmiya et al., 2015; Kazuyuki et al., 2011). 

The porous surface of mesoporous silica could be 

modified by a swelling-shrinking mechanism with 

proper organic functional groups and provide 

accessibility for anchoring other substances. This 

technique offers the advantages of high control of 

the hybrid chemical composition at low temperature 

and large-area processing (Sohmiya et al., 2015; 

Kazuyuki et al., 2011). Accordingly, host-guest 

complexes have been synthesized from mesoporous 

silica for such purposes as sensors, adsorption, and 

optical applications (Zhao et al., 2017; Kudo et al., 

2017; Li et al., 2017). Moreover, the immobilization 

of luminary on rigid support is a very important way 

to prepare new solid luminescent materials (Li et al., 

2017; Zhang et al., 2018). Recently, the preparation 

of metal complexes base-on mesoporous silica to 

improve their performances have attracted increased 

attention. For example, the aluminum quinolate 

complex was attached covalently to this 

functionalized SBA-15 by using coordinating ability 

of bifunctional precursor (Si-SQ) on the surface of 

mesoporous material and the observed blue-shift in 

the emission spectra of the prepared Al(8hq)3 

functionalized material is attributed to the improved 

molecular interactions of grafted Al(8hq)3 

complexes on the surface and electron withdrawing 

effect of sulfonamide group that covalently linked to 

the 8hq in grafted precursor (Si-SQ) (Badiei et al. 

2011). The adsorption of [Ru(bpy)3]2+ onto 

aluminum containing mesoporous silicas was 

conducted and the photoluminescence of the 

products was examined as a function of the loaded 

[Ru(bpy)3]2+ amounts. The result suggests that the 

pore size and the interactions between [Ru(bpy)3]2+ 

and the pore surface affects the efficiency; the larger 

pore size and the weaker interactions between and 

the pore surface results in the higher self-quenching 

efficiency (Sohmiya and Ogawa, 2011). Thus, the 

luminescence properties and stabilities of 

mesoporous silica-based hybrids can be 

meticulously designed and tuned. 

Solid-state reaction is a facile and feasible 

method for preparing nanomaterial and has achieved 

some success in fabricating complex materials 

(Rahman, 2016). It showed that the promising 

luminescent properties can be obtained by linking 

the metal complexes to the mesoporous materials 

(Ma et al., 2019; Vibulyaseak et al., 2019). 

Therefore, the synthesis of metal complexes in 

mesoporous silica via solid-state may be 

predominant features such as high color quality, 

wide-viewing angle, wide operating temperature 

range, and fast response.  

In this paper, we reported the preparation of the 

cobalt (II) complex of 8-hydroxyquinoline (8hq) 

into mesoporous silica with different methods. The 

mesoporous silica was prepared from rice husk 

which was calcined in air. The cobalt (II) complexes 

of 8-hydroxyquinoline in mesoporous silica were 

prepared by solid-state between mesoporous silica 

and Co (II):8hq. The different methods may enhance 

the luminescence efficiency of Co(8hq)2 complex by 

reducing the concentration quenching and self-

absorption. The role of preparation processes may 

affect the molecular structures and/or packing, as 

well as optical properties of Co(8hq)2 complex into 

the porous space.  

 

Table 1. Color and Photoluminescence band of 

hybrid materials. 
Substances color em (nm) 

Co(8hq)2 Dark green 492 

MCM_Co(8hq)2 Orange green 484 

MCMCo(II)_8hq Light green 474 

 

2. Methodology (Materials and Methods) 

2.1 Materials 

Rice husk (RH) used in this research were 

obtained from the rice milling process in Thailand. 

Cetyltrimethylammonium bromide (C19H42NBr, 

CTAB) was supplied from Sigma-Aldrich Co., Ltd. 

Cobalt(II)chloride hexahydrate (CoCl26H2O) was 

obtained from CARLO ERBA Reagents S.r.l. 8-

hydroxyquinoline (C9H7NO, 8hq) was supplied 

from HiMedia Laboratories., and the reagents were 

analytical grade and were used without further 

purification. 

 

2.2 Synthesis 

       2.2.1 Synthesis mesoporous silica (MCM)  

In the beginning, the sodium silicate preparation 

was synthesized by silicon dioxide (SiO2) from RH. 

The raw RH was boiled in 1 M HCl solution for 4 h, 

washed with distilled water, and then dried at 100 C 

for 24 h. The dried RH was calcined in a muffle 

furnace, which was preheated to 900 C, for 8 h 

(Bakar et al., 2016). Then, 100 mL of 2 M NaOH 

and 5 g of SiO2 were stirring at 80-100 C for 3 h. 

After the reaction period and cooling to room 

temperature the sodium silicate solution (Na2Si3O7) 

formed was filtered and stored in a sealed
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 polypropylene flask at room temperature (Pimprom 

et al., 2015). Finally, the mesoporous silica was 

synthesized by the amount 0.8448 g of CTAB, 70.8 

mL of deionized water, 800 mL of 99% methanol, 

and 29.2 mL of 28% aqueous ammonia were mixed 

and the mixture was stirred for 3 h at 20 °C. The 1.48 

mL Na2Si3O7 was added to the solution and then the 

suspensions were aged at 4 °C for another 24 h. The 

solid particles were collected by evaporation. The 

product was calcined in air at 660 °C for 10 h to form 

a porous silica shell. The molar ratio of 

MCM:C18TAB:H2O:NH3:MeOH was 

1:0.4:596:72:2993. (Kazuyuki et al., 201). 

 

 

 

Figure 1. SEM images of MCM (a) MCMCo(8hq)2 

(b) and MCMCo(II)8hq (c) 

 

       2.2.2 Synthesis mesoporous silica (MCM)  

The ligand cobalt complex-mesoporous silica 

hybrids were obtained by solid-state reaction at 

room temperature (Pimchan et al., 2014). The 

amount of Co(II) cation determined by atomic 

absorption spectrometry (AAS) was 0.0332 mg/g. 

The hybrids were obtained by two different 

processes as follows; the first method 0.1 g of 

mesoporous silica (MCM), 0.0305 g of CoCl26H2O, 

and 0.0648 g of 8hq at the molar ratio of 1:2 for 

Co(II) to 8hq ligand were mixed ground in a agate 

mortar at room temperature for 10-15 min 

(MCMCo(8hq)2) and the another method was 

ground step by step, 0.1 g of mesoporous silica with 

0.0305 g of CoCl26H2O were mixed ground in a 

agate mortar at room temperature for 10-15 min then 

add 0.0648 g of 8hq (the molar ratio 1:2 for 

Co(II):8hq ligand) mixed ground  in a agate  mortar 

at room temperature for 10-15 min respectively 

(MCMCo(II)8hq). 

 

2.3 Characterization 

       Material characterizations: A HITACHI TM 

3000 scanning electron microscope (SEM) was used 

for the identification of morphology and size of 

nanoparticles. X-ray Powder Diffraction patterns 

(XRD) were obtained on a Bruker D8 ADVANCE 

diffractometer using monochromic Cu K radiation 

and Fourier-transform infrared spectroscopy (FTIR) 

was measured on a Spectrum One spectrometer over 

the spectral region of 600-4000 cm-1 by Bruker 

TENSOR27 confirmed the structural properties. The 

amount of metal ions were confirmed by atomic 

absorption spectrometry (AAS) on PinAAcle 900F 

Atomic absorption spectrometer. The result of 

optical properties by photoluminescence spectra 

were carried out from Spectrofluorometer 

FluoroMax 4 at the condition of a working voltage 

of 400 V and a slit width of 0.5 nm by the excitation 

of Xenon lamp at 320 nm. 

 

3. Results and discussion 
 

3.1 Mesoporous silica  

The mesoporous silica was confirming the phase 

purity and identification through the SEM (Fig.1) 

and FT-IR (Fig.2). From the image (Fig.1) 

illustrated that the prominent morphology of 

particles is a mostly short rod-like cylinder and 

homogeneous aggregation of the particles is also 

observed. The diameters of particles approximately 

1 µm and length up approximately 4 µm which is 

typically the morphology for mesoporous materials 

(Puratane  Amnuaypanich, 2018; Barczak, 2018; 

Cong, et al., 201). Figure 2. present the XRD 

patterns of mesoporous silica that the intensity of 

diffraction peaks at 2θ angles of 17.09°, 23.79°, 

29.70°, 35.10°, 37.50°, 48.36° and 52.28° (JCPDS 

No. 16-0818), indicating that the crystalline phase of 

Na2SiO3 was the hexagonal phase (Li et al., 2019). 

The resulted of FT-IR spectrums demonstrate 

organic functional incorporation in silica framework 

(Fig.3) that the broad absorption band of 710 and 

876 cm-1 corresponding Si-O-Si asymmetric 

bending and stretching respectively (Roschat et al., 

2016), which were occurred from tetrahedral SiO4 

combination. The band due to 966 cm-1 shown 

stretching vibrations Si-OH (Yang et al., 2009; Yang 

et al., 2007; La-Salvia et al., 2017; Ogata, 2014). In 

addition, the absorption bands at 1428 cm-1 also 

corresponding Si=O formation (Roschat et, al. 2016) 

that the mesoporous silica morphology was 

confirmed.
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Figure 2. X-ray diffraction pattern of mesoporous 

silica from rice husk. 

 

3.2 Bis(8-hydroxyquinoline)cobalt(II) into 

mesoporous silica 

The preparation of the hybrid material of the 

cobalt (II) complex into mesoporous silica from the 

rice husk was confirmed by SEM, FT-IR and PL 

spectroscopies. Figure 1b. and 1c. showed the 

morphology after loading cobalt(II) complex into 

mesoporous silica from two different routes that the 

step by step ground product was obtained (Fig.1b) 

illustrated the microstructure was not changed from 

mesoporous silica (Fig. 1a). On the other hand, the 

hybrid material from mix ground method (Fig. 1c) 

was observed the little substances stuck on. The 

vibrations of CH2 stretching as well as C-H vibration 

modes owing to the 8hq characteristics in Co(8hq)2 

and the FT-IR spectra of products are summarized in 

Figure 3. The absorption bands due to the C-H out 

of plane bending modes of the neat 8hq were 

observed at 815, 778, and 739 cm-1, that all of the 

FT-IR spectra of the hybrids were shifted to higher 

frequencies were 820, 784 and 747 cm-1 for 

MCM_Co(8hq)2 as well as the frequencies of 

MCMCo(II)8hq at 820, 786 and 747 cm-1, 

confirming the coordination between cobalt (II) 

cation and 8-hydroxyquinoline (Pimchan et al., 

2014). The stretching vibrations of metal oxide for 

tetrahedrally coordinated Co(II) ions of both 

products were observed at 645 and 647 cm-1 

respectively, indicating the formation of Co-O 

bonding in hybrid material (Li & Li, 2009; Saurav et 

al., 2015), supporting the interaction between 

hydroxyl group and cobalt(II) cation. A broad 

infrared absorption band in the region from 3000 to 

3400 cm−1 identified the water of hydration in the 

samples (Li & Li, 2009), which was consistent with 

the photoluminescence spectra. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Figure 3. The FT-IR spectra of MCM (a), 8hq (b), 

MCM_Co(8hq)2 (c) and MCMCo(II)_8hq (d) 

 

Photoluminescence was a very important 

characteristic for the optical hybrid materials. All 

summaries were shown in Table 1. The 

luminescence spectrum of Co(8hq)2 complex 

showed the emission band due to a π to π* charge 

transfer from the electron-rich phenoxide ring to the 

electron-deficient pyridyl ring of the ligand at 468 

nm (Li & Li, 2009). When the product from a mixed 

ground method, the luminescence maxima was 

observed at 484 nm for MCM_Co(8hq)2, as well as 

the color appearance was a dark green-orange 

(Fig.5b). In another route, the intense emission band 

of MCMCo(II)_8hq hybrids revealed at 474 nm and 

the feature observe as light-green (Fig.5c). The 

maxima luminescence spectra of MCMCo(II)_8hq 

(474 nm) was blue-shifted, while MCM_Co(8hq)2 

was demonstrated identical the maxima 

luminescence spectra as cobalt(II) complex (484 

nm) in this comparison reflected the change in 

HOMO/LUMO level and/or bandgap energy of the 

interaction complexes (Pimchan et al., 2014), 

implying that the cobalt complex with different 

nanostructures or packing formed either of cobalt(II) 

complexes in the mesoporous silica spaces. For 

example, the photoluminescence of cobalt(II)-bis(8-

hydroxyquinoline) nanosheets were red-shifted and 

the fluorescence quenching when the 

cobalt(II)complex formation between p-nitroaniline 

molecules (Li & Li, 2009). The emission peak of 

CA[n]@SiO2@CdTe nanoparticles (NPs) was red-

shifted in comparison with its precursor 

SiO2@CdTe nanoparticles, which may be attributed 

to the increased size of nanoparticles (Li & Qu, 

2007), while zinc(II)-bis(8-hydroxyquinoline)
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 complex in channels of mesoporous silica 

nanoparticles (MSN) which functionalized with or 

without mercapto groups, the PL emission peaks of 

these samples are red-shifted from 500 nm for MSN-

Zn(8hq) to 511 nm for MSN-SH2-Zn(8hq), the 

optical properties of these samples are dependent on 

the interior circumstances and the concentration of 

mercapto groups in channels of MSNs (Li et al., 

2012). In addition, the reported that the emission 

peak maxima of nanoporous silica-Al(8hq)3, 

nanoporous silica-Al(8hq)2 and Al(8hq)3 are 505, 

497, and 510 nm respectively. The greater blue-shift 

was observed in the emission spectra of nanoporous 

silica-Al(8hq)2 can be attributed to changing the 

coordination sphere of Al ions in nanoporous silica-

Al(8hq)2 in comparison with nanoporous silica-

Al(8hq)3 (Badiei & Goldooz, 2012). From these 

observations, the formation of cobalt complex into 

mesoporous silica were proved. 

 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

Figure 4. Luminescence spectra of Co(8hq)2 (a), 

MCMCo(8hq)2 (b) and MCMCo(II)_8hq (c) 

 

 
 

Figure 5. Colors of Co(8hq)2 (a), MCM_Co(8hq)2 

(b) and MCMCo(II)_8hq (c) 

 

     In comparison of the luminescence efficiencies  

between MCM_Co(8hq)2 and MCMCo(II)_8hq in 

Figure 4 demonstrates the excellence luminescence 

intensity of the hybrid material from step by step 

method (MCMCo(II)_8hq), while the other route 

product (MCM_Co(8hq)2) modulate insignificantly 

from Co(8hq)2 complex, indicating the sequenced 

ground direction be able to efficiently improve the 

luminescence intensity of metal complex (Pimchan 

et al., 2014). It was illustrated that the cobalt(II) 

complex of 8-hydroxyquinoline was successfully 

prepared into mesoporous silica via solid-state 

reaction at room temperature and the immobilized 

complexes into mesoporous silica exhibited 

excellent photoluminescence properties. Moreover, 

the method via step by step ground affected the 

molecular structure and/or packing of the 

complexes, which are thought to be correlated with 

the increased luminescence efficiencies. From these 

observations, the hybrids material showed the 

outstanding photoluminescence efficiencies as well 

as the shift of luminescence maxima due to the 

energy level changes (Pimchan et al., 2014). 

     Finally, the instant system is preparation of 

mesoporous silica, which conventional method and 

advantage rice husk. Applications such as the host 

material, absorbent, and insulator as well as the 

cobalt(II) complexes complement ruled by the 

mesoporous silica host. Suggestions for the 

incorporation of the other ligand metal complexes 

with different metal ions, ligands and/or other host 

structures are foreshadowing because of the ease of 

operation, the enhancement of luminescence 

efficiencies and the stability of the incorporated 

complexes.  

 

4. Conclusions 
     The mesoporous silica which was synthesized by 
swelling-shrinking mechanism from rice husk was 
successfully prepared. The preparation of hybrid 
materials via solid-state reaction between 
mesoporous silica and cobalt(II) ion, as well as 8-
hydroxyquinoline at the room temperature. The 
emission maxima was 484 nm for MCM_Co(8hq)2 
hybrid and 474 nm of MCMCo(II)8hq hybrid. The 
photoluminescence efficiency of MCMCo(II)_8hq 
hybrid was higher than MCM_Co(8hq)2, indicating 
that the MCMCo(II)_8hq hybrid constitute an 
excellent optical properties material. The difference 
in microstructure and/or packing of the cobalt(II) 
complex into mesoporous silica could be adjusted by 
a variant of loading/packing method. The solid-state 
reaction is applicable to prepare various complexes 
in the porous hosts. 
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