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Abstract 

The objective of this research is to prepare a new type of heterogeneous catalyst and to study its usage 

for in-situ nitrous acid generation to form a diazonium salt. The high pure silica (> 95%) was produced 

by burning the clean rice husk at 800 °C. After that, the silica was transferred to sodium silicate using 

1.0 M of NaOH, followed by immobilizing with 3-(chloropropyl)triethoxysilane in a simple one-pot syn-

thesis. Finally, the material was refluxed with (0.015 mol) of p-xylyl di-imidazolium chloride. The sili-

con solid-state nuclear magnetic resonance shows the Q4, Q3, T3, and T2 chemical shifts at expected po-

sition. Carbon solid-state nuclear magnetic resonance spectrum shows different peaks at different 

chemical shifts related to the carbon structures of the organic moieties. The catalyst is stable up to 277 

ºC according to the thermal analysis. TEM images show smooth and porous regularly shaped particles 

with an estimation size of ca. 5 nm. Coupling reaction of aromatic compounds was carried out with a 

diazonium salt of aniline to yield a monoazo dye. All dyes were showed matching the elemental analy-

sis with the theoretical calculation. Besides this, the spectrum of FT-IR and UV-Visible were recorded. 

The catalyst was stable, easy separation from the reaction mixture, and reusable by a simple experi-

mental procedure. The catalyst could be used successfully for the nitrous acid generation. Copyright © 

2019 BCREC Group. All rights reserved 
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1. Introduction 

Diazotization reactions normally prepared 

via the reaction of primary aromatic amines, 

aniline, and its related derivatives, with nitrous 

acid to form a diazonium salt. The formed diazo-

nium salts were capable to couple with organic 

azobenzene molecules yielding azo dyes. Besides 

dyes preparation, aromatic diazonium salts can 
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also be reached by different procedures to give 

different materials for various purposes such as 

sensor [1], carbon nanotube [2], polymer [3], and 

waste by-products treatment [4], which are rele-

vant to many fields of life such medicine, indus-

try, environment, etc. Numerous methods / tech-

niques, for preparation of diazonium salt, re-

quired homogeneous acid as a catalyst. Normal-

ly concentrated HCl or H2SO4 was used as a ho-

mogeneous catalyst in the synthesis of diazoni-

um salt at low temperature [5,6]. The environ-

mental incompatibility is the main limitation of 

such catalysts. Simultaneously, the production 
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of diazonium salts without using homogeneous 

concentrated acids did not mention in the liter-

ature.  

Recently, diazotization reactions of various 

aromatic compounds in aqueous acidic phase, 

such as: hydrochloric acid under mild condi-

tions, were taken place over the new silica im-

mobilized with nano nitrite [7]. During the use 

of homogeneous catalysts, the main challenging 

problem could be the productions of azo dyes 

over silica in a heterogeneous phase catalyst. 

Additionally, there is no clean method for pro-

duction of azo dyes support the green chemis-

try. Consequently, this work proposing a new 

type of heterogeneous catalyst to achieve a 

greener synthetic alternative, due to the in-

crease of interest in the catalysis greener syn-

thetic for dyes production. The heterogeneous 

catalyst, synthesized in this study, is by utiliz-

ing rice husk (RH) as a source of silica. The 

high pure silica was produced by burning the 

RH at a high temperature. As a result of severe 

conditions, silica was transferred to sodium sil-

icate followed by immobilizing with alkyl si-

lylating agents in a simple one-pot synthesis 

[8]. Finally, the material was treated with       

p-xylylene di-imidazolium chloride to form a 

heterogeneous catalyst which was used suc-

cessfully to generate diazonium salt for azo 

dyes production. 

 

2. Materials and Method 

2.1 Chemicals 

The reagents were imidazole (Sigma-

Aldrich, 98.0%), sodium hydroxide (Systerm, 

99.0%), nitric acid (Systerm, 65.0%), 3-(chloro-

propyl) triethoxysilane (CPTES) (Sigma-

Aldrich,  99%), benzene (Merck, 99%), dioxane 

(Riedel-De Haen, 99.5%), acetone (Sigma, 98%), 

p-xylylene dichloride (Sigma, 98%), ethyl alco-

hol (HmbG Chemical, 99.7%), aniline (Sigma-

Aldrich, 99%), α-naphthol and N,N-dimethyl 

benzaldehyde (Sigma-Aldrich, 99%), diethyl 

ether (GCC, 99%), potassium carbonate 

(Sigma-Aldrich, 99%), p-bromobenzaldehyde 

(Sigma-Aldrich, 99%), and dichloromethane 

(Sigma-Aldrich, 99%). The rice husk (RH) was 

collected from the rice mill in Samawah city, 

south of Iraq. 

 

2.2 Materials Synthesis 

2.2.1 Synthesis of p-xylyl bisimidazole (bis-imi) 

A solution of p-xylylene dichloride (1.22 g, 

7.0 mmol) and imidazole (1.25 g, 18.0 mmol) 

was refluxed at (70-80 °C) in ethanol (30 mL) 

for 24 h. The product was washed with diethyl 

ether then dissolved in potassium carbonate 

(K2CO3) solution (6%, 30 mL). After standing 

for 3 days, a white solid precipitated separated 

out from the solution. This solid was collected 

and recrystallized from water that produced 

white crystals. The yield was 1.61 g (97.0%), 

m.p.: 153-154 °C. 1H NMR (400 MHz, d3-

CD3CN):  5.1 (s, 4H, 2 × CH2), 6.9 (2H, d, 2 × 

imidazolium H5), 7.2 (2H, d, 2 × imidazolium 

H4′), 7.4 (d, 4H, ArH), 7.7 (s, 2H, 2 × imidazoli-

um H2′); 13C NMR (400MHz, d3-CD3CN): δ 49.9 

(CH2), 120.3 (imidazolium C4, C5, C4′ & C5′), 

128.6 (4 × ArC), 129.6 (2 × ArC), 138.1, 138.2 

(imidazolium C2 and C2′). Elemental analysis 

(CHNS): Analytical calculation for C14H14N4: 

(C, 70.57, H, 5.2, N, 23.51) %. Experimental: 

(C, 70.06, H, 5.1, N, 23.74) %. 

 
2.2.2 Catalyst preparation, RHAPrIM 

Rice husk was converted to rice husk ash 

(RHA) and subsequently immobilized with 

CPTES to produced solid product donated as 

RHACCl by following the method published in 

reference [8]. In general, bis-imi (2.0 g, 0.015 

mol) was mixed with (2.0 g) of RHACCl in 30 

mL of dry toluene. After that, the mixture 

transferred to an oil bath and then refluxed at 

110 °C. After 24 h of reflux, the reaction mix-

ture was filtered. The solid products washed 

with three different solvents (toluene, dichloro-

methane, and ethanol) to remove the unreacted 

organic. The product was transferred to the ov-

en for drying at 100 °C for 24 h. About 1.80 gm 

was yield from applied this method. 

 

2.3 Catalyst Activity  

100 mg of RHAPrIM were mixed with 1.0 

mL (10 mmol) of aniline which was soluble in 5 

mL of distilled water. About 0.69 g (10 mmol) 

of sodium nitrite was dissolved in 5 mL of dis-

tilled water then added to the catalyst-aniline 

mixture very slowly and stirring for 24 h, while 

the temperature never goes above 15 °C. 

Thereafter, the catalyst was removed by filtrat-

ing about 250 mg of resorcinol which was dis-

solved in 2.0 mL of 10% NaOH and then 5.0 

mL distilled water was added. The mixture col-

or was changed directly which indicated to the 

end point of the reaction. As the reactants and 

the product are solid phase, the calculation of 

yield (conversion) was done by dividing the ex-

perimental weight (Wtex) on the theoretical 

weight (Wttheo) multiplying by 100% as shown 

in the formula below (Equation (1)). 

Yield % = (Wtex / Wttheo) × 100%           (1) 
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2.4 Sample Characterization  

2.4.1 Elemental analysis and nitrogen adsorp-

tion desorption  

The percentage of each carbon, hydrogen, 

and nitrogen was determined by CHN analyzer 

(Perkin Elmer-2400). Surface parameters were 

analyzed by physical adsorption of nitrogen in 

automatic physisorption porosimeter 

(Autosorb-1 CLP, Quantachrom, USA).  

 

2.4.2 X-ray diffraction patterns (XRD)  

The powder XRD of the sample was done on 

a Siemens diffractometer, D5000, Kristalloflex. 

The diffraction angle was scanned for 2 h at a 

rate in 6.0 °.min-1. 

 

2.4.3 FT-IR spectroscopy 

The FT-IR spectra were obtained using Shi-

madzu 8400s spectrophotometer. A 0.5 mg of 

KBr to the 0.1 mg of sample was taken and 

grained to make the KBr discs. 

 

2.4.4 Thermogravimetric analysis TGA / Differ-

ential thermal analysis DTA 

TGA/DTA was performed using a dual-

purpose instrument type Perkin Elmer TGA-

4000; about 10.0 mg of sample was heated from 

40 °C to 900 °C at 20 °C/min under nitrogen 

flow.  

 

2.4.5  29Si and 13C MAS NMR 

The 29Si and 13C MAS NMR were recorded 

by using Bruker machine type (DSX-300) was 

used to obtained 29Si and 13C MAS NMR.  

 

2.4.6 TEM and SEM micrographs  

The SEM images were carried out using 

Leica Cambridge S360 machine. The machine 

was provided with EDX type Falcon System. 

While the TEM images were deducted by 

Philips CM12 equipment. In general the sam-

ple was suspended in absolute ethanol and 
Scheme 1. The synthesis of 1,4-bis(imidazole-1-

ylmethyl)benzene (Bis-Imi) 
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Scheme 2. The reaction sequence and the possible structures for RHAPrIM as suggested by different 
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then droplet on carbon film coated with 400 

mesh copper grid and left for 1-3 min.  

 

3. Results and Discussion 

3.1 Synthesis of Bis-Imi 

Formation of bis-imi basically depends on 

the replacement of chloride in p-xylylene di-

chloride with imidazole in dioxane under re-

fluxed condition Scheme 1. The 1H and 13C 

NMR spectra and elemental analysis (CHN) 

are nicely monitored the successful formation 

of the bis-Imi. 1H NMR spectrum of bis-imi in 

Figure 1(a) shows the presence of imidazolium 

proton H2′ signal (N–CH–N) at chemical shifts 

of 7.7 ppm. This chemical shift is consistent 

with the chemical shifts of common imidazoli-

um salts [9]. The carbene carbon resonances of 

imidazole (C2, C2′) led to downfield signals at  

of 138.2 and 138.1 ppm, respectively (Figure 

1(b)). Aromatic carbons (i) and  (i-) are ob-

served at 129.55 and 129.6 ppm, while other 

chemical shifts of aromatic carbons, (ii), (ii-), 

are observed at 128.6 and 129.01 ppm, the car-

Figure 1. The NMR spectrum of bis-imi in d3-CD3CN. (a) 1H NMR, (b) 13CNMR.  
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bons of C3, C4, C3′, and C4′ are observed at 

120.3 ppm. Methylene group’s (CH2) is shown 

at chemical shift 49.9 ppm. It is also found that 

the experimental elemental analysis of the syn-

thesis bis-imi is in agreement well with calcu-

lated one. This data clearly indicates the signif-

icant synthesis of the bis-imi. 

 

3.2 Synthesis of RHAPrIM 

CPTES was necessary for functionalization 

silica from RHA. The bis-imi immobilization 

proceeds via proton abstraction from amine 

group in imidazole and alkyl chloride bonded to 

silica propyl chain Scheme 2. This reaction is 

anchored bis-imi to silica via the connection to 

propyl chain in organosilane. Deep analysis for 

the prepared catalyst was carried including sol-

id-state NMR, stability, surface area and oth-

ers as in the subtitle below. 

 

3.2.1 Elemental analysis  

To monitor the new elements onto silica the 

elemental data were used by the combination of 

elemental analysis (CHN) and energy disper-

sive X-ray analysis (EDX) analysis (shown in 

bract) Table 1. Elemental analysis percentages 

of RHACCl (not shown) showed the C and H 

content are 11.70 and 1.90%, respectively [8]. 

Carbone content of RHAPrIM 16.74% (30.22% 

according to the EDX) is slightly higher than 

RHACCl, as a result of immobilization of bis-

imi. Nitrogen composition showed 1.91%, 

(3.30% according to the EDX). The elemental 

data analysis reflects that the bis-imi is indeed 

incorporated on the silica.  

 

3.2.2 X-ray diffraction pattern (XRD) and nitro-

gen adsorption-desorption analysis 

An amorphous phase is shown by XRD pat-

tern (not shown) of RHAPrIM due to the pres-

ence of broadband at 2θ = 22°. This result re-

flects that no change in phases after the immo-

bilization of bis-imi onto silica. In the previous 

study both of RHA and RHACCl shows amor-

phous phase [8,10]. 

The nitrogen adsorption-desorption iso-

therm and pore size graphs for RHAPrIM are 

given in Figure 2. According to IUPAC classifi-

cation, the isotherm is of type IV with H1 hys-

teresis loop [11]. The isotherm at P/Po form 

0.70-0.85 the adsorption curve shows a sharp 

elevation. This is due to the presence of uni-

form size pores. According to the Brunauer-

Emmett-Teller (BET) method RHAPrIM had 

91.16 m2.g-1 surface areas. This surface area is 

less that of RHACCl (633 m2.g-1) [8]. The bis-

imi ligand has larger molecules and presuma-

bly could block the pores and reduces the sur-

face area of RHAPrIM. The RHAPrIM shows 

two types of pores the first is ranged from 4 to 

15 nm and the second from 18 to 24 nm. Both 

pores fall in the mesoporous range (Table 1).  

 

3.2.3  FT-IR spectroscopy 

The spectra of RHACCl and RHAPrIM with 

the differential of both catalysts are giving in 

Figure 3. The FT-IR spectra allowed us to ob-

serve the bands characteristic of most function-

al groups of mesoporous RHAPrIM. Our previ-
Figure 2. Nitrogen adsorption-desorption iso-

therms of RHAPrIM with pore size distribution 

   Elemental analysis (%) 
 Specific Surface 

area (m2.g-1) 

 Average 

pore volume 

(cm3.g-1) 
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diameter (nm) 

C H N Cl Si 

  91.16   0.24   10.9 
16.74 

 (30.22) 

2.34 

(-) 

1.91 

(3.30) 

- 

(3.8) 

- 

(16.69) 

Table 1. The physical parameters obtained for RHAPrIM. The C, H, and N contents determined by 

a combination of elemental and EDX analysis (shown in bract). The results of Nitrogen adsorption-

desorption analysis are also shown  
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ous studies had been described the        Si–O–Si 

vibrations of RHA which appeared at 1101 cm-1 

[8]. The vibration is observed to shift to 1082 

cm-1 in RHACCl and to 1061 cm-1 in RHAPrIM. 

Silanol groups (SiO–H) and absorbed water 

(HO–H) appeared as a broadband around 3485 

cm-1 [12]. At 3225 cm-1 in the differential the 

absorption band corresponds to the imidazole 

C5–H bond vibration has appeared. Benzene 

ring identified by vibration of C=C stretching 

at 1566 cm-1. While in the deferential spectrum 

the vibration at 1618 cm-1 are due to the imine 

groups, C=N  and vibration at 1225 cm-1 is due 

to Si–C covalent bond. All these vibrations for 

the expected functional groups FT-IR refer that 

bis-im molecules are loaded onto silica via 

RHACCl. 

3.2.4 The solid state 29Si and 13 C NMR  

Our previous study [13] found that the 29Si 

MAS NMR of RHA which has only the pres-

ence of quadrant (Q4) and tripartite (Q3) at 

−110 and −100 ppm, respectively. Beside those 

Q4, Q3 silicon atom the RHACCl shows T3, and 

T2 [8]. The values of those chemical shifts are 

found –109.9, –100.6, –65.2, and –57.4 ppm,  

respectively.  
29Si MAS NMR spectrum of RHAPrIM has a 

similar sequence to that onto RHACCl with 

slight shifts (Figure 4(a)).  Q4, Q3 silicon atoms 

appear at  = –110.9 and –100.9 ppm. Another 

chemical shift at –65.4 ppm is observed indi-

cates the formation of T3, while a chemical 

shift at –57.3 ppm indicates the formation of 

T2. The data from 29Si NMR spectrum reveal 

that bis-imi molecules are successfully incorpo-

4000.0 3000 2000 1500 1000 400.0

cm-1
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RHAC-IMD

Differantial
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Figure 3. The FT-IR spectra of RHACCl, RHAPrIM and the differential spectrum 

(a) (b) 

Figure 4. The solid sate NMR spectra of RHAPrIM. (a) The 29Si MAS NMR spectrum (b) The 13C 

MAS NMR spectrum 
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Figure 5. The SEM images RHAPrIM 

Scheme 3. The generation of diazonium salt over RHAPrIM 
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rated with RHACCl. It is also saved to conclude 

that RHAPrIM has two type of structures as 

suggested in Scheme 2.  

Figure 4(b) shows the solid-state 13C NMR of 

RHAPrIM. The carbon bonded to silicon is 

shown at 10.4 ppm (C1 carbon). At 26.6 ppm 

the peak is assigned to the C2 carbon, while the 

C3 carbon is observed at 47.69 ppm. Comparing 

to the 13C NMR of RHACCl [8] those chemical 

shifts are downfield shifted. The peaks at 52.9 

and 64.3 ppm are corresponding to the two CH2 

groups. Imidazole carbons ring C4, C5, C4′, and 

C5′ (Scheme 1) chemically equivalent are 

shown at 122.3 ppm. Benzene ring (4 × ArC) 

appears at 128.9 and 130.8 ppm. The chemical 

shift at 135.2 ppm is related to the two aro-

matic carbons which they bonded to the CH2 

groups. The chemical shifts at 134.6 and 136.1 

ppm refer to the imidazole carbon atom C2 and 

C2′ (Scheme 1).  

 

3.2.5 Electron microscopy study 

The SEM images (Figure 5) show irregular 

shapes arranged randomly on a smooth sur-

face. No specific geometrical shapes are ob-

served. 

(a) (b) 

(c) 
(d) 

(e) (f) 

Figure 6. The SEM images for the RHAPrIM at different magnifications 
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Figure 6 shows the TEM images of 

RHAPrIM. Regularly shaped particles of 

RHAPrIM are observed. The RHAPrIM con-

sists of two types of spherical particles. Both 

those particles have an approximate size of ca. 

5 nm. The first type of particle seems to be 

smooth in shape, while the second one shows 

porous shape. The particles sizes are in nano 

range which might have important characteri-

zation besides having a catalyst. 

 

3.2.6 Thermal analysis TGA/DTA 

TGA/DTA curve of RHAPrIM is shown in 

Figure 7. Four characteristic decomposition 

stages are observed. First mass loss of water 

adsorbed started at 39 ºC. Second mass loss (ca. 

5.9%) at 277 ºC, and third mass loss (ca. 7.7%) 

at 344 ºC, due to the organic moiety decomposi-

tion anchored onto silica. The fourth mass loss 

(ca. 1.1%) at 514 ºC, attributed to the formation 

of siloxane groups as a result of silanol groups 

condensation. 

 

3.3 Catalytic Performances 

The catalytic activity of RHAPrIM is exam-

ined in-situ preparation of nitrous acid which 

was used to prepare diazonium salt. In the case 

of its reaction with aniline, the aniline is first 

dissolved in water at the presence of RHAPrIM 

catalyst. To that mixture, a solution of sodium 

nitrite is added. This reaction produced in–situ 

nitrous acid which attacks aniline and forming 

the diazonium salt Scheme 3. After the for-

mation of diazonium salt, simple filtration is 

necessary to remove the catalyst. The final re-

action is a coupling of diazonium salt with res-

orcinol as a model substrate to produce azo 

dyes. 

 

3.3.1 Optimization of reaction conditions 

The activity of RHAPrIM was analyzed at 

different masses of catalyst, solvents, and tem-

peratures (Table 2). Coupling reaction of the 

diazonium salt with resorcinol was a common 

method to synthesized azo dye. Four different 

masses of RHAPrIM were used (50, 100, 150, 

and 250 mg) to reach the optimum mass of cat-

alyst as shown in Table 2. The yield reached its 

maximal 59% when the reaction is carried out 

using 100 mg at 0-5 °C. The increases of the 

catalyst mass to 250 mg, however, the yield 

does not change. At catalyst mass less than 

100 mg it was observed that the yield de-

creased to be 40%. Thus, the 100 mg of catalyst 

mass is selected to be the optimum. 

Temperature is a very important factor in 

the reaction due to the fact that the sensitivity 

of nitrous acid, therefore the reaction tempera-

tures were controlled to be not more than 15 

°C. Clearly found that when the reaction tem-

perature increased from 0 to 10 °C, the yield 

increased from 59 to 92% and a temperature of 

15 °C the azo dye yield decrees to be 76% as 

shown in Table 2. As the temperature reached 

15 °C the nitrous acid decomposition may be 

the main reason for the yield decreasing of azo 

dye.  

Solvents effects on the yield of azo dye were 

studied and the results were listed in Table 2. 

The water, ethyl alcohol, and diethyl ether 

Figure 7. TGA/DTA curve of RHAPrIM 
Figure 8. The UV-Vis of the monoazo dyes 

derivatives prepared over RHAPrIM 
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were used as reaction solvents. The structures 

of those solvents are the main reason behind 

their used. During the experiment, water is 

found the best solvent for this reaction with 

92% yield of azo dye. It was found that the 

yield of azo dye decrease in the medium of ethyl 

alcohol to reached 61% and 57% in diethyl 

ether. Water is capable to form hydrogen bond-

ing with the reactant over the catalyst surface 

and this could lead to the high percentage of 

yield. In case of using diethyl ether, the proba-

bility to form a hydrogen bonding became less 

and the yield could reduce.  

After the end of the reaction, RHAPrIM was 

easily recovered and reused at least two times 

with minimum loss in activity. It should be 

noted that the activity is reduced after the 

third run of the reaction and reached to be 89 

%. It was deduced that the RHAPrIM might be 

poisoning by the solvent used by forming a hy-

Entry Parameters Variants 
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effects 

Water 

Ethanol 

Diethyl ether 

92 

61 

57 
10 

3 Variation of reaction 

temperature 

(ºC) 

5 

10 

15 

59 

92 

76 

– 

Variation of benzene 

derivatives 

 

NN

OH (a)

67 10 

4 

 

CH3

OH

NN

(b)

23 10 

 

Me2N

CHO

NN

(c)

76 10 

 

Br

CHO

NN

(d)

73 10 

 

NN

(e)

52 10 

5 Catalytic cycle Fresh 

Run 1 

Run 2 

92 

89 

87 

  

Table 2. The effects of different parameters on the production of azo dyes over RHAPrIM catalyst 

were shown 
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Figure 9. The FT-IR spectrum of RHAPrIM after the second used 

Compound 
m.p 

(°C) 

Elemental analysis (%) FT-IR  

(cm-1) Calculated found 

a 122 
C:77.4, H:4.87; 

N:11.28 

C:77.66, H:5.0, 

N:11.0 

3486 (O-H), 3041 (C-Har),  

1578 (N=N), 

b 130 C:72, H:5; N:10 
C:71.6, H:5.62; 

N:11.28 

3436 (O-H), 3037 (C-Har),  

1577 (N=N), 

c 150 C:71, H:5.5; N:16 
C:69.99, H:5.53; 

N:12.77 

3060 (C-HAr), 2950 (C-Hal),  

1530 (N=N), 1610 (C=O) 

d 115 C:53, H:3; N:9 
C:52.76, H:2.87; 

N:8.33 

3090 (C-HAr), 1570 (N=N), 

1680 (C=O) 

e 92 
C:78.23; H: 6.57; 

N:15.21 

C:78.23; H: 6.57; 

N:15.21 
3100 (C-HAr), 1510 (N=N) 

Table 3. The physical properties, elemental analysis, and FT-IR of azo dye derivatives prepared 

over RHAPrIM 
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drogen bonding with the solvent and this could 

block the pore of the catalyst. The hydrogen 

bonding was formed between the reactants and 

the solvent over the catalyst active center. Be-

side this, a hydrogen bonding could also be 

formed between the active centers and the sol-

vent (in case of using water). The TGA shows 

that the catalyst is able to capture the moisture 

from the air (about 5.9% of water for each 10 

mg of catalyst was deducted). This phenomena 

clearly shows that the catalyst surface is highly 

hydrophilic. This will be decried in the other 

solvent of ethanol which has one hydroxyl 

groups able to form hydrogen bonding, and less 

in diethyl ether (which has not any hydroxyl 

groups). Therefore there is no deactivation of 

the catalyst in case of using diethyl ether and 

ethanol. After the catalyst used, a TGA/DTA 

was running and the result has shown that the 

moisture became (12.1%) which clearly sup-

ported that the poisoning of the catalyst by the 

solvent which may explain the minimum reduc-

ing of the activity after the thread run. 

 

3.3.2 Proposed mechanism 

A mineral acid is usually used to generate 

the nitrous acid by acidification of aqueous so-

lutions sodium nitrite. The RHAPrIM has imid-

azole acidic hydrogen able to acidification of so-

dium nitrite in situ. Free nitrous acid is liberat-

ed and attack aniline rapidly to form the diazo-

nium salt. The formed diazonium salt is able to 

couple with an aromatic molecule to produced 

azo dyes, while the fresh catalyst is continued 

for catalyzing new reaction as in Scheme 3. 

3.3.3 Characterization of azo dyes 

To give general applicability of RHAPrIM 

catalyst, various aromatic benzene derivatives 

were used to couple with the diazonium salt. 

Azo dyes derivatives were characterized by dif-

ferent techniques and the results listed in Ta-

ble 3. Elemental analyses are clearly shown 

the abundant between the theoretical and 

found values Table 3. The UV-Vis spectra 

(Figure 8) exhibit strong absorptions of -* 

transition for the azo moiety at wavelength 

271, 268, 238, 242, 278, and 273 nm, respec-

tively. The type of auxochrome groups on the 

azo derivatives are clearly affected on the ab-

sorptions. Red shifts were observed on those 

aromatic containing an electron-donating sub-

stituent. The FT-IR (not shown) is listed in Ta-

ble 3. The effective bands are those due to the 

azo chromophore (–N=N–), and other bands, 

e.g. C=C and C–H of the aromatic ring, and 

carbonyl were clearly shown on FT-IR spectra.  

 

3.4 Characterizations of the Reused Catalyst 

The FT-IR spectrum of RHAPrIM after the 

second reused is shown in Figure 9. All catalyst 

functional groups are shown at the expected 

position as compared to the fresh catalyst 

(Figure 3). The vibration of Si–O–Si is ob-

served at 1068 cm-1 and to 1061 cm-1 in the 

fresh catalyst. Silanol groups and absorbed wa-

ter appeared as a broadband around 3410 cm-1. 

This peak is becoming broader and slightly 

shifted as compared to the fresh catalyst as a 

result of the using the catalyst in water. The 

imidazole C5–H bond vibration has appeared 

at 3138-3110 cm-1. The vibration at 1562 cm-1 

related to the benzene ring. Vibrations at 1647-

1626 cm-1 are due to the imine groups, C=N.  

TGA/DTA curve of RHAPrIM after the sec-

ond reused is shown in Figure 10. The se-

quence of characteristic decomposition stages 

is observed similar to the fresh catalyst (Figure 

7). First mass loss of water adsorbed started at 

39 ºC with the maximum at 115 ºC as in DTA 

curve. The amount of this mass loss becomes 

12.1% as compared to the fresh one (5.9%, Fig-

ure 7). The rest mass losses are not changed 

too much as compared to the fresh catalyst.  

 

4. Conclusions  

Silica from RHA was transferred to sodium 

silicate followed by immobilizing with CPTES 

in a simple one-pot synthesis. The material re-

sulted was treated with p-xylyl di-imidazolium 

chloride to form a solid heterogeneous catalyst. 

Various spectroscopic methods were well char-Figure 10. The TGA/DTA curve of RHAPrIM 

after the second used 
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acterized the catalyst such as elemental analy-

sis, TGA/DTA, FT-IR and 29Si &13C MAS NMR 

spectra. The presence of Q4, Q3, T3, and T2 sili-

con center in 29Si MAS NMR and several peaks 

at a different position in 13C MAS NMR spec-

trum are a good sign for silica modification 

with ligands. Thermal analysis shows that the 

catalyst can be used safely up to 277 ºC. TEM 

images of RHAPrIM showed regularly shaped 

particles with an estimation size of ca. 5 nm. 

Some particle seems to be smooth in shape, 

while the others show porous shape. The cata-

lytic activity of RHAPrIM was examined in–

situ preparation of nitrous acid which was used 

to the prepared diazonium salt. The RHAPrIM 

was used to produces nitrous acid via its reac-

tion with nitrite ions. Nitrous acid is the key 

start materials for dyes preparation via diazo-

nium salt. Coupling reaction of aromatic com-

pounds was carried out with a diazonium salt 

to yield a monoazo dye. All dyes were charac-

terized by elemental analysis, IR, and UV-

Visible spectral studies. The catalyst was sta-

ble and reusable in short reaction times with a 

simple experimental procedure. 
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