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 الخلاصة 

تم   الدراسة  هذه  الرز    استخلاص  في  قشور  من  بالماء عن طريق  السيلكا  عديدة  مرات  الرز  قشور  غسل 

  فرن بدرجة حرارة في    أحرقت ، بعد ذلك  من حامض النتريك  مولاري(1)مع محلول    ،  ثم عوملت  المقطر

  CPTESمع      بعد ذلك تم مفاعلتها  الناتجة الى سيليكات الصوديوم  السليكامئوية ،  تم تحويل  درجة     800

تم تحميل  الاميدازول المتفاعل   .lRHACC  رمز لها بالرمز  -lC2CH-ينتج سليكا ذات مجموعة وظيفية  

سطح   على  زايلين  بارا  كلوريد  المتجانمساعد  العامل  اللتكوين  RHACCl.مع  له  س  غير  رمز 

.RHAPrIM     الحراري    ألوزنيتم تشخيص العامل المساعد بعدة تقنيات منها تحليل العناصر والتحليل 

TGA/DTA   ومطيافية النتروجين  امتزاز  الحمراء    الأشعةوتحليل  الرنين   أطيافوكذلك    FT-IRتحت 

وكذلك   )C MAS NMR13Si , 29النووي المغناطيسي للحالة الصلبة لنواة ذرتي الكربون والسيليكون  )  

الماسح   الالكتروني  النافذ   SEMالمجهر  الالكتروني        CHNنتائج   إلىطبقا    TEM.والمجهر 

،.EDX  مما هي عليه في    أكثر  الكربونزيادة نسبة  لوحظRHACCl    نسب من  التحليل كذلك وجود    بين  و

تكن موجودة سابقاالنتروجين   لم  المغناطيسي  RHACClالمركب   في  والتي  النووي  الرنين  تحليل  .  اظهر 

إزاحات عند     4Q، 3Q،3T ،2T  إلىكيميائية تعود    إزاحات وجود     Si 29للحالة الصلبة لنواة ذرة السيليكون

الطيف  كيميائية   ذرة   أما   .الأدبيات حسب  في  لنواة  الصلبة  للحالة  المغناطيسي  النووي  الرنين  تحليل 

عند مواقع كيميائية مختلفة تعود لذرات الكربون في العامل المساعد المحضر. في    ااظهر حزم  C13الكربون 

الحراري   التحليل  نتائج  بينت  المساعد حتى    أمكانية  TGA/DTAحين  العامل    درجة مئوية   277استخدام 

منتظمة وبحجم     أشكالظهرت دقائق ذات    TEM . وطبقا لصور المجهر الالكتروني النافذ    دون أن يتفكك

  RHAPrIMالفعالية التحفيزية للعامل المساعد كانت مسامية.درست     والأخرىنانومتر ، بعضها  ملساء     5

لفي   النتريت  ايون  المستخدم في  تحضير  حمل  النتروز  يعتبر حامض   أملاح  تحضيرحامض   . الدايزونيوم 

تفاعل الازدواج بين  مختلفة    أصباغ، حيث حظرت    الأصباغالنتروز المادة الاساسبة لتحضير   عن طريق 

  FT-IRبواسطة تحليل العناصر،    المحضرة   الأصباغالدايزونيوم.  شخصت    وأملاحالمركبات الاروماتية  

. لوحظ تطابق  النتائج العملية والمحسوبة لتحليل العناصر لمركبات الازو المحضرة.    UV-Vis وأطياف

 استخدام العامل المساعد عدة مرات و بثباتية عالية.  أعادةتم 
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ABSTRACT 

      In this study, silica was extracted from rice husk via washing rice husk many time with 

distilled water, and then treated with 1.0 M of Nitric acid; finally, it was burned in an oven at 

800 oC. The ash was converted to sodium silicate and reacted with chloropropyltriethoxysilane 

to form RHACCl.  Imidazole with p-xylylene dichloride was loaded onto RHACCl in the form 

of p-xylylbisimidazole to form solid catalyst donated RHAPrIM. Various analytical techniques 

were well characterize the catalyst including CHN analysis, TGA/DTA, FT-IR, N2-adsorption 

desorption study, 29Si &13C MAS NMR spectra TEM, SEM and EDX. According to the CHN 

results, it was noticed that the carbon percentage increased from (11.70%) in RHACCl to 

(16.704%)  in RHAPrIM; also the results were showed a present of nitrogen in RHAPrIM 

which was not present in RHACCl. Silicon solid-state nuclear magnetic resonance showed  Q4, 

Q3, T3, and T2 chemical shifts at expected position. 13C spectrum showed different peaks at 

different chemical shifts related to the carbon structures of the organic moieties. Thermal 

analysis showed that the catalyst could  be used safely up to 277 ºC. TEM images of RHAPrIM 

showed regularly shaped particles with an estimated size 5 nm. Some particle seems to be 

smooth in shape, while the others showed a porous shape. The catalytic activity of RHAPrIM 

was examined in–situ preparation of nitrous acid which was used in the preparation of 

diazonium salt. The RHAPrIM was used to produce nitrous acid via it’s reaction with nitrite 

ions. Nitrous acid is the key start materials for dyes preparation via diazonium salt. Coupling 

reaction of aromatic compounds was carried out with a diazonium salt to yield a mono azo dye. 

All dyes were characterized by elemental analysis, FT- IR, and UV–Visible spectra. Both 

calculated and found results of elemental analysis of prepared azo compound were match with 

each other. The catalyst was stable and regenerated within a simple experimental procedure. 
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1.0 Introduction 

1.1 Waste Recycle  

     The waste continuously increasing every year due to the large development happens in a 

world. Waste recycling can be defined as a process that converts waste materials into new uses 

materials, which lead at last reduced accumulation of wasted materials [1]. In general, many 

advantages were obtained from the process of waste recycle, lowering level of consumption of 

raw materials, decrease energy usage, lowering air and water pollution due to gas emissions 

such as (NO2, CO2 and NO) that could happen via reducing the need for conventional  

unwanted materials [1, 2]. Apotential waste material is rice husk, that was represented the bulk 

of agricultural product via the milling process causing a problem and risk to the environment, it 

was available almost everywhere, and it is also highly resistant to natural degradation [3]. 

Besides to these problems, RHA is usually dumped through water streams, that was precipitate 

pollution. However, it was estimated that RHA makes a good supported as a mineral admixture 

of concrete [4]. Tangchirapat et al. [5] proved that the utilization of ground RHA in recycled 

aggregate concrete enhances compressive strength. Also, it was estimated that about 20 million 

tons of RH are result every year as waste in disposal sites in eastern and western Asia [6]. This 

is not only a great waste but it also causes an environmental threat as there are potential risks of 

pollution for the surrounding land where it is discarded. There have been a number of studies to 

do this in an environmentally friendly way. Additionally, Rice husk was used in the production 

of silicon, which was used for the production of lithium-ion battery anodes [7]. 



 

1.2 Rice Husk  

    Rice is grown in more than 77 countries [8]. Rice husk (RH) is an agro-biomass resulted 

during the refining of rice [9], so it was a thin sheath that is a product on the rice grains through 

their growth [10] (Fig.1.1). It was reported that about 0.23 ton of husk has resulted after every 

ton of rice product, and every ton of husk results about  0.041 tons of ash, according to the 

variety, climatic system, chemical nature of the soil, crop year, and geographical location [11]. 

RH was contained 75-90 % organic volatile material, and 20 % of RH was converted into ash 

(RHA) after the burning process. The percentage of inorganic compounds in RHA 

approximately 95% (wt) of silica, the remaining percentage 5% can be listed in (Table 1.1) 

[12].While the organic constituents of RH was reported by Sharma et al. [14] as in (Table 1.2). 

  

Fig. 1.1: Rice husk (byproduct of rice) [13]. 

 

       

                           

Table 1.1: Typical analysis of raw rice husk [12]. 



Content (wt. %) Components  

73.87% Organic material and moisture 

1.23 Al2O3 

1.28 Fe2O3 

1.24 CaO 

0.21 MgO 

22.12 SiO2 

0.074 MnO2 

 

Table 1.2: Organic composition of RH contine silica [14]. 

Components Percentage present in RH wt % 

Α-cellulose 43.30 

Lignin 22.00 

D-xylose 17.52 

L-arabinose 6.53 

Methyl glucuronic acid 3.27 

D-galactose 2.35 

1.3 Chemical Structure of Rice Husk Ash  

     Silicon dioxide (SiO2)n known as a silica [15,16] is the major component of RHA. Silica is 

an inorganic polymer. It has a melting point of 1440 ◦C [17]. The natural  amorphous silica 



could be found as sols, powders, gels, porous glass, and particle. Silicon atom in silica has a 

tetrahedral arrangement with four covalent bonds to oxygen atoms. All of the oxygen atoms are 

covalently bonded to one silicon atom in order to  form  siloxane groups, Si–O–Si, or silanol 

groups, Si–OH [18,19]. It was found a different type of silanol group onto silica surface. First, 

one is isolated groups which a single hydroxyl group bonded to a silicon atom. Second a 

geminal groups; two hydroxyl group bonded to same silicon atom [19]. Vicinal silanol groups 

or bridged silanol groups, in which two single silanol groups, bonded in hydrogen bond to 

different silicon atoms (Fig. 1.2). 

 

O

Si

H

Si

O
H

O Si

O
H

Si

OHHO

Isolated silanol group Geminal silanol group

Vicinal silanol group  

Fig. 1.2: Different types of silanol group in surface of silica [19]. 

 

 

 

1.4 Modification of Silica with Silylating Agents  

      The functionalization of silica is mostly done  using organic materials to modify its surface 

[20]. Silylating agents are chemically reactive with free silanol groups onto silica surface. 

RO3SiR* was the general formula of the silylating agents (alkoxysilanes), R represents methyl 

or ethyl groups, R* refers to an alkyl carbon series containing functional end groups, halogen, 

amine or sulfur group [21]. Functionalized silica with the silylating agent is the best method to 



produce primary groups which anchored pendant chain [22]. One important advantage of 

functionalized silica with organic groups is to make the immobilized organic group high 

resisting to remove from silica surface by many organic solvents and water [23]. High thermal 

and hydrolytic stability and accessibility to the active center is another advantage of this 

functionalized [22].       

1.5 General Applications of Rice Husk Ash  

     Silica from RHA has very good properties, such as amorphous structure, large specific 

surface area, large pore volume, and high reactivity. There is many application of RHA [24, 25] 

such as catalysis [26], adsorption [27], and for different chemical synthesis [28]. The 

functionalization of silica surface that extracted from rice husk with 3-

chloropropyltriethoxysilane (CPTES) [29] was carried out in a solid-liquid mixed phase 

reaction (Scheme 1.1).  Adam et al. [30] the first groups who mentioned the ability of silica to 

immobilize with CPTES via simple sol-gel method, (Scheme 1.1) in aqueous solution. This 

method is simple, no toxic reagents involved and short time to reach the products without 

needed to high refluxing temperature. This technique includes a one-pot synthesis of silica –

CPTES complex by using sodium silicate resulted from RHA. Many research has followed this 

technique, due to it was simple  and resulting  high yield. 

 

RHA NaOH sodium silicate

Sodium silicate (EtO)3Si CH2CH2CH2Cl

Sio2

O

O

O Si Cl

O

O Si Cl

O

H

RT

(60 min.)

HNO3

pH=3/ (75 min)

Sio2

 



Scheme 1.1: The simple reaction sequence for the modified with CPTES in a one-pot synthesis. 

The product was labeled as RHACCl. 

          

Many types of research were depended on using RHACCl as a starting point in their 

researches. Farook et al. [31] were used RHACCl in prepared heterogeneous catalyst during the 

reaction between RHACCl and imidazole, as in (Scheme 1.2).  The product was used as 

catalysis, separation and in electronic technologies. 
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Scheme 1.2: Synthesis of silica-imidazole catalyst. 

Farook et al. [32], were used RHACCl in the synthesis of a heterogeneous catalyst by the 

reaction between butyl imidazole and RHACCl (Scheme 1.3). The catalytic activity was studied 

in the cyclization reaction of glycerol to cyclic acetals. 
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Scheme 1.3: Synthesis of N-butylimidazole-silica heterogeneous catalyst  from RHACCl.   

       

        Sulfanilic acid was also immobilized onto RHACCl to synthesis solid acidic catalyst 

(Scheme 1.4). The catalytic activity was studied in the alkylation of phenol. The catalyst shows 

high reusability and used several times with little loss of the catalytic activity [33]. 
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Scheme 1.4: Sulfanilic acid immobilized onto RHACCl. 

          Thana [34] showed the reaction between RHACCl and dithiooxamide (DTO) and P-

phenylenediamine (P-PDA) in dry toluene and Et3N (Scheme 1.5). The catalytic activity was 



studied in the esterification of ethyl alcohol with acetic acid. 
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Scheme 1.5: Synthesis of RHACP-PDA and RHAC-DTO from the reaction of P-

phenylenediamine  and dithiooxamide (DTO) with RHACCl. 

Hello et al. (2018) [35] shows that the CPTES successfully reacted with imidazole (in a 

separate experiment with melamine and saccharine) and sodium silicate from RHA in a purely 

homogenous method using water as a solvent. The material had ordered mesoporous straight-

channels which were like the MCM-41. The surface areas of the materials were very high 

compared with the materials which have similar structure prepared by the traditional method. 

The synthesis procedure is simple, repeatable with different organic ligands and does not 

require toxic solvents or multiple steps with high products yield. 
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Scheme 1.6: The reaction sequences and the possible structure of the hybrid organo-silica 

materials. 

  

 

 

 

Solid ammonium sulfate was synthesized by the reaction of 3-aminopropyltriethoxysilane 

with silica rice husk ash (Scheme 1.7). The catalytic activity was studied in the hydrolysis of 

cellulose which was extracted from the waste of rice husk [36]. 
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Scheme 1.7: The simple reaction sequence and the structure for RHAPrNH2 and 

RHNH2SO4H
. 

 

 

 



 

 

 

1.6 Catalysis 

       Catalysis was discovered by Berzelius in 1836 in order to speed up many chemical 

reactions [37, 38]. It was defined as the substances that used in the reaction without being 

consumed with reactants. In general, the effect of catalysis was noticed in increasing the 

reaction rate to reach the equilibrium between the reactants and products [39, 40] and lowering 

reaction time due to decreasing the activation energy [38]. The first catalysts were generally 

solid minerals or mineral complexes, prepared from soluble acids or bases in organometallic 

systems [41]. Catalysts were very important materials in scientific research and technological 

development. Nowadays the research of catalysis shifts from traditional applications to the 

marketing applications such as in the oil field, medicine, agricultural chemicals, and 

environmental protection systems [42]. Because of these malti applications, the research of 

catalysis was very important in many different scientific types of research.  There were two 

kinds of catalysis could be recognized, the natural catalyst such as Enzymes which were large 

proteins react in specific active site [43].  The second type was unnatural catalysis. Unnatural 

catalysis was divided into two kinds homogeneous and heterogeneous catalyst.  It’s known that 

homogenous catalysts were in the same phase with the reactant and products usually in the 

liquid phase. Heterogeneous catalysts were the catalyst in a different reaction phase, usually in 

solid phase [43]. The heterogeneous catalyst had a weak internal bond, the reactants chemisorb 

on the surface of a solid catalyst that leads at last easyly formation of new bonds with other 

reactants. In a homogenous catalyst, the linkage of the catalyst with the reactant was stronger. 

Another advantage of heterogeneous catalyst was the lower affinity of the product, so it was 

released into a liquid phase [44]. Although many chemical reactions could be promoted with 

two types of catalyst homogenous and heterogeneous catalyst, the better type of catalyst that 



allows for little waste, no toxic reagents, and has the ability for recycling [45]. Additionally, 

heterogeneous catalysts were preferred as compared with homogeneous catalysts because of 

many reasons, the first simple method of separation from the product and secondly high ability 

of regeneration [46]. The separated catalyst could be reused multi times with the same activity. 

Generally, the advantages and main characteristics of the heterogeneous catalysts are as easy  

separation from the reaction mixture [47], the solid structure avoids the aggregation to the 

active catalyst [42], high thermal stability, resistance solubility in organic solvents [48], the 

ability of storage for a long time, convenient to handle [49,50] and high selectivity (include 

multiple binding sites) [51]. 

1.7 Diazonium Salt  

   Diazotization reactions normally proceed via the reaction of primary aromatic amines, aniline 

and it’s related derivatives, with nitrous acid to form diazonium salt. The formed diazonium 

salts were capable to couple with organic  benzene molecules yielding azo dyes. Besides dyes 

preparation, aromatic diazonium salts could also reacted by different procedures to give 

different materials for various purposes such as sensor [52], carbon nano tubes [53], polymers 

[54], and waste by-products treatment [55], which were relevant to many fields of life such 

medicine, industry, environment, etc. Numerous methods/.techniques, for preparation of 

diazonium salt required homogenous acid as a catalyst. Normally concentrated HCl or 

H2SO4 was used as homogenous catalyst in the synthesis of diazonium salt at low temperature 

[56, 57]. The environmental incompatibility is the main limitation of such catalysts. 

Simultaneously, the production of diazonium salts without using homogenous concentrated 

acids was not mentioned in the literatures.  Recently, diazotization reactions of various aromatic 

compounds in aqueous acidic phase such as hydrochloric acid under mild conditions were taken 

place over the new silica immobilized with nano nitrite [58]. During the use of homogenous 

catalysts, the main challenging problem could be the productions of azo dyes over silica in 

heterogeneous phase catalyst. Additionally, there was no clean method for production of azo 

dyes support the green chemistry. Diazonium salt was investigated by German Scientist Peter 



Griess in 1858 [59]. The general structural formula of diazonium salts  (R–N2
+X-). R, refer to 

any organic residue like alkyl or aryl and X, represent an inorganic or organic anion like a 

halogen. Salts could be defined as the product obtained from the neutralization reaction of acid 

and base, so it is neutral compounds [60]. Diazonium salts could be described as an unstable 

compounds, high sensitive, so it was breakdown under near UV or violet light [61]. It is a very 

important synthetic reagent, it is a starting point in the synthesis of different aromatic 

compounds like dyes and drugs. Diazonium could be reduced into radicals which were an 

application in the covalent surface modification of carbon [62], semiconductors [63], and metal 

[64]. An important application of diazonium salts was the synthesis of azo dyes by coupling 

reaction [65, 66]. Nitrous acid was used for the diazotization of many aniline derivatives in 

acidic condition. The source of nitrous acid was sodium or potassium nitrite as result of the 

instability of free nitrous acid. Another source of nitrous acid was organic nitrite ester as ethyl 

nitrite and t-butyl nitrite in the organic solvent [67].  

 

 

1.8 Mechanism of Diazonium Salts 

     The mechanism of diazonium salts involves several steps. Firstly, a nucleophilic attack of 

amine onto nitrosonium ion to form N–nitroso amine and loss of H2O. Secondly the formation 

of diazonium ion through a series transformations which lead  at last loss of H2O (Scheme1.8). 
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Scheme 1.8: The first step in mechanism is anucleophilic attack amine onto                                                  

nitrosonium ion. The second step shows the formation of diazonium salts.    

    Diazotization is the manner of formation diazonium salt of the reaction of sodium nitrate, 

inorganic acid and primary aromatic amine in ice-chilled solution.  

1.9  Diazonium Salts Reactions 

    There are two types of diazonium salts reactions. First one was  the replacement reaction in 

which nitrogen atoms were replaced with different organic materials groups such as ( hydroxyl, 

halogen, cyano-group, nitro-group, arsenic acid ASO3H2, aryl group). The second type was 

coupling reaction in which nitrogen atoms were grasped. The mechanism of coupling reaction 

involves electrophilic substituent  with different benzene ring through the diazonium cation. 

This cation is .weak  electrophilic than the nitronium ion, therefore, they attack activated 

benzene ring only. For instance this phenol or aniline in order to form an azo compound 



(Scheme 1.9)  [68]. In general, the diazonium cation and phenoxide ion or free amine was an 

essential part of the coupling reaction mechanism [69]. 
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Scheme 1.9: An example of diazonium salt reaction to form azo dyes. 

 

 

1.10 Azo Dyes 

      Azo dyes include at least one nitrogen-nitrogen double bond (N=N), in general, there are 

several desirable structures [70]. Mono azo dyes in which one N=N double bond are a present. 

In common, the azo groups were bonded to aromatic rings. It could be bonded to aromatic 

heterocyclic or aliphatic groups. The side groups  had a great role for color developing in the 

dye, with various different shades possible. Because of various models of dye components 

available for preparation, extremely different structure of azo dyes exists and widely used in 

industry [71]. Worldwide production of organic dyes were currently calculated approximately 

450,000 tons, with 50,000 tons being lost in effluents during use and manufacture [72]. Dyes 

and pigments are defined as the important colorants that used to add a color or to change the 

color of the substrate [73, 74, 75, 76]. However, they were strongly colored compounds; they 

could be yellow, red, orange, blue or green, according to the present structure of the molecule. 



Because of their color, azo compounds were important as dyes and also as pigments for a long 

time. In general, today half of the dyes that use in industry are azo dyes, which were prepared 

from diazonium salts [77]. The chemical structural of organic compounds, that often produce 

color are C=C, –N=O, –N=N–, aromatic rings, C=O and –NO2. Most importantly, the groups 

that strongly produce color are the azo (–N=N–) and nitroso (–N=O) [78]. Moreover, azo dyes 

had wide application because of their excellent thermal and optical properties. Aromatic azo 

compounds were used as acid-base indicators, also they were used as optical recording medium 

[79], toner, In kjet printing, and oil-soluble lightfast dyes. Nowadays, azo compounds as organic 

dyes have also attracted attention because of their interesting electronic features for the 

connection and their application in molecular memory storage, nonlinear optical elements, and 

organic photoconductors, biomedical uses [80]. However, the importance of azo dyes was 

represented in preparation of dyes that were used extensively in the industry [81]. Dyes were 

widely used because to the easily preparation of azo-function.group, it. was..used.in Couple 

polymers [82], Nanoelectronic properties [83, 84],Mechanical motion [85], Linking group 

[86],Biomacromolecules and nanoparticles to the surface [87],To introduce light switching 

[88],To control wettability and swelling properties [89], Photomediated trans-to cis-

interconversion of azo type [90], Development in a wealth of photo-responsive materials, 

involving reversible gel-sol systems [91], Polymers,Molecular switches [92], and Modified 

proteins[93]. A dye should be soluble in different medium, often water, while pigments are the 

colorants composed of particles that are insoluble in the application medium [94]. 

1.11 Theory of Catalysis 

Theories of catalysis explain the influence of the catalysts upon the rate of a reaction by    

the steps of the chemical  the catalyst is involved indescribing the detailed mechanism by which 

     .catalysis. mechanism    of. the. ies are proposed to explainThe following theor .]95[ reaction

                                                                      

(1)  Intermediate compound formulation theory: 



    According to this theory one of the reactants combines with catalyst to form intermediate 

product, which carries out the reaction, E.g. 

   
 

  

  

  

 

where A and B are reactants, C is the catalyst and AC is the intermediate product. 

 

 

  

  

  

  

 (2)  Adsorption theory: 

   According to this theory, reactants are adsorbed on the surface of the catalyst and form a film. 

Due to high concentration of the reactants on the film, reaction proceeds at a faster rate. 

 (3)   Modern adsorption theory: 

    According to this theory, reactants are adsorbed at the active centers i.e. free valencies etc. on 

the solid surface and form activated complex which under strain forms new molecules and 

leaves the surface. This explains, why the finely divided catalyst has greater activity. 

 (4)    Energy activation theory: 

According to this theory, catalyst changes the value of activation energy which can be crossed 

by the reactants easily and consequently products are formed. 

 



 

 

Objectives of the Present Study 

    The main objectives of this research are: 

1. Preparation a new heterogeneous catalyst that environmental friendly by available and cheap 

rice husk materials. 

2. Characterization the structure of prepared catalyst by different spectroscopic, microscopic 

and other analytical techniques including TGA, CHNS analysis, N2 adsorption-desorption, 

29Si and 13C MAS NMR, FT-IR, SEM/EDX, and TEM. 

3.  The catalytic activity of the prepared catalyst was evaluated by the preparation of Azo dyes. 

4. Optimization parameters and conditions of the catalyst in the diazonium generation for dyes 

preparation.     

2.1 Raw Materials and Chemicals 

      All chemicals were of analytical grade or high purity and used directly without further 

purification. The rice husk was collected from a rice mill in Al Muthanna governorate, Iraq. The 

chemical materials that used in this thesis with their manufacturing companies and purity 

percentage were shown in (Table 2.1).  

  Table 2.1: Chemicals with their  purity and the manufacture companies.                                     

                            

Entry Chemical Company Purity % 

1 Acetone GCC 99 



2 Aniline BDH 98 

3 Benzene Merck 98 

4 3-(chloropropyl)triethoxysilane Sigma 98 

5 Diethyl ether GCC 99 

6 DCM Merck 99 

7 α,α′-Dichloro-p-xylene Aldrich 98 

8 Ethanol GCC 99 

9 Imidazole GCC 99 

10 m-crysol DH Scientific 98 

11 N,N-dimethyl benzaldehyde BDH 98 

12 1-Naphthol SDFCL 99 

13 Nitric acid Scharlau 65 

14 p-Bromo benzaldehyde BDH 99 

15 Potassium carbonate SDFCL 99 

16 Resorcinol  SDFCL  99 

17 Sodium hydroxide Systerm 99 

18 Sodium nitrite Aldrich 99 

19 Toluene Fluka 99 

 

2.2 Instrumentation 



        Some of analytical were done at  School of Chemical Sciences, University Sains Malaysia, 

Malaysia. The other analytical such as (FT-IR, UV, TGA, and CHN) were done in College of 

Science, Al-Muthanna University, Iraq.  

2.2.1 Fourier Transform- Infrared Spectrophotometer 

      FT-IR spectra done by using Fourier transformed infrared spectrophotometer (Shimadzu-

Muthanna -Al ollege of Science,C in 1-cm to 4000 8400S) using KBr disc and scanned from 400

University.          

   2.2.2 UV-Visible Spectrophotometer 

    The scanning spectra were measured  using UV-Visible spectrophotometer (1650 pc 

Shimadzu) to identify the absorption of the dyes in College of Science, Al-Muthanna 

University.                                

2.2.3 Elemental Analysis (C.H.N) 

     The percentage of each C, H, and N was determined by elemental analysis using Perkin 

Elemer 2400 CHNS/O Series II System, Al-Muthanna University.  

NMR  C13H &1 2.2.4 

 ciences,School of Chemical S C NMR spectra were recorded on bruker 400 MHz at13&H1          

O was used as solvent.2University Sains Malaysia, Malaysia. The D 

  2.2.5.Thermogravimetric.Analysis.(TGA)/.Differential.thermal analysis 

(DTA)  

      Thermogravimetric analysis (TGA) was recorded by using a TGA/DTA instrument; nearly 

under  1-min C◦ C at a heating rate of 20◦900) -mg of the sample was heated from (100 20.0

nitrogen flow. TGA/DTA was carried out in Iraq, College of Science, Al- Muthanna University.  



 

 

 

2.2.6 Nitrogen Adsorption-Desorption Analysis 

   Nitrogen adsorption was recorded using (Nova 2200e, Surface area and pore size analyzer). 

The measurement was done at the School of Chemical Sciences, University Sains Malaysia, 

Malaysia.  

2.2.7 Scanning Electron Microscopy /Energy Dispersive X-ray (SEM/EDX) 

   The scanning electron microscopy (SEM) was recorded  using (Leica Cambridge S360). The 

measurement was done at the School of Biology Sciences, University Sains Malaysia, Malaysia. 

                    

2.2.8 Transmission Electron Microscopy (TEM)  

     The transmission electron microscopy (TEM) was obtained  using Philips CM12 equipment. 

The measurement was done at the School of Biology Sciences, University Sains Malaysia, 

Malaysia .                      

 pectroscopySi MAS NMR S29 2.2.9  

environmental of Si the chemical  done to know for RHAPrIM were sanalysiMR Si MAS N29      

atoms. The analysis  was  performed at a magnetic field of 400MHz on a Bruker AV400 WB 

was recorded at  Si29 spinning (MAS) unit. The-solid state NMR equipped with a magic angle

59.62 MHz with 15.0 sec recycle and 5385 scans. 

 

2.3    Preparation of Starting Materials 



2.3.1 Extraction of Silica from Rice Husk  

     The source of amorphous silica was the rice husk RH as it was available in abundance. The 

extraction of silica from RH according to the method reported [96].  35 gm of  rice husk was 

washed with enough amount of water and rinsed with distilled water. After drying at room 

temperature, 35 gm of rice husk was stirred with 1.0 M (750 mL) nitric acid at room 

The cleaned RH  .C◦ 10at 1with distill water and drying washed  hen24 h, ttemperature for about 

for 6 h. The  C◦ e, UK, Model AAF 11/7) at 800was pyrolyzed in a muffle furnace (Carbolit

white ash was washed with distilled water and was used as the source of silica [97].  The white 

ash was labeled as RHA.  

 2.3.2 Preparation of RHACCl 

       The immobilization of  CPTES  on the silica was done according to the method reported 

[30]. 3.0 gm from RHA was added to 100 mL of 1.0 M NaOH and stirred for 60 min at room 

temperature to form sodium silicate. The prepared sodium silicate was filtered to remove 

undissolved particles, then  6.0 mL of 3-chloropropyltriethoxylsilane was added to the solution. 

 d.itric aciN 0 M) with 3.1-L min0 m(1. titrated slowly Under constant stirring the solution was

The change in pH was  monitored  by a pH meter. In pH 9 a white gel was started to form. 

When the pH of the solution  reached  3.0, the titration was stopped  and the gel was kept 

covered to the next day at room temperature. The separation process was done by using 

centrifuge at 4000 rpm  for 15 min, the seperation process was repeated 6 times and washed 

with distilled water, last washed was done with acetone. After that,  the sample was dried at 110 

.][29 ) and labeled as RHACClmg (6.7fine powder was weighted  A .h for 24 C◦ 

2.3.3 Preparation of p-xylylbisimidazole (Bis-Imi) 

A mixture  of p-xylylene dichloride (8.0 mmol, 1.5 gm ) and (16.0 mmol, 1.16 gm) of 

imidazole were mixed  and stirred with 30 mL ethanol  in an oil bath and refluxed for 24 h at 

the solvent  and then, in ice bath until the crystal appearedwas cooled . The product C◦80) -(70



was removed. The product was washed by diethyl ether and dissolved in 30 mL (6 %) 

potassium carbonate for 3 days. The product was filtered and recrystallized in water. The white 

. The yield Imi)-d as (Bish. The product was labele 42for  C◦ product was dried in an oven at 50

was 76.0 %. 

2.4 Synthesis of Heterogeneous Catalyst p-xylylbisimidazolium Chloride-

Silica Catalyst (RHAPrIM) 

    The resulting solid, RHACCl, was used as support to the p-xylylbisimidazole onto the silica.  

RHAPrIM was synthesis by mixing (5.0 mmol, 1.0 gm) of  p-xylylbisimidazole with (1.0 gm) 

in an oil bath  C◦10 t 1was refluxed atoluene. The reaction mixture  of dry in 30 mL of RHACCl

for 24 h. The catalyst was filtered, washed with three different solvent toluene, DCM, ethanol. 

abeled as l was fine powder of catalyst ah. Finally,  24 for C◦dried at 110  The catalyst was

(RHAPrIM).  

 

 

2.5 Catalyst Activity on Synthesis of Azo Dye  

100 mg of RHAPrIM were mixed with 1.0 mL (10 mmol) of aniline which was soluble in 

5.0 mL of distilled water. About 0.69 gm (10 mmol) of sodium nitrite was dissolved in 5.0 mL 

of distilled water then added to the catalyst-aniline mixture very slowly and stirring for 24 h, 

simple after, the catalyst was removed by eC. Ther◦ while the temperature never goes above 15

filtration. About 0.2 gm of resorcinol which was dissolved in 2.0 mL of 10 % NaOH and then 

5.0 mL distilled water were added. The mixture color was changed directly which indicated to 

the end point of the reaction.  

2.6 The Optimization of the Reaction Conditions  



2.6.1 The Optimization of the Catalyst Mass  

    The catalytic activity with different mass of catalyst (50, 100, 200, and 250) mg was studied 

in the same procedure in Section 2.5. The comparison between the results was done to reach the 

optimum mass. 

2.6.2 The Optimization of the Reaction Temperature  

same  C was studied in the◦ 5, 10, and 15)ty with different temperature (activi catalyticThe     

procedure in Section 2.5. The optimum temperature is the temperature which gives high yield of 

dyes. 

 

 

 

2.6.3. The Solvent’s Effect  

    The catalytic activity with different solvent such as (water, diethyl ether, ethanol, and 

benzene) was studied in the same procedure in Section 2.5. The high yield of dyes is the key to 

know the best solvent which is suitable for this reaction in  presence of RHAPrIM. 

 

2.6.4 Regeneration of the Catalyst 

      Reusability experiment was conducted by running the reaction with the catalyst under the 

optimum conditions. The reaction was first run with the fresh catalyst to complete conversion 

After  .24 hor C f◦ thanol and dried at 110t was filtered and washed with eand then the catalys

regeneration, the catalyst was reused for second and third times under the optimized reaction 

conditions.  



 

 

 

 

 

 



 

3.0 Materials Synthesis   

     A solution of p-xylylenedichloride and imidazole was refluxed to form p-xylyl bisimidazole 

(Bis-Imi). Formation of Bis-Imi basically depends on the replacement of chloride in p-

Rice

Milling of Rice

Husk as product of 
milling

Burning the husk  at 

800 0C for 6h

Amorphous silica

Dissolved in 1M NaOH

Sodium silicate

Reaction with CPTES

RHACCl

Scheme 2.1:Research diagram for the catalyst preparation

Chemical treatment, washing husk with disttiled water,stirred with 1M HNO3, 

washing with disitilled water, drying at 110 0C

RHAPrIM

Reaction with p-xylylylbisimidazole



xylylenedichloride with imidazole under refluxed condition Scheme 3.1. CPTES was necessary 

Cl as –2CH withsilica from RHA. The product of this treatment resulted of for functionalization 

the end group on the solid. Immobilization procedure via proton abstraction from the amine 

group in imidazole and alkyl chloride bonded to silica propyl chain was taken place in Scheme 

3.2.  This reaction was anchored Bis-Imi to silica via the connection to propyl chain in 

organosilane.  

  3.1 The Synthesis of p-xylylbisimidazole       

      The preparation of Bis-Imi was  carried out by the reaction between p-xylylene dichloride 

and two moles imidazole under reflux conditions for 24 h as shown in Scheme 3.1. Deep 

elemental analysis, NMR, C 13H & 1was carried including  bisimidazolexylyl-p  analysis for the

and FT-IR as in the subtitle below [97].   
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Scheme 3.1: The synthesis of p-xylylbisimidazole (Bis-Imi). 

 

 

3.1.1 Fourier Transforme Infrared Spectroscopic Analysis of Bis-Imi  

 1-cm 3200 at band a showed Fig.3.1. ebisimidazolxylyl-pIR spectrum of -The FT          

attributed to the stretching vibration of aromatic C–H bond [98]. The stretching vibration of C–

the was attributed to  1-cm1660 The band at  .1-cm observed around 2978 was haticH alip

uted to bending was attrib 1-cm 1448 at The band ].99[of imine C=N bond  stretching vibration



vibration  of N=C–H bond. The stretching vibration of C–N bond was observed around 1379 

 .1-cm 

 

Fig. 3.1: The FT-IR spectrum of Bis-Imi. 

 

 

3.1.2 The Elemental Analysis of Bis-Imi 

       The elemental analysis of Bis-Imi showed 70.82 % percent of carbon and 5.61 % 

percent of hydrogen. The analysis showed 19.63 % of nitrogen. While the theoretical percentage 

of carbon 70.58 %, hydrogen 5.88 %, and nitrogen 23.52 %. The experimental and calculated 

percentage compositions of the elements agreed within each other. This indicate successfull 

formation of p-xylylbisimidazole. 

      Imi-Bis  ofnalysis A  NMR H1The 3.1.3  
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       different chemical shiftswere . There Imi-Bis the  of   HNMR spectrum1 hows2 s.3 .Fig

 2′H, 2H sproton hows the presence of imidazoleH NMR spectrum s1observed.   many position at 

signal (N–CH–N) at chemical shift 7.7 ppm. This chemical shift is consistent with the chemical 

four The singlate chemical shift at 5.1 ppm due to   ].100[salts  shifts of common imidazole

were  -5, H5as Hlabeled  rings ). Two proton of imidazole2CH–two methylene groups ( protons of

rings were shown a  protons of imidazole 4′H,4 H ppm. While uplit peaks at 6.9od shown 

chemical shifts at 7.2 ppm. The chemical shift at 7.4 ppm was due to the four protons of 

).-(Hii,Hii ring aromatic 

 

 

 

 

 

 

                  

 

 

 

 

 

 

CN3CD-3Imi in d-H NMR spectrum of Bis12: The .Fig. 3 
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 Imi-Bisof nalysis C NMR A13The  3.1.4 

        sharp  several   It showed  .Imi-Bisthe   analysis of  C NMR 13the  hows s 3.3 .Fig

chemical shifts  at 120.39, 128.68, 129.62 and 138.18 ppm which were assigned to the aromatic 

carbon in the benzene ring and the imidazole rings. The chemical shift at 120.39 ppm should be 

The chemical shift at 128.68 in the benzene ring.  )-i, i( due to the two carbon atoms labeled 

(four carbon atoms of the benzene ring). The ) -i, iii(ed carbon atoms labeldue to the  ppm 

chemical shift at 129.62 ppm was due to the two carbon atoms of the imidazole labeled as 4, 5, 

 The .NMRby be indistinguishable even  lyresonate very close limite of . Both carbons-, 5-4

the   and /labeled 2, 2 )NCN( carbon the imidazole ppm was assigned to at 138.18 chemical shift

N). The chemical shift –2CH–carbon (Bzthe alkyl to   ppm was assigned 49.96chemical shift at 

CN.3centered at 40.31 ppm was assigned to the solvent CD 

 

  

                 

                 

 

 

 

 

 

 

Fig. 3.3: The 13C NMR spectrum of Bis-Imi in d3-CD3CN 
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3.2 The Synthesis of Solid p-xylylbisimidazolium Chloride-Silica Catalyst 

(RHAPrIM) 

       The silica from RHA  was extracted by the method previously published in literature 

[101,102]. The RHA was treated with sodium hydroxide to form sodium silicate which was 

used  to immobilize CPTES onto the silica surface  by a simple sol-gel method as shown in  

Scheme 3.2. The resulting  product was labeled as  RHACCl.  

    p-xylylbisimidazolium chloride-silica, RHAPrIM nano  solid catalyst was prepared via the 

reaction between RHACCl and p-xylylbisimidazole. Both the reactants were suspended in the 

toluene medium. Scheme 3.2 shows the schemetic reaction for  the preparation of RHAPrIM.  

RHA     +    NaOH RT/30 min
Sodium silicate

HNO3

pH = 3 / 45 min.

O

SiO

O

Cl

O

SiO

O

Cl

H

(C2H5O)3SiCH2CH2CH2ClSodium silicate +

O

SiO

O

H

O

SiO

O

N
N

+

N
N

+

2 Cl- NN

NN

SiO2

SiO2

reflux, 24h/ Toluene

  

Scheme 3.2: The simple sequence of reactions and the possible structure for  RHAPrIM 

catalyst. 



 

 

3.2.1 FT-IR of RHAPrIM Catalyst  

     The spectra of RHACCl, RHAPrIM with differential  are given in Fig. 3.4. The FT-IR 

spectra allowed to observe the bands characteristic of most functional groups of mesoporous 

RHAPrIM. A previous studies had been described the Si–O–Si vibrations of RHA which 

in RHACCl and to  1-].The vibration is observed to shift to 1082 cm310[1-appeared at 1101 cm

ared as a H) appe–H) and absorbed water (HO–in RHAPrIM. Silanol groups (SiO 1-1061 cm

in the differential the absorption band  1-]. At 3225 cm410[1 -cm broad band around 3458

corresponds to the imidazole C–H bond vibration was appeared. Benzene ring identified by 

ferential spectrum the vibration at . While in the dif1-bration of C=C stretching at 1566 cmvi

C –due to Si was1 -due to the imine groups C=N.  The vibration at 1225 cm was  1-1618 cm

covalent bond. All these vibrations for the expected functional groups FT-IR refers that Bis-Im 

molecules were loaded onto silica via RHACCl. 

 

 

 

 

 

 

 

Fig. 3.4: The FT-IR spectra of RHACCl, RHAPrIM and the differential spectrum. 

3.2.2 Elemental Analysis for RHA, RHACCl, and RHAPrIM  

4000.0 3000 2000 1500 1000 400.0

cm-1

%T 
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Differan tial
362 6
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798
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345 8
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138 4

131 4
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778 466

115 5

295 9

292 2

345 7

163 8

138 4

961

798
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469

295 2

108 2

RHAPrIM 



Table 3.1 shows  the elemental analysis results of RHA, RHACCl, and RHAPrIM. The 

result of EDX analysis are shown in brackets. The percentage of carbon and hydrogen in 

RHACCl was found to be 11.7 %  and 1.76 % respectively. The percentage of carbon and 

hydrogen in RHACCl was more than of RHA. From the increased amount of C, this indicated  

that CPTES was incorporated onto RHA silica to produce RHACCl. Similar conclusion was 

made by Hello et al. (2010) and Brunel et al. (1999) [30].  Carbon content of RHAPrIM 16.74 

%, (30.22 % according to the EDX) was  slightly higher than RHACCl, as a result of 

immobilization of Bis-Imi. Nitrogen composition showed of 1.91 %, (3.30 % according to the 

EDX). The elemental data analysis reflects that the Bis-Imi was indeed incorporated on the 

silica. Elemental analysis showed the presence of N in RHAPrIM catalyst,  but it was not found 

 in RHA and RHACCl. It had been a good indication to conclude that the p-xylylbisimidazole 

was successfully incorporated to form RHAPrIM catalyst. 

 

 

 

 

 

 

Table 3.1: Elemental analysis for RHA, RHACCl, RHAPrIM. The EDX data between 

brackets. 

Sample 

 

Elemental analysis (%) 

C H N Cl Si 



RHA 0.84 1.6 - - - 

(29.09) 

RHACCl 11.70 

(23.93) 

1.76 

- 

- 

- 

- 

(3.07) 

- 

(23.47) 

RHAPrIM 16.74 

(30.22) 

2.34 

(-) 

1.91 

(3.30) 

- 

(3.8) 

- 

16.69 

 

3.2.3  Thermogravimetric Analysis (TGA)/Differential Thermal Analysis 

(DTA) for RHAPrIM 

        Several informations can be deducted from the TGA/DTA analysis. The moisture content, 

s ’ite silica, of th immobilized onto the surfacematerials  inorganic and organic percentage of the

decomposition point, the stability of the catalyst,  and determined  the range in which the 

catalyst can be used. Some reactions require temperatures higher than the temperature range of 

the catalyst, that leads  to decomposition of the catalyst and loss of catalytic activity. Fig. 3.5 

shows the TGA/DTA graphs of the RHAPrIM catalyst . 

of RHAPrIM analysis TGA The  C.◦908  -39   carried out in the range ofanalysis was The     

  C◦ 100 %  at  7.1 ca.of loss  . The first masssition stagescharacteristic decompofour showed 

was due to the loss of surface absorbed water. The second mass loss of ca. 19.3 % between 200 

-p propyl and assumed to be associated with the decomposition of the was  C◦ 270  to

xylylbisimidazol which was immobilized onto the silica surface. The third mass loss  of ca. 7.7 

organic groups deep  althe residu  to the decomposition ofdue was   C◦400   to  280from  %

C, attributed to the formation of ºrth mass loss (ca. 1.1 %) at 514 u. The fomthe pore systewithin 

siloxane groups as a result of silanol groups condensation and the condensation  of  neighboring 

 silanol in  order to form siloxane bonds and releasing water in the process. 



 

    The DTA curve shown in Fig. 3.5 shows  four  exothermic  transformations. The first one 

occurs in the rang 30-100.  It could  be due to the loss of absorbed water. The second 

The third exothermic   C.◦C with a maximum at 258 ◦277 -200 between occurs   exothermic

C ◦) 560 - 410in the rang (fourth and the C ◦344 with a maximum at  C◦ 410 -277occurs  between 

to the  edattribut weretransformation The second and the third  .C◦ 514with a maximum at 

arrangement of the organic structure of the catalyst [105].  The fourth attributed to the formation 

of siloxane groups as a result of silanol groups condensation. Thus, according to the TGA/DTA 

analysis, it was  concluded that Bis-Imi was incorporated onto the silica surface.  

 

 

 

 

 

Fig. 3.5: Thermogravimetric analysis and differential thermal analysis of  RHAPrIM. 



3.2.4  Nitrogen Adsorption–Desorption Analysis 

         Nitrogen adsorption analysis Brunauer-Emmett-Teller (BET) method has been used  to 

determind the specific surface area, pore diameter and pore volume  of the prepared  materials 

[34].  Fig. 3.6 shows the nitrogen adsorption  isotherm for RHAPrIM with the inset showing the 

pore size distribution curve. The rang of the hysteresis loop was 0.70 < P/P0 < 0.85 . This was 

associated with capillary condensation according to IUPAC classification. The isotherm 

exhibited by  RHAPrIM was  type  IV with H1 hysteresis loop, indicating a highly ordered 

mesoporous structure [106].   

 1-g 2m while it was 347 1-g 2m 291.  APrIM was found to beThe specific surface area of RH       

too  however, the pendent group was PrIMRHA In .]29[RHACCl  for 1-g 2m 633  ,]89[ or RHAf 

large and restricts the availability of adsorption sites resulting in a drastic reduction in the  

as compared  ddecrease. It had 1-g3cm 0.24 verage pore volume was The aarea. specific surface 

to RHA and RHACCl. It was attributed to the presence of Bis-Imi on the surface which blocked 

the pores in the silica matrix. The  pore size distribution  of  RHAPrIM  was found to be narrow 

at ca. 10.9 nm which was in the mesoporous range.  The data of the nitrogen adsorption–

desorption analysis is shown in Table 3.2. 



Fig 

3.6: The nitrogen adsorption–desorption isotherm of RHAPrIM. The inset shows the      

corresponding pore size distribution. 

 

Table 3.2: The nitrogen adsorption–desorption parameter for RHA, RHACCl, RHAPrIM. 

Sample Surface area 

)/gm2m( 

Averge pore  

diameter (nm) 

Averge pore 

)/gm3cm(volume  

RHA 347 10.4 0.87 

RHACCl 633 6.04 0.70 

RHAPrIM 91.16 10.9 0.24 

 

3.2.5   Scanning Electron Microscopy (SEM) 

   Fig. 3.7 shows the SEM analysis  of  RHAPrIM. Close observation of the image (Fig. 3.7 

(c, and d)) at higher magnification, revealed the presence of aggregate particles that may be 



associated with its highly porous nature surface. The SEM images also show irregular shapes 

arranged randomly on a smooth surface. No specific geometrical shapes are observed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.7: The SEM images of RHAPrIM at different  Magnifications. 

3.2.6  Transition Electron Microscopy (TEM)    

     Fig. 3.8 shows the TEM images for RHAPrIM which appeared as spherical particles. 

However, on higher magnification these spherical particles  appeared to have a rough surface 

resulting in the highly porous surface.  As clearly shown that the RHAPrIM consist  two types 

10µm 

200nm 

1µm 

200nm 

(a) (b) 

(c) (d) 



(a) (b) 

(c) (d) 

(e) (f) 

of spherical particles. Both  those particles have approximately 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 were in nano range which might have important characterization besides having a catalyst.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.8: The TEM images for RHAPrIM at different magnifications. 
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3.2.7  nalysisSi MAS NMR Spectroscopy A29 The 

        The RHAPrIM. HA, RHACCl, and RSi MAS NMR spectrum of 299 shows the  .3Fig. 

 3and Q )4(Si(OSi) 4the presence of Qshowed  ]89[ 9(a)).3Fig. ( RHA Si NMR spectra for29

chemical   having were  that   silicon centersrefers to  4Q  .chemical shifts only (OH))3(Si(OSi)

that  centers   referred  to silicon 3. The Q 4(OSi)-silica  s,with four linkage ppm  110-shifts at 

 with one linkageand   (OH)3(OSi)-s, silicathree linkage 100 ppm and -chemical shifts at  have

 It  . 9(b)).3Fig. ( ]28[earlier  ACCl had been reported Si NMR spectrum of RH29The  .OH

MAS  Si29100.65 ppm. -109.92 and -at ca. silicon atoms,  3nd Qa 4Q ofshifts chemical  showed

NMR spectrum of RHAPrIM had a similar sequence to that onto RHACCl with slight shifts. 

to  chemical shifts attributed showed ) (C) 9.(Fig. 3 NMR spectrum of RHAPrIMMAS Si 29The 

 3Tat 65.4 ppm refers to   ical shiftchem The 100.9 ppm. -and  110.9- silicon atoms at 3and Q 4Q

silicon centers,  i.e. the  formation of  (Si–O–SiR, R = organic) with  three  siloxane bonds and 

refers  57.3 ppm–al shift at chemic The  .3)Imi-Bis-2CH2CH2CH–Si–O–()silica( organic part, an 

one linkage with OH and and linkages two siloxane n of formatiothe i.e.  ,silicon centers 2T to

It should be noted that the  he silica.to t2 Imi)-Bis-2CH2CH2CH–Si–O–(silica)(OH)( organic part,

shift in the chemical  The .expected which was in RHA found shifts  were not chemical  2, T3T

substitution  the successful proves ,  RHACCl PrIM  compared  withRHA Si NMR spectrum of29

-p N bond that immobilized –ew Cformation of the n the d. This indicateCClRHA of  3C  at 

xylylbisimidazole onto the silica.  
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. (a) RHA [adapted from Ahmed & Si MAS  NMR spectrum29 teThe solid sta :9.3 Fig.

Adam (2007) [ 98] ], (b) RHACCl [adapted from Hello (2010)[30]], (C) 

RHAPrIM. 

 

3.2.8  nalysisC MAS NMR Spectroscopy A13The  

RHAPrIM. The carbon ACCl, and HRC NMR of 13shows the solid state   10.Fig. 3

 2carbon). At 26.6 ppm the peak is assigned to the C 1bonded to silicon is shown at 10.4 ppm (C

(C) 



C NMR of RHACCl 13carbon is observed at 47.69 ppm. Comparing to the  3carbon, while the C

(Fig. 3.10 (a))[30] those chemical shifts were  down field shifted. The peaks at 52.9 and 64.3 

 5′& C4′, C5, C4groups. Imidazole carbons ring C 2corresponding to the two CH ppm were

(Scheme 3.1) chemically equivalent are shown at 122.3 ppm. Benzene ring (4 × ArC) was  

appeared  at 128.9, 130.8 ppm. The chemical shift at 135.2 ppm is related to the two aromatic 

6 and 136.1 ppm 134. groups. The chemical shifts at 2carbons which they bonded to the CH

1). .3 (Scheme 2′, C2to the imidazole carbon atom C were referred 
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[adapted from Hello  (a) RHACClC MAS NMR spectrum of 13te 10:  The solid sta.ig. 3F

(2010)[30]], (b) RHAPrIM. 

4.0 Catalytic Performances 

    The catalytic activity of RHAPrIM was examined in–situ preparation of nitrous acid which was used to 

prepare diazonium salt. In the case of it's reaction with aniline, the aniline was first dissolved in water 

at the presence of RHAPrIM catalyst. To that mixture, a solution of sodium nitrite was added. This 

reaction produced in–situ nitrous acid which attacks aniline and forming diazonium salt. After the 

formation of diazonium salt, simple filtration was necessary to remov the catalyst. The final reaction 

was a coupling of the diazonium salt with resorcinol as a model substrate to produce azo dyes. 

  

4.1 Influence of Catalyst’s Mass 

     The activity of RHAPrIM was analyzed at different masses of catalyst. Coupling reaction of the 

diazonium salt with resorcinol was a common method to synthesize azo dye. Four different mass of 

RHAPrIM were used (50, 100, 200, and 250 mg) to reach the optimum mass of catalyst as  shown in 

Table 4.1 (Fig. 4.1). The yield reached to 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 of less than 100 mg, it was observed that the yield decreased to be 40 %. Thus, the 100 mg of 

catalyst mass was selected to be optimum. 

 

 

 

 

 

Table 4.1: The effect of catalyst mass on the production of azo dyes over RHAPrIM catalyst. 

Variants (mg) 

           

Azo  Dyes Yield (%) C)°( Temperature 

 

50 

100 

200 

250 

40 

59 

52 

55 

 

0-5 

 

 

 



 

Fig. 4.1: The effect of catalyst mass on the production of azo dyes over RHAPrIM catalyst. 

 

4.2 Influence of Temperature  

    Temperature is the very important factor in the reaction due to the fact that the sensitivity of 

nitrous acid, therefore the reaction temperatures was controlled to be not more than 15 °C. Clearly 

found that when the reaction temperature increased from 0 to 10 °C, the yield increased from 59 to 

92%. At temperature of 15 °C the azo dye yield decreased to be 76 % as  shown in Table 4.2. As the 

temperature reached 15 °C the nitrous acid decomposition may be the main reason for the yield 

decreasing of azo dye. 

 

        Table 4.2: The effects of reaction temperatures on the production of azo dyes over RHAPrIM 

catalyst. 
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Fig. 4.2:The effect of the reaction temperature on the preparation of Azo dyes. 

 

4.3 Influence of Solvent Effect 

Solvents effects on the azo dye yield were studied and the results were listed in Table 4.3. The 

water, ethyl alcohol, benzene, and diethyl ether were used as reaction solvents. During the experiment, 

water was 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 %, 57 % in diethyl ether and 52 
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% in benzene. Water is capable to form hydrogen bonding with the reactant over the catalyst surface 

and this could lead to the high percentage of yield. In case of using ethyl alcohol, the probability to 

form a hydrogen bonding became less and the yield could reduce.  

 

 

 

 

Table 4.3: The effect of different solvents on the reaction of benzyl diazonium chloride with 

Resorcinol over RHAPrIM at 10 °C. 

 

 

 

 

 

 

4.4 Catalyst’s Recycle 

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 was reduced after the third run of the 

reaction and reached to be 89 % (Fig. 4.3). It was deduced that the RHAPrIM might be poisoning by the 

solvent used via forming a hydrogen bonding with the solvent and this could block the pore off. 

 

Solvent Azo Dyes Yield (%) 

Water 92 

Ethanol 61 

Diethyl ether 57 

Benzene 52 



 

Fig. 4.3: The reusability of the catalyst. 

4.5..FT-IR.Analysis.of.Reused.Catalyst.RHAPrIM                         

      The FT-IR spectrum of RHAPrIM after the second usage is shown in Fig. 4.4. All catalyst functional 

groups are shown at the expected position as compared to the fresh catalyst (Fig. 3.4, pp. 35).  The 

vibration of Si–O–Si is observed at 1068 cm-1 and  1061 cm-1 in the fresh catalyst. Silanol groups and 

absorbed water appeared as a broad band around 3410 cm-1. This peak is becoming broader and slightly 

shifted as compared to the fresh catalyst as a result of using the catalyst in water. The imidazole C5–H 

bond vibration has appeared at 3138-3101 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. The results of FT-IR spectra of 

fresh and reused catalyst are listed in (Table 4.4). 

    

Table 4.4: FT-IR Spectrophotometer results of fresh  and reused catalyst 

Functional groups Observed .Absorption 

(cm-1)  for Fresh catalyst 

Observed. Absorption 

 (cm-1)  for reused catalyst 

Si-OH 3458 3410 

Si-O-Si 1061 1068 
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C5-H. imidazole  3225 3138-3101 

C-H aliphatic 2922 2960 

C=C aromatic 1566 1562 

C-N 1384 1383 

C=N 1638 1647-1626 

Si-C 1155 1151 

 

.
Fig.4.4: FTIR spectrum of reused catalyst RHAPrIM  
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    TGA/DTA curve of RHAPrIM after the second reused is shown in Fig.4.5. The sequence of 

characteristic decomposition stages is observed similar to the fresh catalyst (Fig 3.5, pp. 39). 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 (7.1 %, Fig. 3.5). The rest mass losses are not 

changed too much as compared to the fresh catalyst.  

 

 

  

Fig.4.5: Thermogravimetric analysis and differential thermal analysis of reused catalyst RHAPrIM. 

 

4.7 Proposed Mechanism 

      A mineral acid is usually used to generate the nitrous acid by acidification of aqueous solutions 

sodium nitrite. The RHAPrIM has imidazole acidic hydrogen able to acidification of sodium nitrite in 



situ. Free nitrous acid is liberated and attack aniline rapidly to form the diazonium 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 4.1. 
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Scheme 4.1: The generation of diazonium salt and azo dye over RHAPrIM.     

 



4.7.1 Elemental Analysis and Melting Points of Derivatives Dyes 

Six different derivatives of dyes were prepared as it was showed in Table 4.5. The derivatives were 

characterized by using FT-IR, UV, CHN, and melting point. Elemental analyses were clearly shown the 

abundant between the theoretical and found values Table 4.5.  The melting points of prepared dyes 

were also match with their values in the literatures [107, 108, 109].   

4.7.2 UV-Vis Spectra 

The UV-Vis spectra (Fig. 4.6) exhibit strong absorptions of π-π* transition for the azo moiety at 

wavelength 271, 268, 238, 242, 278, and 273 nm, respectively. The type of auxochrome groups on the 

azo derivatives are clearly affected on the absorptions. Red shifts were observed on those aromatic 

containing electron-donating substituent.  

 

Fig. 4.6: The UV-Vis of the mono azo dyes derivatives prepared over RHAPrIM. 

200 300 400 500 600

226
271

336

N,N-dimethylbenzaldehyde

nm

  

336

242

m-cresol

  

233
273

  234
278

resorcinol

  

241

238

p-bromobenzene

alpha-naphthol

  

228

A

268 benzene

  



 

 

 

 

4.7.3 FT-IR Spectra 

    The FT-IR (see appendix ) are listed in Table 4.5. The effective bands are those due to the azo 

chromophore (-N=N-), and other bands, e.g. C=C and C-H of aromatic ring, and carbonyl were clearly 

shown on FT-IR spectra. 

Table 4.5: The physical properties, elemental analysis, and FT-IR of azo dye derivatives prepared over 

RHAPrIM. 

 

          Compound 

 

Color 

m. p 

°C 

Elemental analysis 

% 

 

FT-IR 

cm-1 Liter. found Calculate

d 

found 

NN

OH  

Red 129-132 128-131 C:77.4,  

H:4.87; 

 N:11.28 

C:77.66,  

H:5.0, 

N:11.0 

3486 (O-H),  

3041  (CH)Ar      

1578   (N=N), 

CH3

OH

NN

 

Brown 125-128 128-130 C:72, 

H:5; 

N:10 

C:71.6,  

H:5.62;  

N:11.28 

3436 (O-H),  

3037 (C-H)Ar   

1577   (N=N), 

Me2N

CHO

NN

 

Orange 130-132 129-130 C:71, 

H:5.5;  

N:16 

C:69.99, 

H: 5.53; 

N:12.77 

3060 (C-H)Ar 

2950(CH)alph 

1530 (N=N), 

1610   (C=O) 



Br

CHO

NN

 

Yellow 100-113 113-115 C:53, 

H:3; 

N:9 

C:52.76, 

H:2.87; 

N:8.33 

3090 (C-H)Ar, 

1570 (N=N), 

1680   (C=O) 

NN

 

White 88-90 90-92 C:78.23; 

 H: 6.57; 

N:15.21 

C:78.23; 

H: 6.57; 

N:15.21 

3100 (C-H)Ar, 

1510   (N=N) 

 

 

5.1  Conclusions 

The functionalization of silica with different silylating agents was an important starting 

point to synthesize many different types of silica-based materials. The functionalization process 

produced silica with a -CH2Cl end group which played a great role in synthesis many kinds 

from heterogeneous catalysts via substitution Cl by different organic molecules. In this study p-

xylylbisimidazole was immobilized onto silica surface in order to synthesize a strong 

heterogeneous catalyst. FT-IR spectroscopy showed presence absorption bands of the most 

functional groups in the catalyst at the expected range. CHNS and EDX analysis of RHAPrIM 

shows that nitrogen was present within the catalyst structure. The specific surface area of the 

catalyst was found to be 91.61 m2 /gm. According to TGA/DTA analysis, RHAPrIM showed 

high thermal stability with three characteristic decomposition stages. Thermal analysis shows 

that the catalyst can used safely up to 277 ◦C. The 29Si NMR spectrum of RHAPrIM were 

showed several chemical shifts attributed to Q4,Q3, T3, and T2 silicon atoms. 13C NMR spectrum 

for RHAPrIM was showed chemical shifts assigned to the aromatic carbon in benzene and 

imidazole rings. The catalytic activity of the catalyst was studied in the preparation of dyes. 

High yield was achieved under the optimum reaction conditions. The yield of the preparated 

dyes was reached to 92% when 100 mg of catalyst mass at 10 ◦C. 

 



 

 

5.2 The slight deactivation in the activity of the catalyst 

   It was deduced that the RHAPrIM might be poisoned by the solvent used by forming a 

hydrogen 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. 

Beside this, a hydrogen bonding could also be formed between the active centers and the 

solvent (in case of using water). The TGA shows that the catalyst is able to capture the moisture 

from the air (about 7.1 % of water for each 10 mg of catalyst was deducted). This phenomena 

clearly shows that the catalyst surface is highly hydrophilic. This will be decreased in the other 

solvent 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 support that 

the poisoning of the catalyst by the solvent which may explain the minimum reducing of the 

activity after the third run. 

 

 

 

 

 

 

5.3 Recommendations 
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     The purpose of heterogeneous catalyst during this research was  managing RH as a source of 

silica. The pure silica was performed by burning the RH at a high temperature. As a result of 

critical conditions, silica was transferred to sodium silicate followed by immobilizing with alkyl 

silylating agents in a simple one-pot synthesis. Finally, the material was treated with p-

xylylbisimidazole to form a heterogeneous catalyst which was used successfully to generate 

diazonium salt for azo dyes production. 

1. As the research used RH which was accounting as a wanted waste, therefore, this research is 

an attempt to recycle agriculture waste. The silica was extracted from RH by the classical 

method, therefore, an extraction of silica from RH by new methods are required.   

2. Due to the excellent results of the prepared catalyst, RHAPrIM it may have promising uses in 

the manufacturing of dyes. More studies are needed to apply this study in the marketing.  

3. More study to prove the mechanism is required. 

 

 

 

 

Characterization of Dyes 

Fourier Transformed Infrared Spectroscopic Analysis 
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Appendix1: FT-IR Spectrum of 4-( phenyl azo) -1-Naphthol 
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               Appendix 2: FT-IR Spectrum of 2-( phenylazo) Resorcinol. 
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       Appendix 3:  FT-IR Spectrum of 2-(phenyl azo) -4-Bromo benzaldehyde 
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Appendix 4: FT-IR Spectrum of 2-(phenyl azo) benzene 
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Appendix 5: FT-IR Spectrum of  2-( phenyl azo) m-crysol 
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            Appendix 6: FT-IR Spectrum  of 2-( phenyl azo) 4-(N,N-dimethyl) benzaldehyde 

 

List of Symbols and  Abbreviations 



Abbreviation Term 

BET  Brunauer-Emmett-Teller 

Bis-Imi p-xylylbisimidazole 

Bz Benzene ring 

CN 3CD Acetonitrile- dutrate         

CHNS Carbon , hydrogen, nitrogen and sulfur elemental analysis 

CPTES 3-(Chloropropyl) triethoxysilane 

DTA Differential Thermal Analysis 

EDX Energy Dispersive X–ray 

FT–IR   Fourier Transform Infrared 

DCM Dichloro methane 

NMR Nuclear magic resonance 

 MAS Magic angle spectroscopy 

MCM-41 Mobil composition of Matter  

rpm Recycle per minute 

RH   Rice Husk 

RHA  Rice Husk Ash 

RHACCl  Silica-3-(chloropropyl)triethoxysilane 

RHAPrIM p-xylylbisimidazoliumchloride-silica  

SEM Scanning Electron Microscopy 



 

 

 

 

 

 

 

 

 

 

References 

[1] P. T. Anastas, G. Heine, T. C. Williamson, "Green chemical syntheses and processes", Vol. 

767,  pp.1-6, 2000. 

[2]..R..U..Ayres,"Industrial..Metabolism:..Theory..and..Policy,In:B.R.Allenby,D.J.Richards."Th

e Greening of Industrial Ecosystems, National Academy Press, Washington, pp. 23-37, 

1994. 

[3]  A. Kusbiantoro, MF. Nuruddin, N. Shafiq, SA. Qazi, "The effect of microwave incinerated 

rice husk ash on the compressive and bond strength of fly ash based geopolymer concrete", 

Cons. Build. Mater., pp. 695-703, 2012. 

[4] G. R. de Sensale, A. B. Ribeiro, A. Gonçalves, "Effects of RHA on autogenous shrinkage of 

Portland cement pastes, "Chem. Concr. Compos., pp.892-773,2008.  

[5] Z. Emdadi,  N.Asim, M. A. Yarmo,   R.Shamsudin, "Investigation of More Environmental 

Friendly Materials for Passive Cooling Application Based on Geopolymer, "APCBEE 

Procedia, Vol.10, pp. 69 – 73, 2014. 

Sol    Colloidal suspension 

Si-OH  Silanol group 

Si-O-Si  Siloxane group 

TEM  Transmission  Electron  Microscopy 

TGA  Thermal Gravimetric Analysis 



[6]  R. Khan, A. Jabbar, I. Ahmad, W. Khan, A. Naeem, J. Mirza, " Reduction in   

environmental problems using rice husk ash in concrete" Cons. Build. Mater., Vol.30, 

360-365, 2012.  

[7]  D. Jung, M. Ryou, Y. Sung, S. Park, J. Choi, " Recycling rice husks for high capacity 

lithium  battery anods" PNAS,Vol. 110, (30), 12229-12234, 2013.  

[8]  S. Huang, S. Jing, J. Wang, Z. Wang, Y. Jin, "Silica white obtained from rice        husk in a 

fluidized bed," Powder Technol., Vol.117,no. 3,pp. 232-238, 2001. 

[9]..Rice husk photo, [Online]. [Accessed1, April, 2018].Available 

fromWorldwideWeb:(https://www.google.iq/search?q=Rice+husk&tbm=isch&tbo=u&sour

ce=univ&sa=X&ei=ylQ6U5ypIMr00gX1vYHQBQ&ved=0CCQQsAQ&biw=1366&bih=5

76#imgdii). 

[10]  C. Real, M.D. Alcala, J.M. Criado, "Preparation of silica from rice husks," J. Am. Ceram. 

Soc., Vol. 79, pp. 2012–2016, 1996. 

[11]  S. Bhuvaneshwari, RG. Robinson, SR. Gandhi, "Stabilization of expansive soils using Fly 

Ash," Fly Ash Utilization Programme (FAUP), TIFAC, DST, New Delhi, pp. 1-5, 2005. 

[12] F. Adam, B. Saraswathy, W. Phee-Lee, "Rice husk ash silica as support material for 

Ruthenium based heterogeneous catalyst," J. Phys. Chem., Vol. 17, pp.1–13, 2006. 

[13] [Online]. [Accessed 17, May, 2018].Available from World Wide Web.(http:// 

www.Thehindu. Com/ todays-paper). 

[14] N. Sharma, W. Williams, A. Zangvil, "Formation and structure of silicon carbide whiskers 

from rice hulls," J. Am. Ceram. Soc, Vol. 67, pp. 715-720, 1984. 

[15] C.T. Kresge, M. E. Leonowicz, W. J. Roth, J.C. Vartuli and J. C. Beck, ''Ordered 

mesoporous molecular sieves synthesized by a liquid- crystal template mechanism," 

Natural, Vol.359, pp.710-712, 1992. 

[16]   B. H. Patel, P. N. Patel, " Synthesis and Application of Nano-Sized SiO2 to Textiles: a 

Review" Inter. Dyer, Vol.197(4), 35-39, 2012. 

[17] Z. M. Ishak, A. A. Bakar, U. S. Ishiaku, A. S. Hashim, A B.  zahari, "An investigation of 

the potential of rice husk ash as a filter for epoxidized natural rubber –II Fatigu behavior," 

Eur. Pol. J., Vol.33, pp. 73-79, 1997. 



[18] P. K. Jal, S. Patel, B. K. Mishra, "Chemical modification of silica surface by 

immobilization of functional groups for extractive concentration of metal ions,"Talanta, 

Vol.62, pp. 1005-1028, 2004. 

 [19] A. V. Kiselev, V. I.  Lygin, "Infrared spectra of surface compounds,"Wiley, NewYork , 

1975. 

 [20] A. R. Cestari, E. F. Vieira, A. J. Nascimento, F. J. de Oliveira, R. E. Bruns, C. Airoldi, 

"New factorial designs to evaluate chemisorptions of divalent metals on aminated silicas," 

J. Colloid Interface Sci., Vol.241, pp.45-51, 2001. 

[21] A. R. Cestari, C. Airoldi, "Chemisorption on thiol-silicas: divalent cations as a functional 

of pH and primary amines on thiol-mercury adsorbed," J. Colloid Interface Sci, Vol.195, 

pp. 338-342, 1997. 

[22] A. G. Prado, C.  Airoldi, "Adsorption, preconcentration and separation of cations on silica 

gel chemically modified with the herbicide 2,4-dichlorophenoxyacetic acid," Anal 

.Chem.Acta., Vol.432, pp. 201-211, 2001.  

[23]  N. Tokman, S. Akman, M. Ozkan, "Solid-phase Extraction of Bismuth, Lead, and Nickel 

from Seawater Using Silica Gel Modified with 3-Amino propyl trimethoxysilane in A 

Shringe Prior to Their Determination by Graphite Furnace Atomic Absorption 

Spectrometry,"Talanta, Vol. 59, pp. 201-205, 2003. 

[24]  S. K. Singh, L. Stachowicz, S.L. Girshick, E. Pfender, "Synthesis of SiC from rice husk in 

a plasma reactor," J. Mater. Sci. Lett., Vol.12, pp. 659–660, 1993. 

[25] L. Sun, K. Gong, "Silicon-based materials from rice husks and their applications," Ind. 

Eng. Chem. Res., Vol.40, pp. 5861–5877, 2001. 

[26]  F. W. Chang, W. Y. Kuo, H. C. Yang, "Preparation of Cr2O3 promoted copper catalysts on 

rice husk ash by incipient wetness impregnation," Appl. Catal. A, Gen., Vol.288, no.(1–

2), pp.53–61, 2005.  

[27]  Q. G. Feng, Q. Y., Lin,  F. Z. Gong Sugita, M. Shoya, "Adsorption of lead and mercury by 

rice husk ash," J. Colloid  Interface Sci., Vol.278, no.1,pp. 1-8, 2004. 

[28]  H. P. Wang, K. S. Lin, Y. J. Huang, M. C. Li, L. K. Tsaur, "Synthesis of zeolite ZSM-48 

from rice husk ash," J. Hazard. Mater.,Vol.58, no.(1–3), pp. 147–152, 1998. 



[29] F. Adam, H. Osman, K. M. Hello, "The immobilization of 3-(choropropyl) triethoxysilane 

onto silica by a simple one-pot synthesis," J. Colloid Interface Sci., Vol.331, no.1, 

pp.143–147, 2009. 

[30] M.H. Kasim, "The heterogenation of Saccharin, Melamine and their catalytic activity in 

esterification reaction", PhD thesis. University  of sins Malaysia, Malaysia, 2010. 

[31] A. Farook, T. S. Chew, M. Hanushantini, N. Jimmy, M. H. Kasim, "Synthesis and 

characterization of silica-imidazole meso structured composite from agricultural biomass, 

"Micropor. Mesopor.Mater.,Vol.167, pp.245-248, 2012. 

[32] A. Farook, E.H. Hiba, M.H. Kasim, "The synthesis of N-hetrocycliccarben-silica nano-

particles and its catalytic activity in the cyclization of glycerol," J. Taiwan Inst. Chem. 

Eng., Vol.43, pp.619-630, 2012. 

[33] A. Farook, M.H. Kasim, H. A. Tammar, "Solvent free liquid- phase alkylation of phenol 

over solid Sulfanilic acid catalyst, "Appl. Catal., A, Vol. 399, pp. 42-49, 2011. 

[34] Th. Jaafar, H. Hamied, K. Mohammed, F. Adam, "Catalytic esterification via silica 

immobilized p-phenylenediamine and dithiooxamide solid catalysis "A. J. Chem., Vol.10, 

pp. 1492-1500, 2017. 

[35] K. M. Hello, A. Ibrahim, J.K. Shneine, J. Appaturi, "Simple method for functionalization 

of silica with alkyl silane and organic ligands," J. South Afri. Chem. Eng., Vol. 25, 

pp.159-168, 2018.  

[36] K. M. Hello, M. J. Mohammed, A. M. Yasser, F. Adam, Z.  Farag, "Modification of Silica 

Rice Husk Ash to Solid Ammonium Sulphate for Second Generation Biofuels 

Productions," J Catal., Article ID 128547,9. 10.1155/ 128547, 2014. 

[37]...F. Delannay, "Characterization of Heterogeneous Catalysts," Marcel Dekker, New 

York.,Vol.7, J.L.G, 1984. 

[38] Y. Yermakov, V. Likholobov, "Homogeneous and Heterogeneous Catalysis," VNU Sci. 

Press, Utrecht,  Netherlands. pp. 1019, 1986. 

[39] M.  Davis, "Fundamentals of chemical reaction engineering", 1st Ed.McGraw-Hill 

Sci./Eng./Math; ISBN-13.13338, 2003. 

[40]  I. V. Kozhevnikov," Heterogeneous acid catalysis by heteropoly acid," J. Mol. Catal. A: 

Chem., Vol.305, pp.104-111, 2009. 



[41] D. Habibi, M. Nasrollahzadeh, "Silica-supported ferric chloride (FeCl3-SiO2): an efficient 

and recyclable heterogeneous catalyst for the preparation of arylaminotetrazoles," Syn. 

Commun. R, Vol.40, pp. 3159-3167, 2010.  

[42] P. K. Shukla, A. Verma, P. pathak ,"A prospective study on silica based heterogeneous 

catalyst as modern organic synthesis tool, Archives," Appl. Sci., Vol.6, pp.18-25, 2014. 

[43] G. P.  Dilip, "On the Role of acidity in Amorphous Silica- Alumina Based Catalysts",  PhD 

thesis University of Eindhoven. Nederland, 2011. 

[44] H. Jens, "Industrial Catalysis: A Practical approach. 2nd Ed," Wiley-VchVerlag GmbH & 

Co. KGaA, Weinheim, Vol.10,no.3,pp. 683-684, 2006. 

[45] F. Erica, R. Dimonte, J. Kaspar, "Homogeneous and heterogeneous catalysis,"Inorg. And  

Bio-inorg. Chem., Vol.2, pp.1-10, 2006. 

[46]  J. F. Le Page, "Applied Heterogeneous Catalysis Design, Manufacture," Use of Solid 

Catalysts. Technip, Paris, 1987. 

[47] E. L. Margelefsky, R. K. Zeidan, M. E. Davis,"Cooperative catalysis by silica-supported 

organic functional groups," Chem. Soc. Rev., Vol.37, pp.1118-1126, 2008.   

[48] J. Safari, S. Gandomi-Ravandi, S. Naseh,"Effiicient, green and  solvent-free synthesis of 

tetra substituted imidazoles using SbCl3/SiO2 as heterogeneous catalyst," J. Chem. Sci. 

Vol.125, pp. 827-833, 2013. 

[49] M. A. Nasseri, M. Sadeghzadeh, "Multi-component reaction on free nano-SiO2 catalyst: 

Excellent reactivity combined with facile catalyst recovery and recyclability," J. Chem. 

Sci., ol.125, pp.537 - 544, 2013. 

[50] A. Rahman, V. R. Pullabhotla, S. B. Jonnalagadda, "Selective oxidation of p-nitrobenzyl 

alcohol to p-nitrobenzaldehyde with 10% Ni silica with 30% H2O2 in acetonitrile 

solvent,"Catal.Commun.,Vol.9, pp. 2417-2421, 2008. 

 

[51] S. Kantevari, S. V. Vuppalapati, D. O. Biradar, L.  Nagarapu, "Highly efficient, one-pot, 

solvent-free synthesis of tetra substituted imidazoles using HClO4-SiO2 as novel 

heterogeneous catalyst," J. Mol. Catal. A:Chem., Vol.266, pp. 109-113, 2007. 

[52] V. Serafína , R. M. Torrente-Rodríguez, A. González-Cortésa,  P. G. de Frutos, 

M..Sabaté,.S..Campuzano,.P.YáñezSedeño,.J..M.Pingarrón,"Anelectrochemical 

immunosensor for brain natriuretic peptide prepared with screen-printed carbon electrodes 



nanostructured with gold nanoparticles grafted through aryl, diazonium salt 

chemistry,"Talanta, Vol.179, pp.131–138, 2018. 

[53] F. Mammeri, J.Teyssandiera, C. Darche-Dugaret, S. Debacker,E. Le Bourhis,M. M. 

Chehimi,"Carbon nanotube–poly(methyl methacrylate) hybrid films: Preparation using 

diazonium salt chemistry and mechanical properties," J. Colloid Interface Sci.,Vol. 

433,pp.115–122, 2014. 

[54] J. Wang, S. Li, R. Liang, B. Wu,Y. He, "Synthesis and characterization of water-soluble 

PE Gylated lignin-based polymers by macromolecular azo coupling reaction," Chi. Chem. 

Lett., Vol. 29,pp. 143–146, 2018. 

[55] F. Fioresi, J. Vieillard, R. Bargougui, N. Bouazizi,P. Nkuigue, F. Emmanuel, D. 

Woumfo,N. Brunc, N. Mofaddel, F. Le Derf, "Chemical modification of the cocoa shell 

surface using diazonium salts," J. Colloid Interface Sci., Vol.494, pp. 92–97, 2017. 

[56]  Y.A. Son, Y. M. Park, C. J. Shin, S. H. Kim, "Self-assembly multi-layer of diazonium 

resin and its coupling reaction with J-acid and H-acid,"Dyes Pig., Vol.72, pp. 345–348, 

2007. 

[57] H. A. Dabbagh, A. Teimouri, A. N. Chermahini, "Green and efficient diazotization and 

diazo coupling reactions on clays," Dyes Pig., Vol.73, pp.239–244, 2007. 

[58] H. Valizadeh, M. Amiri, F. Hosseinzadeh, "Nanoparticles of organosilane-based nitrite 

ionic liquid immobilized on silica for the diazotization of aniline derivatives and 

subsequent synthesis of azo dyes," Dyes Pig.,Vol. 92, pp. 1308–1313, 2012. 

[59] M..Fanyang, G. Dong, Y. zhang, J. wang, "Recent application of arenediazonium salts in 

organic synthesis," org. Biomol. Chem., Vol. 11, pp.1582-1593, 2013. 

[60]  M. Sheng, D. Gorman, "Reactive chemical hazards of diazonium salts,"  J.  Loss 

Prevention in the Process Industries, Vol.38, pp.114-118,  2015. 

[61] [Online]. [Accessed 25, May, 2018] .Available from World Wide Web. (http:// W.W.W. 

Diazonium compound –New worldencyclopedia.Org, entry. 

[62] A. Adenier, M. C. Bernard, M. M. Chehimi, E. Cabet-Deliry, B. Desbat, O. Fagebaume, 

"Covalent modification of iron surfaces by electrochemical reduction of aryl diazonium 

salts," J. Am. Chem. Soc.,Vol. 123,pp.4541-4549, 2001. 

https://www.sciencedirect.com/science/journal/00399140
https://www.sciencedirect.com/science/article/pii/S0021979714005219#!
https://www.sciencedirect.com/science/article/pii/S0021979714005219#!
https://www.sciencedirect.com/science/article/pii/S0021979714005219#!
https://www.sciencedirect.com/science/article/pii/S0021979714005219#!
https://www.sciencedirect.com/science/article/pii/S0021979714005219#!
https://www.sciencedirect.com/science/article/pii/S0021979714005219#!
https://www.sciencedirect.com/science/article/pii/S0021979714005219#!
https://www.sciencedirect.com/science/article/pii/S0021979717300954#!
https://www.sciencedirect.com/science/article/pii/S0021979717300954#!
https://www.sciencedirect.com/science/article/pii/S0021979717300954#!
https://www.sciencedirect.com/science/article/pii/S0021979717300954#!
https://www.sciencedirect.com/science/article/pii/S0021979717300954#!
https://www.sciencedirect.com/science/article/pii/S0021979717300954#!
https://www.sciencedirect.com/science/article/pii/S0021979717300954#!
https://www.sciencedirect.com/science/article/pii/S0021979717300954#!
https://www.sciencedirect.com/science/article/pii/S0021979717300954#!
https://www.sciencedirect.com/science/article/pii/S0021979717300954#!
https://www.sciencedirect.com/science/journal/00219797/494/supp/C
https://www.sciencedirect.com/science/journal/01437208
https://www.sciencedirect.com/science/journal/01437208/72/3
https://www.sciencedirect.com/science/article/pii/S014372080600012X#!
https://www.sciencedirect.com/science/article/pii/S014372080600012X#!
https://www.sciencedirect.com/science/article/pii/S014372080600012X#!
https://www.sciencedirect.com/science/article/pii/S0143720811002646#!
https://www.sciencedirect.com/science/article/pii/S0143720811002646#!
https://www.sciencedirect.com/science/article/pii/S0143720811002646#!


[63] H. A. Dabbagh, A. Teimouri, A. N. Chermahini, M. P. Stewart, F. Maya, D. V. Kosynkin, 

SM. Dirk, JJ .Stapleton, Mc. Guiness, "Green and efficient diazotization and diazo 

coupling reactions on clays," Dyes Pig.,Vol.73,pp.239-244, 2007. 

[64] D. A. Gorlushko, V. D. Filimonov, E. A. Krasnokutskaya, N. I. Semenischeva, CL, "Direct 

covalent grafting of conjugated molecules onto Si, Ga, As, and Pd surfaces from aryl 

diazonium salts, "J..Am. Chem..Soc;.Vol.126, pp..370-378, 2004. 

[65] G. BS, HY. Hwang, "Iodination of aryl amines in a water-paste form via stable aryl 

diazonium tosylates," Tetrahedron Lett.,Vol.49, no.6, pp. 1080-1082,2008. 

[66] N. P. Noroozi, J. Khalafy, Z. Malekpoor ,"Can be azo dyes obtained by grinding under 

solvent-free conditions," J. Chin. Chem. Soc., Vol. 56, pp.1018-1027, 2009. 

[67] T. Okuzumi, E. Nakanishi, T. Tsuji, S.  Makino, "Efficient solid-phase synthesis 

of.diverse.1,2,3-benzotriazin-4-ones.using..tert-butyl nitrite,"Tetrahedron Lett.,  

Vol.44,pp. 5539-5542, 2003.  

[68] M. wang, K. Funabiki, M. Matsui, "Synthesis and properties of bis(hetaryl) azo 

dyes,"Dyes.and.pig.,Vol..57,.pp..77-86,.2003.  

 

[69] B. Smith, Michael, March, Jerry, "Advanced organic chemistry, Reactions, Mechanism, 

and structure (6thed)," New York, Wiley-Inter science, 2007.  

[70] J. Corbett, "Hair Dyes. In Freeman HS, Peter AT, eds, Colorants for Non-textile 

Applications,"Amsterdam:.Elsevier.Science.pp.456–477,2000. 

 

[71] M. Hitendrapatel, C. Bharat Dixit,''Synthesis, characterization and dying assessment of 

novel acid azo dyes and mordent acid azo dyes based on 2-hydroxy-4-methoxy 

benzophenone-5-sulfonic acid on wool and silk fabrics,'' J. Saudi. Chem. Soc., Vol.18, 

no.5, pp.507-512, 2014. 

[72] A. Stolz, "Basic and applied aspect in the microbial degradation of azo dyes, "Springer 

Verlage, Vol. 56, no. (1-2), pp. 69-80, 2001. 

[73] A. D. Broadbent, "Basic principles of textile coloration," Society of Dyers and Colourists, 

West Yorkshire, England, 2001. 



[74] B.  Kirkan, R. Gup,"Synthesis of New Azo Dyes and Copper (II) Complexes Derived from 

Barbituric Acid and 4-Aminobenzoylhydrazone," Turk. J. Chem., Vol. 32,pp. 9-17, 

2008. 

[75] L. Vera, C. Astudillo, M. Guzman, P. Ortega-Lepez, "Synthesis of Metallic Azo 

derivatives of 2-Amino-5-mercapto-1,3,4-Thiadiazole, J. Chilean. Chem. Soc., Vol.52, 

no.1, 2007. 

[76] Z. Seferoglu, "A study on tautomericequilibria of new hetarylazo-6-

aminouracils,"ARKIVOC,Vol.5,no.8.pp. 42-57, 2009. 

[77] T.M. Robert, N.B.  Robert, S.K. Bhattacharjee, "Organic Chemistry," 6th edition. New 

Delhi. Pearson Prentice Hall, pp. 1096 – 1097, 2011. 

[78] E.N. Abrahart, "Dyes and their intermediates," New York: Chem. Pub. Co., pp.27 – 29, 

1977. 

[79] F. Samieh, M.T. Ahmad, H. Hooshang, K. Hojatollah, "A synthesis of some new 4-

arylidene-5(4H)-oxoazoloneazo dyes and an evaluation of their solvatochromicbehavior," 

ARKIVOC, Vol.14,pp.115-123, 2008. 

[80]  P. N. Noroozi, J. Khalafy, Z. Malekpoor, "Identification the aromatic amines of color 

precursor by using Thin-Layer Chromatography TLC,''Prog. Color Colorants Coat, Vol.2, 

pp. 61-70, 2009. 

[81]  H. Zollinger, ''Color chemistry-syntheses, properties and application soforganic dyes and 

pigments,'' New York: VCH Publishers, pp. 92-102, 1987. 

[82] J. Zhang, Y. Men, S. Lv, L. Yi, J. F. Chen, ''Protein tetrazinylation via  diazonium coupling 

for covalent and catalyst-free bioconjugation,'' Org. Biomol. Chem., Vol. 13, pp.11422-

11425, 2015. 

[83] E. Merino, ''Synthesis of azobenzenes: the coloured pieces of molecular materials," Chem. 

Soc. Rev., Vol. 40, pp. 3835-3853, 2011. 

[84] S. Shuyun Chng, M. Emily Parker, Jon –Paul Griffiths, G.  Mark Moloney, YL Wu. 

Linda,"A study of diazonium couplings with aromatic nucleophiles both in solution and 

on a polymer surface," App. Sur. Sci.,Vol. 401,pp. 181–189, 2017. 

[85] J. Wang, S. Wang, Y. Zhou, X. Wang, Y. He, "Fast photo induced large   deformation of 

colloidal spheres from a novel 4-arm azobenzene compound," Appl. Mater. Interfaces, 

Vol. 7, pp.16889-16895, 2015. 



[86] S. Mahouche-Chergui, S. Gam-Derouich, C. Mangeney, M.M. Chehimi, "Aryl diazonium 

salts: a new class of coupling agents for bonding polymers, biomacromolecules and 

nanoparticles to surfaces, Chem. Soc. Rev., Vol.40, pp.4143–4166, 2011. 

  [87] E. Merino,"Synthesis of azobenzenes: the coloured pieces of molecular materials," Chem. 

Soc. Rev.,Vol. 40, pp. 3835–3853, 2011. 

[88] J. Wang, B. Wu, S. Li, G. Sinawang, X. Wang, Y. He, "Synthesis and characterization of 

photo processable lignin-based azo polymer," ACS Sustain. Chem. Eng., Vol.4, 

pp.4036-4042, 2016. 

[89]  N. Wagner, P. Theato, "Light-induced wettability changes on polymer surfaces," 

Polymer,Vol.55, pp.3436-3453, 2014. 

[90] H.M.D. Bandara, S.C. Burdette, "Photo isomerization in different classes of azobenzene," 

Chem. Soc. Rev., Vol.41, pp.1809–1825, 2012. 

[91] Y. Wu, S. Wu, X. Tian, X. Wang, W. Wu, G. Zou, Q. Zhang, "Photoinduced reversible 

gel-sol transitions of dicholesterol-linked azobenzene derivatives through breaking and 

reforming of van der Waals interactions," Soft. Matter., Vol.7, pp. 716–721, 2011. 

[92] C. Renner, L. Moroder, "Azobenzene as conformational switch in model peptides, "Chem. 

Biochem.,Vol.7, pp.868–878, 2006. 

[93] H. Valizadeh, A. Shomali, "A new nitrite ionic liquid (IL-ONO) as a nitrosonium source 

for the efficient diazotization of aniline derivatives and in-situ synthesis of azo dyes," 

Dyes pig., Vol. 92, pp.1138-1143, 2012.  

[94]  G, Yu N. Wang, L.  Peng, R. Tan, H. Zhao, D. Yin, "Immobilized chloroferrate ionic 

liquid: an efficient and reusable catalyst for synthesis of diphenylmethane and it’s 

derivatives, "Catal. Lett., Vol. 123, pp.252-258, 2008. 

[95]  J. Jacques, C. Vedrine, " Heterogeneous Catalysis on Metal Oxides", catal., Vol 7, (11), 

341,2017. 

[96] A. Farook, T. Radhika, "Oxidation of benzene over bimetallic Cu-Ce incorporated rice 

husk silica catalysts," Chem. Eng. J; Vol.160, pp.249-258, 2010. 

 [97]  R. A. Haque, M. Z. Ghdhayeb,  A.W. Salman, S. B. Mohamed B. K. Ahamed, A. M.S. 

Abdul Majid , "Ag(I)-N-heterocyclic carbene complexes of N-allyl substituted imidazol-

2-ylidenes with ortho-, meta- and para-xylyl spacers: Synthesis,  crystal structures and 



invitro anticancer.studies", Inorganic Chemistry Communications, Vol. 22 pp.113–

119,2012.  

 

 [98]  E.A. Ahmed,  A. Farook, "Indium incorporated silica from rice husk and it’s catalytic 

activity, "Micropor. Mesopor. Mater, Vol. 103, pp. 284-295, 2007. 

 [99] Q.M. Mohammed, "Synthesis and characterization of new Schiff bases and evaluation as 

Corrosion inhibitors," J. of Basrah Res. Sci., Vol. 37, pp.116-130, 2011 

 [100] E. Coban, P. Flrinci, H. Biyik, M. Gunay, "Un symmetrically substituted   imidazolum 

salts: syntheses, characterization and antimicrobial activity," Braz. J. Pharm., Vol.53, 

no.1, pp.2175-9790, 2017. 

[101] S. Shinkai, S. Mori, T. Tsubaki, T. Sone, O. Manabe, "New water-soluble host molecules 

derived from calix[6]arene," Tetrahedron Lett., Vol. 25, pp. 5315-5318, 1984. 

[102] S. Sasaki, S. Aisawa, H. Hriahara, A. Sasaki, H. Nakayama, E. Narita, "Synthesis of P-

sulfonatedcalix.[4].arene-intercalated layered double hydroxides and their adsorption 

properties for organic molecules," J. Eur. Ceram Soc., Vol. 26, pp. 655-659, 2006. 

[103] F. Adam, JH. Chua, "The adsorption of palmytic acid on rice husk ash chemically 

modified with Al(III) ion using the sol–gel technique, "J. Colloid Interface Sci.,Vol.280, 

pp.55-61, 2004. 

[104]  F. Adam, S. Balakhrisnan, P.L. Wong, "Rice husk ash silica as a support for ruthenium 

based heterogeneous catalysts," J. Phys. Sci.,Vol.17,pp. 1–13, 2006. 

[105] E. J. Nassar, C.R. Neri, P.S. Calefi, O.A. Serra, "Functionalized silica synthesized by sol-

gel process, "J. Non-Cryst. Solids,Vol.247, pp.124-128, 1999. 

[106] M. Thommes, "Physical adsorption characterization of nonporous materials, "Chem. Ing. 

Tech, Vol. 82, pp.1059–1073, 2010. 



[107] H. Khanmohaammadi, M. Darvishpour, "New azo ligands containing    azomethine groups 

in the pyridazine-based chain: synthesis and characterization" Dyes pigment, Vol. 81, 

pp.167-173, 2009. 

[108] MR. Lutfor, C. Tschierske, M. Yusoff, S. silong. "Synthesis and liquid   crystalline 

properties of a disc-shaped molecule with azobenzene at the periphery "Tetrahydron  

Lett.,  Vol.46, 2303- 2306, 2005. 

[109] H. Valizadeh, A. Shomali, "A new nitrite ionic liquid (IL-ONO) as a nitrosonium source 

for the efficient diazotization of aniline derivatives and in-situ synthesis of azo dyes," 

Dyes pig., Vol. 92, pp.1138-1143, 2012.  

 

 

 


