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Abstract 

 
In this work, we conducted several reactions to prepare metal phosphate salts. We used two 

methods are reported in the literature. The first method is to react the phosphoric acid with 

sodium hydroxide to obtain monosodium phosphate. While, sodium carbonate was reacted 

with phosphoric acid to obtain disodium phosphate in the second method.  

The metal-phosphate slat was reacted with silica gel, which has terminal hydroxyl groups in 

another condensation reaction to incorporate sodium-phosphate on the silica surface. The 

silica-metal-phosphate was then reacted with aluminum chloride to obtain the SAP final 

product.   

Each obtained compound were characterized by IR and compared with the IR spectrum of the 

readymade salt or the starting materials. 
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Introduction 

 
Metal phosphate compounds, and specially sodium phosphates are playing major roles in 

various industries. Sodium phosphate mono and di-hydrates are widely applied in the food 

industries as emulsifiers, texturizer, thickening agent, neutralizing agent, nutrient and 

leavening agents.1&2 It is also used in medicine, chemical industry, water treatment and other 

fields.3 These compounds have also some other application in fuel and detergent additives as 

well.4  

Recently, phosphate, aluminum, iron, chrome and other elements are incorporated in different 

silica framework for catalytic application. Different applications have been reported in the 

literature for these compounds in more precise for catalytic reactions. Some of these 

framework catalytic systems commonly contain silica, aluminum, and phosphorous (SAP). 

These compositions have been used as modified supports for the catalyst. For instance, 

alumina and phosphate are playing major roles on silica supports for catalysis for ethylene 

polymerization.5 They have been used to prepare various types of Zeolites as well, which are 

captured major attention of catalytic industrial applications.6 Accordingly, we are trying 

different composition of SAP for similar catalytic studies. However, we are trying different 

new approach to prepare these compounds for specific application and in more controllable 

framework. 

In this work, we are trying to reach our goals by preparing different composition and ratios of 

SAP using different raw materials and methodology as well. Low cost, simple preparative 

way, high yield, and more controlled structure product are essential factor in our work. 

Therefore, we use very basic materials such as sodium hydroxide, sodium or cesium 

carbonate and phosphoric acid to produce metal phosphate salts. These different salts will be 

incorporated with aluminum chloride and silica to yield the SAP final product.  

Reflux with Dean-Stark apparatus was applied on when all these condensation reaction are 

completed for immediate remove of all generated water from the reaction medium. Soxhlet 

Extraction Apparatus was also used to purify the product in ethanol.     
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Experimental Part 

 
All chemicals were used as available with no further treatment or purification. Phosphoric 

acid is 98% received from Qorpak, sodium hydroxide pellets are manufactured by BDH. 

Sodium carbonate anhydrous are used as received from Fisher Scientific. Methanol, ethanol 

and isobutnol provided by LOBAL Chemie were used as received with no further drying. 

Acetone synthesis grade and toluene analytical grade were received from Scharlau. Hydrated 

silica gel grade of W-955 from Grace-Davison was used without any pretreatment. All IR 

spectra were obtained from powder samples using Bruker IR.    

 

Experiment 1:  

Preparation of mono-basic sodiumphosphate from NaOH: 

 In a round bottom flask, 0.25 mol of NaOH was dissolved in iso-butanol and methanol. After 

vigorous stirring, 0.25 mol of phosphoric acid was added slowly to the base solution, 

Equation 1. Immediately, white powder suspension in the solvent is observed. The addition 

was continued under stirring at room temperature. The reaction left to stir for overnight. The 

dean-stark apparatus provided with condenser was assembled on the reaction flask as shown 

in Figure 1. The reaction heated up to about 150 °C in order to remove the free obtained water 

from the reaction medium. The reaction kept to reflux until no drops of water were condensed 

in the dean-stark flask. The reaction was filtered through medium porous frits under vacuum, 

washed thoroughly by acetone and dried to obtain a clear white color powder. 
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Figure 1: Preparation of mono basic sodiumphosphate using Dean-Satrk apparatus 

 

 

Experiment 2: 

Preparation of di-basic sodiumphosphate from Na2CO3: 

Amount of 0.19 mol of Na2CO3 was dissolved in 100 ml of methanol and toluene in a round 

bottom flask. Phosphoric acid (0.19 mole) was added in portions under continuous stirring at 

room temperature, Equation 2. Immediately, white powder suspension in the solvent was 

observed with bubbles and water formation. The addition was continued under stirring at 

room temperature. The reaction left to stir until no more bubbles are observed. The reaction 

left to stir for 2 hours more, before dean-stark apparatus reflux was applied on the reaction to 

remove the free obtained water from the reaction medium. The reaction kept to reflux until no 

drops of water were condensed in the dean-stark flask. The solvent was removed using rotary 

evaporator (Roto-vap) to obtain white free flow powder. It was washed thoroughly by acetone 

and dried for characterization.   
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Equation 1: Chemical reaction of phosphoric and sodium hydroxide 

 

 

 

 

Equation 2: Chemical reaction of phosphoric and sodium hydroxide 

 

 

 

 

Figure 2: Drying the sodium phosphate by Roto-Vap under vacuum 

 

 

For further purification, the obtained product was placed on the Soxhlet Extraction Apparatus 

and reflux in ethanol. The reflux applied for 3 hours before the product removed and washed 

by acetone and dried.  
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Experiment 3: 

Reaction of di-basic sodium phosphate and Silica: 

In a round bottom flask provided with Dean-Stark apparatus and condenser, 5 g of silica was 

placed with 0.18 mole (42 g) of di-basic sodium phosphate and toluene. The reaction left to 

stir and reflux for 4 hours under continuous remove of the obtained water. The product was 

filtered and thoroughly washed with acetone. Fine free flow white powder was obtained 

according to Equation 3.   

 

Equation 3: Reaction of di-basic sodium phosphate and Silica 

 

 

Experiment 4: 

Reaction of silica-phosphate product of Ex. 3 with AlCl3: 

In a round bottom flask, 0.18 mole of AlCl3 was added to the suspension of silica-phosphate 

in toluene, according to Equation 4. The reaction was gently refluxed for 4 hours to obtain 

white powder. The product was filtered and washed by acetone. According, the under 

continuous remove of the obtained water. The product was filtered and thoroughly washed 

with acetone. Fine free flow white powder was obtained.   

 

 

 

Equation 4: Reaction of silica-phosphate product of Ex. 3 with AlCl3: 
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Results and Discussion 

 
The sodium phosphate has been prepared according to different reaction and starting 

materials. In the first reaction straight forward acid-base reaction was followed to obtain di-

basic sodium phosphate as illustrated previously in Equation 1. By heating the reaction to 

remove further water, sodium phosphate dimer can be obtained as shown in Equation 5. 

Further treatment of disodium phosphate with phosphoric acid or monosodium phosphate 

with sodium hydroxide will reach the equilibrium to give monosodium and disodium 

phosphate respectively as shown in Equation 6 & 7. 

 

 

 

 

 

Equation 5: Heating up of monosodium phosphate to produce dimer-sodium phosphate 

 

 

 

 

Equation 6: Equilibrium reaction of disodium phosphate with phosphoric acid to 

produce monosodium phosphate 

 

 

Equation 7: Equilibrium reaction of monosodium phosphate with sodium hydroxide to 

produce disodium phosphate 
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These reactions have been carried out in order to prepare the both mono and disodium 

phosphate. The products of experiment 1 and 2 have been characterized by IR. As shown in 

Figure 3, a broad peak at the range of 3200-3600 cm-1 of the hydroxyl group of water 

coordinated to the product. Another broad peak is shown in the range of 2550-2700 cm-1 

representing the phosphonic acid (O=PO-H), at 1100-1200 and 570 cm-1 represents the 

phosphine oxide P=O and phosphate P-O.7 

The broad peaks at 1300-1500 and 3200-3600 cm-1 which are representing OH groups were 

disappeared after purification of product 2 as shown in Figure 4.  

The melting point test indicates that the products these reactions are dimer or oligoemr of 

phosphate. Our critical observation of the melting point test of these products showed 

marginal change (melted material) at the range of 90 & 260 C, which are melting point of 

mono and disodium phosphate respectively. But the major material does not melt until 400 C, 

the maximum temperature of the instrument. It has been reported that the melting point of 

dimer phosphate is higher than 600 C.8 further investigation for melting points of the 

produced compounds will be conducted using Differential Scanning calorimetry , DSC. 

 

 

 

Figure 3: The IR spectrum of product obtained in Ex. 2. 
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Figure 4: IR spectrum of the Purified Product 2. 

  

The reaction of phosphate with silica produced white fine powder. The IR spectrum of the 

produced compound has shown broad peaks at both characteristic range of phosphate. 

However, clear indication of the two components reaction has been observed as a reduction 

on the intensity of the OH peak at 3500 cm-1 of the silica. Although, no clear evidences of the 

incorporation between the two components, however, the broadness in the peak at 1000-1200 

cm-1 is a good indication of the overlap of the two character peaks of PO4 and O-Si-O at 1097 

& 1106 respectively as shown in Figure 5.  
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Figure 5: IR spectrum of Experiment 4. 
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Conclusion 

  
The sodiumphosphate was prepared from experiment 1, experiment 2 according to reaction in 

equation 1, equation 2 to gives mono-basic sodiumphosphate and di-basic sodiumphosphate 

respectively, then reaction of  di-basic sodiumphosphate with silica in equation 3 to gives 

silica sodiumphosphate which reacts with aluminum chloride to gives the SAP in equation 4.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



15 

 

References 

 
                                                 
1 http://www.sodiumphosphateformula.com/disodium-phosphate-disodium-hydrogen-phosphate.html. 

2 Lucina E. Lampila "Applications and functions of food-grade phosphates" Ann. N.Y. Acad. Sci. 2013, vol. 

1301, pp. 37–44.  doi:10.1111/nyas.12230. (accessed Jan. 4, 2017). 

3 (a) Zhang, X.R. Ren, Y.S. Ma, W.J. Ma, H. J. J. Chem. Thermodyn. 2014, 77, 107–111. (b) Gong, C.S. 

Technology and Application of Advanced Phosphorus Chemical, Engineering, Chemical Industry Press, Beijing, 

2013. 593–638. (c) Zhang, X. R. Ren, Y. S. Li, P. Ma, H.J. Ma, W.J. Liu, C.Q. Wang, Y.N. Kong, L.X. Shen, 

W. J. Chem. Eng. Data, 2014, 59,  3969–3974. 

4 (a) Liu, M. Tang, J. H. Cui, C. Li, M. Chen, X.Z. J. Chem. Eng. Data, 2013, 58, 132–135. (b) Chen, C. X. Z.  

Tang, J.H. Cui, Y. N. Liu, C. Mao, D. J. Chem. Eng. Data, 2014, 59, 481–484. 

5 (a) Marsden, C. E. Plastic Rubber & Composites Processing & Application, 1994, 21, 193-200. (b) Applied 

Catalysis A: General, 2010, 388, 102-112. (c) J.  Catalysis, 1986, 102, 10-20. (d) J.  Catalysis, 1986, 101, 446-

457.  

6  (a) J.  Catalysis, 2002, 208, 211. (b) Appl. Catal. B, 2006, 65, 163.  (c) Appl. Catal., 2007, 71, 16.  (d) 

Catalysis Today, 2011, 175, 245-255. (e) J.  Catalysis, 1997, 169, 93-102. 

7 Elzinga, E. J. Sparks, D. L. J. Colloid & Interface Sci. 2007, 308, 53–70 

8 Lewies, E. I. Inorganic Chemistry,  Cambridge, At the University Press, 1920, Phosphorus, 276. 

https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.1111%2Fnyas.12230

