
MIXTURES
Experiment No:
10
Name of the Experiment:
Solubility of Ammonium Oxalate
Purpose of the Experiment:
The aim of this experiment is to determine the enthalpy of
dissolution by examining the change in solubility of ammonium oxalate in water with temperature.
Reagents:
   Ammonium oxalate (NH4)2C2O4
· 0.02 M aqueous potassium permanganate (KMnO4) solution
· 0.05 M aqueous sulfuric acid (H2SO4) solution
Equipment:
 Landolt pipette
· Thermometer
· Heater
· Cotton
· Glassware (Test tube, beaker, erlenmeyer, stirring rod, burette)
· Puar
· Ice-water bath
Experimental Procedure
In this experiment, the solubility of ammonium oxalate will be determined at different temperatures.
Solubility  at  0  °C:  3  g  of  ammonium  oxalate  is  dissolved  by gradually addition of 25-30 mL water. An amount of undissolved particles must remain in the solution. This saturated solution at room  temperature  is  transferred  to  a  test  tube.  The  tube  is immersed into  an ice-water bath for 30  minutes. The tube is frequently stirred with a glass bagette, and the temperature of the solution is measured. This solution is sampled with Landolt pipette whose tar is m1, and after drying its outer surface, it is again weighed (m2). The weight of the solution is calculated from m=m2-m1 equation. The solution in Landolt pipette is placed in an erlenmeyer, and after the addition of 5-10 mL of sulfuric acid
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Figure 3.
Experimental set-up at high temperatures
solution, it is heated. This solution is titrated with a permanganate solution until a light pink color is observed. The volume of titrant KMnO4 is determined (vy).
Solubility at 100 °C: 11 g of ammonium oxalate, 25 mL of water and a thermometer are placed in a test tube. The tube is immersed into a water bath. The tube is stirred with a glass bagette and heated up to the boiling point at the same time. When the desired temperature is reached, the solution is stirred for at least 10 minutes. The sample is taken from the solution with the Landolt pipette and pipette is cooled down with water. Cooled solution precipitates in the pipette. Landolt pipette is weighted again (m2). The difference in weight is the amount of the solution. Then pipette is dipped into 40 mL of dilute sulfuric acid solution which is heated to 50-60°C, downstream of the upper pipe and the pipette is moved up and down to dissolve the salt. This liquid is transferred to a 250 mL flask and the tube washed with distilled water and all of the washing water is poured into the flask and completed to 250 mL with distilled water. 25 ml of this solution is added to the same volume of heated H2SO4 solution and titrated with KMnO4. The volume of used KMnO4 is determined (vy).
Same procedures are repeated at 25°C, 50°C and 75°C.
Assessment of Results
The titration equation to determine the solubility is given below.
2𝑀𝑛0−(𝑎𝑞) + 5𝐶2𝑂−2(𝑎𝑞) + 16𝐻+(𝑎𝑞) →      2𝑀𝑛+2 (𝑎𝑞) + 10𝐶𝑂2(𝑔) + 8𝐻2𝑂(𝑙)
4
4
The oxidant permanganate and reductant oxalate are represented with y and i, respectively. The mass and the mole fraction of ammonium oxalate are calculated with the equetions given below.
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𝑥𝑖 = (𝑚𝑖⁄𝑀𝑖) ∑ 𝑚𝑖⁄𝑀𝑖
The  lnx  values  of  the  solubilities  (x)  are  plotted  versus  1/T  and  the  solubility  at  the  desired temperature is measured from the graph. The Dissolution Enthalphy (H2) is calculated from the slope.
𝑙𝑛𝑥 = −𝛥𝐻2⁄𝑅𝑇 + 𝐶
Questions
1) Explain the solubility and the factors that affecting the solubility.
2) What is the unit of solubility?
3) Explain the reasons for the change in the solubility of solids and gases in liquids with temperature.
4) How can the enthalpy of dissolution be found using from the solubility value of a solid, in a liquid?
5) How can the enthalpy of dissolution  be found with graphical method?
6) Derive the law of ideal solubility.
7) Derive the solubility expression of gases with changing temperature.


