Calculating the number of molecules of water of crystallisation in hydrated salts

Magnesium sulfate is a hydrated salt as it contains water molecules


Find out the formulae of the hydrated magnesium sulphate by calculating the numbers of water molecules (value of x). 

Use the following experimental data: 


Mass of the hydrated salt, MgSO4 .x H2O = 4.321g
Mass of the anhydrous salt, MgSO4  = 2.107g

Mass of water = 4.321-2.107 = 2.214

Moles of water = 2.214 ÷ 18 = 0.123

Moles anhydrous MgSO4 = 2.107 ÷ 121.4 = 0.0175

Mole Ratio:
MgSO4 : H2O
0.0175 : 0.123
1          :   7
X = 7 
MgSO4.7H2O

In an experiment, the Mr of a hydrated sodium carbonate was found to be 250.
Use this value to calculate the number of molecules of water of crystallisation, x, in this
hydrated sodium carbonate, Na2CO3.xH2O






Molar mass anhydrous BaCl2 = 208.3

Molar mass H2O in BaCl2.xH2O = 244.3 – 208.3 = 36

X = 36 / 18 
X = 2



Mass Na2CO3. xH2O = 25.47 – 24.35 =  1.12 g
Mass Na2CO3. = 24.92 – 24.35 = 0.57 g
Mass of water lost during heating = 1.12- 0.57 = 0.55 g





5Fe2+ + 8H+ + MnO4-                           5Fe3+ + Mn2+ + 4H2O

Mol MnO4 = 4.385 x 10-4

Mol Fe2+ (From the balanced equation) = 4.385 x 10-4 x 5 =  2.193 x 10-3

Mol Fe2+ in 500 cm3 = 20 x 2.193 x 10-3 = 0.04385

Mr FeSO4.xH2O = mass ÷ mole  = 12.18 ÷ 0.04385 = 278 g

Mr FeSO4 = 152 g

Mass of water = 278-152 = 126 g

Mole water = 126 ÷ 18 = 7

X = 7 

Specification: Determine the number of moles of water of crystallisation in a hydrated salt by titration



Mass/Mole added	0.627g		    0.050
Na2 CO3 x H2O + 2HCl  		     H2O    +   CO2  +     2NaCl

Need to work out moles of Na2CO3 x H2O in the above equation and then use it with the mass given to find Mr of Na2 CO3 x H2O. Finally work out the mass of water in Na2 CO3 x H2O and the moles of water.

Back titration:
In this reaction the HCl is used in excess. Back titration with NaOH allows you to work out the moles of excess HCl after the reaction has completed and then using this value work backward to calculate the moles of HCl that has reacted. Then deduce the moles of 
Na2 CO3 x H2O

Na OH   +    HCl  		     H2O   +    NaCl

Moles NaOH used to neutralise excess HCl = 3.99 x 10-3  
Therefore, mole HCl in excess = 3.99 x 10-3 (in 25 cm3) = 3.99 x 10-2 (in 250 cm3)
Now calculate moles of HCL that have reacted
Moles HCl reacted = 0.05 - 3.99 x 10-2 = 0.0101
Therefore, moles of Na2CO3 x H2O = 0.0101÷2 = 5.05 x 10-3
Now using the moles and mass of Na2CO3 x H2O, work out Mr of Na2CO3 x H2O.
Mr of hydrated salt (Na2CO3 x H2O) = 0.627÷  5.05 x 10-3 = 124   
Mr of anhydrous salt (Na2CO3) = 106
Therefore, mass of water in Na2CO3 x H2O = 124-106 = 18
Mole of water = 18÷18=1
X=1

Summary:
Amount of HCl remaining after the reaction is complete (excess HCl) is used to neutralise NaOH 
Mole NaOH used in back titration to neutralise excess HCl in 25 cm-3  = 3.99 x 10-3 mol 
Mole NaOH used in the titration to neutralise excess HCl in 250 cm-3  = 3.99 x 10-2 mol 
Moles of HCl that reacted with the Na2CO3.xH2O = 0.050 - 3.99 x 10-2 = 0.0101 mol 
Moles of Na2CO3.xH2O reacted with the HCl = 0.0101÷2 = 5.05 x 10-3 mol 
Mr Na2CO3 xH2O = mass / mole =  0.627 / 5.05 x 10-3 = 124
Mr Na2CO3 =  106
Mass of H2O in Na2 CO3 xH2O = 124 – 106 = 18 
Mole of water = 18÷18 =1
X = 1





Calculate the number of molecules of water of crystallisation, x, in this
hydrated sodium carbonate, Na2CO3.xH2O





Mr(Na2CO3) = 106
Mr (xH2O) = 124 - 106 = 18 
x = 1



OCR:

Need to work out how many water molecules are lost from SrCl2.6H2O

Mass of hydrated salt = 5.332 g
Mass of anhydrous salt = 3.892
Mass of water lost = 1.44 g
Mole water lost = 1.44/18 = 0.08 
Mole of hydrated salt heated = 5.332/266.6 = 0.02
Mole Ratio of water lost to hydrated salt = 0.08: 0.02 
Whole number ratio = 4:1
4 moles of water are lost and 2 remaining, therefore, formula of solid product = SrCl2.2H2O




Edexcel:

A student made crystals of a metal chloride, JCl2.6H2O, by reacting the
metal carbonate, JCO3 , with hydrochloric acid, HCl (aq). 150 cm3 of hydrochloric acid, concentration 0.80 mol dm−3, was transferred to a 400 cm3 conical flask.

The equation for the reaction between the metal carbonate and hydrochloric acid is
JCO3(s) + 2HCl(aq) → JCl2(aq) + H2O(l) + CO2(g)

The student obtained a mass of 14.26 g of hydrated crystals.
Assuming that the percentage yield is 100%, use the information in the procedure
to give a possible identity of J. (5)

Mole HC added = 150/1000 x 0.800 = 0.12(0) (mol) 
Mole JCl2 = 0.12 / 2 = 0.06(00) (mol) 
Mr JCl2 = 14.26 / 0.0600 = 237.7 (g mol-1) 
Mr 6H2O = 108
Mr JCl2.6H2O = 237.7 + 108
Mr Cl2= 71
Ar J =  237.7 - (71 + 108) = 58.7 (g mol-1) 
J is Ni 
image7.png
Sodium carbonate forms a number of hydrates of general formula Na,CO3.xH,O
A 3.01g sample of one of these hydrates was dissolved in water and the solution made

up to 250cm?.
In a titration, a 25.0 cm® portion of this solution required 24.3 em® of 0.200mol dm™

hydrochloric acid for complete reaction.
The equation for this reaction is shown below.

NayCOy + 2HCl — 2NaCl + H,O + CO,




image8.png
(i) Calculate the number of moles of HCI in 24.3¢m? of 0.200mol dm™ hydrochloric
acid.
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Hydrated strontium chioride, SrCL6H,0, has a molar mass of 266.6 g mol™".

A student heats 5.332 g of SrCl6H,0.

The SrC16H,0 loses some of its water of crystallisation forming 3.892 g of a solid product
Use the information above to determine the formula of the solid product.

‘Show your working.
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IF answer = SrC/,.2H,0 award 3 marks

M1 Correctly calculates
Mol of SrC+6H,0 = (5.332 / 266.6) = 0.02
mol v

M2 Correctly calculates
Mol of water given off [(5.332 - 3.892) / 18]
=0.08 mol v/

M3 Correctly calculates

0.08 /0.02 = 4 mol of water lost from one
mol of

SrCR+6H,0 Therefore

Answer = SrCh.2H,0 v
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M:(Na>COs) = 106
M, (xH,0) = 250 —106 = 144
x=8
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Hydrated barium chloride can be crystallised from solution_
Hydrated barium chloride has the formula BaClxH,0 and a molar mass of 244.3gmol ~"
Determine the value of x in the formula of BaCly*xH,0.

Show your working
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A student heated a solid sample of Na,CO3. xH,0 for 1 minute to remove water and

determine a value for x

NayCO3. xH;0

heat
Table 1
Mass of empty evaporating basin 2435¢
Mass of evaporating basin and solid before heating 25479
Mass of evaporating basin and solid after heating for 1 minute 24.92¢

Use the data in Table 1 to calculate a value for x in the formula Na;COs. xH,0

Give your answer to 2 decimal places.

15 marks
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Mass Na;CO; = 0.57g AND Mass H;O = 0.55g

Mol Na;C0O3 =222 AND Mol H,0 = %22
= 00054 : 00306
~by smallest= 1 5682

Value of x = 5.68 (2dp)

Mass Na;CO3 = 0.57g AND Mass NazCOs.xHz0 = 1.12g
Moles anhydrous Na;COs = 37 =5.377 x 10°
M, of hydrated Na;COs = 1.12/5.377 x 10°

= 2083
M, of x H,0 = 102.3

Value of x = 5.68 (2dp)
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Calculate x in the formula FeSO4.xH;0 from the following data: 12.18 g of iron (Il) sulphate crystals were made up to
500 cm® acidified with sulphuric acid. 25.0 cm” of this solution required 43.85 cm® of 0.01 mol dm™ KMnOx for complete
oxidation.
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A student added 627 mg of hydrated sodium carbonate (Na,C03.xH,0) to 200 cm® of
0.250 mol dm™ hydrochloric acid in a beaker and stirred the mixture.

After the reaction was complete, the resulting solution was transferred to a volumetric
flask, made up to 250 cm® with deionised water and mixed thoroughly.

Several 25.0 cm” portions of the resulting solution were titrated with 0.150 mol dm™
aqueous sodium hydroxide. The mean titre was 26.60 cm® of aqueous sodium
hydroxide.

Calculate the value of x in Na,CO3.xH,0
Show your working.
Give your answer as an integer.
[7 marks]




