Enthalpy change when hydrated salt is formed from anhydrous salt and water.

Q13.
 
The enthalpy change for the reaction to form hydrated sodium thiosulfate crystals cannot be measured directly.
The following Hess cycle can be used.
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The enthalpy change for the reaction, ΔHr, is equal to

[image: ]   A     ΔH1     +   ΔH2
[image: ]   B     ΔH1     −   ΔH2
[image: ]   C     −ΔH1   −   ΔH2
[image: ]   D     −ΔH1   +   ΔH2
(Total for question = 1 mark)

Q8.
 
Copper(II) sulfate exists as blue hydrated crystals and white anhydrous crystals. The
 enthalpy changes of solution for these two substances may be represented by the
 following simplified equations:
[image: ]
(a) (i)   Fill in the box and add labelled arrows to complete the Hess cycle to enable you to calculate 
[image: ]
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 (3)

   


  (ii)    Calculate a value for the enthalpy change [image: ]
(2)













(b) Suggest why it is not possible to directly measure the enthalpy change for the conversion of the blue hydrated copper(II) sulfate crystals into the white anhydrous crystals.
(1)
 ............................................................................................................................................. 
 ............................................................................................................................................. 
 ............................................................................................................................................. 
 ............................................................................................................................................. 





*(c) (i)   
Describe briefly the experimental procedure that you would use to obtain the data necessary to calculate ΔH1, given a known mass of hydrated copper(II) sulfate crystals, CuSO4.5H2O(s).
You should state the apparatus that you would use and any measurements that you would make.
You are not required to calculate the amounts of substances or to explain how you would use the data obtained.
(4)
 ............................................................................................................................................. 
 ............................................................................................................................................. 
 ............................................................................................................................................. 
 ............................................................................................................................................. 
 ............................................................................................................................................. 
 ............................................................................................................................................. 
 ............................................................................................................................................. 
 ............................................................................................................................................. 
     


(ii)   The value for the enthalpy change from (c)(i) obtained by experiments in a school laboratory is likely to be significantly different from a data book value.

List three possible reasons for this which do not relate to the quality of the apparatus or chemicals used or possible mistakes in carrying out the procedure.
(3)
1
 ............................................................................................................................................. 
 ............................................................................................................................................. 


2
 ............................................................................................................................................. 
 ............................................................................................................................................. 


3
 ............................................................................................................................................. 
 ............................................................................................................................................. 



(Total for Question = 13 marks)
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CuS04.5H,0(s) *> CuSO4(s) + SHO(I)
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Product in box: CuSO4(aa) (1) 3
(a) ()

Either

Mark the arrows and then the labels:
Two downward arrows (1)

labelled with symbols or values with or
without units (1)

OR

Mark each arrow and label separately
Downward arrow & AH; or value (1)

Downward arrow & AH; or value (1)

Allow reversed arrows with reversed signs
on AH

Ignore any other labels on the arrows.

Ignore 5H,0 in bottom product
A Hresc

CuSO4 SHI0(E) —— > CuSO4(s) + SH0()

AHy /4115 /\H, /-66.1

CuSO,(a)
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11.5 - (- 66.1) (1)
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(b) | Dehydration reaction cannot be Temperature of | 1

controlled

OR
temperature change (of dehydration
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CuS04.5H20 would need heating (so
temperature change cannot be
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impossible to add exact amount of
water (to obtain value by reverse
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OR
cannot mix solid with water to
obtain perfect crystals

solid / crystals
cannot be
measured
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2. to (expanded) polystyrene cup /
calorimeter / any insulated
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Third & fourth marks only awarded
if correct chemicals and procedure
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shake) mixture (1)

4. measure initial and final
temperature
allow temperature change (1)

Just mass /
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Temperature
increase unless
exothermic

penalised in (b)
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Density of solution is taken as
the same as water
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CuS0,;5H,0(s) + aq — CuSOs(aq)  AH, =+11.5 ki mol'!
blue

CuSOL(s) + aq — CuSOx(aq) AH,=—66.1 kI mol !
white




