Calculation
(1)For each titration (i.e. HCl + NaOH and HCl +NH3), plot temperature (y-axis) against volume of HCl added (x-axis).
(2) Extend the straighter portions of the curves near the top as shown in the following figure. The point meet the corresponds to the volume of acid required for complete neutralization of alkali (reading on x-axis) and to the maximum temperature (reading on y-axis).
 The answers to question 1 and 2 are place on the corresponding graph papers.
Page 5

Page 6

Page 7
(3) In each titration , calculate the number of moles of HCl required to react with the alkali and hence calculate molarity of the alkali solution.
  From the graph, the maximum temperature occurs when 21.5cm3 of HCl used in HCl +NaOH titration. 

i.e. the number of moles of HCl used in HCl + NaOH titration

= molarity x volume used
     =2.00 x 21.5/ 1000

     = 0.043 mole
  As no.of mole of HCl = no.of mole of NaOH  

The molarity of NaOH = no.of mole of NaOH/ (25/1000)

                   = 0.043/(25/1000)

= 1.72 M

From the graph, the maximum temperature occurs when 22.5 cm3 of HCl are used in (HCl + NH3) titration  

i.e the numbers of HCl used in (HCl + NH3) titration

   = molarity x volume used

   = 2.00 x 22.5/ 1000

   = 0.045 mole

 As no.of mole of HCl = no.of mole of NH3
 The molarity of NH3 = no.of mole of NH3/ (25/1000)

                    = 0.045/ (25/1000)
                    = 1.80M

(4) In each titration , determine the quantity of heat energy released from the maximum rise in temperature. Assume that the specific heat capacity and the density of the solutions are the same as that for water, that the heat capacities of the container and thermometer are zero.

  In HCl +NaOH titration, the heat energy released

                     = ( 21.5 + 25.0) x 1.0 x 4.18 x change in temperature /1000

                       = 46.5 x 4.18 x (37-24) / 1000
                       = 2.53 KJ

In HCl + NH3 titration, the heat energy released
                    = (22.5 + 25.0 ) x 1.0 x 4.18 x change in temperature /1000
                    = 47.5 x 1.0 x 4.18 x (34.5-23.5) /1000

                    = 2.18KJ
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(5) Calculate the enthalpy change of the following reactions(i.e the enthalpy of neutralizations):

  HCl(aq) + NaOH(aq) ( NaCl(aq) + H2O(l)

  HCl (aq) +NH3(aq) ( NH4Cl(aq)

For HCl(aq) + NaOH(aq) ( NaCl(aq) + H2O(l),

   No of mole of H2O = no of mole of HCl used

                   = 0.043 mole

  (Hneut = heat energy released / mole of H2O formed

=2.53 / 0.043

        = -58.8 KJmole-1
  For HCl (aq) +NH3(aq) ( NH4Cl(aq),

   No of mole of H2O = no of mole of HCl used

                   = 0.045 mole

(Hneut = heat energy released / mole of H2O formed

= 2.18 / 0.045

        = -48.4 KJmole-1
*** It is reminded the negative sign means that reaction is exothermic.

(6) Calculate the enthalpy change of the following reaction (i.e. the enthalpy of ionization of aqueous ammonia):

 NH3(aq) +H2O(l)    NH4+(aq) + OH-(aq) 

By the enthalpy cycle,
                            (Hi

NH3(aq) +H2O(l)         NH4+(aq) + OH-(aq)

 
(Hneut(HCl +NH3)                    (Hneut(HCl +NaOH)
           H+ (from HCl)           H+ (from HCl)
                   NH4+ + H2O

(Hi = (Hneut(HCl +NH3) - (Hneut(HCl +NaOH)
    = (-48.4) – (58.8)

    = +10.4 KJ mole-1
*** The positive sign means the reaction is endothermic.
Given: 
 Specific heat capacity of water = 4.18 J g-1 K-1  
 Density of water = 1.0 g cm-3
 Relative atomic masses H=1.0; N=14.0; O=16.0; Na= 23.0; Cl=35.5
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Discussion

The values of standard enthalpy of neutralization (298K) in the following table refer to infinitely dilute aqueous solution: 

	Acid 
	Alkali
	(H( neut (KJ mole-1)

	HCl
	NaOH
	-57.1

	HCl 
	KOH
	-57.2

	HNO3
	NaOH
	-57.3

	HNO3
	KOH
	-57.3

	HCl
	NH3
	-52.2

	CH3COOH
	NaOH
	-55.2


(1) Compare the enthalpies of neutralization that you obtain in this experiment with the data in above table. Suggest the reasons for the difference.

  There are differences in values between the experimental and theoretical one in both titrations and reactions. These imply that there are uncertainties in the experiments. The errors come from these ways:

  (i) There is heat loss to surroundings.

  (ii)There is error in the scale of the thermometer or masses of hydrochloric acid and alkali used.
  (iii)The specific heat capacity of the reaction mixture is different from but assumed to be equal to that of water.

  (iv)The heat capacity of the polystyrene cup is neglected.
  (v) The density of resulting solution is different from but assumed to be equal to that of water.  

  (vi)The experiment is not carried under standard conditions.

(2) For the above table, we can recognize the standard enthalpies of neutralization for dilute strong acids reacting with dilute strong alkalis are almost constant. Why is the value almost constant?

  The standard enthalpy of neutralization has a constant value, regardless of which strong acid and base are used for its measurement. This is because the neutralization reactions in each case the reaction between hydrogen positive ions and hydroxide ions, from the strong acid and strong alkali respectively. As the reactions are substance-independent, if and only if strong acids and strong alkalis involved, the standard enthalpy of neutralization almost has a constant value when strong acids react with strong alkalis.  
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(3) From the above table, we can recognize that the standard enthalpies of neutralization for reactions involving dilute weak acids or weak alkalis are substance-dependent and always less negative than for strong acid –strong alkali. Give an explanation for this fact.
  From the table, neutralization for reaction involving weak acids or weak alkalis, the standard enthalpy of neutralization does not have a constant, implying that it is substance independent. For example, NH3 does not have any hydroxide ions, but it can neutralize acids by picking up a proton, rather than providing hydroxide ions:

  NH3 + H+ ( NH4+ .Thus, the standard enthalpies of neutralization for reactions involving dilute weak acids or weak alkalis are substance-dependent. Besides, 
  the enthalpy change is always less negative than for strong acid –strong alkali because the incomplete dissociation of the acid or/and alkalis, leading some energy is required for the complete dissociation of the weak acids and weak alkalis to form ions. Thus, the value is less negative than strong acid –strong alkali.   
(4) Explain the general shape of the temperature curve in the thermometric titration (i.e. The temperature increases from the starting temperature to the maximum temperature, and then gradually decrease when more acid is added.)

  The general shape of the temperature curve in the thermometric titration can be divided in the two main parts: The temperature increases from the starting temperature to the maximum temperature, and then gradually decrease when more acid is added. For the temperature increases from the starting temperature to the maximum temperature, it is because: at the start the alkali is not neutralized. Thus, when the hydrochloric acid is added, neutralization takes place. As neutralization is an exothermic reaction, temperature increases with the alkali become more neutralized. At a certain point, the alkali is just fully used up for neutralization, so the temperature becomes maximum one. After the maximum point, as the alkali has been used up for neutralization, the neutralization no longer takes place even more drops of acid are added. Meanwhile, as the temperature of the solution is higher than atmospheric one, it tends to lose heat to surroundings. Thus, temperature gradually decreases when more acid is added. 
By Kong Siu Wai
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