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Title
Determination of relative formula mass of insoluble metal carbonate by back titration.

Aim
Handle a back titration. Learn to write a full report.
Introduction

In normal acid-base reactions, we can use the direct titration. For this experiment, direct titration, however, cannot be done because one of the reagents is a solid (e.g. insoluble metal carbonate) so that the reaction is very slow-it is difficult to determine whether the reaction has completed.
In this case, the method of back titration is introduced. For this back titration, an excess but known amount of standard nitric(V) acid is added the insoluble metal carbonate. After the reaction has completed(i.e. no more gas bubbles evolved), the excess standard nitric(V) acid can be titrated with standard sodium hydroxide until the end point is reached.(i.e detected by methyl orange) As a result, the relative formula mass of that carbonate can be calculated and determined by using the following equations: MCO3(s)+2HNO3(aq)(M(NO3)2(aq)+H2O(l)+CO2(g)-(1)
HNO3(aq)+NaOH(aq)(NaNO3(aq)+H2O(l)-(2)
Requirements 
Volumetric flask(250cm3).

Burette(50cm3).

Pipette(25cm3).

Pipette filler.

Conical flask (250cm3).

Dropper.

Wash bottle.

White tile.

Burette stand.

Balance.

Weighing bottle.                            Page1

Beakers.

An insoluble carbonate with the general formula MCO3 (M is a metal element, with +II oxidation state in its compounds).
Standard nitric acid.

Standard sodium hydroxide solution

Procedure
1. Washed volumetric flask, conical flask, burette, pipette, weighing bottle, beakers with tap water.

2. Repeated step(1) but washed with deionized water

3. Used the tissues to dry the apparatus.

4. Rinsed a 25cm3 pipette with the standard HNO3.
5 Weighed accurately about 1.3 g of MCO3 in the weighing using the balance.
6 The metal carbonate was then put into a large beaker (dry).

7 Pipette 50cm3 of the standard HNO3 to the large beaker by using 25cm3 pipette 2 times.(Pipette filler was used)
8 Waited the complete reaction between the metal carbonate and HNO3.  Complete reaction could be observed by no more bubbles were formed.

9 Added the excess acid which was in the beaker to a 250cm3 volumetric flask.

10 Filled the 250cm3 volumetric flask which contained the excess acid with deionized water of the washing bottle until the liquid level reached the graduation mark.(i.e funnel was used)

11 Stopper the volumetric flask and inverted it for several times. (to ensure the solution mix well)
12 Pipette 25.0cm3 of the dilute solution to conical flask. (Pipette filler was used)

13 Added 2 to 3 drops of methyl orange to the conical flask. (Dropper was used)  
14 Rinsed the burette with the standard NaOH.
15 Added the standard NaOH to the burette.(beaker and funnel were used)

16 Titrated the standard NaOH with the diluted solution.

17 Run NaOH carefully from a burette while swirling flask until the color of the indicator changed to persistent orange.(i.e the end point is reached) Recorded the result.
18 Repeated step12 to step17 for few times.

*For transferring or carrying different solutions, it was reminded that to repeat the step 1 to step 3.For burette or pipette, it was rinsed with the solutions which would be transferred. 
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Data Recording
The mass of the weighing bottle after putting the carbonate into large beaker: 6.12g
The mass of the weighing bottle + metal carbonate (before putting the carbonate into large beaker) : 7.35g
The mass of metal carbonate: 1.23g
The molarity of the standard NaOH: 0.2015M
The molarity of the standard HNO3: 1.1317M
	Titration
	Trial
	1
	2
	3

	Final Reading
	18.65　
	　34.55
	　26.45
	　16.00

	Initial Reading
	1.55
	　18.75
	　10.65
	　0.15

	Volume of NaOH used/cm3
	17.10　
	　15.80
	　15.80
	　15.85


Calculation
Average volume of NaOH = (15.80+15.80+15.85)/3
                     = 15.82 cm3
No. of mole of NaOH used= molarity X volume 

                      =0.2015 X (15.82/1000)
                     =3.1877 X 10-3  mol

MCO3(s)+2HNO3(aq)(M(NO3)2(aq)+H2O(l)+CO2(g)-(1)

HNO3(aq)+NaOH(aq)(NaNO3(aq)+H2O(l)-(2)

From the equation (2) 

No. of mole of HNO3 in the diluted solution= No. of mole of NaOH

                 =  3.1877 X 10-3 mol
No. of mole of HNO3 remained after reaction (1) = 3.1877 X 10-3 X (250/25) = 3.1877 X 10-2 mol
No. of mole of HNO3 in the original solution = molarity X volume
= 1.1371 X (50.00/1000)
= 0.05686 mol

No. of mole of HNO3 which reacts with the metal carbonate = No. of mole of HNO3 in the original solution –
                                                  No. of mole of HNO3 remained

                                               = 0.02498mol

From equation (1)

No.of mole of MCO3 reacted =1/2 X no. of mole of HNO3 which reacts with the metal carbonate
                       = 0.01249mol
No.of mole of MCO3 reacted X relative formula mass of MCO3 = mass
0.01249 X relative formula mass of MCO3=1.23
         relative formula mass of MCO3=98.48
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(relative atomic mass of than metal +12.0+16.0X3)=98.48

relative atomic mass of than metal=38.48(M is most likely to be calcium)
*Relative atomic masses are taken to be :H=1.0; C=12.0 N=14.0; O=16.0; Na=23.0 
Discussion 

MCO3(s)+2HNO3(aq)(M(NO3)2(aq)+H2O(l)+CO2(g)-(1)

HNO3(aq)+NaOH(aq)(NaNO3(aq)+H2O(l)-(2)

(1) Why can’t phenolphthalein be used as indicator for this titration?

        As the reaction(2) is involoved NaOH(strong alkali) and HNO3(strong acid), the end point should be equal to 7, so methyl orange can be used though it may contribute a negligible error. Phenolphthalein, however cannot be used as an indicator even it does the same as methyl orange in this titration. The reasons for phenolphthalein being an unsuitable indicator are: In reaction (1), there is small amount of CO2(g) formed which is slightly soluble in H2O(l) formed also in reaction(1).They will form reversibly carbonic acid(weak acid). [H2CO3(aq) pH5.5] Therefore, if phenolphthalein was used as an indicator, the end point produced only represents the reaction between NaOH, small amount of carbonic acid and only some of nitric(V) acid.(i.e the pH value of end point of using phenolphthalein as indicator is >7). The end point do not really indicate the completion of the reaction (2). For a more accurate result, methyl orange is used, whose end point can show the completion of reaction (2) as the pH value of the end point is <7 . 
(2) Dilute nitric(v) acid is used for this back titration. Although dilute hydrochloric acid and dilute sulphuric     (VI) acid are commonly used in many acid base and acid-carbonate titrations, they are not quite suitable in this back titration of insoluble metal carbonates. Explain.

For this back titration, neither dilute hydrochloric acid nor dilute sulphuric (VI) acid are suitable even they are commonly used in many acid base and acid carbonate titrations because:

The metal in metal carbonate is unknown but only its oxidation number is +2. For reaction (1), the salt or the product formed may be insoluble when using dilute hydrochloric acid and dilute sulphuric (VI) acid. For using dilute hydrochloric acid, salt such as PbCl2 (the oxidation number of Pb2+is +2) is insoluble. The chloride ions in the salt will act as a protective layer for the salt which leads to incomplete reaction .Besides, it make difficulty to pipette the diluted solution. Similarly, when using sulphuric (VI) acid , some salts such as BaSO4 and PbSO4 (the oxidation number of Pb2+ and Ba 2+are +2) are also insoluble. The SO4- ions also act as a protective layer for the salt which leads to incomplete reaction and do the similar adverse effects of using hydrochloric acid.
Hence, to prevent these happen, dilute nitric (V) acid is used because all metal nitrate salts are soluble.
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(3) Suggest another use of back titration besides the determination of insoluble carbonates.
It can be used to determine aspirin:

The amount of aspirin in Aspirin tablet can be determined by the addition of an excess known volume of standard NaOH(aq). After the reaction has completed, the NaOH left can be determined by back titration with standard H2SO4 using phenol red indicator[pH 8.4 (red) to pH 6.8(yellow)]. From the NaOH left, the no. of moles of Aspirin can be calculated. The equation of reaction between aspirin and NaOH is :
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