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are also called double displacement or exchange reactions and follow the pattern: A*X~ + B*Y- B*X- + A*Y-
Normally, the reactants are chosen so one product will precipitate out of solution while the other ions stay in solution. In this way
one of the products can be easily isolated by filtration. Equation 3 is an example of a double replacement reaction.

Equation 3: Pb(NO,),(aq) + Kl(ag) —— Pbl(s) + KNO,(aq)

‘When the reacting ionic compounds are dissolved in water, they separate into the four different ions that are free to move arounc
and then re-combine to form the new products. If one of the combination of ions is insoluble in water, it will precipitate out of solu-
tion. In equation 3, lead iodide (PbL,) precipitates out of solution. Some ionic solids also contain water molecules that are trapped
within their crystal structure. These are called hydrated compounds. An example of a hydrated compound would be copper(II) sulfate
pentahydrate, Cu(SO,)-5H,0. During the dissolving process, the water molecules are released into the solution.

In order to produce the 2.00 grams of desired product in the laboratory using a double replacement reaction, a balanced equa-
tion is required and the product that will precipitate must be identified. The next step is to determine the molar mass of each reac-
tant and product, and finally use dimensional analysis to determine the quantities of reactants required. The following four steps
describe the process in detail.

Step 1: Write a balanced formula equation for the reaction.

Preparing a balanced chemical formula equation is the first step in understanding a reaction. Start the process by determining
what reaction is occurring and write out the names of all reactants and products.

Eguation 4: Reaction: nitrogen + hydrogen = ammonia

Next, prepare an unbalanced equation by writing out the chemical formula for each reactant and product.
Equation 5: Unbalanced equation: ~ N, + H, —— NH,
Finally, the chemical equation must be balanced. The key principle in balancing equations is that atoms are conserved in a

chemical reaction. Therefore, the same number and type of atoms must be found among the reactants and products of a reac-
tion. For example, if you start with two nitrogen atoms in the reactants, you must have two nitrogen atoms in the products.

Equation 6: Balanced equation: N, + 3H, —— 2NH,
Most chemical equations can be balanced by trial and error. This is done by adding up the quantity of each atom present on
the reactants side of the equation and on the product side of the equation. Identify which atoms are not balanced and deter-

mine what coefficients are necessary in front of one of the reactants or products to balance the quantity of that atom on both
sides of the equation.

Step 2: Predict which compound will form a precipitate using general solubility rules.

When working with aqueous solutions, it is helpful to understand a few rules concerning which substances are soluble in
water and which will form precipitates. The more common solubility rules are listed below:

1. All common salts of the Group IA (Li, Na, K, etc.) elements and the ammonium ion are soluble.
2. All common acetates and nitrates are soluble.

3. All binary (two element) compounds of Group VIIA elements (other than F) with metals are soluble, except those of
silver, mercury(I), and lead.

4. All sulfates are soluble except those of barium, strontium, lead, calcium, silver, and mercury(I).
5. Except for those in Rule #1, carbonates, hydroxides, oxides, and phosphates are insoluble.

Using these solubility rules, predict if any of the possible combination of reactant ions can form insoluble compounds. If so,
the product will precipitate out of solution.
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[image: image2.jpg]Step 3: Calculate the mass of reactants needed to produce the Z.UU g ol precipiate.

To calculate the mass of reactants needed to produce 2.00 g of a precipitated product requires the determination of the molar
mass of each reactant and product. Molar mass (also called molecular weight) is the mass in grams of one mole of a sub-
stance. Molar mass is determined by adding the atomic masses of all of the atoms in the chemical formula. For example, the
chemical formula CuSO, * SH,0 shows that in 1 mole of this compound, there are 1 mole of Cu ions, 1 mole of SO, ions,
and 5 moles of H,0 which gives a total of 1 mole of Cu, 1 mole of S, 10 moles of H and 9 moles of O atoms.

The total mass of each element in the compound is equal to the number of moles of atoms of the element multiplied by its
atomic mass. The molar mass of copper(Il) sulfate pentahydrate is equal to the sum of the total masses of each element:

number of moles of atoms X atomic mass = total mass of element
1 mole of Cu X 63.55gCu/mole = 63.55g Cu
1 mole of S x  3207gSmole = 3207gS
9 moles of O x  1600gO/mole = 14400g 0O
10 moles of H X 1.01 gH/mole = 10.10gH
Molar Mass of CuSO, » SH,O 24972 g

Once the molar mass of each reactant and product is determined, the next step is to determine the number moles in 2.00 g of
precipitate using equation 5.

Equation 5: moles = grams/molar mass

For example, if 2.00 g of copper(Il) sulfate pentahydrate is desired, the number of moles will be: 2.00 g + 249.72 g/mol or
0.00801 moles. Using dimensional analysis, the equations would be:

200g mole
24972 g

= 0.00801 mole

Lastly, use the coefficients in the balanced equation to determine the number of moles of each of the reactants required to
produce the desired number of moles of precipitate. Once the number of moles is obtained, use the following equation to
calculate the number of grams of each reactant.

Equation 6: grams = moles X molar mass

Step 4: Use the calculated masses of reactants to make and recover the 2.00 grams of precipitate.

After the chemical equation is balanced, the precipitated product is determined and the mass of each reactant required to pro-
duce 2.00 g of product is calculated, the reaction can be performed in lab. Both of the reactants need to be dissolved in sepa-
rate beakers using 25 mL of distilled water for each reactant. Then the two solutions need to be mixed together to form the
precipitate. The precipitate will be recovered by filtration using a pre-massed piece of filter paper. The precipitate will be
dried under a heat lamp or in a drying oven,ind then the mass of the solid determined. The precipitate will be turned in to
your teacher and the percent error calculated for the experiment.
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[image: image4.jpg]Student Name: Lab Partner(s).
Student Worksheet: Pre-lab Calculations

Sample Problem: How would you prepare 2.00 grams of precipitate by reacting barium chloride dihydrate with
silver nitrate?

Directions: Complete the following equations/problems showing ALL WORK, including the necessary units and labels.

1. Write a complete word equation listing the names of the reactants and the predicted products.

A: B: € D:
+ —_— + + HO
2. Write a balanced formula equation for your double displacement reaction. Predict which compound will form a precipitate
and indicate this in the equation using the symbol, (s), following the chemical formula.
A: B: €: D:
+ _— + + HO0
3. Calculate the molar mass of each reactant and product and put the answers in the blank spaces below.
A: B: c D:
+ _ + + HO
‘Work Space
molar mass reactant A:
molar mass reactant B:
molar mass product C:
molar mass product D: ]
molar mass H,0:
4. Calculate the number of moles in 2.00 g of the precipitated product.
Molar Mass of precipitate: # of moles of precipitate:
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Student Worksheet: Pre-lab Calculations

5. Use dimensional analysis to determine the mass of each reactant required to make 2.00 grams of your precipitate. First
determine the number of moles of each reactant and product and then calculate the mass of all reactants and product(s)
Put the answers in the blank spaces below. Does the total mass of all reactants equal the total mass of all products? If not

check your work.
Moles: . A _ B: £ D:
b i + -+ H,0
\
Grams:  A: ):3 € D:
+ —— + +| H,0,
‘Work Space
mass of reactant A needed:

mass of reactant B needed:

mass of product C that should form:

mass of product D that should form:

mass of H,0 that should form:

6. Complete the data chart below to determine the mass of precipitate formed in the sample experiment:

Mass of dry filter paper + precipitate 297g
— Mass of dry filter paper - 102g
= Mass of precipitate g

7. Calculate your percent error based on the relationship below:

experimental mass of precipitate — 2.00 g predicted mass
% error = - x 100 =
2.00 g predicted mass
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Purpose:

Often, in chemistry, scientists are required to make a specific
amount of a product. In this lab, you will be asked to do the same
thing. You will be given two compounds to react fogether and then
isolate a product. Use your skills of predicting chemical reactions,
balancing equations, and calculating molar mass to solve a complex
stoichiometry problem. Test your laboratory techniques by mixing the
reactants and isolating exactly 2.00 g of a compound.

Procedure:

1) Write a balanced chemical equation for your reaction.

2) Use a solubility chart to predict which compound will form a
precipitate

3) Use stoichiometry to calculate the mass of each reactant needed
to produce the precipitate.

4) Use the calculated masses of reactants to make the 2.00 grams of
precipitate.

5) Obtain amounts of reactants from teacher.

6) Dissolve each reactant in 25 ml of distilled water.

7) Combine each solution and wait 5 minutes for product to form.

8) Place a piece of filter paper in the funnel, wetting it down to keep it
stuck to the funnel. Place the funnel in the flask.

9) After the two compounds have been combined, isolate the
precipitate by filtering the solution. Pour the solution into the
funnel, be careful not to let the solution flow over the funnel

10) Wash out the beaker several times with distilled water from the
squirt bottle provided. Peur each washing into the funnel to reclaitr
any precipitate that may have stuck to the sides of the beaker

Reactants:

Magnesium sulfate heptahydrate  Calcium acetate monohydrate
Zinc sulfate heptahydrate Silver nitrate
Potassium carbonate Sodium carbonate
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X = insoluble

N Halogen | C-H:0z' | NOs! | 5044 | €O | OH! 0% | Pos
Grp1

NH4'1

Ag X X X X X X
Hg™ % X X X X X
Pb X X X X X X
Ca X X X X X
Mg X X X X
Zn X X X X
Ba X X X X X
Sr X X X X X
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Stoichiometry . . . Can You Make 2.00 Grams of a Compound?

Student Laboratory Worksheet
Directions: Complete the following equations/problems showing ALL WORK, including the necessary units and labels.
Assigned Reactants #
1. Write a complete word equation listing the names of the assigned reactants and the predicted products.
A: B: C: D:
+ S + -+ H0

2. Write a balanced formula equation for your double displacement reaction. Predict which compound will form a precipitate
and indicate this in the equation using the symbol, (s), following the chemical formula.

A: B: 165 D:

+ —_— + + H,0

3. Calculate the molar mass of each reactant and product and put the answers in the blank spaces below.
A: B: C D:

‘Work Space

molar mass reactant A:

molar mass reactant B:

molar mass product C:

molar mass product D:

molar mass H,0:

4. Calculate the number of moles in 2.00 g of the precipitated product.
Molar mass of precipitate: # of moles of precipitate:
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Stoichiometry . . - Can You Make 2.00 Grams of a Compound?
Student Laboratory ‘Worksheet

5. Use dimensional analysis to determine the mass of each reactant required to make 2.00 grams of your precipitate.
Calculate the mass of the other product(s) that will form. Put the answers in the ‘blank spaces below- Does the total mass of
all reactants equal the total mass of all products? 1f not, check your work.

Moles: A B: (e D:

‘Work Space

mass of reactant A needed:
mass of reactant B needed:
mass of product C that should form:
‘mass of product D that should form:

mass of H,0 that should form:

6. Complete the data chart below to determine the mass of precipitate actually formed in the experiment:
Mass of dry filter paper + precipitate
_ Mass of dry filter paper

i

= Mass of precipitate

7. Calculate your percent error based on the relationship below:
peri.mental mass of precipitate — 200¢g pred.'\ctsd mass

ex]
% error = /x 100 =

2.00 g predicted mass

8. Describe some of the possible causes for your experimental error-
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