Key Worksheet 1: Solution Composition Worksheet
Objectives: To be able to define, calculate, and use the following units of concentration:

moles X

Molarity: [X] =
olarity [ ] Liters solution

Mass of X Grams of X

Mass %: Mass % X =

1 -
Total mass of solution 00% or 100 grams of solution

1
Molality: my = MO X
kg solvent

Equivalents (Eq)

N lity: N =
ormatity Liters solution

For an acid one equivalent (Eq) is defined as the number of moles of protons one mole of
the acid can donate (the moles of acidic protons).

For a base one equivalent (Eq) is defined as the number of moles of protons one mole of
the base can accepts. For bases that are hydroxides this is the moles of hydroxide in one
mole of the base.

For an oxidizing agent in a redox reaction one equivalent (Eq) is defined the number of
moles of electrons one mole of the oxidizing agent can accept.

For an reducing agent in a redox reaction one equivalent (Eq) is defined the number of
moles of electrons one mole of the reducing agent can donate.

Moles X
Total moles in solution

Mole Fraction: y, =
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1.) 27.2 grams of phosphoric acid, H;POy, is dissolved in enough water to make 175 mL of
solution. Calculate the molarity of HsPO..

27.2 g HyPOy,

— 0.2775 mol H,P
97,904 g/mol 02775 mol HsPOs

02775 mol H3P04
0.175 L solution

= 1.58¢ M

Molarity = 1.569 M
2.) 9.34 grams of CaCl; are dissolved in 149 grams of water. Calculate the mass percent
of calcium chloride in the resulting solution.

9.34 g CaCl,
(9.34 g CaCl, + 149 g H,0)

x 100% = 5.895%

Mass % = 5.90%
3.) 17.32 grams of KBr is dissolved in 249 grams of water. Assuming the potassium
bromide completely dissociates, calculate the molality of ions in the resulting solution.

17.32 & KBr 2 moles ions .
119.002 g/mol 14994 mol KBr 0.14554 mol KBr x SHOERE = 0.29105 moles ion
0.2910g mol ions — 116y m

0.249 kg H,O
Molality = 1.17 m
4.) 79.44 grams of H2SO; is dissolved in enough water to make 275 mL of solution.
Calculate the normality of sulfuric acid in the resulting solution.

Note that there are 2 moles of acidic protons for every one mole of H2SOs.

79.44 ¢ H,S0,4 0.8099¢ mol H5SO4
=0. 1 H =294 M
98.078 g/mol 080995 mol Hz504 0.275 L solution >

2.945 M x 2 mol H" = 5.89, N
Normality = 5.89 N
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5.) 5.25 pounds of dextrose (CsH120s) is dissolved in 11.3 gallons of water. (1.000 1b = 453.5
g, 1.000 gal. = 3.785 L, take the density of water to be 1.00 g/mL) Calculate the mole
fraction of dextrose in the resulting solution.

3.785 L 1000 mL  1.00 g H,O

11.3 gal. H,0
gal- VXl “ T 1L TmL Hy0

= 4.27; x 10* g H,0

4.27; x 10* g H,0

=2. 10° mol H
18.015 g/mol 374 > 107 mol H;0

453.59 g y 1 mol dextrose
1 1b. 180.150 g dextrose

5.25 Ib. dextrose x = 13.21 mol dextrose

B 13.27 mol dextrose
Xdextrose = 7375 7110l dextrose + 2.37; x 103 mol HyO

= 0.00553¢

Mole Fraction = 0.00554

6.) Concentrated nitric acid is 70.0% HNO; by mass, which is 15.9 M. Calculate the
density and molality of concentrated nitric acid.
a) Assume exactly 1 liter of solution. That means we have 15.9 moles of HNOs.

. 63.012 g HNOg,
M fH hen: 15. HN
ass of HNOs is then: 15.9 mol O3 X 1 mol HNO3

We can now find the mass of 1ihe solution:
100 ti
1.00; x 103 g HNO4 x ——2 WO _ 4 43 % 10° g solution

= 1.00; x 10* g HNO,

70.0 g HNO4
Mass of solution 1.43; x 103 g solution

dso ution — X = " =14 L

fut volume of solution 1000 mL solution 31 g/m

Density = 1.43 g/mL

b)

lalit mol HN03
molality = ——M—~=

YT Tkg 1,0

Mass of H2O = 1.43:x103 g solution — 1.00,x103 g HNO; = 4.243x10% g H,0 = 0.4293 kg H,0

15.9 mol HNO;
lality = = 37.
melaltly 0.4293 kg H2O 3 0m

Molality = 37
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7.) Suppose you are brewing a batch of beer. You need to have a total of 101 ppm of Ca?*
in 12.0 gallons of water for the mash. You must have equal parts of CaCl; and CaSO, in
the water to accomplish this. How many grams of each should you add? What is the
molarity of Ca?*, CaCl, and CaSO; in the resulting solution? (Ca?* = 40.078 g/mol, CaCl,
= 110.984 g/mol, CaSO, = 136.140 g/mol, 1.000 gal. = 3.785 L)

a)
3.785 L 1.00 x 103g solution

1 gal. 8 1 L solution

12.0 gal. solution x = 4.545 x 10* g solution

101 g Ca®*
1 x 10° g solution

4.545 x 10* g solution x = 4.58; g Ca’"

Let x = mass of CaCl; and y = mass of CaSO..

40.078 g Ca?*
110.984 g CaCl,

40.078 g Ca?t

4587 g Ca’t =2 g CaCl
Te LA = Le Ak X 136.140 g CaSO,

+y g CaSO, x

Since we need equal parts of each compound, x = y. This gives us:

40.078 g Ca?*
110.984 g CaCl,

40.078 g Ca**

4.58; g Ca’t =2 g CaCl
TE LA = e Ak X 136.140 g CaSO,,

+ 2 g CaSO, x

=1 =069%¢g
mass CaCl; =7.00 g
b) mass CaS0,s=7.00g
c) ot
4. 3.785 L
%gc/amol — 0.114, mol Ca2* 12.0 gal. solution x “* 2 = 45.4, L solution
0.1144 mol Ca**t
Ca’t] = = 0.002529 M
[ & } 45.45 L solution 0
[Ca?] = 0.00252 M
d)
7.00 g CaCl, 0.06307 mol CaCls mol CaCl,
=0. 1 1 = 0.001 —_—
110.984 g/mol 0.06307 mol CaCl, 45.45 L solution 0001385 L solution
[CaCl:] = 0.00139 M
e)
7.00 g CaSO, 0.0514; mol CaSOy4 mol CaSOy
=0.0514 1 =0.00113p ———
136.140 g/mol 0.0514; mol CaSO, 45.45 L solution *"L solution

[CaSO4] =0.00113 M
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8.) Find the mass percent of FeCl; in a solution whose density is 1.42 g/mL and whose
molarity is 1.19 M.

Assume we have exactly 1 liter of solution.

162.204 g FeCl,4

1.19 mol FeCl
9 mol FeCls < — e,

= 1930 g FeCI3

1.42 ¢ soluti
1000 mL solution x g solution

= 1,42 luti
1 mL solution 420 g solution

193.0 g FeCly
1,420 g solution

x 100% = 13.59%

Mass% FeCl; = 13.6%
9.) Calculate the normality of Cu?* in a solution that is made by dissolving 8.77 g of

Au(NOs); in enough water to make 175 mL of solution when copper metal is added to the
solution. The relevant reaction is

3Cu(s) + 2Au*" (ag) — 2Au(s) + 3Cu*" (aq)

8.77 g Au(NO,)3 1 mol Au®*
= 0.0228¢ mol Au(N
382,979 g/mol U228 mo U(NOg)s > 75 Au(NO,)s

= 0.0228¢ mol Au®*

0.0228¢ mol Au®>" 3 mol Cu*t 2 equivalent

X X =0.3925 N
0.175 L 2 mol Au®t = 1 mol Cu?t b

Normality = 0.393 N
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