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Solutions

« Solutions are homogeneous mixtures of two or

more pure substances.

* In a solution, the solute is dispersed uniformly

throughout the solvent.

State of Solution  State of Solvent  State of Solute  Example

Gas Gas Gas Air

Liquid Liquid Gas Oxygen in water
Liquid Liquid Liquid Alcohol in water
Liquid Liquid Solid Salt in water

Solid Solid Gas Hydrogen in palladium
Solid Solid Liquid Mercury in silver

Solid Solid Solid Silver in gold



13.4
Ways of Expressing
Concentration



I
Ways of Expressing Concentration

The concentration of a solution can be expressed either:
- Qualitatively, or
- Quantitatively.

The terms dilute and concentrated are used to describe a
solution gualitatively.

Several different ways used to express concentration
guantitatively, such as

- Mass percentage,

- Mole fraction,

- Molarity, and

- Molality.



.
Mass Percentage, ppm and ppb

| mass of component in soln
Mass % of component = % 100
total mass of soln

A solution of hydrochloric acid with 36% HCI by mass contains 36 g of HCI
for each 100 g of solution.

The concentrations of very dilute solution often express in parts per million
(ppm) or part per billion (ppb).

mass of component in soln L
= 10

»pm of component =
PP k total mass of soln

1 ppm = 1000 ppb



mass of component in soln

ppm of component = % 10°

total mass of soln

A solution whose solute concentration is 1 ppm contains 1 g of solute for
each million (108) grams of solution.

This equivalent 1 mg of solute per kilogram of solution (mg / kQ).

For aqueous solutions, because the density of water is 1 g/mL, this
equivalent 1 mg of solute per liter of solution (mg / L).

‘ Nutrition Facts
The acceptable maximum concentrations of _—

toxic or carcinogenic substances in the :
environment are often expressed in ppm or
ppb. For example, the maximum allowable
concentration of arsenic in drinking water in g
USA is 0.010 ppm; that is 0.010 mg of e o
arsenic per liter of water, this corresponds '
to 10 ppb.
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Sample Exercise 13.4 Calculation of Mass-Related Concentrations

(a) A solution is made by dissolving 13.5 g of glucose (C;H,O() in 0.100 kg of water. What 1s
the mass percentage of solute in this solution? (b) A 2.5-g sample of groundwater was found to
contain 5.4 ug of Zn>". What is the concentration of Zn?" in parts per million?

Solution
(a) The mass percentage of water in this solution 1s (100 — 11.9)% = 88.1%.
' mass glucose 135 ¢ .
Solve: Mass % of glucose = X 100 = - X 100 = 11.9%
“ mass soln 135¢g + 100 g

Solve: ppm = : % 108 = R
P mass of soln 25¢g PF

Practice Exercise
(a) Calculate the mass percentage of NaCl in a solution containing 1.50 g of NaCl in 50.0 g of water.
(b) A commercial bleaching solution contains 3.62 mass % sodium hypochlorite, NaOCl. What is the

mass of NaOCl in a bottle containing 2.50 kg of bleaching solution?
Answer: (a) 2.91%, (b) 0.0905 kg NaOCl (90.5 g).
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Mole Fraction, Molarity and Molality

moles of component

Mole fraction of component =
total moles of all components

The symbol X is commonly used for mole fraction, with a subscript to
Indicate the component of interest.

moles of A

X, = ) :
total moles in solution

For example; a solution containing 1.00 mol of HCI (36.5 g) and 8.00 mol
water (144 g) has a mole fraction of HC| and water:

Xy = (.00 mol) / (2.00 mol + 8.00 mol) = 0.111

X0 = (8.00 mol) / (1.00 mol + 8.00 mol) =0.889 or 1.00 - 0.111 = 0.889

Mole fraction has no unit (the units in the numerator and the denominator cancel).
The sum of the mole fractions of all components of a solution must equal 1.



The Molarity M of a solute in a solution is defined as:

moles solute

Molarity =

liters soln

Since volume is temperature-dependent, molarity can change with temperature.

The Molality m of a solution, defined as:

moles of solute

Molality = —
*  kilograms of solvent

Since both moles and mass do not change with temperature, molality (unlike
molarity) is not temperature-dependent. Thus molality is often the concentration
unit of choice when a solution is to be used over a range of temperatures

Molarity depends on the volumes of solution, whereas molality depends on the
mass of solvent When water is the solvent, the molality and molarity of dilute
solutions are numerically about the same because 1 kg of solvent is nearly the
same as 1 kg of solution, and 1 kg of the solution has a volume of about 1 L.



Sample Exercise 13.5 Calculation of Molality

A solution is made by dissolving 4.35 g glucose (C(H;,O,) in 25.0 mL of water at 25 ° C.
Calculate the molality of glucose in the solution. Water has a density of 1.00 g/mL.

Solution

Use the molar mass of glucose, 180.2 g/mL, to convert grams to moles:

1 mol C(,leo(,
Mol C¢H 1204 = (4.35 g CsH1204) 1802 g C¢Hy,04 = 0.0241 mol C¢H 1,04

Because water has a density of 1.00 g/mL, the mass of the solvent is

(25.0 mL)(1.00 g/mL) = 25.0 g = 0.0250 kg

Finally, the molality:
0.0241 mol CgH 1,06

0050k H,0  Dooem

Molality of C¢H 1,04 =

Practice Exercise
What is the molality of a solution made by dissolving 36.5 g of naphthalene (C,,Hy) in 425 g of

toluene (C;Hyg)?
Answer:(0.670 m



o
Conversion of Concentration units

Sample Exercise 13.6 Calculation of Mole Fraction and Molality

An aqueous solution of hydrochloric acid contains 36% HCI by mass. (a) Calculate the mole fraction
of HCI in the solution. (b) Calculate the molality of HCI in the solution.

Solution

(a) To calculate the mole fraction of HCI, we
convert the masses of HCI and H,O to moles:

(b) To calculate the molality of HCI in the
solution, We use the calculated number of

moles of HCI in part (a), and the mass of
solventis 64 g =0.064 kg:

1 mol HCl

Moles HCl = (36 g HCU(%C"?—HCI
0.2 g )

) = 0.99 mol HCI

Moles H,O = (64 ¢ H ()(—1 ] HZO) 3.6 mol H,0

A101es ) = (bd g o) : = 0. 8] o)

oles H» ( g Hy0) 13 gHzO 5 MC 2
moles HCI 0.99 _ 0.99

XHCI = =022

moles H,O + moles HCI T 36+099 46

0.99 mol HCI

Molality of HC1 = =15m

Practice Exercise

A commercial bleach solution contains 3.62 mass % NaOCI in water. Calculate (a) the mole fraction

and (b) the molality of NaOCI in the solution.
Answer: (2) 9.00 X 1073, (b) 0.505 m.
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Changing Molarity to Molality

Molality
(mol/kg solvent)

== Mass of solvent 4
( If we know the
s density of the
V,— Mass of solute = Moleéofsolute solu tiOn, we can
calculate the
—flee molality from the
| pensity molarity and vice

Volume of solution A versa.

‘\.:.\

Molarity
(mol/L solution)




Sample Exercise 13.7 Calculation of Molality Using the Density of a Solution

A solution with a density of 0.876 g/mL contains 5.0 g of toluene (C;Hg) and 225 g of benzene. Calculate
the molarity of the solution.

Solution

The number of moles of solute (C,Hy) is calculated from the number of grams of solute and its molar
mass. The volume of the solution is obtained from the mass of the solution (mass of solute + mass of
solvent = 5.0 g + 225 g =230 g) and its density.

. 1 mol C-H
The number of moles of solute is: = = T8 o
Moles C;Hg = (5.0 g C7H3)( 92 g C;H, ) 0.054 mol
The density of the solution is used to convert the
mass of the solution to its volume: Milliliters soln = (230 g)<01817116Lg) — 263 mL

Molarity is moles of solute per liter of solution:

) moles C;Hg 0.054 mol C;Hg \ / 1000 mL soln
Molarity = =

liter soln 263 mL soln 1L soln ) SaLE

Comment: Because the mass of the solvent (0.225

kg) and the volume of the solution (0.263 L) are

similar in magnitude, the molarity and molality are (0.054 mol C7Hj)/(0.225 kg solvent) = 0.24 m
also similar in magnitude:

Practice Exercise

A solution containing equal masses of glycerol (C;H4O;) and water has a density of 1.10 g/mL. Calculate (a)
the molality of glycerol, (b) the mole fraction of glycerol, (¢) the molarity of glycerol in the solution.
Answer: (a) 10.9 m, (b) XcH0. =0.163,(¢) 5.97 M






A solution of SO, In water contains
0.00023 g of SO, per milli liter of
solution. What Is the concentration of
SO, In ppm? In ppb?

0.00023 g/ mL=230mg /L =230 ppm
1 ppm = 1000 ppb
230 ppm = 23 x 104 ppb



The molality of a solution Is found

by dividing the amount of solute In
moles by the:

volume of the solution In liters.
mass of the solvent in kilograms.
mass of the solution in kilograms.
total number of moles.

o0 o ®




When concentration Is expressed in units
of , changing temperature will
affect the solution concentration.

 molality |
* molarity
* ppm

» molarity and molality \ \
» molarity, molality, and ppm |







