Basic mathematical competencies question sheet

Rearranging equations

1.

The amount of substance in moles (n) in a solution can be calculated when the
concentration given in mol/dm? (c) and volume (v) in cm? are known by using the
equation:

cv
"= T000
Rearrange this equation making c the subject of the equation. (1 mark)
Rearrange this equation making v the subject of the equation. (1 mark)

The density of a substance can be calculated from its mass (m) and volume (v) using
the equation:
m
d=—
v
Rearrange this equation so that the mass of a substance can be calculated given its

density and volume.
(1 mark)

Chemists most commonly work with masses expressed in grams and volumes in cm®.
However, the S unit for density is kg/m°.

a.

Write an expression for the calculation of density in the Sl unit of kg/m3 when the
mass (m) of the substance is given in g and the volume (v) of the substance is given
in cm?.

(2 marks)

The de Broglie relationship relates the wavelength of a moving particle (A) with its
momentum (p) through Planck’s constant (h):

h
A= —
p

Rearrange this equation to make momentum (p) the subject of the formula.
(1 mark)

Momentum can be calculated from mass and velocity using the following equation.

b.

4,

p =mv
Using this equation and the de Broglie relationship, deduce the equation for the

velocity of the particle.

(2 marks)

The kinetic energy (KE) of a particle in a time of flight mass spectrometer can be
calculated using the following equation.

KE—1 2
—va

Rearrange this equation to make v the subject of the equation.

'y

(2 marks)
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Quantity calculus (unit determination)

1.

-

Determine the units of density given that

. mass(g)

density = ———

volume (cm?)
(1 mark)

Determine the units of concentration given that
. number of moles (mol)
concentration =
volume (dm3)

(1 mark)

Pharmacists often calculate the concentration of substances for dosages. In this case
the volumes are smaller, measured in cm?3, and the amount is given as a mass in
grams. Determine the units of concentration when

mass (g)

concentration = ——
volume (cm?3)

(1 mark)
Rate of reaction is defined as the ‘change in concentration per unit time’. Determine

the units for rate when concentration is measured in mol dm= and time in seconds.
(1 mark)

........... Pressure is commonly quoted in pascals (Pa) and can be calculated using the
formula below. The Sl unit of force is newtons (N) and area is m2.
force

pressure =
area

Use this formula to determine the Sl unit of pressure that is equivalent to the Pascal.

(1 mark)
Determine the units for each of the following constants (K) by substituting the units
for each part of the formula into the expression and cancelling when appropriate. For
this exercise you will need the following units [ ] = mol dm=, rate = mol dm=s™, p =
kPa.

__ [4l[B)?
a. K.= _EC]
rate
b. K = [A][B]
(pA)°s
P (»B)
K, =[H*][OH]
_[HT[x7]
Ka = [Hx]
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Moles and mass

One mole of a substance is equal to 6.02 x 102 atoms, ions or particles of that substance.
This number is called the Avogadro constant.

The value of the Avogadro constant was chosen so that the relative formula mass of a
substance weighed out in grams is known to contain exactly 6.02 x 1023 particles. We call
this mass its molar mass.

We can use the equation below when calculating an amount in moles:

amount of substance  _ m%
(mol) = molar mass
(g mol™)

How is a mole similar to a dozen?

‘(" Y X X XY )
LLX YL Y X Y )
A e T R

Stating the amount of substance
in moles is just the same as
describing a quantity of eggs in
dozens. You could say you had
24 or 2 dozen eggs.

v

Use the equation above to help you answer the following questions.

1.

below:

Calculate the amount of substance, in moles, in:
(3 marks)
a. 32 g of methane, CH4 (molar mass, 16.0 g mol™)
b. 175 g of calcium carbonate, CaCOs3
c. 200 mg of aspirin, CgHgO4

Calculate the mass in grams of:
(3 marks)

a. 20 moles of glucose molecules (molar mass, 180 g mol~")
b. 5.00 x 10~ moles of copper ions, Cu?*
c. 42.0 moles of hydrated copper sulfate, CuSO4*5H,0O

a. 3.09 g of a transition metal carbonate was known to contain 0.0250 mol.
i. Determine the molar mass of the transition metal carbonate.
(1 mark)

ii. Choose the most likely identity for the transition metal carbonate from the list

CoCOs;
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CuCO:;
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ZnCOs;

(1 mark)



