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This Factsheet covers logarithms and their use in Chemistry.

What are logarithms?
Logarithms are closely related to powers, so before continuing, make sure
you know and understand the power facts in the box (right).

To see how logarithms work, consider the following examples:

100 = 10?
0.001 =103

log,,100 =2
log,,0.001 = -3

So when we say "what is log ; 1000?", we are asking "What power must
Iraise 10 to, to get the answer 1000?" The answer is 3 - so log, 1000 =3

Although you can have logarithms to different bases, in Chemistry we
will only be looking at logarithms to the base 10 (log, ). To save time, we'll
just write "log" when we mean "log "

Calculating logs
It's easy to work out logs for numbers that are exact powers of 10 and it's
worth being able to do so mentally to save time in the exam and guard
against calculator error. But logs for other numbers have to be worked out
on your calculator.

The button for finding log to the base 10 may be labelled:
LOG LOG LG

10

Note: do NOT use the button labelled In or log . This gives you logarithms
to a different base - and hence the wrong answers!

Some calculators require you to put the number in first, then press the log
button - in others, you press the log button first, then the number. Check
which yours is by finding log100 (the answer should be 2).

Finding the number that has a particular log
There are two ways of doing this on your calculator:

® Use the x? (or y*) button to find 10 to the power of the number
eg: logx =0.123. To find x, enter 10 x¥ 0.123

® Use the INV or 2ND or SHIFT button, together with the LOG button
On some calculators you have to press INV LOG first, then the number;
on others you press the number then INV LOG. Check which yours is
by using this method to solve logx = -1.23 (ans 0.0589)

Exam Hint: You should never get a negative number from either of the
above methods. It's impossible to find the log of a negative number - if

you think you have, then you've probably pressed LOG not INV LOG.

If a number has a whole-number log (eg logx = -4 or logy = 3) then you can
find the number without a calculator:
logx =-4s0x=10*=0.0001 logy =3 soy = 10°= 1000

Checking answers
Once you are confident with logs and can do whole-number examples in
your head, you can use this method to check if your answer is plausible:

If logx = 1.57, since 1.57 is between I and 2, x is between 10" and 10?
So if, when you found x, it wasn't between 10 and 100 - you'd know there
was a mistake.

Powers
* Raising a number to a positive power means multiplying it by itself
that number of times - eg 10°=10x 10x 10 x 10 x 10 x 10

* Special cases: any number to the power 1 is the number itself; any
number to the 0 gives 1 - eg2'=2 3°=1

* Negative powers of a number are one over the corresponding postive
power -eg 107> = ' _ ! .

10°  10x10x10 1000

e You can also have powers that are decimals - eg 10*1%

*  You find powers on your calculator using the button marked x¥ (or
y¥) - egto find 10>, type in 10, then x¥, then 2.156
(check - the answer should be 143.2)

When doing work on logarithms in Chemistry, you mainly deal with
powers of 10 - so, a few facts about them:

® Positive powers of 10 are easy to recognise - just count the zeroes!
eg 10'=10 10° = 1000

* Negative powers of 10 are easy to recognise as decimals - just count
the decimal places! eg 10'=0.1 10%=0.0001

* Positive powers are larger than 1; negative powers smaller than 1

Exam Hint: Remembering these points can help you spot a wrong
answer from keying into your calculator wrongly - and hence save
a few marks!

Before moving on to applying logs, check you understand the work so far
by doing these questions. Try not to use your calculator in questions 1
and 3, and in questions 2 and 4, work out mentally the values your answer
lies between in order to check your calculation,

1. Find:
a)log100 b)logl c¢)logl0 d)log0.1 e)log 0.001
2. Find:
a)log2 b)log91 c¢)log0.61 d)log0.003 e)loglz
3. Find the number whose log is:
a)-2 b) 4 o)1 d)0 e)6
4. Find the number whose log is:
2)0.674 b)2.18 c¢)-2.16 d)-0.0521 e)-1.32
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Logarithms and graphs

Sometimes graphs are required for data that cover a very wide range of values — going, for example, from 100 to 100 000. One example of this is
successive ionisation energies for one element.This presents a problem, since if the largest values are to fit on the graph, it will be very hard to plot the
small ones accurately.

Logarithmic scales are used to overcome this problem. Instead of the actual value, the logarithm of the actual value is plotted. This can be done on one
or both axes. This helps because the logarithms will not vary so much in size as the actual data values —eg log 100 =2 and log100 000 =5, so it would
be easy to fit both of these on one graph. It is usual to label the axes with the original values instead of their logarithms; this means that the scale is likely
to goup 1, 10, 100, 1000 etc.

Example: logarithmic graph of the successive ionisation energies of sodium.  The graph is shown below. Note the values of log(IE) on the axis ar

shown only for information here; the y-axis would normally just have I
Electrons removed | Energy required(kJ mol ') | log(energy) values.
1 490 2.69
2 4560 3.66 IE log(IE)
3 6 940 3.84
4 9 540 308 1000 000 6.00
5 13 499 4.13 .o
6 16 600 422 100000 5001
7 20 100 4.30 o o ¢ LI ¢
8 25500 441 10000 4.00 - ¢ ¢
9 28900 4.46 ¢
10 141 000 5.15 1000 3.00
11 158 700 5.20 ¢
100 Z(X) T T T T T T T T T T 1

We can see from the data that it would be hard to plot all the ionisation
energies accurately, so it's sensible to use a logarithmic scale for them.

01 2 3 4 5 6 7 8 9 10 11

There is no need to use one for the other axis, as these are small numbers. electrons removed

Logarithms and calculations on strong acids and bases

You need to be able to use logarithms in work on acids and bases. Example 3
The key definitions involving logs are: Find the pH of a 2 mol dm? solution of sodium hydroxide
OL—‘ZW PpH = -log [H'] Note that "p" here is The key idea here is that as we are dealing with a base, we must use
representing "-log" the two equations relating to pOH.

pOH = -log[OH"] (=14 -pH)

In addition, we know that sodium hydroxide is a strong base, and so
will be fully dissociated into ions.

We will focus here on the aspects of the calculations involving logarithms;

other Factsheets give further information on more general acid/base problems. pOH = -log[OH"]

-log2
-0.301

Example 1

Find the pH of a 0.1 mol dm? solution of hydrochloric acid
pH =14 -pOH
The key chemistry here is that as hydrochloric acid is a strong acid, it = 14.301

dissociates completely into ions - so [H*] = 0.1

So pH = -log(0.1) Example 4
=-(1) =1 A solution of potassium hydroxide has pH 13. Find its concentration
Example 2 Again we use the two equations relating to pOH

A solution of HBr is found to have a pH of 0.5. Find the concentration of

the solution. pOH =14-pH

=14-13=1
H = -log[H*
1(35 — —IZZHJ Now pOH = -log[OH]
lt;g[H*] =-0.5 So 1 = -log[OH]
' -1 = log[OH-]

H*] = 10" = 0.316 mol dm”
[H*] mol dm [OH] = 107 = 0.1 mol dm™

Since again we have a strong acid, this is also the concentration of the

solution. Since we have a strong base, concentration of the solution is 0.1 mol dm?

Now try these examples. You can assume all acids and bases are strong.

1. Find the pH of a 0.5 mol dm™ solution of nitric acid wp ow | os 0 =Hod 't

2. Find the concentration of a solution of hydrochloric acid that has pH -0.6 LLy 1= HA 08 L1t°0- = HOd "¢
3. Find the pH of a 3 mol dm? solution of potassium hydroxide P [Om[gg:g ?
4. A solution of sodium hydroxide has pH 14. Find its concentration. sIaMsuy
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Weak acids & bases
When weak acids are considered, we must also take into account the
dissociation constant K

[H*][AT]

PK =-log K,
[HA]

" K_for the acid HA =

PK is often used as a measure of acid strength; unlike pH , it does not
depend on the concentration of the solution.

Example: hydrofluoric acid has K, = 6.7 x 10*. Find pK
pK, =-log (6.7 x10") = 3.17

Similarly for bases, we have the base dissociation constant K,

i

[B*][OH]
[BOH]

” ibeor the base BOH = pK, = -log K,

Example: ammonia has pK, = 4.74. Find K,

4.74 = -logk,
-4.74 = logkK,
K, =18 x10°

Exam Hint: A common student error is to treat a pK, (or pK,) value as
if it were K, (or K,), and use it directly in the dissociation equation.

pH of weak acids
To calculate the pH of a weak acid, you must first calculate [H*]. To do this,
you use the acid dissociation expression and the following assumptions:
® [H*] = [AT], so the top of the fraction becomes [H*]
This is effectively assuming there are no other sources of either ion in
the solution
® [HA]=original concentration of acid
This is assuming an extremely small degree of dissociation - so that the
concentration of undissociated acid is almost the same as the initial
concentration.

Example. Calculate the pH of a 0.5 mol dm? solution of ethanoic acid
(K, =178 x10°)

Step 1:
_ [H'][CH,CO00"]
. [H*]?
5 =
1.78x10° = 05

Step 2: Rearrange the equation
(1.78 x 10°) x 0.5 = [H*]?

Step 3: Square root to find [H*]

[H'] = \1.78x 107 x0.5 = 0.00298

Step 4: Find pH
pH = -log[H*] = 2.53

Now try these examples

1. Nitrous acid (HNO,) has pK, =3.35
a) Find K,
b) Find the pH of a 0.5 mol dm? solution of nitrous acid

2. Methanamine has pK, =3.36
a) Find K,
0.1 mole of methanamine is dissolved in 1 dm? of water.
b) Assuming the degree of dissociation of methanamine is very low, and
there are no other significant sources of OH-, find [OH"]
c) Find the pH of this solution
g'11=Hdos gz=HOd 'HOd-$1 =Hd (T
0T X 19'9= [.HO] soa13 siy1 *y = 1°0/;[-HO] :p1oe ue 10§ se yoeoxdde owres (q g
FOI X LEY (BT 81(q FOT X LT (BT
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Buffer Solutions

A buffer solution is a mixture of a weak acid and its salt (or less commonly,
a weak base and its salt). The pH of a buffer solution changes only very
little if strong acid or base is added to it.

There are a variety of examination questions on buffers - see Factsheet 64
- but here we will concentrate on those aspects related to logarithms. The
key equation for use with buffer solutions is:

[HA]
—log m

c.:'“;ipﬂ =K,

Example 1: A buffer solution is made by dissolving 0.1 moles ethanoic
acid and 0.2 moles sodium ethanoate in 1 dm’ distilled water. Find its
pH

(K for ethanoic acid = 1.78 x 107 )

The key chemistry here is that we can assume the acid is effectively
undissociated (it would dissociate very little anyway, and dissociation is

further supressed by the presence of ethanoate ions from the salt). This
means we can assume:

® [CH,COO7] is the original concentration of the salt
® [CH,COOH] is the original concentration of the acid
We have: [CH,COO"] =0.2 [CH,COOH] =0.1 pK, =-logK =4.75

pH =4.75-1og (0.1/0.2)
=4.75-1log0.5

=5.05

Exam Hint: You may come across the equation for the buffer solution
in slightly different formats. It's best to choose one format and stick to
it - trying to remember more than one is likely to lead to mistakes.

The second key fact needed for buffer solutions is:

B==If [HA] = [A"], then pH = pK,

This relationship just comes from the fact that if [HA] = [A7], then
[HAJ/[A7] =1, and logl = 0. So if you forget it, you can work it out again
- but it's quicker to be able to remember it in an exam!

Example 2: A buffer solution is made by mixing 50cm’ of each of
0.1 mol dm? methanoic acid and 0.1 mol dm? potassium methanoate.
Its pH is 3.74. Find the acid dissociation constant for methanoic acid.

The acid and salt have equal concentrations, so pH = pK

So pK =3.74
logK = -3.74
K =182x 10*

Note that if you hadn't noticed that the acid and salt had the same
concentrations, you would have needed to find the concentration of each
(0.05 for each, since the original solutions were diluted by a factor of 2)
and then put the numbers into the equation.

Now try these examples

1. A acidic buffer solution contains equal concentrations of an acid,HA,
and its sodium salt. Its pH is 4.61. Find K for HA

2. A buffer solution is 0.2 mol dm™ with respect to ethanoic acid and
0.3 mol dm™ with respect to sodium ethanoate. Find its pH
(K, for ethanoic acid = 1.78 x 107 )

3. A buffer solution is 0.3 mol dm?® with respect to acid HA. It also
contains the sodium salt of the acid. The pH of the solution is 6.2
Find the concentration of the sodium salt in the solution
(K, for HA = 1.1 x 107 ).

wp [ouw 60°0 = L'g/[proe] = [ies] og
L= Dresl/[proe] pury uayL, 9.0 = (Desl/[poe])3o[ puty IsILy ¢
6V T O XerT 1
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