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CHEMISTRY (LEVEL 4C)
ACID ~ BASE EQUILIBRIUM

(CRITERIA 6 & 8)

INTRODUCTORY THEORY SUMMARY:

(FROM YEAR 11)

1. LOWRY-BRONSTED ACID.
This is a substance that can donate protons i.e. release hydrogen ions (H  (aq)
c.g. HCl(aq), HzSO4(aq), HNO3(aq) ...........

2. LOWRY-BRONSTED BASE.
This is a substance that can accept protons i.e. reacts with hydrogen ions (H'(4q))
c.g. NH3(aq), NaOH (aq) +eeeeeeeen

3. HYDRONIUM IONS. (H;0" (g
A hydronium ion can be thought of as equivalent to a hydrogen ion (H(4q)) in aqueous
solution. 1i.e. H+(aq) + H,0 I — H3O+(aq)

4. “WEAK” ACIDS & BASES
These are acids or bases that don’t dissociate (don’t break up) fully into ions.
€.g. WEAK ACIDS = CH3COOH(aq), HNOz(aq)’ H2C03(aq) ............

ie. H)CO30g = Hpg + HCO; g
¢.g. WEAK BASES = NH;OH(yq). .........
1.€. NH4OH(aq) = NH4+(aq) + OHi(aq)

5. “STRONG” ACIDS & BASES
These are acids or bases that dissociate (break up) fully into ions; i.e. 100% ionised
€.g2. STRONG ACIDS = HCl(aq), HzSO4(aq), HNO3(aq) ...........

1.€. HNO3(aq) — H+(aq) + NO37(aq)
€.g. STRONG BASES = NaOHaq), KOHag), Ca(OH)z(aq), ............
1.€. NaOH(aq) — Na+(aq) + OHi(aq)

6. “CONCENTRATED” & “DILUTE” SOLUTIONS
These are terms used to indicate the relative molarity of solutions and has nothing to do
with “strength” at all.
High molarity solutions are referred to as ‘concentrated’ solutions whereas low molarity
solutions are described as ‘dilute’.
e.g. 10 mol L™ HClag) 1s referred to as a concentrated hydrochloric acid solution.

0.10 mol L™' NaOH_, is referred to as a dilute sodium hydroxide solution.
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7. MONOPROTIC ACID.
This is an acid capable of donating only one hydrogen ion (H" ,q)) per molecule;
c.g. HCl(aq), HNO3(aq) ......

HCloy = Hug +  Clag

8. DIPROTIC ACID.
This is an acid capable of donating two hydrogen ions (H(,q)) per molecule;
c.g. HzSO4(aq) HzCO3(aq) AAAAAA

NOTE The ionization for a diprotic acid occurs via two steps; e.g.

HzCOi(aq) = Hj:(aq) + Hcgfi(a(v
HCO3 (aq) \i H (aq) + CO3 (aq)

9. TRIPROTIC ACID.
This is an acid capable of donating three hydrogen ions(H (o)) per molecule;
c.g. H3PO4(aq) ..........

NOTE The ionization for a triprotic acid occurs via three steps; e.g.

HiPOuey = Hag + HzP(z)f(aq)
@ . 8

HzPO; @) — Hoa@qp * HP034 (aq)
8 . d

HPOs” a9 = Ha@y T PO4 g

10. AMPHIPROTIC
This is a substance that is capable of being an acid in some circumstances and a base in
others; e.g. HSOy4 (a)

ACTINGASANACID:  HSO oy — H'ug + SO g
ACTING AS A BASE: HSO4 a9 + H'ag — H2SOupg

11. CONJUGATE BASE:
This is the species formed after the acid has donated the hydrogen ion (H (ag).
e.g. the conjugate base of nitric acid is the nitrate ion;

HNOsuy = Hag +  NOs
ACID CONJUGATE BASE

12. ALKALIS:

Aqueous solutions of bases are often referred to as ALKALIS and the solution described
as ALKALINE.

e.g. CaOg, 1s a BASE but when it dissolves in water it forms an ALKALINE solution of
Ca(OH)x(aq). The terms 'alkali' and 'base' have very similar meanings.
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13. THE pH SCALE

A scale based on powers of 10 used for measuring acidity or alkalinity. The lower the pH,
the greater the solution’s acidity. e.g. a pH of 3 means a 10 times more acidic solution
than one with a pH of 4.

A pH of 7.0 corresponds to a neutral solution at 25°C. The scale extends from highly
acidic solutions with a pH of approximately —1 through to highly alkaline solutions with a
pH of around 15.

Acid solutions have a pH < 7 and basic(alkaline) solutions have a pH > 7

pH -1 1 3 5 7T 9 11 13 15 pH

<—INCREASINGLY ACIDIC SOLNS. INCREASINGLY BASIC SOLNS.—

14. SOME COMMON REACTIONS OF ACIDS AND BASES:

You need to be familiar with about 6 types of reactions that are frequently encountered
with acids and bases. These are:

(1) Reactive metal plus acid gives a salt plus hydrogen gas.
e.g.Zns + 2HClag — ZnClagy +  Hay
(11) Acid plus base gives salt plus water (“neutralization”).
e.g. HoSOsnq + 2NaOHug — NaxSOsnq +  2H2Og
(1i11))  Acid plus carbonate gives salt plus water plus carbon dioxide gas.
e.g2.2HClaq + NayCOsznaqy — 2NaCleagy + HoOg  + COgyy
(iv)  Acid plus hydrogen carbonate gives salt plus water plus carbon dioxide gas.
e.g. HClagyy + NaHCOsznq — NaClegy +  HaOgy  + COgy
(v) Acid plus sulfite gives salt plus water plus sulfur dioxide gas.
e.g2.2HClaq + NaxSOsznaq) — 2NaCleg +  HoOgy 4+ SOsy
(vi)  Acid plus sulfide gives salt plus hydrogen sulfide gas.

e.g. ZHCI(aq) + NaZS(aq) — 2NaCl(aq) + HzS(g)

N S a a )
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ACID ~ BASE STRENGTH

Q1. Suppose that you are presented with two solutions, one being 0.10 mol L™ HA (4q) and the
other is 0.10 mol L™ HB(ag)- You are told that one is a strong acid and the other is a weak
acid. How could you identify by standard laboratory tests which one is the strong acid?
ANSWER:

Note that this question involves solutions of the SAME molarity.

LABORATORY TEST | IDENTIFICATION OF THE STRONGER ACID

Use a pH meter Solution with the lower pH is the stronger acid.

React with zinc metal Faster reaction rate occurs with the stronger acid
Electrical conductivity Better conductor has more ions, and is the stronger acid.
Universal indicator paper | Solution with the lower pH is the stronger acid.

Q2. A student makes the statement that ““ because HX(.q) 1s a weak acid, this means that HX ()
must then be a strong base”.
Correct this statement and explain your reasoning.
ANSWER:
Because HX is a weak acid, it means that a very small % of HX,q molecules actually
break up (“ionize”) into ions when HX,q) 1S in aqueous solution.

1.E. H}‘:uqlﬁ H1l;au.:- v x-.[.‘lﬂl

Because the forward reaction has only a limited tendency to oceur, it means that
there is a high tendency for the back reaction to occur,

j_L:_ I.l+|aq| T x {aq” Hxlaql

This means that X () is a strong acceptor of protons(H") making X a strong base.
We call X' the conjugate base of the acid HX ,q).

The student’s statement above thus needs to be reworded to say:

“Because HX(4q) 1s a weak acid, then this means that the conjugate base, X (,q) must
necessarily be a strong base”.

Q3. Given the equilibrium system:
HAwy + X @y = HXagy + A g hasaK,valueof 10 at

SLC, identify:

(1) the two species that are acids. (HA(aq) &« HX (aq))
(1) the two species that are bases. (X @& A (ag)
(ii1) the stronger of the two acids. (HX(aq))
(iv) the stronger of the two bases. (A @aq)

B N S )
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ACID ~ BASE EQUILIBRIA
THE DISSOCIATION OF WATER.

The principal focus of our acid ~ base equilibrium studies this year will be with regard to
AQUEOUS solutions of acids and bases. Hence, unless told otherwise, assume that all solutions
discussed will be ones involving water as the solvent and that conditions are SLC (1 atm and
25°C).

Electrical conductivity experiments reveal that pure water is a very poor conductor of
electricity; we describe water as a “weak electrolyte”.
However, the important issue is that water DOES ionize to a slight extent.

ie. H,Oqy = H+(aq) + OH (aq)

The equilibrium constant expression for this system is given by:

Ke = [H gl OH g
Because such a tiny proportion of water molecules do actually ionize, the amount of water
that is not jonized (i.e. stays as H,Op,) is effectively constant and thus we can rewrite (*) to
give:

Ke x [H200)] = [H' gl OH gl

As both K. and [H,O;] are taken as constant numbers, their product will also be a constant
and we assign it the symbol K, which is called the “dissociation constant” for water.
’Kw = [H+(aq)][ OHi(aq)]‘

At 25°C the value of K, turns out to be:

K, = 1.00x 10

There are three situations we need to consider with regard to aqueous solutions at 25°C.

1. [H aq] > [ OH @g)] 2> THE SOLUTION IS ACIDIC
2. [H ag] < [ OH @g)] 2> THE SOLUTION IS BASIC (ALKALINE)
3. [H ag] = [ OH @g)] 2> THE SOLUTION IS NEUTRAL

In a neutral solution [H'q] = [ OH (uq] = 1.00 x 107" mol L™
In an acidic solution [H'q] > 1.00 x 107" mol L™

In an alkaline solution [OH (] > 1.00 x 10" mol L
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THE pH SCALE

The pH scale is a logarithmic scale to base 10 where the LOWER the pH the GREATER the
acidity of the solution.

pH is defined as: pH =—logio[H 4ag)]
The inverse function is: [H ] = 107"
pH | -1]1 |3 [5]7]9 1] 13]15

Hanl 10" (107 |10 [105/107| 10|10 | 107 | 107
mol/L

[OH (5] 1051102110 1001107110751 10 | 107" | 10"
mol/L

The table above shows the inter-relation between [H' 4q)] and [OH (o] and we see that no
matter what the solution is, whether it be acidic or basic, there are both species present and
that their product is always 1.00 x 10~'* at 25°C.

Acidic solutions have pH < 7 and thus have high [H (,q)] and lower [OH (,q)].

Basic solutions have pH > 7 and thus have high [OH (,q] and lower [H (q)].

pH CALCULATIONS

SAMPLE QUESTION 1.
What is the pH of neutral water at 25°C?

ANS. [H aq] = [OH aq] = X mol/L
Thus X* = 1.00x 10"
~X =1.00x10 " mol L™’
—log(1.00 x 1077
= 7.00

.. pH

SAMPLE QUESTION 2.
What is the pH of 0.0024 mol L™ H,SO4aq) assuming it is 100% ionised at 25°C?

ANS. Sulfuric acid is diprotic:  HySOuaq — 2H a9 +  SO4™ (g
[H' gl = 2 x0.0024 mol L™

[H'ag] = 0.0048 mol L™
- pH = —10g(0.0048) = 2.3
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EXERCISES IN pH CALCULATIONS

Q4. What is the pH of a solution that has a hydrogen ion [H' ,q)] concentration of:

(i) 0.0365 mol L™'? (1.44)
(i) 4.78 x 10 * mol L™'? (3.32)
(iii) 3.09 x 10""* mol L™'? (11.5)
(iv) 5.60 mol L™'? (—0.75)
(v) 6.00 x 10" mol L™'? (13.2)
(vi) 1.00x 107 mol L™'? (7.00)
(vii) 0.0100 mol L™'? (2.00)
(viii) 1.00 mol L™'? (0.00)

Q5. For each of the following pH values, give the corresponding hydrogen ion [H'(q)]
concentration?

(i) pH = 3.00 (1.00x 10 ° mol L™

(i) pH = 12.0 (1.00x 10 ?mol L™ (iii)
pH = 4.62 (2.40x 10° mol L™

(iv) pH = 6.87 (135x 10 "mol L™

(v) pH = 0.50 (0.32 mol L")

(vi) pH = 14.8 (1.58 x 10 " mol L")

Q6. For each of the following pH values, give the corresponding hydroxide ion [OH (5q)]
concentration?

() pH = 12.0 (1.00x 10* mol L™
(i) pH = 14.0 (1.00 mol L)
(iii) pH = 11.7 (5.01 x 10° mol L")
(iv) pH = 9.87 (741 x 10 °mol L™

Q7. Consider a 0.00562 mol L™ solution of NaOH(,q), a strong base.

(a) What is the hydroxyl ion concentration [OH (5q)]? (0.00562 mol L)
(b) What is the hydrogen ion concentration [H',q]?  (1.78 x 10 mol L™
(c) What is the pH of this NaOHqq) solution? (11.7)
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Q8. Consider a 0.0252 mol L™ solution of Ba(OH)x(aq), a strong base.

(a) What is the hydroxyl ion concentration [OH (5q)]? (0.0504 mol L™)
(b) What is the hydrogen ion concentration [H' 4q)]? (198 x 10 " mol L™
(c) What is the pH of this Ba(OH)x(.q) solution? (12.7)

Q9. Consider a 0.0600 mol L™ solution of the weak acid HNOx,q which is known to be only
21.0% ionised.

(a) What is the hydrogen ion concentration [H'(,q)]? (0.0126 mol L™)

(b) What is the pH of this HNO;(,q) solution? (1.90)

Q10. Consider a 0.000742 mol L™" solution of the weak monoprotic acid CH;COOH (,q which
is only 15.3% ionized.

(a) What is the hydrogen ion concentration [H'(,q)]? (1.14x 10 *mol L™

(b) What is the pH of this CH3;COOH (,q) solution? 3.94)

Q11.If a 0.00346 mol L' solution of the monoprotic acid HX(aq) has a pH of 3.78, what is
the % dissociation of this acid? Is it strong or weak? (4.80% 1onized = weak)

Q12. Ifa 0.0846 mol L™' solution of the base NH4OH(aq) has a pH of 11.4, what is the %
dissociation of this base? Is it strong or weak? (2.97% 10nized = weak)

Q13. What is the molarity of an aqueous solution of the monoprotic acid acetic acid (HXaq))
which is only 3.15% dissociated and gives a pH of 3.32?
(0.0152 mol L™

Q14. A solution of the strong acid HCl(q) has a pH of 2.76 at 25°C. A sample of this solution
is diluted 10 times with pure distilled water. What is the pH of the new diluted solution of
hydrochloric acid? (3.76)

Q15. Ba(OH)y) 1s a strong base and you are required to prepare 150 mL of a solution that has
apHof 12.5

What mass of Ba(OH),) needs to be dissolved in the 150 mL of solution?

(M(Ba(OH),) = 171 g mol ™) (0.406 g)

Q16. If 50.0 mL of 0.0252 mol L ™" HClq) is mixed with 150 mL of 0.00675 mol L™
H>SO4(.q) what is the pH of the resulting solution, assuming 100% dissociation of both acids?
(1.78)

Q17. Prove that at 25°C, pH + pOH = 14.00 where pOH = —log[OH (a9)]
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Q18. What is the % dissociation of the acid HX(.q) given that a 0.200 mol L' solution of
HX(aq) has a pH of 2.10? Is this acid strong or is it a weak acid? Explain briefly.

ANS.
pH =210
5 [HYag] = 7.94x 107 mol L™

Thus % dissociation =¥?.94 x 107) x 1{}{}} %
0.200 1
= 3.97%
This very low % dissociation suggests that HX,, is very definitiely a WEAK acid.

*Q19. Consider the following two acidic solutions:

SOLUTION #1 is a solution of acid HA(,q) and has a pH of 4.0

SOLUTION #2 is a solution of acid HB,q) and has a pH of 1.0

Why is it NOT correct to say that on the basis of this information alone, acid HB is stronger
than acid HA?

ANSWER:

Solution #1 could possibly be a 1.0 x 10~ mol L™" solution of HA 4q) which is 100% ionised
and thus has [H 4] = 1.0 x 10 mol L™ giving it a pH of 4.0 and being 100% ionised it
would be a strong acid.

Solution #1 could also possibly be a 1.0 mol L™" solution of HA(q) and it is only 0.010%
ionised and thus has [H'aq] = 1.0 x 10 mol L™' giving it a pH of 4.0

Being 0.010% ionised would make an extremely weak acid.

Alternatively:

Solution #2 could be a 10 mol L™' solution of HB(aq) and it is only 1.0% ionised and thus has
[H gl = 1.0x 107" mol L™" giving it a pH of 1.0

Solution #2 could also be a 0.10 mol L™" solution of HBaq) which 1s 100% ionised and thus
has [H' @q] = 1.0 x 10" mol L' giving it a pH of 1.0

Thus, comparisons of acid strength need to be made on the basis of the pH values of solutions
that have the SAME molarity!
Without having this information, a comparison of strength is not possible.

N )
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ACID DISSOCIATION CONSTANTS (Ky ox Ky)

In this section we will consider the equilibrium system associated with the dissociation of a
monoprotic acid such as the general one represented by HX ).

HXoy = Hay + X

The equilibrium constant for this and any other “acid dissociation” system is represented by
the symbol K4 and has the format:

Ka = [H @l X gl
{aq).

NOTES:

(i) The units for K, are in this case, mol L™' but in most cases, the units are omitted.

(11) If HX is a very strong acid it will have almost totally dissociated into ions and this will
mean that there are practically no molecules of HX(,q) left in solution as all will have broken
up into ions. Thus, [HX(,q)] = approx zero; making Ka = a very large number.

e.g. HBr(,q) = very strong acid:  Ka(HBr(q) = 10 (at SLC)

(111) If HX 1s a very weak acid it will have hardly dissociated into any ions and this means that
[H' uq] and [ X aq)] = approx zero; making Ka = approx. zero.

e.g. HNOy(q) = very weak acid:  Ka(HNOsqq) =5.1x 10 (at SLC)

Q20.
A 0.500 mol L™ solution of the weak acid HB(4q) has a pH of 1.90 at 25°C. What is K4 for
HB(aq) at 250(:‘7

pH =190 >  [H'gl = 107"

= 0.0126 mol L™
Drawing up an “ICE” diagram:
mole L;1 HB(aq) \ﬁ H+(aq) + Bi(aq)
INITIAL 0.500 0 0
CHANGE -0.0126 +0.0126 +0.0126
EQUILIBRIUM | 0.487 0.0126 0.0126

Now, substituting the EQUILIBRIUM values into Ka gives:

Ka = [H gl Bagl = (0.0126)(0.0126)
THB )] 0.487

ie. Ka(HB) = 3.25x10™
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Q21.1Ifa 0.100 mol L™" solution of the monoprotic acid hydrocyanic acid HCN(yq has a pH
of 5.08 at 25°C, determine Ka(HCN,) at 25°C. (6.92x 107"

Q22. What is the pH of a 0.250 mol L' solution of the monoprotic acid acetic acid given that
it has a Ka(CH3;COOH(,q) = 1.80x 10~ (at SLC)

ANSWER
mole L™ CH3COOHyq) | = H'og |+ CH3COO0 (o)
INITIAL 0.250 0 0
CHANGE —X +x +x
EQUILIBRIUM | (0.250 —x) X X

(let x mole L™' of the original acid dissociate)

Now susbtitute the EQUILIBRIUM concentrations into the expression for Ka

ie. Ka = [H'ugll CHiCOO0 (iq] = (X)x) = 180x107
[CH;COOH 5] (0.250 - x)

Because this is a weak acid as shown by its K, value being 1.80 x 10~ we can regard the
amount of dissociation (x) as being so small that (0.250 — x) will be very nearly 0.250.
Thus the K equation now becomes:  x*/0.250 = 1.80x 10
x* = (1.80 x 107°)(0.250)
x = V(4.50x 107
X = 212x10”mol L
But x = [H'ag] = 2.12x 10 mol L™
Thus; pH = —log(2.12x 107°)

= 2.67

Q23. What is the pH of a 0.250 mol L™" solution of the monoprotic acid, benzoic acid given
that Ka(HBz) (aq) = 6.62 x 10~ (at 25°C) (pH = 2.4)
Q24.1fa 0.100 mol L™" solution of cyanic acid HCNO(q) has a pH of 3.02 at 25°C,
determine Ka(HCNOy,g) at 25°C. (921 x 1079
Q25. The K for hypoiodous acid (HOI () is 2.50 x 10" at 25°C.
What is the pH of:

(i) a 0.10 mol L™" solution of hypoiodous acid at 25°C? (pH = 5.80)

(i) a 0.20 mol L™ solution of hypoiodous acid at 25°C? (pH = 5.65)

(iii) a 0.300 mol L' solution of hypoiodous acid at 25°C? (pH =5.56)
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ACID ~ BASE INDICATORS

Most acid~base indicators are themselves weak acids with one important characteristic and
that is the weak acid and its conjugate base have different colours.

For example, consider the weak acid, bromothymol blue (“HBby.q)”) which has a K4 value of
7.94 x 10°* at room temperature. (N.B. bromothymol blue is a complex organic compound
but we will use the formula “HBb” for simplification.)

The undissociated acid, HBb,q) is YELLOW in colour.
When dissociated, the conjugate base, Bb (4q) 1s BLUE in colour.

HBbu,y) = Huy +  Bbg
YELLOW BLUE

Applying Le Chatelier’s Principle, we see that the colour of the indicator will vary as we alter
the acid/base properties of the indicator’s environment; i.e.

1. Increasing [H' (,q)] means the system adjusts so as to remove H'(,q) and this drives the
equilibrium position to the left. Thus the dominant colour will be yellow.
Thus, bromothymol blue is yellow in acidic solutions.

2. Adding a base will remove H' 4q and so the equilibrium position moves to replace the H (s
and this drives the position to the right. Thus the dominant colour will be blue. Thus,
bromothymol blue is blue in basic solutions.

The indicator HBb will be neither blue nor yellow but a greenish colour if there are
approximately equal concentrations of the two coloured species.
When does this ‘intermediate’ green colour occur? Consider the K (HBb)

Ka = [H+,;;,q,][ Bb ug] = 7.94x 107" (at 25°C)
[HBbyag)]

Now the intermediate colour is going to occur when the amount of yellow molecules is about
the same as the amount of blue ions.
i.e. The intermediate colour occurs when: [HBbg)] = [ Bb 1q)] and so as these two
concentration numbers are equal we can cancel them out in the K, expression above and get:
+ - -8
[H (aq)] ~ 7.94x10

i.e. The intermediate colour for HBb occurs when the [H (] = 7.94 x 10°° or when the pH
is about 7.1 In fact the colour change from yellow<«blue occurs across a range of pH values
of 7.1 +0.7 i.e from about 6.4<>7.8

We say bromothymol blue is colour sensitive in the pH range 6.4<7.8

As each acid/base indicator has its own Ka value, they each have their own pH range in which
they are colour sensitive. The colour sensitive range is usually about pKa + X where pKa =
—logio Ka and X is about 0.7, but it varies because the acid and base colours are not usuallly
of the same colour intensity.
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Q26. The acid~base indicator methyl yellow is a monoprotic organic acid with a dissociation
constant K, = 5.0 x 10™* at room temperature. We can express the complex organic molecule
as “HMy” and you are given that HMy is red whereas My is yellow.

(1) what colour will methyl yellow indicator be in an acidic solution?
(i1) what colour will methyl yellow indicator be in a basic solution?

(red)
(yellow)

(i11) what will be the intermediate colour for methyl yellow indicator? (orange)
(iv) in what pH range will methyl yellow indicator be colour sensitive?

(3.3+0.7)
SOME COMMON ACID~BASE INDICATORS
COLOUR CHANGES & pH RANGES
INDICATOR pH RANGE ACID BASE Ka OF
COLOUR COLOUR INDICATOR
acid cresol red 0.2-1.8 red yellow -
thymol blue 12-2.8 red yellow 20x10°
bromophenol 3.0-4.6 yellow blue 79x 107
blue
methyl yellow 29-4.0 red yellow 50x 10"
methyl orange 3.1-44 red yellow 20x10°"
congo red 3.0-5.0 violet red -
bromocresol 3.8-54 yellow blue 20x10”
green
methyl red 42-63 red yellow 1.0x10™
bromocresol 52-6.8 yellow purple 79x 107’
purple
bromophenol 52-6.8 yellow red -
red
litmus 5.0-8.0 red blue 1x10’
bromothymol 6.0-7.6 yellow blue 79x10°
blue
phenol red 6.8 -84 yellow red 1.6x10°
cresol red 7.2-8.8 yellow red 63x10"
m-cresol purple 7.6—-9.2 yellow purple -
phenolphthalein 8.3-10.0 colourless pink 25x10 "
alizarin yellow 10.1 -12.0 yellow red -
indigo carmine 11.6 -13.0 blue yellow -
tropaeolin 11.1-12.7 yellow orange -
nitramine 10.8—-13.0 colourless brown 12x10 "7
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ACID ~ BASE TITRATIONS

Acid ~ base titrations involve volumetric analysis where the chemical reaction under
investigation is neutralization; i.e.

ACID + BASE — SALT +  WATER
e.g. HzSO4(aq) + 2NaOH(aq) — Na2804(aq) + 2H20(])
Although the term ‘neutralization’ suggests that a theoretical end-point (called the
equivalence point) pH of 7.0 will be achieved, the real situation is determined by the relative

strengths of the acid and base undergoing the reaction. The salt produced is not neutral
because of ‘HYDROLYSIS” and if the:

parent acid is stronger than the parent base, the salt will be ACIDIC

parent acid is weaker than the parent base, the salt will be BASIC (ALKALINE)

pH OF SALT SOLUTIONS
STRONG WEAK
PARENT BASE PARENT BASE
e.g. NaOH, KOH,.... e.g. NH,OH, AMINES....
PARENT ACID pH =7 pH <7
e.g. HClL, HNO,.. (NaCl, KNO3) (NH,4C1, NH4NO3)

WEAK pH>7 pH=7

PARENT ACID

e.g. CH;COOH, HNO,, .. (CH3COONa, KNO») (CH3COONH,)

This enables us to see which indicators are suitable for detecting the end-point of an acid/base
titration. We need to select an indicator that will be colour sensitive in the pH region around
the end-point (equivalence point)

1.e.

PARENT ACID PARENT BASE pH AT EQUIVALENCE POINT SUITABLE INDICATOR

STRONG STRONG 7 MOST

STRONG WEAK <7 METHYL ORANGE
WEAK STRONG >17 PHENOL PHTHALEIN
WEAK WEAK ? NONE

The titration curves on the next pages show this more effectively.
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pPH RANGE FOR SOME INDICATORS

Indicator pH range of colour change

[i] 14

31 44 7

| orange L ed i yellow
e f e | 1t i
55 1 8
homus L—"d [ ] . J
I | B—— L
| colauress : I-I.E_'I_lﬂ pink ]
notphiale | T  — l
| 10 12

akumvelow | yelow . L
izann y | F t |

|

68! B4

| yellow | red |
phant | t— 1
L] 7 ia

Caolour changes through the pH range for various indicators,

ACID - BASE TITRATION CURVES

Graph 1 shows how the pH changes for a reaction between a strong base and a strong acid (20-0
mL of 0-10 mol/L. NaOH and 0-10 mol/L HCI). The equivalence-point for this reaction occurs at
pH 7 because here the solution contains sodium and chloride ions, both of which are neutral.

14 4 Gragh 1

X X = EQUIVALENCE POINT

I
I
]
. 5l T T h‘
[1] 10 20 g 40

Vol of acid soin. (mlL)

Strong acid - strong base.

Because the pH at the equivalence point changes dramatically from pH - 11 down to
pH - 3, just about any acid-base indicator can be used for detecting the end-point.
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ACID - BASE TITRATION CURVES

A —— m———— =

Graph 2

0 10 20 30
Vol of acid soin. (mL)

Gragh 3

*
;H-“!h Gragh
12 4
101
") X
B.
4 4
2
0 T T T Ln
o 10 20 un
Wl ol acd soin. (ml}
18

Graph 2 shows the pH titration curve for
the reaction between a strong base (eg.
NaOH) and a weak acid (eg. acstic
acid). The equivalence point for this
reaction. occurs at around pH-9
because sodium ions are neutral but
aqueous acetate ions are slightly basic.
A suitable indicator for this titration
would be phenolphthalein or alizarin
yellow.

Graph 3 shows the pH titration curve for
the reaction between a strong acid (eg.
HCI) and a weak base (eg. ammonia).
The equivalence point for this reaction
occurs at arpund pH-5 because
chloride ions are neutral but agueous
ammonium ions are slightly acidic. A
suitable indicator for this titration would
be methyl orange.

Graph 4 shows the pH titration curve for
the reaction between a weak acid (eg.
acetic acid) and a weak base (eg.

ammonia). The equivalence point for

this reaction does not oceur at a sharply
determined pH value and consequently
no indicator is suitable for this titration.

©JAK



QUESTIONS ON ACID/BASE TITRATIONS

Q27. For the acid/base neutralization reaction;
HzSO4(aq) + 2NaOH(aq) — Na2$O4(aq) + 2H20(1)

(i) what volume of 0.125 mol L™" sulfuric acid (H2SO4¢aq)) 1s needed to just react with

35.0 mL of 0.160 mol L™ NaOHaq)? (22.4 mL)
(i1) what will be the pH at the equivalence point? (pH=17)
(111) what would be a suitable acid/base indicator for this titration? (most)

Q28. Nitric acid is to be titrated against potassium hydroxide solution; i.e.
HNOsuq) +  KOH@g — KNOsaq +  HiOg

If a 20.0 mL aliquot of HNOj3(, is neutralized by 25.6 mL of 0.204 mol L™ KOH,q) what is
the [HNOj3(aq)]? (0.261 mol L™

Q29. Acetic acid is a weak acid and a titration is to be carried out using sodium hydroxide, a
strong base, to determine its concentration in a sample of vinegar. The neutralization reaction
is:

CH3COOH(aq) + NaOH(aq) — CH3COONa(aq) + HzO(])

Step 1: This involved diluting the vinegar 10 times with distilled water.
Step 2: This involved titrating 20.0 mL aliquots of the diluted vinegar solution against 0.107
mol L™' NaOH ). The average end-point occurred with the addition of 35.3 mL of NaOH ).
(1) What is the concentration of CH;COOH,q) in the diluted vinegar?
(0.189 mol L)
(1) What is the concentration of CH;COOH,q) in the original undiluted vinegar?

(1.89 mol L™
(111) If 1.00L of vinegar has a mass of 1150 g what is the % by mass of acetic acid in
vinegar? (9.85 %)
(1iv) Suggest an indicator that would have been appropriate for this titration?
(phenolphthalein)
Q30. Vitamin C (ascorbic acid = “"HAsc")) is to be titrated against sodium hydroxide

solution; 1.e.
H.I"'LSC-:;H;” T HaGHquq] =¥ NﬁASﬁ(aq] + HJG{]]

I'a 20.0 mL aliquot of HAsc.q is neutralized by 18.2 mL of 0.155 mol L ' NaOH ., what
is the concentration of the ascorbic acid? (0.141 mol L")
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Q31. A 20.0 mL sample of the weak base, household ammonia (NHsOH,,y) is analysed by
litrating against 0.300 mol L™ H;SOy,q. The end-point occurred when 18.2 mL of
H;8045q had been added. The reaction equation is:

HySO4ay + 2NHOHyg — (NHg):SOspq  +  2H;Op
{a) What is the molarity of the ammonia solution? (0.546 mol L. ™)
(b) Suggest an indicator that would have been appropriate for this titration?
{methyl orange)

(c) What would have been the problem if the ammonia had been titrated against a
weak acid such as acetic acid (CH;COOH,,q))?

(See Titration Graph 4 — page 18)

(32. A titration is carried out between 20.0 mL of 0.100 mol L™ HCli,q and 0.100 mol L™
NaOHsq). The equivalence point will occur at 20.0 mL of NaOHj,y.
(i) What is the pH when 15.00 mL of NaOH,q has been added?
ANSWER:
A this point there will be 5.00 mL of 0.100 mol L™ HCl,) in excess, now diluted to a total
volume of (20.0 + 15.0) = 35.0 mL
A [H gl = 0.100% (5.00/35.0) = 0.0143 mol L',
=< pH = 185
(1i) What would be the pH if 25.00 mL of NaOH,q had been added?
ANSWER:
At this point there would be 5.00 mL of 0.100 mol L™ NaOH,, in excess, now diluted to a
total volume of (20,0 + 25.0) = 45.0 mL
~[OH ] = 0.100 x (5.00/45.0) = 0.0111 mol L™,
AH Gl = (1.00x 107/ (0.0111)
= 9.00x 10 mol L™
S pH = 120

033, A titration is carried out between 20.0 mL of 0.100 mol L™ HClgg, and 0.100 mol
L."" NaOHuy. The equivalence point will occur at 20.0 mL of NaOH ).
(HINT: For each of the following parts, use the ‘excess’ technigue as in Q6. above)

(a) What is the pH when 19.90 mL of NaOH 4, has been added? (pH = 3.6)
(b) What is the pH when 19.95 mL of NaOH,,, has been added? (pH =3.9)
(¢) What is the pH when 19.99 mL of NaOH,,, has been added? {(pH =4.6)
(d) What is the pH when 20.00 mL of NaOH,q has been added? (pH =7.0)
(e) What is the pH when 20.01 mL of NaOH,q has been added? (pH =9.4)
() What is the pH when 20.05 mL of NaOH,q has been added? (pH = 10.1)
(g) What is the pH when 20.10 mL of NaOH,,) has been added? (pH = 10.4)

()34, Combining your answers from Q32. and Q33. above, sketch a graph of pH versus
volume of NaOH,,, added.

(have ‘volume’ on the horizontal axis and range from 15 mL ¢ 25 mL.)
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BRI s
CHEMISTRY (LEVEL3C)

ACID-BASE CHEMISTRY TEST  criTERIA8&¢

(1. Suggest four different properties that are characteristics of an ACID.

Q2. Consider the following chemical equation which may be considered to describe a
reversible reaction:
HBOyy + NHyq & BrOy7 + NHi g
In accordance with the Bronsted-Lowry definitions, which two species are behaving as
BASESY
) NS NRCC TR C TR CCA I | ] ELMm it e S A (2 marks)
Q3. What is the meaning of the statement that HNO,,,, is a STRONG acid?

(2 marks)
()4.Categorise the following solutions under the headings: concentrated/dilute,
strong/weak and acid/base. The first example has been done for you.

CONCENTRN, STRENGTH
(1 010 mol/L HCL[aq:, = dilute strong acid
(i) .0mol/L NaDHm] -
(iii) 0.40 mol/L. CH;COOH,,
(iv) 13mol/L NH40H,, =
(v} 12.0 mol/L HES{}d{an
{4 marks)
5. Give the chemical formula for one example of each of the following:
(i) 2 MONOPROTIC acid: .................. (i) @ DIPROTIC acid: oo
(iii ) a TRIPROTIC acid: .................(iv) an AMPHIPROTIC ion ..................... (2 marks)

6. You are presented with two aqueous solutions of acids:

(a) 0.10 mole/L solution of acid "HA"
{b) 0.10 mole/L solution of acid "HB"
One of the two acids is known to be a STRONG acid and the other 1s a WEAK acid. Suggest
briefly, THREE different laboratory tests that you could use to identify which one was the
stronger acid.
i)
(3 marks)
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Q7. Coca Cola has a pH of 3 and black coffee has a pH of 5.
{1y Which is the more acidie?
(i1) How many times more acidic? GRERSY
(2 marks)
(8. What 1s the pH of the following solutions (at 25°C) given that they have the following
aqueous fonic concentrations? (assume [H'] = [H;07])
(i) [H7=102 mol L e (i) [H] =105 mol L
{iii) [OH-] = 10— mol L-!

e (i) [OH-] = 10" mol L ...

(2 marks)
Q9. What volume of 10,0 mol L-! HCl,,, is needed to prepare 600 mL of 0.400 mol L~
HCl ) ?
(3 marks)

Q10. Consider a 0.125 mol L-! solution of Ca{OH)y,,, at 25°C and assume it is fully
ionised, i.e. completely dissociated into ions.

(1) What is the [OH-] for this solution in mol L-17

(i1} What is the [H*] for this solution n mel L-17 ...

(iii) What is the pH of this solation? ... ... {3 marks)

11, For the acid/base neutralization reaction:
3HNOzagy + ANOH)3ug — ANNO:z)yay +  3H:Oy
(i) What volume of 0.125 mol L.™' nitrous acid {HNOy5 = a weak acid) is needed to
just react with 35.0 mL of 0.160 mol L™ AlOH)sjag which is a strong base?
(i) What will be the pH at the equivalence point?
(iii) What would be a suitable acid/base indicator for this titration?

{4 marks)
12, What is the pH of a 0,505 mol L-! solwtion of the monoprotic acid, benzoic acid given
that Ka(HBz) ) = 6.62x 10°  (at 25°C)

(4 marks)
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ACID-BASE CHEMISTRY TEST CRITERIARE S

01, Suggest four different properties that are chameteristics of an ACID.

i deralie Hlug.. iy ins e dibmus ved

O - o — {ivy igen Lyases (2 marks)
(2. Consider the following chemical equation may be considered 1o describe a
Teversible resction:

HBrOyy +  NHyeg =t By by + NHy L
In accordance with the Brémsted-Lewry definitions, which two species are behaving as
BASEST

P . |- T TR - = — ; {2 marks)
3. What is the meaning of the statement that HNChy ., i o STRONG acid?
o l0CH, _.g_ﬂn
bl + -
m.m_. IEW [ I. _.J_lT E Im ¥
(& marks)

(4.Categorise the following solutions under the headings: concentrated/dilute,

strong/weak and acid'base. The first example has been done for you.

CONCENTR™, STRENGTH

{(in 10moll HClyq, s dilute swong acid

(i) 8.0 moll NaOHpy - Come bage
ity 040 molil. CHyCOO0H, ., - Dare E.B.M ocid,
{iv) 15moll. NHOHpy = Covas wreals fosa
v} 120molL  Hy80,,, = Corie . ey acid

{4 marks}

35, Give the chemical fonmula for ene exemple of each of the following:

(i) & moworromic acid:  HCE ugy - (i) 8 iPROTIC ncid: HySCigny

(iii) a TrIPROTIC acid: . HaBy iiv) an aMPHIPROTIC ion SHEQ, (2 marks)
(%, You are presented with rwo squesus solutions of asids:

{a} 0.10 mole/L soluticn of scid "HA"

(b) 010 mole/L solution of scid "HB"
D..EE.E?&!:FFEQHEH-%!E!&Egﬂmnnguﬂn. Suggest
briefly, THREE different laboratory tests that you could use to identify which ene wag the

ﬁaﬁ?&wmﬂ il
i) howse bolle. :

i) eock were “abidl

m..&#x_mmhnmww.uwrmd TI! a4

Q7. Coca Cola has o pH of 3 and black coffes has « pH of 5.
(i) Which is the more scidic? Cinen Cola
(i) How many times mors acidic? L o} S
(2 marks) .
Q8. What is the pH of the following solutions (st 25%C) given that they have the following
aqueots jonic concentrations? (assume [H*] = [H,0°1)
0 [H]=102mol L' 30 (if) [H*] = 10 mol L! o
(bl [OH-1 = 109 mal L IDE {iv) [OH] = 107 mal LY V3O
(2 marks)
Q9. What volume of 10.0 mol/L HClyy, is needed to prepare 600 ml of 0.400 mollL
HClw?  n(Heo) =fo-gcoxceod) . Nelume of 10om nesded = gﬁ;
=040 e 5 'A_.D.%Jwr
marks) .
QI0. Cansider a 0,125 molL solution of CalOH)yuy 8t 25°C and assume it is fully = aoml_
innised, i.2. completely dissociated into jons.
(i} What is the [H=] for this solution in molLT . o-asomel
{if) What is the [H*] for this selution in malL? =k A=}
{ii§) What is the pH of this salution? ... e . (2 marks)

©JAK

011, For the acid/base neutralization reaction:
IHNOy  *+ __.&a_._#ﬂv — AINO:duey + IHOg
(i} What volume of 0,125 mol L™ nitrous acid (MO g = & weak acid) is needed to
just react with 35.0 mL of QL1560 mal L' ANOH g which is a strong base?
(i1} What will be the pH at the equivalence point?
{ili) What would be a suitable scidbase indieator for this titration?

() n(ACH)) = Se0x15> . 4 [<tiong
smf?”“”w L.MH:.WW%W ﬂE r#ﬁfaﬁﬂ—.ﬂ.hd. _u.u.?._..
=00l mate

Nolbny =20 o ovmel | (@ Hunelpiholacn il -

- | Berr b (4 orarks) o
Q12 What is the pH of 8 0.505 mol L™ salution of the monoprotic acid, benzoic acid given

Ry e S, - B,

INL. || ©-Bos & o Lok .u.n:.._lr..;
oM. || Oo-Bos-x - = 2 OSSume
e OYEOS
o= HAES . "
ﬁ_._mv 3 Thus ..HI.+$ - m.ﬂﬂx.owir !

B {4 marks)
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