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Introduction

Acids and bases are important in everyday life. They have application in food manufacturing and
commercial products. As such, an understanding of the dynamics at play within acid/base reactions is
important. To utilize acids and bases for everyday application, one must control the pH. To control the
pH, the ratio of acid to base to that produces a certain pH must be known. One such method to quantify
amounts of acid and base needed is titration. Titration is the process of taking an acid and slowly adding a
base to determine the equivalence point. The equivalence point is when the all the acid in the solution has
been used up to neutralize the base. A neutralization reaction is one where and acid and base combine to
form water and a salt. The general equation of an acid-base reaction is as follows:

acid + base — water + salt
By the Arrhenius definition, acids are proton donors. They ‘give up’ their hydrogen ion. The
Bronstead-Lowry definition of acids and bases states that acids and bases are complementary: acids are
proton donors and bases are proton acceptors. The reactions can be defined according to the Arrhenius
definition. Since hydrogen has a single positive charge and no electrons, it is referred to as a proton.
Whenever proton exchange is mentioned, it is regarding hydrogen ion exchange. HNO, dissolves in
water to form its component ions:

HNO, — H'(aq) + NO3(aq) [1]
This can be considered a the general equation for the dissociation of acidic ions in water. A base follows a
similar pattern, consider the reaction between NaOH and water:

NaOH(aq) — Na (ag)+ OH (aq)  [2]
The base/acid breaks apart or ionizes. lonization is the process through which a substance breaks down
into its component ions. An acid or base is called strong when it ionizes fully. That is, it breaks

completely apart into its component ions. However, the concentration of an acid/base also influences its



strength. Concentration is measured in mols/litre. It is calculated according to the following equation:

amount of solute(mol)

concentration(mol/L) = == o sohventD)

A general equation to find the volume, mass, and mols of the acid/base is:
Chase&V pase = gcacidg V acia [7]
Where V is volume, b is moles of base, a is moles of acid, and ¢ is concentration.
When performing a titration, the end-point and equivalence point must be close. The end-point in a
titration is when the indicator changes color'. An indicator is a weak acid that will produces a color when
it dissociates in a certain pH. The endpoint must be close to the equivalence point to know how much
base is needed to neutralize the acid.
Prediction
It will take more base to neutralize the diprotic acid than to neutralize the monoprotic acid.
Procedure:
(2018) “Oh How Bitter A Thing It Is...” Acid Base Titrations. Lab Manual. Experiment 4, all pages.

Sources of Error

When performing the experiment, one such source was measurement. The human eye is not equipped to
make precise conclusions. The volumes of water used to dilute the base and acids is an approximation, as
such, the calculated concentration of acid and base are not highly accurate. Also, the drop counter stopped
working and recalibration of the drop counter was required. As such, the second half of the experiment

used a drop calibration of

Data
Preparing a solution of NaOH by dilution
Substance Volume (ml)
NaOH 4.8

! Gillespie, Claire. “Definition of Endpoint Titration.”



Water

250

Diluted NaOH

4.8 +250=254.8
255.

Calibrating the drop counter

Calibration Volume (ml) Drops Volume per drops
1 5.0-3.0=2.0 38 0.053ml/drop
2 8.4-6.7=1.7 33 0.052ml/drop

Standardizing the diluted NaOH

Run Substance Concentration (M) Volume (ml) Volume of water
used to dilute the
solution (ml)
1 HCI 0.100 10.00 100.0
2 HCl 0.100 10.00 100.0
3 HCl 0.100 10.00 100.0
1 Unknown acid Unknown 10.00 110.0
2 Unknown acid Unknown 10.00 110.0
3 Unknown acid Unknown 10.00 110.0
Volume of NaOH in plastic burette:
*The molar concentration of NaOH is 6.0 M*
Run 1: titrating HCI1 1 2 3
Volume (ml) 41.00 41.00 40.00
Run 2: titrating 1 2 3

unknown acid




Volume (ml) 40.00 40.00 40.00
Qualitative data:
Substance Observations
NaOH o (lear
o Colorless
e QOdorless
HCI o (lear
o Colorless
o Qdorless
Unknown acid e (lear
e Colorless
o Qdorless
Graphs
Trial 1: HCl and NaOH
EE

Statistiques de : Run 1| Trial 1 first erivative

min :0,6191 2 8,611 max : 6,250 a 7,889

10 moyenne : 3,464 médiane : 3,348
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Figure 1.1

Trial 2: HCI and NaOH

HE
Statistiques de : Run 1 | Colonne calculée
min :0,5630 a 4,393 max : 4,833 4 6,143
moyenne : 2,646 médiane : 2,494
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Figure 1.2



Trial 3: HCI and NaOh
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Statistiques de : Run 1 | Colonne calculée
min : 1,635 a 5,107 max : 6,167 a 5,893
moyenne : 3,947 mediane : 3,900
Ec.type : 1,555 mesures: 41
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Figure 1.3

Trial 1 Part 2: Unknown Acid and NaOH

L]
|| .
- « Statistiques de : Run 1 | Colonne calculée
Statistiques de : Run 1 | Colonne calculée . X N 3
10 min : -1,889 & 2,429 max : 5,214 4 2,321 min : 0,2131 & 5,893 max : 5,618 4 6,750

moyenne : 0,9297 médiane : 0,6870 moyenne : 1,783 médiane : 1,143
Ec.type : 1,361 mesures: 88 Ec.type : 1,418 mesures: 67

Ay: 7,103 Ay: 5405

pH Colonne calculée
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(2,917, 8,255) Volume (mL)

Figure 2.1



Trial 2 Part 2: Unknown Acid and NaOH

10 | L]
Statistiques de : Run 1 | Colonne calculée
min : -0,3869 a 5,643 max : 5,318 a 7,429

| '] moyenne : 1,713 médiane : 1,118
Statistiques de : Run 1 | Colonne calculée Ec.type : 1,436 mesures: 69
min :-1,900 & 1,214 max : 3,629 a 2,571 Ay: 5,705

moyenne : 0,8588 médiane : 0,6643
Ec.type . 1,236 mesures: 97
Ay: 5,528
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o

o N A
oWV Vv

0 2 4 6 8
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Figure 2.2

Trial 3 Part 2: Unknown Acid and NaOH

z4z]
10 Statistiques de : Run 1 | Colonne calculée
min : -0,3198 a 7,571 max : 4,382 a 6,964
moyenne : 1,925 médiane : 1,818
Ec.type : 1,318 mesures: 56
Ay: 4,702
Statistiques de : Run 1 | Colonne calculée
min :-3,737 41,929 max : 5,261 42,714
moyenne : 0,9324 meédiane : 0,6381
Ec.type : 1,460 mesures: 88
Ay: 8,998

pH Colonne calculée
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Figure 2.3

Calculations
1. ¢;v, =cyv, = 6.0M(4.8ml) = ¢,(250ml) — ¢, = 1.2 x 10"'M NaOH

2. Cpuse8V puse = scacidg V acid
Chase = 12107, 7 =
a. Trial 1: ¢v, = ¢,v, — ¢,7.889 = 10.00m/ o 0.100M — ¢, = 1.27 x 107'm
b. Trial 2:c,v, = ¢,v, — ¢,6.143ml = 10.00m/ 2 0.100M — ¢, = 1.63 x 107'm

c. Trial 3:¢,v, = cyv, — ¢,5.893ml = 10.00ml 0 0.100M — ¢, = 1.70 x 10" M

. —1 -1 -1 _
Average concentration of NaOH: =212 +1'633X10 L1010 =153 %10 'M

3. H,A(aq)+2NaOH (aq) — 2H,0 (I) +2NaA (aq)
Chase8 Vbase = gcacidg Vacid
a. 1.53x10 ' M 06.750ml = 3c,,;;10.00ml — 5.16 x 10 *M

b. 1.53x 10 'M o 7.429ml = 3c,,;,10.00ml — 5.68 x 10 °M

c. 1.53x10"'M o 6.964ml = 3¢, ,10.00ml — 5.33 x 10 °M

. . -2 -2 -2 _
Average concentration of unknown acid: &0 2368590 233410 = 539 x 10 "M

Discussion

The goal of the experiment was to:

A. Determine the concentration of HCI and unknown acid that was neutralized by the

NaOH.

B. The volume at which the equivalence point was reached during the titration of HCI and

the unknown diprotic acid.
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To determine the concentration of HCI, the initial and final volume and the initial molar
concentration were used to find the final molar concentration. The calculations show that as the final
volume increased, the molar concentration decreased. The concentration of the unknown diprotic acid was
determined by using a stoichiometric ratio of mols of base to mols of acid. The concentration, and volume
of NaOH and the volume of diprotic acid were used to find the concentration of the diprotic acid. Initial,
the expected

In acid-base titrations, the endpoint is reached faster with a monoprotic acid as opposed to a
diprotic acid. This is based on the Arrhenius definition of acids and bases which stipulates that acids are
proton donors. In a monoprotic acid, one proton is donated. Thus, protons are used up faster in
monoprotic acid and base titration. This means that less base was used to reach the equivalence point.
When performing the experiment, the equivalence point was reached when the solution turned dark pink
due to the indicator.

More base was needed to reach the equivalence point of the unknown acid because the acid was
diprotic. The titration of a diprotic acid undergoes two stages. The first is when the acid donates its first
proton which neutralizes the base. As more base is added, the acid gives up its second proton. Thus, it
took more base to reach the equivalence point of the diprotic acid. Loggerpro® was used to determine the
volume of NaOH used to neutralize each acid. As expected, the average concentration of base used to

neutralize the HCI was less than the average concentration of base used to neutralize the diprotic acid.

Acid HCl Unknown diprotic acid

Average amount of base used to w = 6.642ml w =7.048ml

reach equivalence point.

Conclusion
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The data show that when titrating a diprotic acid, it takes more base to reach the equivalence point. This is
based on the theory of acids that states that acids are a proton donor. Therefore diprotic acids have more
protons to donate thus need more base to neutralize all the extra protons.
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