Titration

In chemistry, asolution is a homogeneous mixture composed of two or more
substances. In such a mixturesofute is dissolved in another substance, known as a
solvent. Anaqueous solution is a solution in which the solvent is water.

Concentration is the measure of how much of a given substano@t& there is
mixed with another substance (solvent — water)rd@laee a number of different ways
to quantitatively express concentration; in thigkwwe will use molar concentration.
Molar concentratiorfM olarity) denotes the number of moleg 6f a given substance
per litre of solution

c=" (mol/l or M) or c= (2)
\% MV

whereV (in 1) is the volume of solutiomm (in grams) is the mass of a given substance
with the molar mask (g/mol).

Titration is a common laboratory method of quantitative/cicaimanalysis that can
be used to determine the concentration of a kn@antant &dnalyte). The basis of the
method is a chemical reaction oftandard solution (titrant) with a solution of an
analyte.

The analyte (A) is a solution of the substance whose concentrasiamknown and
sought in the analysis. ThHérant (T) is a solution in which the concentration of a
solute is precisely known. Because volume measurenpday a key role in titration,
it is also known assolumetric analysis. Usually it is thevolume of the titrant
required to react with a given quantity of an at&lihat isprecisely determined
during a titration.

Using a calibrated burette to add the titrant,sitppssible to determine the exact
amount that has been consumed when dm#point of titration is reached. The
endpoint is the point at which the titration is quate, as determined by amdicator
(see below). At the titration endpoirihe quantity of reactant in the titrant added
during the titration isstoichiometrically equivalent to the quantity of reactant in the
analyte. This is ideally the same volume as ahpeivalence point - the volume of
added titrant at which the number of moles of titrénr) is equal to the number of
moles of analyten), or some multiple thereof.

Titrations can be classified by the type of reactDifferent types of titration reaction
include acid-base titrations, redox titrations, ptemometric titrations, etc.
Within practicals from physical chemistry we wikal with acid-base titrations.

Acid-base titrations are based on the neutralization reaction betweemnalyte and
an acidic or basic titrant. These most commonlyaup#l indicator, a pH meter, or a
conductance meter to determine the endpoint. Inegperiments we will use a pH
indicator to detect the endpoint of the reaction.



Neutralization is a chemical reaction, also calledwater forming reaction, in
which an acid and a base or alkali (soluble basagytrand produce a salt and water
(H20).

acid + base — salt + water
For example, the reaction between hydrochloric aoid sodium hydroxide solutions:

hydrochloric acid + sodium hydroxide — sodium chloride + water
HCl(aqg) + NaOH(aq) — NaCl(aq) + H.O(l)

Before starting the titration a suitable pH indaramust be chosen. The endpoint of
the reaction, when all the products have reactelll,have a pH dependent on the
relative strengths of the acids and bases. The fpHheo endpoint can be roughly
determined using the following rules:

« A strong acid reacts with a strong base to fornewtnal (pH=7) solution.
« A strong acid reacts with a weak base to form agi@a{pH<7) solution.
+ A weak acid reacts with a strong base to form &kig$i>7) solution.

When a weak acid reacts with a weak base, the a@mdpaution will be basic if the
base is stronger and acidic if the acid is strongéoth are of equal strength, then the
endpoint pH will be neutral.

Frequently, during a titration it is also usefulrtmnitor the progress of the titration
with a graph. This graph is known as a titratiomveu Such a curve reflects the
changes in pH that occur as titrant is added frdyarette to the analyte in the beaker
below the burette.

There are two different types of acids that cantitvated, besides being strong or
weak. They are known as being monoprotic or poliypro

Monoprotic acids contain one acidic hydrogen: hydrochloric acid Hfitric acid
HNO;, acetic acid CEHCOOH, etc. Titration curve of strong monoprotigdawith
strong base is shown in Fig. 1A.

Polyprotic acids contain more than one acidic hydrogen. They amayd identified
by their formulas showing more than one H. Speailyc a diprotic acid will have two
hydrogens (sulphuric acid,B0O,, succinic acid (Ck),-(COOHY)), a triprotic acid will
have three hydrogens (phosphoric acidP@&, citric acid HOOC-COH-(CH-
COOHY)), etc. Titration curve of strong diprotic acid istrong base is shown in Fig.
1B.

A suitable indicator should be chosen, that wilbestence a change in color close to
the end point of the reaction.

pH indicators are generally very complex organic molecules (fesdly weak acids
or bases). When introduced into a solution, they tiiad to H or OH ions. They
will contain a structural component that is calledhromophoric group. This group,
or chromophore, will have a structure that charshghtly when the pH of the system
changes. The indicator will have one structureughoone range of pH values, and a



second structure through a second range of pH salifeen the structure changes, as
a response to pH, the chromophore will also chatsgeolor (for more information
seee.g.http://www.bcpl.net/~kdrews/titration/indicatorsai).

In our exercises we will titrate weak acids (agesdiaccinic, citric) (resp. strong acid
HCI) with a strong base (NaOH). We will updenolphthalein (CyH140,) as pH
indicator. It is colorless in acidic solutions (p#8.2), and in basic solutions it turns
from weak pink up to fuchsia color (pH ~10).

Titration procedure:

1 A known volumeV, of the analyte (acid) is placed in a titratiorska

2. The burette is filled by a standard solutiortrgtit, base) of known
concentratiorcr (M).

3. Before the titration is started, 1-3 drops dfigator (phenolphthalein) is
placed in the titration flask with the analyte (§ciThe chosen indicator
must be one color when the solution is acidic.

4. A base solution is then slowly added from theetig, drop by drop.

5. The titration continues, drop by drop, until thdicator suddenly achieves
the intermediate color (weak pink) between thathef acid and the color
of the base (fuchsia). At that point the titratomases.

6. The point at which the system is neither acmdibasic is referred to as the
endpoint. The endpoint will correspond to a perfatbichiometric
relationship between the acid and the base.

7. Once the endpoint has been reached, the buneebe read. The bottom
of the meniscus line determines the quantity of blaseV: that was
required to reach the endpoint.

8. Once the titration is completed, the final ctons can be done.
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Fig. 1: Titration curve of strong monoprotic achl),(and strong diprotic acid
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Calculations:
Calculating the concentratian (M) of the analyte (acid):
1. From the balanced chemical equation

moles analyte = moles titrant

M= @)
2. moles titrantnt=Vr . Cr (3)
3. becauser = na, the concentration of the analyte = % (4)
A

Remark: Above mentioned relations are valid for monopraitts.Polyprotic acids
contain more than one acidic hydrogen, so stoicatdm relationship between the
acid and the base is for:

diprotic acidaa = 2.nt

triprotic acidsna = 3.nyt

Objective:

Deter mination of molar concentration of acids by titration

Equipments and chemicals:

burette, pipettes, titration flasks, funnel, beakiestilled water, phenolphthalein,
analyte: hydrochloric acid, citric acid, aceticdici

titrant: sodium hydroxide (0.5 M)

Deter mination of molar concentration of HCI by titration with NaOH:

Chemical reaction:
HCI + NaOH - NaCl + H,0O

Procedure:

1. Fill the titration flask witiWa=10 ml of HCI from stock HCI solution. An
approximated concentrati@app (M) of the stock solution is marked on the
bottle with HCI, write it down to the table.

Add to the solution of acid 1-2 drops of pheitt@lein.

Fill the burette with a standard solution of NaQ@itrant). Read the
concentration of titrantr (M) from the bottle and write it down to the table
Perform the titration.

When the endpoint of titration has been reactes] the used volume of
NaOH from the buretté/). Write it down to the table.

Repeat the procedure.

Each studemhust perform two titrations of each analyte. Each grongmber
will contribute the results to the group effort.tBenine the average volume of

titrant from four titrationsV; (ml).
8. Applying relation (2) — (4), express the preasacentration of HClga (M).
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Deter mination of molar concentration of citric acid by titration with NaOH:

Chemical reaction:

(I‘HZ— COOH CH,—COONa
I

HO—C —COOH + 3 NaOH —> HO—C —COONa + 3 H,O
I I
CH,— COOH CH,— COONa

Repeat the same procedure as above. Citric aaidfiggrotic acid, so correct the
equations (2) — (4) for stoichiometric relationshgrording the reaction.

Deter mination of molar concentration of acetic acid by titration with NaOH:

1. Write the chemical reactioof acetic acid with NaOH.
2. Repeat the same procedure as for titration of lgjdooic acid. The
concentration of acetic acid is unknown.

Table:

acid | Va Capp | titrant Volume of titrantV/ (ml) vV, ca(M)
(ml) | (M) [cr(M) |1 1 Lol | mi

HCI |10

citric | 10

acetic| 10

« Compare concentratiomgep andca in conclusions of your report. Express the

deviation in %, supposing the valueaafp is 100%.
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