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Determination of the hardness of water by a microscaled EDTA titration

INTRODUCTION
Most of the water that we drink contains positive ions (cations) and
negative ions (anions). The most common cations in water areCisa
and Mg@*. These ions are the substituents of most of the earth’s rocks, &ffd
during solubility they will always be found in rivers, lakes, and the ocearf:
When water contains these two ions it is called “hard water”, and with-",,
out these ions the term is “soft water” (e.g., rain water). o
coocHh

How is the “hardness” of water determined? CHLOOCH N S N O
To determine theamounts of C&* and Mg@* (hardness) in water, a CH CH CH CH

known technique called “complexometric titration” is us€bmplexes

are compounds that are produced when an ion metal reacts with molecules Chlorophyl hem

or ions (ligands) that have a tendency to “contribute” electrons. An ex-

ample of two well known complexes in our everyday life are hem One of the most powerful ligands which is used to form complexes

(hemoglobine) and chlorophyl (see pictures below). with many kinds of ion metals is EDTA (ethylene diamine tetra acetic
Metal ion + ligands—— complex acid).

Chy Chy

CHy CH=C CHCHCOO!

HaG CHCHCOO

CH=CH Chy
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HOOCCHh_ _CHCOOH
N—CH—CH—
HooccH N\CI-bCOOH

EDTA
Ethylene diamine tetra acetic acid

A buffer solution, pH=10 (made from an ammonia solution).

Microscaled titration: General procedure

1. Fill the syringe with the standard EDTA solution by pumping. Close the
stopcock.

2. Deliver 1 mL of the standard €aolution to one well of the wellplate 6.
Add 2 drops of the buffer solution and 1 drop of the indicator, Calmagite.
Add also one drop of the Mg-EDTA solution. The solution will turn
red.

Each EDTA molecule has 6 ligands (4 carboxy groups and 2 nitrog@nTitrate the solution in the wellplate by adding drops of of EDTA from
atoms), enabling it to form 6 coordinative bonds to a metal ion. The com-the syringe to the wellplate (figure 2). Mix the contents of the wellplate.
plexes thus formed are very stable and have stability constants in orders @ontinue the titration until the color changes to blue. Count the number

magnitude of 18-10%°.
Indicators in EDTA titrations

Two of the indicators in complexometric (EDTA) titrations are
Eriochrome black T (Erio-T) and Calmagite. In pH’s between 7-11.5 these
indicators are blue in color when they are free, and wine-red in color whe

they are complexed with ion metals. In tfiesct titration of an ion metal

with EDTA in the presence of the indicator, the endpoint is determined
when the initial red color changes to blue.#Mgan be determined with
EDTA directly, but C& has no appropriate indicator (it forms an unstable

complex with either Erio-T or Calmagite). Thereforesudostitution titra-

tion is used for C&. In this titration a small amount of Mg-EDTA is added
to the C&. The calcium ion replaces the magnesium ion in complexation
with EDTA and the behaviour of the color becomes the same as that in the

direct titration (from wine-red to blue).

Calmagite
pK2=8.1 pKy=12.4

EXPERIMENTAL
Materials and equipment

Figure 1

A standard solution of EDTA (as the dianion salt) 530

A microburette (made of a 2 mL syringe) with a stopcock with a yellow

tip on its end (see figure 1).

Plastic wellplates “6” (each well can contain 3 mL).

An automatic delivery pipette (optional).

Small magnetic bars (or small pieces of straw for mixing).

A magnetic stirrer.

Astandard C# solution (500mg/L)

Calmagite (0.05% in water), Erio-T 0.4% in ethanol

A Mg-EDTA solution (made by the exact titration of Mgvith EDTA
with Erio-T as the indicator).

of drops needed to complete the titration.
4. Repeat the titration with other samples of sea water and different brands
of mineral water, etc.
Calculate the hardness of the titrated samples and compare it to the
nadvertlzed values.

RESULTS AND CALCULATIONS

The hardness of a sample (in mg/L) is calculated using the following
equation:
nd(sam ple) v(standard)

herdness (ML) = SOOLL, ¢ anderd) - v(sm ple)

nd(sample) = number of drops used to titrate the sample
nd(sample) = number of drops used to titrate the standard
v(sample) = volume of titrated sample

nd(sample) = volume of titrated sample

Typical results are given in the following table:

nd v(mL) Hardness (mg/L)

Standard Casolution 77 1 500
The Mediterranean Sea water 37 0.1 2403
Faucet BIU water 40 1 260
Mineral water from Golan Heights 38 1 247
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