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Introduction and
objectives of the
experiment.



Preparation of standard solutions.

Accurate formulation of EDTA
Dissolve 0.90-0.95 grams of dried Disodium EDTA in deionized water, utilizing controlled heating at 50-

60°C if necessary to ensure the solute completely dissolves before cooling and final volume adjustment.

Precise volumetric calibration

Transfer the dissolved solution into a 250 mL volumetric flask and add deionized water until the

graduation mark is reached, ensuring a uniform mixture to calculate the exact molarity of the standard.

Technical focus on titration reagents

Master the specialized techniques required to prepare high-quality EDTA titrants, which serve as the

essential baseline for determining the concentration of divalent metal ions in subsequent water quality
analysis.



Determining water hardness.

1 Chemical quantification of metal ions

Measure the total concentration of calcium and magnesium ions by titrating water
samples with EDTA at a controlled pH of 10, converting these measurements into
milligrams of CaCO3 per liter.

2 Indicator-mediated endpoint detection

Utilize Eriochrome Black T as a visual indicator, observing a distinct color transition
from pale pink to pure blue to identify the stoichiometric completion of the reaction
between EDTA and metal ions.

3 Systematic analysis of tap water

Conduct multiple titration trials on 25 mL tap water samples treated with ammonia

buffer and Mg-EDTA to ensure the reproducibility and accuracy of the total hardness
results expressed in ppm.
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Principles and
reactions of chemistry



Defining water hardness.

Quantifying Metallic lon Concentration

Water hardness is defined by the presence of multivalent metal ions, primarily calcium (Ca**) and

magnesium (Mg?*), which originate from natural mineral sources and significantly influence the
chemical properties of domestic water supplies.

Impact on Soap Solubility

The presence of these positively charged ions hinders the ability of soap to dissolve and form lather;

instead, they react with soap molecules to create insoluble precipitates known as soap scum or "klai
sabu."

Measurement and Standardization

Total water hardness is quantitatively expressed in parts per million (ppm), calculated as the equivalent
milligrams of calcium carbonate (CaCOs;) per liter of water, representing the combined molar

concentration of the hardness-causingions.



Chemical reaction mechanism

Buffering for Stability

The titration process requires adding a specific ammonia-
ammonium chloride buffer solution to maintain a stable pH
of approximately 10, ensuring the metal ions and indicators
react correctly for an accurate measurement of hardness.
Initial Indicator Interaction

Before titration begins, magnesium ions react with the
Eriochrome Black T (EBT) indicator to form a metal-
indicator complex, which shifts the solution to a distinctive
pink color, signaling the starting point of the analysis.




Chemical reaction mechanism

Complexometric Titration Process

As the standard EDTA solution is added, it forms stable complexes with calcium and magnesium ions; EDTA
effectively displaces the indicator from the magnesium ions by forming more stable bonds as the reaction
progresses.

Detection of the Endpoint

The titration reaches its conclusion when the EDTA has sequestered all available metal ions, causing the indicator to

return to its uncomplexed form, resulting in a visible color transition from pink to blue.
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Equipment and chemicals used in the
experiment



List of tools and glassware.

Precision measurement apparatus

Utilize a burette and stand assembly to perform accurate titrations, ensuring the
controlled delivery of the EDTA titrant into the water sample for precise endpoint
determination.

Reaction and containment vessels

Employ Erlenmeyer flasks for mixing the water sample with reagents and beakers for
general liquid handling and preparation of chemical solutions during the procedure.

Volumetric transfer equipment

Use pipettes to measure exact volumes of the tap water samples, ensuring consistency
across multiple trials to maintain the scientific integrity of the hardness calculations.



Chemicals and solutions

Standard titrant preparation

Prepare the EDTA solution using Disodium Ethylene Diamine Tetraacetate Dihydrate, which acts as the chelating agent
to react with calcium and magnesium ions in the sample.

pH stabilization reagents

Use an NH3-NHA4Cl buffer solution to maintain a constant pH of 10, which is critical for the stability of the metal-
complexes and the accuracy of the indicator.

Reaction indicators and enhancers

Add Eriochrome Black T (EBT) as the visual indicator to detect the endpoint, alongside a Mg-EDTA solution to ensure a
sharp and distinct color change from pink to blue.
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Experimental
procedure



Solution preparation and sample preparation.

Buffer solution synthesis

Dissolve 3.2 grams of ammonium chloride in water, incorporate 29 mL of concentrated
ammonia, and adjust the total volume to 50 mL to stabilize the pH at approximately 10
for the titration.

EDTA standard preparation

Accurately weigh 0.90 to 0.95 grams of dried Disodium EDTA, dissolve it in deionized
water, and dilute to 250 mL in a volumetric flask to establish a precise molar
concentration for analysis.

Tap water sample treatment

Pipette 25 mL of tap water into an Erlenmeyer flask, then introduce 2 mL of buffer, 0.5
mL of Mg-EDTA solution, and EBT indicator to facilitate the necessary chemical
environment.




Titration method and conclusion.

Titration execution

Carefully drop the EDTA standard solution into the flask while swirling, continuing the process until the solution
shifts distinctly from a pink color to a clear blue endpoint.

Data acquisition

Record the exact volume of EDTA solution consumed during the titration, and repeat the entire procedure two
additional times to ensure the precision and reliability of the experimental results.

Convert the titration data into total hardness expressed in ppm of calcium carbonate, reflecting the combined
concentration of calcium and magnesium ions present in the one-liter tap water sample.

Stoichiometric analysis

Utilize the chemical reactions between metal ions and EDTA molecules to determine the molar equivalence,
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