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LABORATORY OF ANALYTICAL CHEMISTRY 
 
 
 
Description of teaching module (teaching program): 
 
CLASSROOM PROGRAMME 

 

Introduction 

Central role of analytical chemistry; steps in chemical analysis; classification of analytical 

techniques; basic theory behind electromagnetic spectroscopy, mass spectrometry, electrochemical 

techniques, thermal analysis and chromatography. 

 

Units and measurements 

Fundamental SI units; derived SI units; factors for conversion to SI units; mechanical balances: 

equal-arm and single-pan balances; Electrical Balances; errors in mass measurement; steps in 

analyte weighing; volumetric glassware; Errors in volume measurement; mole; concentrations: 

molar fraction, mass percentage, molarity, molality, normality; standard solutions. 

 

Errors in Analytical Chemistry 

The central tendency of collected numbers: arithmetic mean, harmonic mean, geometric mean, 

median, mode; population mean and sample mean; Accuracy and precision; Absolute and relative 

error; Standard deviation and variance; Pooled Standard deviation; Systematic error: sources, 

categories, detection; Random error: Gaussian curve, confidence level and confidence interval; 

Gross error; Significant digits; Error propagation; Statistical hypothesis testing: t-test, F-test, Q-test; 

Calibration Methods: conventional method, standard addition method, internal standard method. 

 

Fundamentals of Chemistry 
Thermodynamics: zeroth, first second and third law; Thermochemistry; State functions: internal 

energy, enthalpy, entropy, Gibbs free energy; Standard State; Dependence of Gibbs Free Energy on 

Temperature and pressure; Chemical potential; Free energy of reactions; Concentration equilibrium 

constant and equilibrium composition; Dependence of Equilibrium constant and equilibrium 

composition on termodinamics factors: Van’t Hoff Law and Le Chatelier Principle; Chemical 

kinetics: molecularity, Rate equations, orders of reaction, activation Energy and rate constant; 

Arrhenius equation. 

 

Acid-Base titration 

Definitions of acid and base: Arrhenius, Bronsted and Lowry, Lewis; Acid, Base and Anfoteric; pH 

Definition; Buffer solution; Calculating pH: systematic approach schematic approach; seplicistic 

approach; graphical approach; Calculating Acid-Base Titration Curves; Indicators. (Acid-Base 

solutions under studying: strong OR weak monoprotic acid, strong acid AND strong base, weak 

acid AND strong base, strong OR weak diprotic acid; semiweak diprotic acid; strong acid and weak 

acid; acid strength dependence on concentration; Anphoteric; Salt solutions under studying: salt 

from strong acid AND strong base, salt from weak acid AND strong base, salt from strong acid 

AND weak base, salt from weak acid AND weak base; Solution of weak acid AND salt with 

common anion) 

 



Complexometric titration 

Formation constant; Overall formation constant; Fraction of the complexed metal; Fraction of the 

unprotonated legand; Conditional formation constant; EDTA; Calculating complexometric titration 

curves; Error due to the basic conditions; Indicators. 

 

Activity 

Hydrated ions; Ionic atmosphere; Ionic strength; Definition of activity; Activity coefficient; 

Thermodynamic equilibrium constant; relationship between Thermodynamic equilibrium constant 

and concentration equilibrium constant; Calculating pH without neglecting the ionic strength effects. 

 

Precipitation titration 

Dissolution reactions; Solubility product; Solubility; Precipitates formation: nucleation and particle 

growth; Dependence of the precipitates size on supersaturation; Coagulation due to the electrical 

double layer; Precipitation from homogeneous solution technique; Precipitates purity; Weight and 

precipitation titrimatry; Indicators: Cromate ion, Iron III ion, Fluorescein; Calculating precipitation 

titration curves. 

 

 

LABORATORY PROGRAMME 

 

LAB1_Standardization of HCl solution 
Prepare the titrand solution by diluting a mother solution of HCl. Prepare the titrant solution by dissolving a specific 

weighted mass of Na2CO3 (primary standard). Determinate the concentration of HCl by performing the titration. From 

three titrations, calculate the mean and the experimental error. 

 

LAB2_Determination of Carbonate 

Prepare the titrand solution by dissolving a weighted mass of the powder sample. Determinate the percentage of 

sodium carbonate into the unknown powder mixture from each titration experiment, using HCl standard 

solution as titrant. From three titrations, calculate the mean and the experimental error. 

 

LAB3_Standardizzation of NaOH solution 
Prepare the titrand solution by dissolving a specific weighted mass of NaOH pearls. Prepare the titrant solution by 

dissolving a specific weighted mass of KHC8H4O4 (primary standard). Determinate the concentration of NaOH by 

performing the titration. From three titrations, calculate the mean and the experimental error. 

 

LAB4_Determination of Phosphoric acid 

Prepare the titrand solution by diluting the sample into a volumetric flask (matraccio). Determinate the amount 

(grams) of phosphoric acid into the sample from each titration experiment, using NaOH standard solution as 

titrant and a measured aliquot of the titrand solution. From three titrations, calculate the mean and the experimental 

error. 

 

LAB5_Standardizzation of AgNO3 solution 
Prepare the titrant mother solution by dissolving a specific weighted mass of NaCl into a volumetric flask (matraccio). 

Determinate the concentration of AgNO3 mother titrand solution from each titration experiment. From three titrations, 

calculate the mean and the experimental error. 

 

LAB6_Determination of NaCl 
Prepare a diluted titrant solution by delivering a measured volume of AgNO3 mother solution into a volumetric flask 

(matraccio). Prepare the diluted titrand solution by diluting the unknown solution. Determinate the amount (grams) 

of NaCl into the sample from each titration experiment, using AgNO3 diluted standard solution as titrant and diluted 

unknown solution as titrand. From three titrations, calculate the mean and the experimental error. 

 

 



LAB7_Standardizzation of EDTA solution 

Prepare the titrand solution by dissolving a specific weighted mass of EDTA and adding an aliquot of previously 

prepared Mg-EDTA equimolar solution. Prepare the titrant solution by dissolving a specific weighted mass of CaCO3 

(primary standard). Determinate the concentration of EDTA by performing the titration. From three titrations, calculate 

the mean and the experimental error. 

 

LAB8_ Determination of Calcium 

Prepare the titrand solution by dissolving a weighted mass of the powder sample and adding an aliquot of previously 

prepared Mg-EDTA equimolar solution. Determinate the percentage of calcium carbonate into the unknown powder 

mixture from each titration experiment, using EDTA standard solution as titrant. From three titrations, calculate the 

mean and the experimental error. 

 

 

SUGGESTED TEXTBOOK 

Fundamentals of Analytical Chemistry (Skoog, West, Holler, Couch) 

 
 
 
 

 


