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=================================== By the end of this lecture, students will be able to explain the principle involved in Complexometric titrations and describe complexing agents. Students will also learn about the method of complexometric titration with EDTA and the mechanism of indicators used in complexometric titrations.
Titration Using EDTA: A Detailed Explanation of Complexometric Titrations =================================== metal cation titration employing edta involves binding organic dyes such as fast sulphon black e riochrome black t e r iochrome red b or m urexide to metal ions in solution forming colored complexes indicating end
point reached edta binds more strongly than dye acting as indicator displaces dye from metal ions added solution analyte edta titration curves display apparent stability constants metal ions edta complexes extreme right curves sharper end point constant pH maintained end points detected changes p m three regions edta titration domains p m before
equivalence p m equivalence p m after equivalence equilibrium shifts right increasing pH advantages edta titrations analyze ions small quantities careful pH effects biological use complexometric titrations application living cellsTitration methods may employ metal ions that lack sharp endpoints. Metal can be determined by displacing a certain
amount from a less stable EDTA complex, exemplified by the calcium example where an excess Mg-EDTA chelate is added to the solution. Calcium quantitatively replaces magnesium from the Mg-EDTA chelate, facilitated due to calcium forming more stable complexes with EDTA. Free metal ions are directly titrated with standard EDTA solutions in
alkalimetric titration, used for determining ions such as anions that do not react with EDTA chelates. Protons from disodium EDTA are displaced by heavy metals, and liberated protons can be titrated with a standard solution of sodium hydroxide or iodate-iodide mixture. Solution of the metal to be determined must be accurately neutralized before
titration. Alkalimetric titration has limitations due to hydrolysis of many salts, which is often difficult to account for and constitutes a weak feature of this method. Metal ion indicators are commonly used in EDTA titrations to ensure successful end-point determination. A suitable indicator should exhibit the following characteristics: colour change
before the endpoint, specific colour reaction, sufficient stability, lower stability compared to metal-EDTA complexes, sharp and rapid equilibrium change, readily observable colour contrast between free indicator and metal-indicator complex. The stability of the metal-indicator complex can be expressed using formation constants. Masking and
demasking agents are used to increase selectivity in EDTA titrations by controlling pH levels or utilizing complex-forming indicators. Complexometrick Titration - An Essential Chemistry Technique =================================== Metyln thymol blu as indicator most divalent cations do not interferes Mixture of bismuth and
lead ions can be successfully titrated by first titrating the bismuth at pH 2 with xylenol orang as indicator, and then adding hexamin to raise the pH to about 5 and then titrating the lead.(b) Use of masking agen* Masking may be defined as proces in which a substance, without physical separation of it or its reaction products, it is so transformated
that it does not enter into a particualr reaction* Demasking is the proces in which the masked substance regains its ability to enter into a particular reaction* By use of masking agents, some of the cations in a mixture can often be ‘masked’ so that they can no longer react with EDTA or with the indicatore An effective masking agent is the cyanide
ione This forms stable cyanide compleks with the cations of Cd, Zn, Hg(II), Cu, Co, Ni, Ag and platinum metas but not with the alkaline earth metas like manganese and lead.(c) Selective demasking® Cyanide compleks of zinc and cadmium may be demasked with formaldehyde-acetic acid solution or better with chloral hydrates Use of masking and
selective demasking agents permits the successive titration of many metal Solution containing Mg, Zn, and Cu can be titrated as follow:1. Add exces of standard EDTA and back-titrate with standard Mg solution using solochrome black as indicator gives sum of all the metas present2. Treat aliquot portion with exces of KCN (Poison !) and titrate as
beforeThis give Mg only3. Add exces of chloral hydrate (or of formaldehyde-acetic acid solution, 3:1) To titrated solution in order to liberate the Zn from cyanide complex, and Titrate until indicator turn blue. This give the Zn only. Cu content may then be found by difference SUMMARIE+ Complexometrick Titration is type of titration based on
compleks formation between analyte and tiante Complexometrick Titrations are particualrly useful for determination of a mixture of different metiin in solushune An indicator with marked color change is usually use to detect the end-point of titratione® In practis, the use of EDTA as tiant is well estabished* The most useful complek-formation reaction
for titriment involve chelate formation ===================================Volumetric analysis methods are used in chapters related to analytical chemistry, complex compounds, and environmental sciences, making it a foundational part of your chemistry syllabus. Molecular Formula and Composition The most commonly used
agent in volumetric titration is EDTA, with the molecular formula C10H16N208. It contains both amine and carboxylate groups, which coordinate with metal ions to form strong, water-soluble chelates. Classification: polyamino carboxylic acid ligand. The solution is the EDTA solution, while the analyte is usually a solution containing metal ions like
Ca2+ or Mg2+. Preparation and Synthesis Methods In the laboratory, standard EDTA solutions are prepared by dissolving disodium EDTA salt in distilled water and adjusting the pH (often to pH 10 using ammonia buffer for water hardness titrations). Industrially, EDTA is synthesized from ethylenediamine, formaldehyde, and sodium cyanide. Metal
ion solutions (like calcium chloride or magnesium sulfate) are prepared using analytical-grade compounds, and Eriochrome Black T is dissolved in ethanol or water as indicator. Physical Properties of Volumetric Titration Complexometric titrations are usually carried out in aqueous medium at a controlled pH, since the stability of metal-EDTA
complexes depends strongly on pH. The indicator (Eriochrome Black T) exhibits a color change from wine red (complexed with metal) to blue (free) at the endpoint. EDTA itself is a colorless, odorless, crystalline solid, highly soluble in water. The titration is performed at room temperature, with sharp endpoint transitions for certain ions. water) in a
conical flask. Add 1-2 mL of pH 10 buffer solutin and 2-3 drops of Eriochrome Black T indicator. Note initial color: red wine (metal-indicator complex). Titrate with EDTA until color changes to pure blue (free indicator). Record the volume of EDTA (VEDTA) used. Calculations: 1. Calculate moles of EDTA used. 2. Use stoichiometry (1:1 ratio for most
metals) to find moles of metal ion in the sample. 3. Express result as concentration (mg/L or ppm). Lab or Experimental Tips Remember: Always use freshly prepared Eriochrome Black T (EBT) indicator for sharp endpoints. The color change should be observed under good lighting conditions. Near the endpoint, add EDTA slowly and swirl constantly.
Vedantu educators recommend confirming the endpoint by ensuring no red tinge remains in the solution. Try This Yourself Name two common indicators used in complexometric titration and their endpoint colors. Set up a calculation: If 12.5 mL of 0.01 M EDTA is required to titrate 25 mL of a calcium chloride solution, what is the concentration of
Ca2+ in the sample? Explain why buffer solutions are needed in complexometric titration. Final Wrap-Up We explored complexometric titration—its principle, procedure, indicators, and practical calculations. This technique is crucial for measuring metal ions in various fields and is regularly featured in competitive exams. For deeper insight and
practice, access Vedantu'’s live and recorded sessions covering analytical chemistry and practical experiments. Keep practicing stoichiometry and real-life numericals to master this topic! Explore related topics: Potentiometric Titration | Buffer Solutions | Analytical Chemistry | Salt Analysis | Solution Concentration Properties Titration is a popular
method to determine the concentration of various components in a mixture. Titration usually requires an indicator to show it has achieved the result required. These indicators need to have certain properties in terms of reactivity with the component to be measured in the mixture. Complexes are special compounds that are frequently used in
titrations. The process of titrating with the use of complexes is called complexometric titration. What exactly are Complexometric Titrations?The definition of complexometric titration is that it is a type of volumetric analysis where the end result leads to the formation of colored complexes. The endpoint of any titration is an unambiguous chemical that
produces colour in the reaction to indicate the endpoint result. The formation of coloured complexes plays a vital role in determining concentration in a solution with mixed metal ions.The principle of Complexometric titrationsHere the principle is to create a complex reaction, i.e., the metal ion and ligands are made to interact to form complexes. The
metal ion behaves as Lewis acid. The ligand acts as a complexing agent. Example: The reaction between silver - metal ion and CN- the ligand Ag+ + 2CN— - Ag(CN)2—To understand the process completely, one must have the basic concepts of complex ions covered, such as types of ligands, the concept of ligands, how complex ions work, and their
chemical properties.To detect the magnitude endpoint of the complexometric titrations and to understand the complexometric titration curve, the below factors must be taken into account:Complex stability - the stability of the complex is vital. The higher the constant of stability, the higher its clarity in the endpoint. This is because there is a greater
charge in metal concentration during the equivalence point.Ease in formation of complexity - the easier it is to form the complex the faster the breakpoint occurs during the equivalence point in the curve. Hence it becomes easier to detect the endpoint.pH factor - the pH of the dissolved solution or buffer solution must be constant as a change in pH
can lead to a change in chelation.The endpoint is determinedComplexometric Titration Curve Plotting =================================== Chemically, endpoint detection in complexometric titration can be achieved using indicators or instrumental methods. Instrumental methods include: - Spectrophotometric method: measures
absorption change between metal and the complex. - Potentiometric method: determines ions based on electrode potential difference. - Amperometric method: uses mercury electrodes to measure current developed between metal and complex. - High-frequency titration: employs basic buffering solution with minimal electrolytes. Used indicators for
identifying endpoints include: - Triphenylmethane dyes - Phthalein and substituted phthalates - Azo dyes - Phenolic compounds Types of Complexometric Titrations # Direct Titration Direct titration is the simplest method, involving constant mixing of standard complexometric solution with metal ion solution until endpoint detection. This process
resembles acid-base titrations, where an indicator changes color as pH alters. # Back Titration During back titration to metal solutions, excess standard Ethylenediaminetetraacetic acid (EDTA) is added, then analyzed for concentration of the metal. EDTA's role in complexometric titration is to determine metal concentrations by finding its presence in
solution. Example: Determination of Manganese (Mn), where acidic Mn salt is used with known volume EDTA solution and back-titrated with a standard Zinc solution. # Replacement Titration This method involves metal displacement from a less stable edetate complex. A drawback of direct and back titrations is the difficulty in obtaining accurate
endpoints, making detection challenging. By calculating Mg or Zn displacement, certain metals like Ca, Pb, and Hg can be determined using EDTA. Example: Mg displaces Mn from Mg EDTA solution, allowing for direct titration with standard EDTA and excess Mg EDTA addition to Mn solution. # Indirect Titration Indirect titration, also known as
Alkalimetric titration, is used mainly to detect ions like anions that don't react with EDTA. Heavy metals displace protons in disodium edetate, leading to titration with sodium alkali. Applications of complexometric titrations include: - Determining metal concentrations in medicines and food chemicals. - Analyzing water composition for hardening
agents and toxic metal levels in biological samples.Complexometric Titrations: A Volumetric Analysis Technique for Qualitative Chemical Analysis =================================== Metal toxicity causes damage to organs like brain, blood, kidney, etc. Major diseases caused by metal toxicity include cancer, brain deformities,
birth defects, and immune system dysfunctionality. Complexometric Titration is a type of volumetric analysis used in qualitative chemical analysis. It utilizes complexes formed by metals and ligands as indicators in the titration, allowing for easy observation due to the formation of colored compounds. Complexometric Titrations have various real-life
applications such as determining metal toxicity, water hardness, etc. There are different types of complex titrations that can be used depending on the situation, including direct titration, back titration, replacement titration, and indirect titration. Complexometric titration is a technique in analytical chemistry where stable complexes between metal
ions and specific complexing agents are formed. This technique is based on coordination chemistry principles, where ligands form strong water-soluble complexes with metal ions. Theoretically, any complexation reaction can serve as a volumetric technique given certain conditions. EDTA (Ethylenediaminetetraacetic acid) is the preferred choice in
these titrations due to its hexadentate properties and capacity to donate electron pairs for coordinating covalent bonds to metal cations. However, practically, EDTA is only partially ionized, leading to fewer than six coordinating covalent bonds with metal cations. Disodium EDTA (Na2H2Y) is commonly used to calibrate aqueous solutions containing
transition metal cations. Within the pH range = 12, disodium EDTA establishes four coordinating covalent bonds to metal cations, as the amine groups remain protonated and impede electron donation for coordinating covalent bonds. The high formation constant of most metal cation-EDTA complexes is a primary reason for EDTA's extensive use in
calibrating metal cation solutions. Conducting the reaction in a basic buffer solution aids in removing H+ as it is generated, promoting the production of the EDTA-metal cation complex reaction product. The titration curve for 50 mL of 5.00 x 10-3 M Cd2+ using a titrant of 0.01 M EDTA shows the effectiveness of this technique. Indicators play a
crucial role in signaling the endpoint of the titration process when metal-ligand complexes are complete. Complexometric Titrations offer accurate results due to their ability to form stable complexes, making them an essential tool in qualitative chemical analysis.metal-ligand complex's colour or properties. Varyus indicators aru usd in
complextometric titrations, inclding metallchromic indictors and ion-selectiv elektrodes.[3] Two primarii metods ar employed in complextometric titration to detect the endpoint: [4] This method, commanly usd for its akuracey and kost-effektivness, includs several approachi for detirmining the end point of complextometric titrations. Exemples
encompass metallchromic or pM indicators, pH indictors, and reks indicators. Instrumental tekniques ar employed to mithgate potenshal humen error and enhnace akuracey in endpoint determinashun.[5] Thes metods includs fotometry, potentiomtery, and varius miscelaneus tehnikz. Complexometric titration holdz imense importans acrost divijze
filds within analitic chekmie. Its adaptabilti alowz for detirmining nuumerous metil ions in a solushun, rangin from essenshal nuteintts like kalcium and magnesium in biolodgical samplz to heavi metuls in enviromentl sampels.[6] Its selektivitaz towards speshal metil ions and its abiliti to tolerans from othr subtanzes amplizs its utility. Complexometric
titratiun alzo playz a pivotzial rol in kualtiy kontrol procesez acrost pharmakuljiz, food, and beverijiz industrez, and envirenmental monitoring, ensurin compliens with stregnth jregulator standardz and mantaining prodct izintit.[7]Complexometric Titration: A Rapid and Precise Method for Metal Ion Analysis
==================================x= Titration with xylenol indicator is used to determine the concentration of bismuth. The use of a metal-indicator complex allows for accurate determination of this component in mixtures. In certain cases, mixtures of lead and bismuth can be titrated using this technique. Initially, the mixture is
titrated with bismuth at pH 2, utilizing xylenol as an indicator. Following that, hexamine is used to increase the pH to 5, allowing lead to be titrated. Similar procedures are employed for titrating bismuth and thorium in acidic solutions with a pH of 2, using indicators such as xylenol orange or methyl thymol blue. The masking technique involves
modifying a substance's properties without physically separating it from its reaction products, making it unreactive. Cyanide ions serve as potent maskers, forming stable complexes with the cations of Cd, Zn, Hg(II), Cu, Co, Ni, Ag, and platinum metals. However, they do not react with alkaline earth metals, manganese, or lead. By adding an excess of
potassium or sodium cyanide to a sample, these metal ions may be masked, enabling their identification. On the other hand, fluoride ions can be used to demask certain metal combinations, such as those involving magnesium and manganese. Complexometric titration is utilized in medicine for determining metal content. Additionally, it is employed in
the analysis of cosmetic products, including titanium dioxide. In urine samples, this technique also has applications. Complexometric titration offers numerous benefits, including being a cost-effective procedure that doesn't require special knowledge or equipment. However, this technique also carries some drawbacks. The use of complexing agents
might result in the formation of precipitates, which can be complicated. Furthermore, it is a destructive procedure that may consume substantial quantities of the substance under study and generate significant chemical waste.Lookin forwurd to meetin with Authur Tomorow and discusin our stratijis.



