“FirstHope Pharmacy” YouTube for Video |Instagram@__firsthope__ | Download Firsthope App

lon-Exchange Chromatography (IEC)

lon-Exchange Chromatography (IEC)

Introduction

lon-Exchange Chromatography is a type of liquid chromatography that separates compounds
based on their charge interactions with a stationary phase that contains charged groups (ion-
exchange resins).

In pharmaceutical analysis, it is widely used for:
o Purification of drugs
o Separation of inorganic and organic ions
o Quality control of ionic APIs

o Removal of charged impurities

Principle of lon-Exchange Chromatography

e The core principle is based on electrostatic interaction (ionic bonding) between:
o The charged analytes (ions) in the sample.
o The oppositely charged functional groups fixed on the ion-exchange resin.
e Key Concepts:
o Acation-exchanger attracts and binds positively charged ions (cations).
o An anion-exchanger attracts and binds negatively charged ions (anions).

e The analyte ions compete with counter-ions already present on the resin and are retained, then
later eluted by changing the ionic strength or pH of the mobile phase.

Types of lon-Exchange Synthetic Resins

e |on-exchange resins are insoluble polymer matrices with ionizable groups, typically cross-
linked polystyrene or cellulose-based.

Cation-Exchange Resins
Based on Type of lon Exchanged =

Anion-Exchange Resins

Types of lon-Exchange
Synthetic Resins

Strong lon-Exchangers
Based on Strength of lonization =

== Weak lon-Exchangers

1. Based on Type of lon Exchanged

A. Cation-Exchange Resins:

» Contain negatively charged groups (e.g., sulfonic acid -SO,~, carboxylic acid -
COO0").
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» Bind positively charged drugs (e.g., metal ions, basic drugs).
» Example: Amberlite IR-120 (strong acid cation exchanger)

B. Anion-Exchange Resins:

» Contain positively charged groups (e.g., quaternary ammonium -NR,*, amine
groups).

» Bind negatively charged drugs (e.g., acidic drugs like NSAIDs).

» Example: Amberlite IRA-400 (strong base anion exchanger)

2. Based on Strength of lonization

A. Strong lon-Exchangers:

» Functional groups remain ionized across wide pH range.

» Suitable for routine pharmaceutical QC.

B. Weak lon-Exchangers:

» Functional groups ionize within narrow pH range.

» Used when mild elution conditions are required.

Physical Properties of lon-Exchange Resins

Matrix Type: Typically polystyrene-divinylbenzene or cellulose-based.
Particle Size: Smaller particles = higher resolution.

Porosity: Affects flow and surface area for exchange.

Capacity: Maximum amount of ions a resin can bind (meq/g).
Stability: Chemical and thermal stability important for reproducibility.

Swelling Behavior: Resins swell in aqueous media, affecting retention and flow.

Factors Affecting lon-Exchange Chromatography

1. pH of the Mobile Phase
» Affects the degree of ionization of both the analyte and the resin.
» Optimal pH ensures effective binding and elution.
» Example: Weak acid drugs bind better to anion-exchangers at alkaline pH.

2. lonic Strength of the Eluent

» Increasing salt concentration (e.g., NaCl) competes with analyte ions.

» Helps in elution of strongly bound ions.

3. Type of Counter-lons

» lons like Na*, Cl™ in the mobile phase can influence selectivity.
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» Some ions displace the bound analyte more effectively than others.
4. Flow Rate

» Affects resolution and analysis time.

» Too fast = poor interaction; too slow = diffusion/broad peaks.

5. Temperature

» Moderate increases in temperature can improve ion mobility.
» High temperatures may affect resin stability.

6. Resin Capacity and Particle Size

» High-capacity resins bind more analyte.

» Smaller particles offer better separation but higher backpressure.

Methodology of lon-Exchange Chromatography

Step-by-Step Process
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A. Column Preparation

» Pack column with suitable ion-exchange resin (pre-swollen in water).

» Condition with buffer to equilibrate ion-exchange sites.

B. Sample Loading

» Introduce the aqueous sample containing the ionic drug or impurity.

» Analytes bind to resin based on their charge.
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C. Washing

» Wash with buffer to remove unbound substances (e.g., excipients).

D. Elution
» Alterionic strength (salt gradient) or pH to elute bound analytes selectively.
» Gradient elution improves resolution in complex mixtures.

E. Detection

» Eluted compounds are detected by UV, conductivity, or refractive index detectors.

Applications in Pharmaceutical Analysis

1. Separation and Purification of lonic Drugs

» Antibiotics (e.g., penicillin, streptomycin) purification from fermentation broth.

» Separation of sulfonamides, quinolones based on their ionic nature.

. Water Analysis

> Detection of metalions (Na*, Ca**, Mg®*) and anions (Cl~, NO,") in pharmaceutical
water systems.

. Quality Control
» Analysis of drug counter-ions in salts (e.g., sodium in sodium valproate).
» Detection of residual ammonium or phosphate ions in formulations.

. Determination of Impurities

> Inorganic impurities like Fe**, Al** in bulk drugs.
» Excess acid/base or buffer salts in injectable preparations.

. Amino Acid Analysis

» |EC coupled with post-column derivatization is a standard method for quantifying
amino acids in protein hydrolysates.

. Controlled Release Formulations

» lon-exchange resins themselves are used as drug carriers in taste-masked or sustained-
release oral dosage forms.

o Example: Resin-bound chlorpheniramine in cough syrups.
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