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COURSE OUTLINE

1. Introduction to Instrumental Methods of Analysis.
2. Spectrometry: 

 Introduction to Electromagnetic Radiation
 Quantum-Mechanical Properties of Radiation.

3. Ultra-Violet (UV) & Visible Spectrometry
4. Infrared Spectroscopy (IR).
5. Nuclear Magnetic Resonance (NMR) Spectroscopy : 

Uses in Identification of Organic Compounds
6. Mass Spectrometry (MS): Uses in Quantitative and 

Qualitative
7. Chromatography:

1. Liquid Chromatography (LC)
2. Gas Chromatography (GC).



PHARMACEUTICAL
INSTRUMENTAL ANALYSIS
Selecting an Analytical Method



INTRODUCTION

 Types of Analyses:
1. Quantitative
2. Qualitative 

 Classification of Analytical Methods 
(Historical):
1. Classical
2. Instrumental



CLASSIFICATION OF ANALYTICAL METHODS

1. Classical Methods: 
 Analytes separated by precipitation, extraction or 

distillation. 
 If Qualitative: Analytes recognised by Colour, B.P, 

M.P , Solubility, Odour, Refractive Index. 
 If Quantitative: Amount determined by 
Gravimetric or Titrimetric measurement. 

2. Instrumental Methods:
 Reliable and modern instruments were introduced.
 Measurement of physical properties like conductivity, 

electrode potential, mass to charge ratio, light 
absorption/ emission. 

 Highly efficient separation techniques: 
Chromatography, Electrophoresis. 



INSTRUMENTS FOR ANALYSIS

An instrument for chemical analysis converts 
information stored in the physical or chemical
characteristics of the analyte to information that 
can be manipulated and interpreted by a human. 
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TYPES OF INSTRUMENTAL METHODS

 According to characteristic properties employed 
to generate analytical signal:

1. Properties involving Electromagnetic Radiation:
 Absorption, emission, scattering…
e.g. UV, IR, NMR, fluorescence, phosphorescence

2. Electrical Properties:
 Electrical potential, charge, current or resistance.

3. Miscellaneous:
 Mass-to-charge ratio, mass, radioactivity. 
e.g. Mass Spectrometry (MS)



ANALYTICAL METHOD SELECTION
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ANALYTICAL METHOD SELECTION

 Define the problem:
1. Accuracy (e.g need 2-figure or 5-figure balance?)

2. Amount / concentration of sample e.g. measure drug 
concentration in blood

3. Concentration Range

4. Interferences (e.g. Melamine contamination)

5. Matrix physical and chemical properties

6. Number of samples (cost, time, automation) 



ANALYTICAL METHOD SELECTION

 Instrument Performance Characteristics:
1. Precision: 

 Agreement among data obtained in same way (replicate 
measurements) 

 Measure of random errors
e.g. Measure glucose levels in a blood sample (3 
replicates) by two methods: 

Method A: 70, 80 and 90 mg/dL
Method B: 78, 80, and 82 mg/dl 

Which method is more precise?



ANALYTICAL METHOD SELECTION
 Precision can be expressed by calculating 

standard deviation 

 For method A in the previous example :
1. ҧ𝑥 = (70+80+90)/3= 80
2. (x- ҧ𝑥)= 70-80, 80-80, 90-80= -10, 0, 10
3. (x- ҧ𝑥)2= 100, 0 , 100
4. 𝛴(x- ҧ𝑥)2 = 100+0+100= 200

5. s = 200
3−1

= 10



ANALYTICAL METHOD SELECTION

 Instrument Performance Characteristics
2. Bias: a measure of systematic error

bias= µ - xt

True valueMean value



USEFUL TERMS

 Blank : is a sample that contains all of the 
components of the original sample except for the 
analyte. 

 Calibration curve: is used by introducing 
several standards containing exactly known
concentrations of the analyte into the 
instrument. 
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ANALYTICAL METHOD SELECTION

 Instrument Performance Characteristics
3. Sensitivity

 Ability of method to distinguish between small 
differences in analyte concentration.

 Depends on : 
 Slope of calibration curve 
 Precision (reproducibility) 

Which method is more sensitive?
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ANALYTICAL METHOD SELECTION

 Instrument Performance Characteristics
4. Detection limit (DL): The minimum concentration or mass 

of the analyte the can be detected at a known confidence 
level. 

Lower Limit of Quantification (LLOQ): The minimum concentration 
or mass of the analyte the can be quantified at a known confidence 
level. 

DL = 3 𝑠𝐵
𝑚

LLOQ = 10 𝑠𝐵
𝑚
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ANALYTICAL METHOD SELECTION

 Instrument Performance Characteristics
5. Dynamic Range: It is the range that extends from the 

lowest concentration at which quantitative measurements 
can be made (LLOQ) to the concentration at which the 
calibration curve departs from linearity.
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ANALYTICAL METHOD SELECTION

 Instrument Performance Characteristics

6. Selectivity: The degree to which the analytical method is 
free from interference by other species contained in the 
sample matrix. 



ANALYTICAL METHOD SELECTION

 Instrument Performance Characteristics

 Other characteristics for selecting analytical 
methods:

6. Speed
7. Ease and convenience.
8. Skill required of operator.
9. Cost and availability of equipment.
10. Per-sample cost.



NOTES

 Calibration of Instrumental Methods: 
(self study from the book)

 Calibration curves
 Standard addition methods
 Internal standard method



ANALYTICAL PROCESS

Sampling

Sample 
Preparation

Analysis

•Convert sample into a form suitable for analysis.
•Remove species that interfere with chemical analysis
•e.g: Sample pre-concentration, protein precipitation, 

liquid-liquid extraction, filtration, solid phase 
extraction

Results •Record and evaluate 
results of the analysis

Report and 
Evaluation

•Obtain a representative bulk sample from the lot.
•Obtain a homogenous laboratory sample from the bulk sample

•Run standards and samples. 


