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Near-Infrared Spectroscopy

Near-infrared (NIR) spectroscopy is increasingly
valuable for pharmaceutical analysis.

NIR region:
10,000-4,000 cm™ NIR spectra arise mainly from:

* Overtones
* Combination bands

These originate primarily from stretching
vibrations involving:

* O—H NIR is therefore particularly useful for analyzing:
*Water
[ ] —
C-H *Alcohols
* N—-H bonds *Amines

Near-Infrared Spectroscopy

advantages

Why Use NIR?
Very rapid analysis
Nondestructive </ el o

Little or no sample preparation
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Provides:
e Qualitative information

e Quantitative information

Allows multicomponent analysis

mixtures M=l ysdy s
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Near-Infrared Spectroscopy

* Applications of NIR

* NIR spectroscopy can be used for:
* Polymorph identification == o= el 2
o water [ 052 a0k Qs \\ater content determination

* |dentification of active pharmaceutical ingredients

(APIs)

* Monitoring API content within:

* Tablets

* Other solid dosage forms

Near-Infrared Spectroscopy

mid and near J! ;x 4age 4ildn

Feature Mid-IR Near-IR
Region ~4000-400 cm™ 10,000-4000 cm™
Main bands Fundamental vibrations Overtones & combinations

Band intensity

Stronger

Weaker

Sample preparation

May be required

Often minimal/none

Analysis

Qualitative & quantitative

Qualitative & quantitative

Process monitoring

Possible

Particularly advantageous
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OPTICAL ROTATION

Plane-Polarized Light

* Ordinary light contains waves with randomly
distributed orientations.

* A polarizing prism, such as a Nicol prism,
selectively transmits vibrations occurring in a
single plane.

* Result:

* Ordinary light - Polarizer - Plane-polarized
light
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OPTICAL ROTATION

Plane-Polarized Light Interaction with Optically
Active Substances

* Plane-polarized light can be rotated when it
passes through an optically active substance.

* The interaction of polarized radiation with
molecular electrons produces electronic
polarization.

* This interaction alters the electric field and

rotates the direction of vibration of the radiation.

* Optical Activity
* Chiral molecules - optically active
* Achiral/symmetric molecules > optically inactive
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OPTICAL ROTATION

Direction of Optical Rotation
* Dextrorotatory (+)

Rotates the plane of polarized light clockwise.

Angle of rotation, a, is positive.

Levorotatory (-)

Rotates the plane of polarized light counterclockwise.

Angle of rotation, a, is negative.

 Important: The +/- designation describes the
direction of optical rotation and does not by itself
indicate the absolute configuration of a molecule.

OPTICAL ROTATION

Measuring Optical Rotation
Polarimeter
* A polarimeter is used to measure optical activity.

* The instrument measures the angle of rotation (a) produced by
the sample.

Ordinary light

Plane polarized

Polarizer

Analyzer or

detector
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OPTICAL ROTATION

Dependence on Amount of Optically Active Substance

* Each molecule contributes a small amount to the total
rotation.

* Therefore, optical rotation a depends on the
density/concentration of the optically active substance.

* The observed rotation also depends on the length of the
optical path.

Specific Rotation

* Specific rotation is a characteristic property of a pure
optically active substance under specified conditions:

a = observed optical rotation
V = volume of solution (mL)
; aV | = path length (dm)
[a],\ = l— g = mass of optically active substance (g)
g t = temperature
A = wavelength
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OPTICAL ROTATION

Reporting Specific Rotation
* Conditions Must Be Specified
* Specific rotation should be reported together with:
* Temperature
* Wavelength
* Concentration
* Solvent
* For example:

— [a]pt : The subscript D indicates measurement using the 589-nm sodium D
line.

Why are conditions important?

* Specific rotation can vary with experimental conditions; therefore,
values without temperature, concentration, or solvent
information should be interpreted cautiously.
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OPTICAL ROTATION

Pharmaceutical Applications of Optical Rotation

* Specific rotation can be used for:
* |dentification of optically active compounds
* Confirmation of the identity of synthesized compounds
* Assessment of purity

* Characterization of:
» Steroids
* Carbohydrates
* Amino acids

* Other biologically important compounds

Key concept:

 Specific rotation provides information related to
molecular structure.
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