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Chapter 12:  Mass Spectrometry and Infrared Spectroscopy

How do we determine the structure of organic molecules?

Probe the physical properties

Elemental Analysis (combustion analysis)

Atomic composition (relative ratios)

Empirical formula

Mass Spectrometry

Molecular formula

Elemental identification (isotopes)

Structural features (from fragments)

Infrared (Vibrational) Spectroscopy

Functional Group Identities

Ultraviolet (electronic) Spectroscopy

Conjugated pi-systems

Nuclear Magnetic Resonance Spectroscopy

Atom connectivity

Functional groups

stereochemistry

X-Ray Crystallography

3D position of atoms



©���� Gregory R� Cook page � Chem ��� Lecture Summary
North Dakota State University

Elemental Analysis

Provides empirical formula
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Empirical Formula = C11H13N2Cl

Units of Unsaturation

The number of pi-bonds and rings in the molecule

Saturated hydrocarbon has the general formula CnH2n+2

Every pi-bond or ring removes 2 H’s – each loss of 2 H’s is an unsaturation

Difference in the number of H’s between the saturated and the unsaturated molecule

Every halogen replaces one H and must be counted

Every nitrogren adds one H and must be counted

General Formula for Units of Unsaturation

Empirical Formula = C11H13N2Cl

UN = (2n+2) - #H - #X + #N
2

2n+2 is the number of H's if completely saturated
#H is the actual number of H's in the molecule
#X is the actual number of halogens
#N is the actual numnber of nitrogens
divide by 2 because each unit of unsaturation 
removes 2 H's from the molecule

UN = (2*11+2) - 13 - 1 + 2
2

= 6


