l,,Understandings: 
● The degree of unsaturation or index of hydrogen deficiency (IHD) can be used to determine from a molecular formula the number of rings or multiple bonds in a molecule
· provides a useful clue to the structure of a molecule once its formula is known. It is a measure of how many molecules of H2 would be needed in theory to convert the molecule to the corresponding saturated, non-cyclic molecule.
· e.g. Cyclohexane and hex-1-ene, have the same molecular formula (C6H12) and so have the same degree of unsaturation and IHD. One molecule of hydrogen is needed to convert them to the saturated alkane hexane (C6H14).
[image: ]
● Mass spectrometry (MS), proton nuclear magnetic resonance spectroscopy (1 H NMR), and infrared spectroscopy (IR) are techniques that can be used to help identify and to determine the structure of compounds.
· Fragmentation patterns
· The ionization process in the mass spectrometer involves an electron from an electron gun hitting the incident species and removing an electron:
· X(g) + e– → X+(g) + 2e–
· The collision can be so energetic that it causes the molecule to break up into different fragments. 
· The largest mass peak in the mass spectrum corresponds to a parent ion passing through the instrument unscathed, but other ions, produced as a result of this breakup, are also detected
· The fragmentation pattern can provide useful evidence for the structure of the
compound. 
· For each fragmentation, one of the products keeps the positive charge. 
· for example, if the C – C bond breaks in an ethanol molecule, two
outcomes are possible
· Generally, the fragment that gives the most stable ion is formed.
· The molecular ion corresponds to the peak at 46. The ion that appears at a relative mass of 45, one less than the parent ion, corresponds to the loss of a hydrogen atom.[image: ][image: ]
Applications and skills:
● Determination of the IHD from a molecular formula.
· Degree of unsaturation or index of hydrogen deficiency (IHD)
· Used to determine number of rings or double bonds from a molecular formula
· Double bond = 1 IHD
· Triple bond = 2 IHD
· Ring = 1 IHD
· Aromatic = 4 IHD (3 double bond + 1 ring)
· For the generic formula CcHhNnOoXx:
IHD = (0.5)(2c + 2 – h – x + n）

● Deduction of information about the structural features of a compound from percentage
composition data, MS, 1H NMR, or IR.

Electromagnetic Spectrum
Various regions of EMS are basis of different types of spectroscopy
· The absorption of particular wavenumbers of IR radiation helps the chemist identify
the bonds in a molecule. The precise position of the absorption depends on the
environment of the bond, so a range of wavenumbers is used to identify different
Bonds.

EM Spectrum
[image: EM Spectrum]
· X-Rays – Give information about bond distances and bond angles in a structure. The basis of X-ray crystallography
· Visible and UV light – Gives information about electronic energy levels and form the basis of UV-vis spectroscopy
· Infrared Radiation – Provides information of functional groups present. Basis of IR 
· The energy needed to excite the bonds in a molecule and so make them vibrate with greater amplitude occurs in the IR region
· The presence of separate areas of partial positive and negative charge in a molecule allows the electrical component of the electromagnetic wave to excite the vibrational energy of the molecule.
· The precise position of the absorption depends on the environment of the bond, so a range of wavenumbers is used to identify different bonds:
· Some bonds can also be identified by the distinctive shapes of their signals: for
example, the O–H bond gives a broad signal and the C=O bond gives a sharp signal[image: ]
Spectroscopy
· Microwaves – Gives information of the bond length
· Radiowaves – leads to information of connectivity of atoms and their chemical environments. The basis of Nuclear magnetic resonance (NMR) Spectroscopy
· Infrared Spectroscopy
· Used in identifying functional groups. The basis of this is the spring model where every covalent bond is considered a spring. The frequency that these springs vibrate are called the wavenumber (1/λ)
· Identify each group by starting with the lowest peak, and working upwards
· Refer to Section 26 of Data booklet for wavenumber of different functional groups.
· 1H NMR Spectroscopy
· Gives information on different chemical environments of hydrogen atoms in a molecule. The basis is that nuclei of every H atom have two possible spin states and exist like magnets. The position of this spin relative to the standard spin (tetramethylsilane, TMS) is termed chemical shift
· Gives information on a relative number of hydrogens per environment in a ratio. (Area under the curve is number of hydrogens)
· Refer to Section 27 of Data booklet for chemical shift data

· Mass Spectroscopy
· Gives further information of functional groups When gaseous molecule is ionized, a molecular ion M+ is formed. The fragmentation pattern observed in a mass spectrum is each mass after a functional group is removed
· Refer to Section 28 of Data booklet for fragment data
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Consider Figure 11.14, which shows the mass spectrum of ethanol.
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