MASS and INFRA RED SPECTROSCOPY

Mass Spectroscopy
The mass spectrometer was looked at in Unit 1.  It was noted there that compounds produce fragmentation patterns when passes through a mass spectrometer.  These fragmentation patterns can be useful for identifying organic compounds.

The C=O group for example tends to cause fragmentation each side of the C=O.  
The structures of propanal and propanone are shown below.
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It is possible to deduce the pattern that might be obtained in a mass spectrograph by examining the likely fragmentation structures. 

Propanone  
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  Likely fragmentation                       Likely fragments at mass 15 and 43
is in one of these places

Propanal
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  Likely fragmentation                       Likely fragments at mass 29 and 58
is in one of these places

The mass spectrographs for propanal and propanone produce the expected pattern.
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Interpreting a Mass Spectrum

The peak at highest mass/charge ratio is called the molecular ion peak and its mass will give the relative molecular mass of the molecule.

In the spectrometer the molecules are fragmented into positive ions which form a pattern which depends on the structure of the molecule.

e.g. In butanone, CH3CH2COCH3 fission to CH3CH2+ (m/e=29) and CH3CO+ (m/e=43) is common.
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· In this case the highest mass/charge ratio peak is at 72. 

· Unless told otherwise, assume the molecule contains C, H, and probably O. 

· Work out sensible possibilities which add up to 72, using C=12, H=1, O=16. 

Here is a systematic method:

· Start with the hydrocarbon with the maximum number of C atoms which add up to less than  72: – here, 5 C atoms (= 60), giving 12 Hs, and so C5H12. (C6 and C4H24 are impossible).
· Then add O atoms, removing CH4 (=16) each time: C4H8O, C3H4O2 (can’t be C2O3).
· C4H4O has an RFM = 72. 
Infra-red Spectroscopy

Organic molecules absorb infra-red light.  The reason for this is that the electromagnetic radiation in the infra-red region causes bonds to vibrate.  Each bond vibrates at a particular frequency and absorbs the light at that frequency.  T
his means that by looking at which frequencies are absorbed, it is possible to determine which bonds are present.

 In infra-red spectroscopy a range of frequencies are passed through a compound and the intensity of the light emerging is detected.  The infra-red spectrum shows the amount of light being absorbed at particular frequencies.  
The frequency is usually expressed as the wave number which is the reciprocal of the wavelength in units of cm-1.

The table below gives information about infrared absorption.  

	Bond
	Type of compound
	Absorption
	Intensity

	C-H
	Alkanes, alkenes, aldehydes
	2840 to 3095
	Medium - strong

	C=C
	Alkenes 
	1610 to 1680
	Medium 

	C=O
	Aldehydes and ketones
	1680 to 1750
	Strong 

	(C-O)
	(Alcohols) 
	1000 to 1300
	Strong

	C-Cl
	
	700 to 800
	Strong

	O-H
	“free”
	3850 to 3670
	Strong

	
	Hydrogen bonded in alcohols
	3230 to 3550
	Strong [Broad]

	
	Hydrogen bonded in carboxylic acids
	2500 to 3300
	Medium [Broad]

	N-H
	amines
	3100 to 3500
	Strong


Ranges of values are given because a functional group is affected by other functional groups nearby, so a particular bond will give one value in one compound and a slightly different one in another.

When looking at infrared spectrums, there will be a number of absorptions that we will not be able to recognize as we only study a selection of the possible absorptions.   

The infra-red spectrum for ethanal is shown below.
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At the right hand side of the spectrum, the peaks become more complicated, but since the same compound produces exactly the same pattern, this region can be used to identify a particular compound, so this is called the "fingerprint region".  
A chemist would look at the key peaks to determine the type of compounds, and then refer to the infra-red records of that type of compound to identify the specific compound.

Hydrogen bonding also affects the absorption resulting on the O-H bond absorbing over a wider range and producing the characteristic "broad band".  This broad band can be seen in the spectrum of ethanol shown above.

The infra-red spectra can be used together with information from mass spectra and chemical data to determine the structure of a compound.

The infra-red spectra can also be used to show a chemical reaction has been successful, where a functional group is changed, for example with the oxidation of an alcohol. 

Propan-1-ol can be oxidised to propanal.  
The two spectra are shown below and it is clear that a change of functional group has taken place.


CH3CH2CH2OH  +  [O]   (   CH3CH2CHO  +  H2O    
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Absorption of Infra Red in the Atmosphere

Only vibrations that alter the dipole or polarity of a molecule will absorb in the infrared region.  Molecules such as H2 and O2 do not absorb infrared as the atoms are identical so there is no change in the dipole when they vibrate.











For this reason gases in the air such as nitrogen, N2, and oxygen, O2, do not absorb infrared radiation, but other gases do.  
Water, H2O, carbon dioxide, CO2, methane, CH4 and nitrogen monoxide, NO, are capable of absorbing infrared. In particular they will absorb the infrared from the sun which is reflected from the surface of the Earth.  
This reflected radiation would otherwise leave the Earth’s atmosphere and return to space, so its absorption causes a warming of the atmosphere and the gases are described as “greenhouse gases”.
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In carbon dioxide the centres of partial positive and partial negative are in the centre.





The symmetric stretching in carbon dioxide does not absorb in the infrared region as the centre of partial positive and negative charge are unaltered.





The asymmetric stretching in carbon dioxide does absorb in the infrared region as the centre of negative charge is unaltered.
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