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CChheemm  33332255    Study Sheet #3  Topic : Structure Determination : 
          IR and NMR 

          Reference : McMurry chpt.12-13 
 I. Infrared Spectroscopy   pages 452-464 
 A. Region of the spectrum : λ :  2.5.10-4  cm  -  2.5.10-3  cm υ :  4000 cm-1 - 400 cm-1 
 B. IR transition :   
   1. bonds vibrate like springs with a characteristic frequency 
   2. absorption of energy in the IR range of the electromagnetic spectrum occurs     
   when there is a match between the frequecy if the incoming radiation (hυυυυ) and the frequency of vibration. 
 C. Factors affecting position of IR absorption : 
   1.  Strength of the bond 
   2.  Masses of the atoms involved in the bond 
   3.  Type of vibration being observed 
 D. IR Spectrometer : 
   The classic IR instrument is a double beam  design to allow for for both a reference     
   cell and a sample cell. 
 E. IR spectrum : 
   Most functional groups give rise to a characteristic IR absorption peaks, the position of    
   which vary little from compound to compound. 
  4 regions : 3700 - 2700 cm-1    :  X-H bonds where X = O, N, C etc. 
    2600 - 1900 cm-1    :  triple bonds e.g. C≡C, C≡N 
    1900 - 1500 cm-1    :  double bonds e.g. C=O, C=N, C=C 
    1500 - 600  cm-1     :   fingerprint region including single bonds e.g. C-O etc. 
 F. IR absorption intensity : 
  Rule: for a vibration to be IR active (i.e. show up in the IR spectrum) that vibration must result in a dipole  
   moment change in the molecule. The intensity of an IR absorption peak depends on the size of the dipole 
   moment change (∆µ∆µ∆µ∆µ) associated with the vibration. 
 G. Summary : 
   influence of bond strength : υ (C-C)   <   υ(C=C)  <   υ(C≡C) 
   influence of atomic mass : υ (C-C)   <   υ(C-D)  <   υ(C-H)  where D = 2H    
    
 II. Nuclear Magnetic Resonance Spectroscopy   pages 476-507 
 A. Region of the spectrum : υ :  10.106 s-1 - 100.106 s-1  i.e.  10 MHz - 100 MHz 
 B. NMR transition : 
   The hydrogen nucleus has a spin associated it , and if an external magnetic field, Ho, is    
   applied we have the possibility of two spin states (i.e. two energy lecels) : +1/2  and -1/2 
   The NMR transition involves the absorption of energy in the form of radiowaves (rf) to    
   promote a hydrogen nucleus from +1/2 energy level to -1/2 energy level. 
 C. Factors affecting the position of the chemical shift (δ in ppm) 
   The NMR signal associated with a given proton is measured as a frequecy (Hz) relative to a   
   set standard (TMS) divided by the operating frequency of the instrument. 
   The following factors increase the chemical shift (δ) of a proton : 
    1.  increasing the electronegativity of nearby groups 
    2.  increasing the number of electronegative groups nearby 
    3.  decreasing the distance between the hydrogen & attached electronegative group. 
 D. NMR Spectrometer : 
  Two major components are a large fixed or superconducting magnet and a radio frequecy source. 
 E. NMR spectrum : 
   The following regions of spectrum can be approximately associated with specific H's : 
  δ 0.3-1.7  :  H at saturated carbons δ 1.5-2.5  :  Allylic and ketonic H's   
  δ 2.0-4.0  :  Akyl halide H's  δ 4.5-6.5  :  vinylic H's       δ 6.5-8.0  :  Aromatic H's   
  δ 9.0-10.0  :  Adehyde H's  δ 11-12  :  Carboxylic acid  H's     δ 2.5-5.5  :  Alcohol H's 
 F-G. Summary : 
  the following structural information can be obtained from the NMR spectrum : 
  (a)  the chemical shift (δδδδ) gives the electronic, i.e. chemical, environment of the H 
  (b)  integration gives the number of equivalent H's that give rise to a given signal 
  (c)  the number of peaks give the number of different, i.e. non-equivalent, H's present 
  (d) the splitting pattern yields information on the number of H's adjacent to the H in question 
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