
Organic Spectroscopy 
 

Ultraviolet and Visible Spectroscopy 
1. What is electronic spectroscopy? Why is UV and visible spectroscopy called electronic 

spectroscopy? Discuss various electronic transitions giving at least one example. 
2. What happens on absorption of Ultraviolet radiation by a molecule? 
3. Arrange the following electronic transitions in order of their decreasing energy. 
                                           π →  π*, n →  σ*,  n → π*, σ → σ* 
4. Why is absorption bands are formed in the UV spectrum of a molecule instead of a sharp 

signal? 
5. The cis isomer of the compound A is colorless while the trans isomer is colored? 
 
 
 
 
 
6. Methyl iodide has both λmax and εmax higher than that of methyl chloride. Explain 
7. The following compound shows λmax = 238 nm with εmax = 2535. Give reason. 
                              
 
 
 
8. Explain how the presence of two conjugated chromophores in a molecule shifts both λmax and 

εmax to higher values. Explain.   
9. What is the effect of hydrogen bonding on UV absorptions? 
10. The ethanolic solution of phenol shows UV absorption at λmax = 210 nm but on addition of 

dilute NaOH to the solution results in increased λmax to 238 nm. Rationalize the fact. 
11. Two isomeric compound A and B with molecular formula C6H8 decolorize Br2 solution in CCl4 

and also alkaline KMnO4. On catalytic hydrogenation both gives cyclohexene. A shows 
absorption maximum at 256 nm and b is transparent above 200 nm. Assign structures for A 
and B. 

12. Dimethyl amine has higher λmax in hexane solution than in water. Why? 
13. What are the limitations of Woodward-Fieser rules for calculating λmax for dienes and trienes?  
14. Chloral shows absorption maxima at 290 nm in hexane. But this band is disappeared when the 

spectrum is recorded in water. Identify the transition and explain the reason for disappearance 
of the band in water. 

15. Hydrogenation of the triene A with one mole of H2 gives three isomeric dienes having MF 
C10H14. Identify the structures and how will you use UV spectroscopy to distinguish between 
them. 

 
 

 
 
16. In the UV spectrum, trans-stilbene exhibits λmax at 295 nm (εmax = 27,000), while cis-stilbene 

exhibits λmax at 280 nm  (εmax = 13,500). Explain the reason. 
17. Write short notes on: 
 i) Bathochromic shift  ii) Chromophore iii)  
18.  Why n → π* transition takes place at higher wavelength with lower intensity than the π →  π* 

transition for an α,β-unsaturated carbonyl compound? What kind of shift in the absorption 
maxima would you expect for these two transitions when cyclohexene is used as solvent 
instead of ethanol? 
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19. In the UV spectrum ethylene absorbs at 164 nm, whereas 1,3-butadiene absorbs at 217 nm. 
Explain with MO energy level diagram. 

20. The triene 1 on partial hydrogenation gives three alkenes 2,3 and 4. How would you 
distinguish them by UV spectroscopy? Also calculate the λmax for the triene 1. 
 

       
 
 
 

21. Why is it difficult to measure UV absorption of σ → σ* transition? What device is to be 
employed for such measurement? 

22. π →  π* transition shows bathochromic shift in polar protic solvent while n → π* transition 
shows hypsochromic shift in such solvent?  

23. Do you expect any change in the UV spectrum of p-nitro-N,N-dimethyl aniline when its solution 
is made acidic? Explain 

24. The UV absorption maxima of aniline in acidic solution are same as that of benzene. Explain. 
25. Comment on the UV spectral nature of phenol and p-nitrophenol in alkaline solution? 
26. The α,β-unsaturated carbonyl compound, mesityl oxide shows λmax 230 nm (εmax = 12,000), 

and 329 nm (εmax = 10,000) in hexane and λmax 243 nm (εmax = 10,000), and 305 nm (εmax = 60) 
in water. Explain. What changes would you expect in the UV absorption of 1,3-butadiene by 
similar change of solvent? 

27. Acetone shows UV absorption maxina at λmax 280 nm (εmax = 15), and 190 nm (εmax = 100). 
Identify the electronic transitions. Explain why one peak is more intense than the other. 

28. Acetone on treatment with Ba(OH)2 followed by refluxing with I2 (catalytic amount) gives two 
products, A and B, with MF C6H10O. Compound A shows UV absorptions at 240 nm (logε= 4.0) 
and 315 nm (logε= 1.7). But compound B does not have a characteristic absorption above 200 
nm. Identify A and B. 

29. The UV absorption spectrum of o-nitrophenol has λmax = 350 nm in 0.1 m HCl but in 0.1 M 
NaOH its λmax is shifted to 415 nm. Explain. 

30. A sample of CH3OCH=C(Me)2 exhibits two absorption bands, one at 230 nm (ε = 12,500) and 
another at 330 nm (ε = 12,500). Identify the bands with proper reasoning. 

31. Illustrate Woodward-Fieser rules for calculating the expected λmax of enones in the UV 
spectrum. What are the limitations? 

32. Which of the following molecules would you expect absorb at a longer wavelength in the UV 
region of the electromagnetic spectrum? Explain your answer. 
 
 
 
 
 
 
Answer: Molecule B has a longer system of conjugated pi bonds, and thus will absorb at a 
longer wavelength. Notice that there is an sp3-hybridized carbon in molecule B which isolates 
two of the pi bonds from the other three. 
 

33. The following α,β-unsaturated ketones have λmax at 241 nm, 254 nm and 259 nm in ethanol. 
Identify which is which. 
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34. Comment on the UV absorption maxima of the following compounds: 
 
 
 
 
 
 
35. How can you differentiate between the following compounds by UV-visible spectroscopy? 
 
 
 
 
36. How UV-Visible spectroscopy can be used to distinguish between anisole and phenol? 
37. How UV-Visible spectroscopy can be used to distinguish between the following compounds by 

UV spectroscopy? 
 
 
 

                                                
 

 
38. Calculate λmax of the following compounds: 
 
 
 
 
 
 

 
 
 
 

39. The IR peaks of an organic compound are usually sharp where as UV spectrum of an organic 
compound containing a chromophore shows broad bands. Explain. 

40. Which of the following compounds would you expect to have a π →  π* absorption in the 
region 200-400 nm? 

                                                     
 
 
41. Would you expect allene, H2C=C=CH2, to show a UV absorption in the region 200-400 nm?  
42. How UV-Visible spectroscopy can be used to distinguish between the following compounds by 

UV spectroscopy? 
43. H+ ion shifts n→ π* transition of C=O to higher energy. Explain. 
44. How do you assay bulk drugs using UV-Visible spectroscopy? 
45. For a sample of acetaldehyde in a cell of 1 cm path length, the absorbance at 180 nm is 0.5 at 

a concentration of 5x105 M and at 290 nm is 0.2 at a concentration of 1x10-2 M. calculate the 
extinction co-efficient at 180 and 290 nm, and identify the n→ π* and the π → π* bands. 

46. Use Woodward-Fieser rules to estimate the expected λmax for the following compound: 
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47. Consider the following observation and identify the structures of compounds A, B and C.  
 
 
 
 
 
 
 
(A) and (B) are stereoisomers.  
UV data (in ethanol):  for (A): λmax 320 nm (Ɛmax 50) 
                                   for (B): λmax 290 nm (Ɛmax 50) 
                                   for (C): λmax 230 nm (Ɛmax 7000) 
 
 

48. The four isomeric C9H14 dienes listed below all give 1,1-dimethylcycloheptane on exhaustive 
catalytic hydrogenation.  

                                                    A→ 5,5-dimethyl-1,3-cycloheptadiene 

                                                    B →6,6-dimethyl-1,3-cycloheptadiene 

                                                    C →6,6-dimethyl-1,4-cycloheptadiene 

                                                    D →3,3-dimethyl-1,4-cycloheptadiene 

Because of their symmetry, two of these isomers have five structurally distinct carbon atoms; the 
other two have eight such carbons.  
One of the symmetrical dienes (X) has a uv absorption maximum near 250 nm.  
The other symmetrical diene (Y) does not absorb uv light above 200 nm in wavelength.  

1. Which isomer is X?   Ans: B    

2. Which isomer is Y?    Ans: D    
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IR Spectroscopy 
1. Dimethyl allene shows an IR absorption band at very high frequency (≈1800 cm-1) for C=C 

stretching but tetramethyl allene shows no C=C stretching absorption peak-Explain. 
2. Trans-2-butene does not exhibit a signal in the double bond region of the s 

pectrum (1600–1850 cm-1); however, IR spectroscopy is still helpful in identifying 
the presence of the double bond. Identify the other signal that would indicate the 
presence of a C=C bond. 
 

3. Write short notes on i) Finger print region. ii) Stretching and bending vibrations iii) Fermi 
resonance 

4. Discuss the various factors on which the intensity of IR absorption depends. 
5. IR spectrum of (2R, 3S)-2,3-dichloropentane is recorded. Do you think that this spectra will be 

identical with the spectra of (2S, 3S)-2,3-dichloropentane and (2S, 3R)-2,3-dichloropentane? 
Give reason for your answer. 

6. How would you distinguish between the following pair of compounds using IR spectroscopy? 
 
 
 
 

 
 
 
             
7. A compound having molecular formula C3H6O gave the following spectral data: 
           UV: λmax = 292 nm (εmax = 21) 
            IR: 2720 and 1738 cm-1. Deduce the structure of the compound. 
8.  IR absorption due to carbonyl stretching occurs at higher frequency the stretching of the C=C 

bond. Explain. 
9. Each of the following compounds contains two carbonyl groups. Identify  which

 carbonyl group will exhibit an IR signal at lower wave number. 
 
 
 
 
 
 

10. Explain the following observation: The IR spectrum of ethyl 3-oxobutanoate shows absorption 
at 1748, 1724 and 1650 cm-1. 

11. The number of fundamental vibrations of CO2 is four but in IR spectrum it shows only two. Give 
reason. 

12. In terms of transitions, how does IR spectroscopy differ from UV spectroscopy? 
13. Identify how IR spectroscopy might  be used to monitor the progress of the following 

reaction. See klein for answer 
 
 
 
 
 

14. How can UV and IR spectroscopy be used to determine when the following reaction is 
completed? 

15.  
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16. O-nitrophenol shows νO-H band at 3200 cm-1 in KBr pallet as well as in CHCl3 solution, whereas 

the para isomer shows this band at different frequencies in the two media (in pallet at 3330 cm-

1 and in CHCl3 solution at 3500 cm-1). Explain. 
17. IR spectra have a large number of bands in compared to a UV spectrum. Give reason. 
18. Ethyl acetate shows νC=O absorption at 1735 cm-1, whereas phenyl acetate at 1770 cm-1. 

Explain. 
19. 2-Hydroxy-2-nitroacetophenone shows two bands at 1692 and 1658 cm-1. Explain. 
20. A compound in the vapor phase has higher stretching frequency than that in the liquid or solid 

state. Why? 
21. Why Hydrogen bonding raises the wavelength of IR absorption. 
22. Ethanol and methanol are good solvents for recording UV spectra but not for IR spectra. Give 

reasons. 
23. What happens on absorption of UV and IR radiation by a molecule? 
24. Which one in the following compounds is expected to show a lower C=O stretching frequency 

and why? 
                                                   
 
 
 
 
 
 
25. Predict the frequency shift of the carbonyl absorption in the following aldehydes and Explain. 
       
 
 

 
 
26. The IR spectrum of methyl salicylate shows absorption bands at 3300, 3050, 2990, 1700, 1590 

and 1540 cm-1. Which these bands are due to which of the following groups?  
27. Methyl 2-chlorobenzoate shows two C=O stretching frequency. Explain. 
28. Which spectroscopy can be used to conveniently follow the oxidation of a secondary alcohol to 

a ketone and how? 
29.  Ditertiary butyl ketone has a very low carbonyl stretching frequency in the IR spectrum. 

Explain. 
30. What is finger print region in IR spectroscopy? Mention its usefulness. 
31. What do you mean by IR active molecule? State with reason which of the following are active 

with regard to C=C double bond? 
                        
 
 
32. Three saturated cyclic ketones A, B and C shows strong bands at 1715 cm-1, 1745 cm-1 and 

1780 cm-1 in their IR spectrum respectively. Indicate the size of the rings of each compound 
from the above IR data’s. Give reason for your answer. 

33. Explain why ethylene fails to absorb at ≈1700 cm-1 in its IR spectrum. 
34. Discuss the effect of dilution by CCl4 on the absorption position of O-H stretching of ethanol. 
35. How is the O-H absorption peak in IR spectrum shifted by replacing H by D. 
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36. The frequency of O-H stretching of phenols can be lowered by 43-100 cm-1 when the spectrum 
is recorded in benzene solution compared to CCl4 solution. Why? 

37. Explain why 2,3-dimethyl-2-butene shows no IR absorption in the region 1600-1700 cm-1, 
despite the presence of a C=C bond it this molecule. 

38. A 1:1:1 mixture of CH3I, CH3Cl and CH3Br show three peaks at 732, 611 and 533 cm-1. Assign 
peaks to the respective structures.  

39. How can IR spectroscopy be used to check the intermolecular and intramolecular H-bonding. 
40. Explain what changes of C=O stretching frequencies are observed for the following sequence 

of reactions.  
 

          
 

 
 

 
41. In alkaline solution, 2-hydroxyquinolene shows hypsochromic shift but 3-hydroxyquinolene 

shows bathochromic shift-Explain. 
42. Using IR spectroscopy how would you distinguish between the three open chain isomers of 

C2H4O2.  
43. Compare the C=O stretching absorption maxima in IR spectra of chloral and acetaldehyde. 
44. Compare with explanation the relative position of the C-H stretching absorption peaks of 

cyclopropanes and n-propane. 
45. In solvent medium, a compound shows broad bands in most cases in the IR spectrum but in 

gaseous state, sharp bands are observed. Why? 
46. The compound (I) shows IR absorption peak at 3200-3600 cm-1 and 1685 cm-1 but on 

treatment with 40 % NaOH solution shows only 3200-3600 cm-1.  
                                                  
 
 
 
 
47.  The following molecule does not show their peak of carbonyl group. Offer a reasonable 

explanation. 
48. How could IR spectroscopy be used to detect the presence of enol tautomers?  
49. How could IR spectroscopy be used to distinguish between vinyl acetate and methyl acrylate? 
50. In IR spectra conc. Solution of EtOH and HOCH2CH2OH in CCl4 exhibit a sharp band at 3350 

cm-1 for –OH group. On dilution with CCl4 spectrum of ethylene glycol does not change but that 
of EtOH exhibits band at 3600 cm-1. Explain. 

51. How could IR spectroscopy be used to distinguish between the following compounds? Explain 
briefly. 

                                                      
 
 
 
52.  Carbonyl compound shows a strong absorption at around 1700 cm-1 with a noticeable 

overtone band at around 3400 cm-1. Explain. 
53. Explain how you could use IR spectroscopy to distinguish between compounds I, II, and III. 
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ANSWER: The triple bond in compound I is symmetric, and therefore is not IR-active, so there 
would be no absorbance in the carbon-carbon triple bond range (2100-2250 cm-1). In 
compound II the presence of the fluorines makes the triple bond asymmetric and IR-active, 
thus the alkyne peak will be observed. In compound III, we should see not only the carbon-
carbon triple bond peak but also an absorbance at approximately 3300 cm-1 due to stretching 
of the terminal alkyne carbon-hydrogen bond. 
 

54. Explain how you could use IR spectroscopy to distinguish between compounds A, B, and C. 
 
 
 
 
ANSWER: All three compounds contain alkene functional groups. However, in compound C 
the alkene is symmetrical and thus we would not expect to see an absorbance from C=C 
stretching in the 1620-1680 cm-1 range. We would expect to see this peak in the spectra of 
compounds A and B; in addition we would expect to see, in the compound X spectrum, a peak 
in the 3020 - 3080 cm-1 range due to stretching of the terminal alkene C-H bonds. 

55. Explain how you could use IR spectroscopy to distinguish between compounds X, Y, and Z. 

 
 
 
 
 
 
Answer:  
All three spectra will have a strong carbonyl stretching peak, but the ester (compound Z) 
carbonyl peak will be observed at a shorter wavelength compared to the ketone (compound Y) 
and the carboxylic acid (compound X). In addition, Compound X will show a broad absorbance 
centered at approximately 3000 cm-1 due to carboxylic acid O-H stretching, whereas in the 
spectrum of compound Y we should see the broad absorbance centered at approximately 
3300 cm-1 from stretching of the alcohol O-H bond. Compound Z will have no broad O-H 
stretching absorbance. 

56. Absorption spectra between the regions 1500 to 650 cm-1 are usually very complex. Explain. 
57. How can you identify the following molecules from their characteristics of absorption 

frequencies in their IR spectrum?  
                           
 
 
 
 
58. Which will have higher stretching frequencies in IR spectra and why? 

i) C=O of ketone or C=O of an acid chloride? 
ii) C-O of phenol or C-O of cyclohexanol? 

59. An organic compound (C8H8O) gives –ve iodoform test. It absorbs at 292 nm (ε = 16) in the UV 
spectrum. In IR spectrum various bands are: 3042, 2941(m), 2862(w), 1722(s), 1605(m), 
1575(m) and 1442(m) cm-1. Give the probable structure of the compound with reasons. 

60. Ethene and ethyne unlike propene and propyne do not give C=C multiple bond stretching 
bands in their IR spectrum. Explain. 

CHO COCH3

and

A B C

OH

MeO OO MeO OH

X Y Z



61. The IR spectrum of p-nitrobenzyl alcohol recorded in the KBr phase shows a medium, broad 
absorption at around 3600 cm-1. The same absorption shifts to 3450 cm-1 as medium, sharp 
absorption when recorded in CHCl3 solution. Explain. 

62. Indicate the main stretching frequencies for functional groupspresent in acetyl acetone. What 
would happen to the spectrum if a small amount of organic base is added to it? 

63. Using IR spectroscopy how will you differentiate between the following pairs of compounds? 
i) Benzyl chloride and benzyl cyanide  ii) Aniline and N-methylaniline 
iii) Cyclohexanone and cyclohexanol  iv)  Benzoic acid and benzaldehyde 
  

64. Compound A (C2H6O) exhibits a prominent IR band at 3600 cm-1. When A is oxidized to B 
(C2H4O) this band disappears and a new IR band appears at 1700 cm-1. Identify A and B and 
the functional groups responsible for the 3600 and 1700 cm-1 bands. 

65. Write structures for all compounds with molecular formula C4H6O that would not be expected 
to exhibit infrared absorption in the 3200–3550 cm_1 and 1620–1780 cm_1 regions. 

66. Write structural formulas for four compounds with the formula C3H6O and classify each 
according to its functional group. Predict IR absorption frequencies for the functional groups 
you have drawn. 

67. There are four amides with the formula C3H7NO. (a) Write their structures. (b) One of these 
amides has a melting and a boiling point that are substantially lower than those of the other 
three. Which amide is this? Explain your answer. (c) Explain how these amides could be 
differentiated on the basis of their IR spectra. 

 
68. The infrared spectrum of 1-hexyne exhibits a sharp absorption peak near 2100 cm_1 due to 

C≡C stretching. However, 3-hexyne shows no absorption in that region. Explain. 
 

69. In infrared spectra, the carbonyl group is usually indicated by a single strong and sharp 
absorption. However, in the case of carboxylic acid anhydrides (RCOOCOR), two peaks are 
observed even though the two carbonyl groups are chemically equivalent. Explain this fact. 
 

70. Two constitutional isomers having molecular formula C4H6O are both symmetrical in structure. 
In their infrared spectra, neither isomer in dilute solution in CCl4 has absorption in the 3600 
cm_1 region. Isomer A has absorption bands at approximately 3080, 1620, and 700 cm_1. 
Isomer B has bands in the 2900 cm_1 region and at 1780 cm_1. Propose a structure for A and 
two possible structures for B. 
 

71. Compound C is asymmetric, has molecular formula C5H10O, and contains two methyl groups 
and a 3° functional group. It has a broad infrared absorption band in the 3200–3550 cm_1 
regions and no absorption in the 1620–1680 cm_1 regions. (a) Propose a structure for C. 
 

72. A compound with the molecular formula C4H4O2 has a strong sharp absorbance near 3300 
cm_1, absorbances in the 2800–3000 cm_1 regions, and a sharp absorbance peak near 2200 
cm_1. It also has a strong broad absorbance in the 2500–3600 cm_1 regions and a strong peak 
in the 1710–1780 cm_1 regions. Propose a possible structure for the compound. 
 

73. At high dilution in CCl4, both stereoisomeric forms of 1,2-cyclopentanediol have an infrared 
absorption band at approximately 3626 cm_1 but only one isomer has a band at 3572 cm_1. 
Assuming the cyclopentane ring is coplanar, draw and label the two isomers using the wedge–
dashed wedge method of depicting the OH groups. Indicate which isomer will have the 3572 
cm_1 band and explain its origin. 
 

74. An organic compound with molecular formula C4H6 has strong infrared absorption peaks at 
around 2250 cm_1 and round 3300 cm_1, but no peak near 1600 cm-1 and 3100 cm-1. Draw 



structures for all possible compounds and propose a structure for the actual compound. 
Explain how the IR absorption allows them to be differentiated. 
 

75. Unknown compound Y has molecular formula of C3H6O2. It contains one functional group that 
absorbs infrared radiation in the 3200–3550 cm-1 region (when studied as a pure liquid; i.e., 
“neat”), and it has no absorption in the 1620–1780 cm-1 region. No carbon atom in the 
structure of Y has more than one oxygen atom bonded to it, and Y can exist only in two 
stereoisomeric forms. What are the structures of two forms of Y? 
 

 
                                            Ans: 
 
 
 
 
 
 

1H NMR Spectroscopy 
1. Define the term ‘Chemical Shift’. What differences in chemical shift values are expected for the 

protons of CH3F, CH3Cl and CH3Br and why? 
2. What is the necessary condition for Nuclear magnetic resonance spectroscopy? How is it 

maintained? 
3. What is meant by the term ‘Resonance’ in NMR spectroscopy? 
4. Justify whether the following statements are true or not. 

i) Electrons play a key role in governing the chemical shifts of various protons. 
ii) Chemical shifts are not affected by the strength of the applied magnetic field. 
iii) Sensitivity of the NMR spectrum depends on the polarity of the bond.   

5. Why do acetylenic protons resonate at up field region (δ 2.80) with respect to ethylenic protons 
(δ 5.80) though SP carbon of acetylene is more electronegative than SP2 carbon of ethylene? 
Explain. What differences would you observe in the 1H NMR spectrum of ditert-butyl ketone 
and diethylketone? 

6. Write with explanation the 1H NMR signals of the protons of i) CH3CH2Br  ii) CH3CHBr2 in 
terms of singlet/doublet/triplet/quartet.  

7. The ortho-protons of benzaldehyde resonate at a lower field than para- and the meta-protons. 
Explain. 

8. Draw the 1H NMR spectrum of i) ordinary ethanol and ii) pure ethanol showing the relative 
chemical shifts and spin-spin splitting patterns. Point out the differences, if any, with proper 
reason. 

9. State with labels the expected number of signals of meta-dichlorobenzene in its 1H NMR 
spectrum. 

10. An organic compound with MF C3H5OCl when added to aqueous NaHCO3 solution evolves 
CO2. Its IR absorption shows a band at 1795 cm-1. It gives a triplet and a quartet in its 1H NMR 
spectrum. Identify the compound giving reason. 

11.  Write down the more stable structure of the alkene with the MF C6H12. Comment on the IR 
absorption of the C=C stretching and 1H NMR spectral nature of the alkene with proper 
reasons. 

12. Label the different types of nonequivalent hydrogen’s of propene and justify your answer. 
13. How would you distinguish between the following pairs of molecules by PMR spectroscopy? 
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14. Explain the terms i) Downfield shift and ii) Up field shift as used in 1H NMR spectroscopy. 
15. The chemical shift of a proton at 60 MHz instrument was found to be 120 Hz using TMS as 

internal standard. Find out the chemical shift of the same in δ ppm and in Hz respectively when 
the spectrum is recorded at 300 MHz instrument using TMS as internal standard. 

16. Write down the structure of the compound C5H11Cl, which shows two singlets in its 1H NMR 
spectrum. 

17. Write short notes on: 
i) Shielding and deshielding in 1H NMR spectroscopy. 
ii) Chemically equivalence and nonequivalence protons. 
iii) Chemical shift. 

18. Toluene is oxidized to PhCHO. What changes in its 1H NMR spectral features would you 
expect for the product with respect to that for starting compound. 

19. Which of the following is/are not 1H NMR active. Explain. 
                                                  12C, 2H, 19F, 10B, 13C, 14N, 31P and 127I. 
 
20. State with labels the expected number of signals in the 1H NMR spectrum of 2-bromopropane. 
21. How many signals are expected from the 1H NMR spectrum of o-dinitrobenzene? Assign the 

signals and arrange them in increasing (or decreasing) order of their chemical shifts. State the 
splitting pattern of the signals with a spectral diagram. How can you distinguish it from p-
dinitrobenzene by their 1H NMR? 

22. Explain why tetramethylsilane (TMS) is chosen as internal standard for recording 1H NMR 
spectrum? 

23. How many kinds of nonequivalent protons are there in C2H5CH=CH2? Label them. 
24. What are the relaxation processes in 1H NMR spectroscopy? Mention its usefulness? 
25. Comment on the 1H NMR spectrum of the molecule Cl2CHCH2Cl and CD3CH2CH3. 
26. How could you use 1H NMR spectroscopy to prove that addition of HBr to propene follow 

Markownikoff’s rule? 
27.   How many signals do you expect in the 1H NMR of the following compounds and why? 
 

 
 
 
 

28. What are the structural possibilities for a compound having MF C2H6O? How can they be 
distinguished by i) IR and ii) 1H NMR spectroscopy? 

29. Predict the splitting pattern of the following molecules. 
 
 
30. Assign the chemical shifts to the hydrogens of the following compounds: Use (n+1) rule to 

predict the multiplicity of the signals. 
i) Cl2CHCH(Cl)Me → (δ→ 5.88, 4.37 and 1.70) 

NO2 NO2
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ii) ClCH2CH(OMe)2  → (δ→ 4.53, 3.53 and 3.41) 
31. An organic compound with MF C6H12O gives +ve iodoform test. In its 1H NMR spectrum, 

shows two singlets only. Draw the probable structure of the compounds.  
32. Explain why the 1H NMR spectrum of methanol in CCl4 shows two singlets but in d6-DMSO, it 

shows a doublet and a quartet. Which isomer of an alcohol, C5H12O, shows a singlet for –OH 
in d6-DMSO?  

33. What is spin-spin splitting? Discuss it with the aid of the molecular fragment: 
                                                                
 
 
 
34.  An organic compound of MF C4H6 exhibited only one singlet at δ1.9 in the 1H NMR spectrum. 

What is the structure for A?  
35. Draw the expected 1H NMR spectrum of isopropyl acetate. 

 
 
 

36. Identify the number of signals expected in the 1H NMR spectrum of the following compound. 
 
 
 
 
 

37. Predict the multiplicity of the 1H NMR signals of the following molecule. 
                                                 
 
38. Acid catalyzed dehydration of 3,3-dimethyl-2-butanol gives an olefin, A, which shows only one 

peak in the 1H NMR spectrum. Identify the structure for A and propose mechanism for its 
formation. 

39. A compound, C8H12O, shows in its 1H NMR spectrum two signals at δ 1.1 (9H) and δ 2.1 (3H) 
both as singlets. Identify the compound. 

40. An optically active epoxide, C4H8O, has the following 1H NMR signals: 
δ 3.5 (1H, q, J = 6 Hz), 0.8 (3H, d, J = 6 Hz). Identify the epoxide.  

41. An acyclic compound A (C5H8) exhibits optical isomerism and has an IR absorption band at 
2000 cm-1. On ozonolysis it produces acetaldehyde as one of the products. What is the 
structure of the compound?  

42. Why does an aldehydic proton resonate at a low field of about δ 10.0? 
43. Why do the methyl protons of an ethyl group appear as a triplet in the intensity ratio of 1:2:1? 
44. The 1H NMR signals for the aromatic hydrogens of methyl p-hydroxybenzoate appear as two 

doublets at approximately δ7.05 and 8.04. Assign these two doublets to the respective 
hydrogens. Justify your assignments of relative electron density based on contributing 
resonating structures. 

45. Consider the two methyl groups shown in the following compound. Explain why  the methyl 
group on the right side appears  at lower chemical shift. 
 
 
 
 
 

46. How could you use 1H NMR spectroscopy to distinguish between the following pair of 
molecules? 
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47. Consider the following compound: 

 
 
 
 
(a)  How many signals do you expect in the 1H NMR spectrum of this  compound? 
(b)  Rank the protons in terms of  increasing chemical shift. Give reason. 
 

48. How would you use 1H NMR spectroscopy to distinguish between the following pairs of 
molecules? 

 
 
 
 
 
      
 
 
 
 
 
 

 
49. Draw the 1H NMR spectrum of ethylbromide showing the relative chemical shift, multiplicity and 

peak areas (integrals). 
50.  Write the number of signals with splitting f or 1H NMR spectrum of the following molecules: 
                         
 
 
 
51.  Proton NMR of ClCH2CH2Cl shows only one signal whereas ClCH2CH2Br shows more than 

one signal. Explain. 
52. Reduction of 4-t-butylcyclohexanone by LiAlH4 gives a mixture of two stereo isomeric alcohols. 

How can the two be differentiated by 1H NMR spectroscopy? 
53. Write the structure of the two isomeric alcohols corresponding to a molecular formula C3H6O 

and explain their proton NMR spectrum. 
54. An organic compound having the molecular formula C9H12O3 has strong infrared absorption 

near 1100 cm-1. It shows only two sharp singlet peaks at δ 3.8 and 6.5 (intensity ratio 3:1) in 
its 1H NMR spectrum. What is the most likely structure of the compound? 

55. A C8H4N2 compound shows a sharp infrared absorption at 2230 cm-1. It's 1H NMR spectrum 
has a singlet at δ 7.6 ppm. Suggest a structure for this compound. (ans. P-dicyanobenzene) 

56. A C10H14 compound. The 1H NMR spectrum has two singlets at δ 2.45 and 7.0 ppm (intensity 
ratio = 6:1). Suggest a structure for this compound. 

57. A C5H10O2 compound shows a strong infrared absorption at 1100 cm-1, but gives no absorption 
at 3300 to 3400 cm-1. Its 1H NMR spectrum has sharp singlet peaks at δ1.3 and 4.0ppm 
(intensity ratio 3:2). Suggest a structure for this compound. 
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58. A C4H8O2 compound has a strong infrared absorption at 1150 cm-1, but is transparent at 3300 
to 3400 cm-1. It's 1H NMR spectrum shows a singlet at δ 3.55 ppm. Suggest a structure for this 
compound. 

59. A C9H18O compound has a strong infrared absorption at 1710 cm-1. Its 1H NMR spectrum has 
a single sharp peak at δ 1.2 ppm. Suggest a structure for this compound. 

60. A C14H22 compound. The 1H NMR spectrum has two singlets at δ 1.1 and 7.25 ppm (intensity 
ratio = 9:2). Suggest a structure for this compound. 

61. Give a structure or structures consistent with each of the following sets of 1H-NMR data. 
Assign the signals to hydrogens in your structures. 

a) C3H3Cl5;  a triplet, δ 4.52, 1H, b doublet, δ 6.07 
b) C6H12O2; a singlet, δ 1.50, 9Η’ b singlet, δ 2.01, 3Η 
c) C4H8Cl2; a doublet, δ 1.60, 3H, b multiplet, δ 2.15, 2H, c triplet, δ 3.72, 2H, d 

multiplet, δ 4.27, 1H 
d) C3H5ClF2; a triplet, δ 1.75, 3H, b triplet, δ 3.63, 2H, (remember that F can 

couple with H) 
 
Ans: a) 1,1,2,3,3-pentachloropropane b) t-butylacetate c) 1,3-dichlorobutane d) 1-chloro-2,2-
dichloropropane. 
 

62. How will you use IR and NMR spectroscopy to distinguish o- and p-hydroxyacetophenone? 
63. Arrange the following in order of increasing coupling constant between Ha and Hb in NMR 

spectrum. Give reason for your answer. 
 
 
 

 
64.   A compound, C4H8O2 showed IR absorption band at 1735 cm-1. The 1H NMR spectrum of the 

compound exhibited signals at δ 1.13 (3H, t, J = 7 Hz), 1.97 (3H, s) and 4.1 (2H, q, J = 7 Hz). 
Deduce the structure of the compound from its above spectral data. 

65. A compound, C6H12O, shows two singlets at δ 1.1 (9H) and 2.1 (3H) in its 1H NMR spectra. 
Identify the compound. 

66. Write the structure of two isomeric alcohols corresponding to MF C3H8O and explain their 1H 
NMR spectrum. 

67. In the 1H NMR spectrum of p-nitroethylbenene, the four chemical shifts appear at 
approximately δ 7.8, 7.1, 2.8, and 1.1. Assign the signals to the appropriate protons and 
indicate the expected splitting pattern of each signal.   

68. The MF of a compound is found to be C3H3Cl5. In its 1H NMR spectrum, it showed signals at δ 
4.52 (t), 6.07 (d). The ratio of integrals was found to be 2 cms : 4 cms. What is the structure of 
this compound?  

69. Compound B, C6H12O2, shows two singlets having chemical shift values at δ 2.2 (6H) and 2.7 
(4H) in its 1H NMR spectra. Identify the compound. 

70. A compound having MF C10H12O3, exhibited the following data in its 1H NMR spectrum: δ 1.3 
(3H, t, J = 7 Hz), 3.85 (3H, s), 4.3 (2H, q, J = 7 Hz), 6.9 (2H, d, J = 11 Hz), 7.9 (2H, d, J = 11 
Hz). Assign possible structure to the compound. 

71. An organic  compound A (C5H12O2) has strong infrared absorption at 3300 to 3400 cm-1 The 1H 
NMR spectrum has three singlets at δ 0.9 , δ 3.45 and δ3.2 ppm; relative areas 3:2:1. Suggest 
a structure for this compound. 
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72. A C9H12O compound has strong infrared absorption at 3300 to 3400 cm-1. It's 1H NMR 
spectrum has three sets of lines: singlets at δ1.1 (6H), 1.9 (1H) and 7.3 (5H) ppm. Suggest a 
structure for this compound. 
 
 
 
 
 
 

 
73. A C9H10O2 compound has strong infrared absorption at 1690 and 1100 cm-1. Its 1H NMR 

spectrum has sharp singlet peaks at δ 2.8 and 3.8 ppm (3H each) and two doublets at δ 6.9 
and 7.8 ppm (2H each). Suggest a structure for this compound. 
 
 

 
 

74. A C9H10O compound has a strong infrared absorption at 1720 cm-1. Its 1H NMR spectrum has 
signals at δ 2.8 (mult., 4H), 7.3 (s, 5H) and 9.8 (t, 1H) ppm. Its 13C NMR spectrum shows 
seven lines at δ200, 138, 129, 128, 125, 35 and 30 ppm. Suggest a structure for this 
compound. 
 
 
 

75. A C9H10O2 compound has strong infrared absorption at 1695 cm-1. The 1H NMR spectrum has 
five sets of lines: a triplet at δ1.3(3H), a quartet at δ>4.1(2H), a doublet at δ7.0(2H), a doublet 
at δ7.8(2H) and a singlet at δ9.8(1H) ppm. Suggest a structure for this compound. 
 

 

 
76.  
77. An aromatic compound A on reaction with acetyl chloride in presence of anhydrous AlCl3 gives 

a major compound B (C9H10O2) and a minor compound C. Compound B exhibits the following 
spectral data: 
UV: 270 nm (εmax = 10,500) 
IR (cm-1): 1680, 1600, 1500. 
1H NMR: δ 7.8 (2H, d, J = 8 Hz), 7.0(2H, d, J = 8 Hz), 3.9 (3H, s), 2.4 (3H, s). 
Deduce the structure of B. 

78. Deduce the structure of the compound from the following spectral data. 
MF: C9H10O2. 
IR (cm-1): 2875, 1720, 1622, 1310. 725. 
1H NMR: δ 1.23 (3H, s), 4.25 (2H, s), 7.2 (5H, m). 

 
79. Treatment of A with KOH gives a compound B. Spectral data of B are given below. What is its 

structure and how is it formed? 
 
 
 

IR (cm-1): 1720. 
         1H NMR: δ 1.15 (6H, s), 2.1 (2H, s), 6.8 (1H, d), 7.3 (1H, d). 

80. When acetone is treated with a base, a higher boiling liquid (b. pt. 130 oC) can be isolated from 
the reaction mixture. The spectral data of this compounds are as follows: 
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UV: 238 nm (εmax = 11,700) 
IR (cm-1): 1695, 1620. 
1H NMR: δ 1.9 (3H, s), 2.1(6H, s), 6.15 (1H, s). 
Deduce the structure of the compound. 

81. Spectral data of a compound with MF C7H6O2 are given below. Suggest a structure to this 
compound which is consistent to the spectral data: 
UV (in EtOH): 256 nm (εmax = 12,600), 324 nm (εmax = 3,400) 
IR (cm-1): 3175-3275 (broad), 1667 (strong), 1616, 1580, 1484, 1456, 1383, 1230, 1205, 1151, 
1115 and 1029. 
1H NMR: δ 10.83 (1H, s) which disappears on addition of D2O, 9.59 (1H, s), 7.31-6.79 (4H, m). 

82. An organic compound exhibited the following analytical and spectral characteristics: 
C: 80 %, H: 6.67%;         MW: 120 
IR (cm-1): 2720, 1690. 
1H NMR: δ 9.9 (1H, s), 7.8 (2H, d, J = 8 Hz), 7.0 (2H, d, J = 8 Hz) and 2.3 (3H, s). 
Deduce the molecular formula and the structure of the compound. 
83. Explain briefly how 1H NMR spectroscopy can be used to differentiate the two possible 

products expected in Bayer-Villiger oxidation of 2-methyl cyclohexanone. 
84. Explain how 1H NMR spectroscopy can be used to differentiate 2,6-dimethoxy benzoic acid, 

3,5-dimethoxy benzoic acid and 3,4-dimethoxy benzoic acid. 
85. In the 1H NMR spectrum, p-dichlorobenzene exhibits a singlet, whereas p-difluorobenzene 

exhibits more lines. Explain why? 
86. In the 60 MHz spectrum of acetone the signal for the ethyl group appears at 122.4 Hz 

downfield from TMS. Determine the chemical shift of this signal in δ scale (ppm). What would 
be the more resonance frequency for the same signal in a 300 MHz NMR spectroscopy?  

87. Calculate the coupling constant values for vicinal protons, Where 
          J = 4.2 - 0.5 cosΦ + 4.5 cos2Φ.     For cis: Φ = 0 o and for trans: Φ = 90 o. 
88. An organic compound, with molecular weight 190, containing C = 75.85 % and H = 7.28 % can 

easily be prepared by wittig reaction. The molecule shows following spectral characteristics: 
UV: 275 nm (εmax = 13,500) 
IR (cm-1): 2720, 1610. 
1H NMR: δ 7.8 (1H, d, J = 18 Hz), 7.1 (2H, d, J = 8 Hz), 6.8 (2H, d, J = 8 Hz), 6.5 (1H, d, J = 18 
Hz), 4.1 (2H, q, J = 7 Hz), 3.6 (3H, s), 1.5 (3H, t, J = 7 Hz). 
Deduce the molecular formula and structure of the compound. 
89. Suggest a structure of the product molecule of the following reaction that consistent with the 

given spectroscopic data. 
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