F7 AL Chemistry (Tutorial 23b)

~ Suggested Solution ~

1.

Explain why phenol is more acidic than cyclohexanol.





phenol





phenoate ion / phenoxide ion


The conjugate base of phenol (phenoate ion / phenoxide ion) is stabilized by resonance effect:


The negative charge of the oxygen atom is delocalized on the benzene ring and extra stability is resulted. In the case of cyclohexanoxide, the negative charge cannot be delocalized by resonance in the absence of -electrons. Therefore, cyclohexanoxide is less stable than phenoate (phenoxide) and thus cyclohexanol is less acidic than phenol.

2.

Arrange the following compounds in order of their strength as acids, putting the weakest acid first.





 (A)



    (B)



  (C)



    (D)



The more stable the conjugate base (carboxylate ion, R(COO-) is, the more acidic the acid is.



CH3- is an electron-releasing group, the positive inductive effect destabilizes CH3COO- ion and therefore CH3COOH is the least acidic one.



Halogen atoms (Cl, Br and I) are very electronegative. They are electron-withdrawing groups and thus withdraw the negative charge of the oxygen atom by negative inductive effect. In this way, the charge is dispersed throughout the molecule and thus the conjugate base is stabilized.



Since the relative electronegativity is in the order: I < Br < Cl, therefore the order of acid strength is:
(D) < (C) < (A) < (B)

3.

Which of the following species behave as  (1) a nucleophile,  (2) an electrophile,  



(3) both,  or (4) neither?



(a) Cl-      (b) AlBr3      (c) Br+      (d) NO2+      (e) H2O      (f) CH2=O



(g) CH3C(N       (h) BeCl2        (i) H2


Nucleophile:
(a), (e)



Electrophile:
(b), (c), (d), (h)


Both:


(f), (g)


Neither:

(i)
4.

Account for the order of acidity of the three organic compounds below:

	
	methane
	propanone
	pentane-2,4-dione

	pKa
	40
	20
	9




Propanone and pentane-2,4-dione are more acidic than methane because resonance occurs in the conjugate bases of propanone and pentane-2,4-dione:



Conjugate base of propanone:







In the case of pentane-2,4-dione, the hydrogen atom of #3 carbon is the most acidic one since the negative charge resulted could be dispersed over both LHS and RHS.



i.e.  Conjugate base of pentane-2,4-dione:




More resonance structures imply a more stable conjugate base, because the negative charge could be more delocalized.



Therefore, pentane-2,4-dione is the strongest acid.
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