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Problems and Worked Answers  

Acid-Base Equilibria 
 

 

Section 94 – Relative Strengths of Acids and Bases: 
Effect of Molecular Structure 

 
  

 
94-1 Use this list of important industrial compounds (and Figure 93-2) to answer the following 

questions regarding: Ca(OH)2, CH3CO2H, HCl, H2CO3, HF, HNO2, HNO3, H3PO4, H2SO4, NH3, NaOH, 
Na2CO3.  

(a) Identify the strong Brønsted-Lowry acids and strong Brønsted-Lowry bases. 
(b) Identify the compounds that can behave as Brønsted-Lowry acids with strengths 

lying between those of H3O+ and H2O. 
(c) Identify the compounds that can behave as Brønsted-Lowry bases with strengths 

lying between those of H2O and OH–. 
Solution 
(a)  strong Brønsted-Lowry acids: HCl, HNO3, H3PO4, H2SO4; strong Brønsted-Lowry bases: 

Ca(OH)2, NaOH.  
(b)  CH3CO2H, H2CO3, HF, HNO2;  
(c)  NH3, Na2CO3 

 
94-2 Explain why the ionization constant, Ka, for H2SO4 is larger than the ionization constant for 

H2SO3. 
Solution 
There are more oxygens attached to the central S atom in H2SO4 than to the central sulfur in 
H2SO3. Thus, the conjugate base of H2SO4 canbe more stabilized through resonance than the 
conjugate base of H2SO3 (there are more structures contributing to the resonance hybrid). The 
negative charge is more delocalized (less concentrated) thus the anion HSO4

- is more stabile 
than the anion HSO3

-. 
 

94-3 Explain why HI is a stronger acid than HF. 
 
Solution 
The conjugate base of HI is more stable than that of HF, which allows the equilibrium for the 
dissociation of HI to lie more in favour of products than that for HF. This is because the radius of 
I is larger than the radius of F; thus, the conjugate base I- is larger than the anion F- so the 
negative charge is less concentrated (more stable).   
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94-4 Predict which acid in each of the following pairs is the stronger and explain your reasoning for 

each. 
(a) H2O or HF 
(b) HSOଷ

ି or HSOସ
ି 

(c) NH3 or H2S 
(D) H2O or H2Te 

Solution 
(a)  HF; F has a higher electron affinity than O (and so the negative charge is better 

accommodated by the conjugate base of HF than by the conjugate base of H2O).  
(b)  HSOସ

ି; There are more oxygens attached to the central S atom in H2SO4 than to the central 
sulfur in H2SO3. Thus, the conjugate base of H2SO4 canbe more stabilized through resonance 
than the conjugate base of H2SO3 (there are more structures contributing to the resonance 
hybrid). The negative charge is more delocalized (less concentrated) thus the anion HSO4

- is 
more stabile than the anion HSO3

-. 
(c)  H2S; Sulfur lies below and to the right of N in the periodic table. If it had been lower in the 

same group, we would expect H2S to be the stronger acid (due to the more favourable 
charge:size ratio of the anion). If it had been to the right in the same row, we would expect 
H2S to be the stronger acid (due to increased electron affinity). Since both factors indicate 
that HS- would be the more stable conjugate base (due to better negative charge 
stabilization), H2S is the stronger acid. In fact, H3N does not behave as an acid in aqueous 
solution (it is a weak base).  

(d)  H2Te; Te is below O in group 16. Larger members in acid-forming groups make stronger 
acids than smaller members of those groups (since the negative charge is more diffuse). 

 
94-5 Predict which compound in each of the following pairs of compounds is more acidic and explain 

your reasoning for each. 
(a) HSOସ

ି or HSeOସ
ି 

(b) NH3 or H2O 
(c) PH3 or HI 
(d) NH3 or PH3 
(e) H2S or HBr 

Solution 
(a) HSOସ

ି; higher electron affinity of the central ion.  
(b)  H2O; Oxygen lies to the right of nitrogen in the periodic table (in the same row). Thus 

oxygen has a higher electron affinity; the conjugate base would be more stable (so the acid 
is stronger)..  

(c)  HI; Iodine lies to the right and below phosphorus in the periodic table.  If I and P had been in 
the same row, we would expect HI to be the stronger acid (to due higher electron affinity). 
If P and I had been in the same group, we would expect HI to be the stronger acid to the 
larger size of the anion. Both trends work to better negative charge stabilization by I- than 
PH2

-, and so HI is the stronger acid.  
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(d)  PH3; in binary compounds of hydrogen with nonmetals, the acidity increases for the 

element lower in a group (i.e., the larger element). The negative charge is more stabilized 
by the larger anion.  

(e)  HBr; in a period, the acidity increases from left to right; in a group, it increases from top to 
bottom. Br is to the left and below S, so HBr is the stronger acid – the conjugate base is 
more stable due to considerations of both size and electron affinity. 

 
94-6 Rank the compounds in each of the following groups in order of increasing acidity or basicity, as 

indicated, and explain the order you assign. 
(a) acidity: HCl, HBr, HI 
(b) basicity: H2O, OH–, H–, Cl– 
(c) basicity: Mg(OH)2, Si(OH)4, ClO3(OH) (Hint: Formula could also be written as HClO4.) 
(d) acidity: HF, H2O, NH3, CH4 

Solution 
(a)  HCl < HBr < HI; The size of the anion (conjugate base) increases moving down the group. 

This allows for a more stable conjugate base (negative charge is more spread out).  
(b)  Cl– < H2O < OH– < H–; Cl– is a very stable conjugate base since chlorine has high electron 

affinity. Note that the conjugate acid (HCl) is the only strong acid in the group. H- is the least 
stable anion of the goup (and, thus, the strongest base) since the negative charge is born 
only by the very small hydrogen atom; in the other species oxygen or chlorine carry the 
negative charge (which is more favourable since they are larger and have higher electron 
affinity).  Thus Cl- < X < X < H-.  The only two left to rank are H2O versus OH-. Clearly it would 
be more favourable for the hydroxide anion to accept a proton than the neutral water 
species. Thus the complete order is  Cl– < H2O < OH– < H–.  

(c)  ClO3(OH) < Si(OH)4 < Mg(OH)2; Perchloric acid (HClO4) is a strong acid, and there does not 
act as a base (and would be the weakest base).  Comparing the hydroxides of Mg and Si,  
the more nonmetallic the central atom (i.e., the more to the right of a row of the periodic 
table), the more acidic the substance (do to increased electron affinity). As a result, base 
strength increases in the opposite direction.  

(d)  CH4 < NH3 < H2O < HF; this series can be envisioned in terms of increasing electron affinity of 
the atom attached to hydrogen. The greater the electron affinity, the more stable the 
conjugate base, and thus the stronger the binary acid. 

 
94-7 Rank the compounds in each of the following groups in order of increasing acidity or basicity, as 

indicated, and explain the order you assign. 
(a) acidity: NaHSO3, NaHSeO3, NaHSO4 
(b) basicity: BrOଶ

ି, ClOଶ
ି, IOଶ

ି 
(c) acidity: HOCl, HOBr, HOI 
(d) acidity: HOCl, HOClO, HOClO2, HOClO3 
(e) basicity: NHଶ

ି, HS–, HTe–, PHଶ
ି 

(f) basicity: BrO–, BrOଶ
ି, BrOଷ

ି, BrOସ
ି 

Solution 
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(a)  NaHSeO3 < NaHSO3 < NaHSO4; Note that the sodium ion (Na+) is simply a “spectator ion”, 

we are really comparing the acidity of HSeO3
-, HSO3

- and HSO4
-.  The HSO4

- would clearly be 
the most acidic since it has the most oxygens attached to the central atom, to stabilize the 
ion through resonance.  Comparing HSeO3

- and HSO3
-, they have the same number of 

oxygens (and so the stabilization of the conjugate bases by resonance would be basically 
the same), but S has higher electron affinity than S (since it is higher in group of the periodic 
table).  Thus the conjugate base of HSO3

- would be more stable than the conjugate base of 
HSeO3

-.  
(b)  ClOଶ

ି < BrOଶ
ି < IOଶ

ି; the basicity of the anions in a series of acids will be the opposite of 
the acidity in their oxyacids (HOClO, HOBrO, and HOIO). The proton to be lost is attached to 
oxygen; thus, anything that can help oxygen to support the resulting negative charge will 
result in the stronger acid.  The more electronegative the group attached to the oxygen, the 
stronger the acid will be (the more stable the conjugate base will be).  Since the trend in 
electronegativity is Cl > Br > I, the trend in acidity is HClO2 > HBrO2 > HIO2.  Thus, the trend 
for the basicity of the conjugate bases is opposite.  

(c)  HOI < HOBr < HOCl; The rationale is the same as for part (c) -- in a series of the same form of 
oxyacids, the acidity increases as the electronegativity of the atom attached to the HO- 
group increases. Cl is more electronegative than Br, and I is the least electronegative of the 
three.  

(d)  HOCl < HOClO < HOClO2 < HOClO3; in a series of oxyacids of the same central element, the 
acidity increases as the number of oxygen atoms increases (due to enhanced resonance 
stabilization of the conjugate base).  

(e)  HTeି  <  HSି  <  PHଶ
ି  <  NHଶ

ି;  In order to rank in terms of basicity, we need to evaluate 
the stability of the anion in terms of size and electron affinity. (There is no opportunity for 
resonance in the species provided).  The more stable the anion, the less reactive (and, thus, 
the weaker the base). Elements to the right of a row (with higher electron affinity) or the 
bottom of a group (larger size) will be better able to accommodate a negative charge.  Te is 
the element that is farthest to the bottom right, so HTe-  is the most stable (weakest) base. 
Sulfur is directly above Te, so HS- would be the next most stable base. Phosphorus is to the 
left of sulfur, so PH2

- is next. Nitrogen is the farthest to the left and top, so it is the least able 
to support a negative charge.  

(f)  BrOସ
ି < BrOଷ

ି < BrOଶ
ି < BrOି; with a larger number of oxygen atoms (that is, as the 

oxidation state of the central ion increases), the corresponding acid becomes more acidic 
and the anion consequently less basic (due to enhanced resonance stabilization of the 
anion). 

 


