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1. 
(a) What is the pH of a 2.0 molar solution of acetic acid. Ka acetic acid = 1.8x10–5
 
(b) A buffer solution is prepared by adding 0.10 liter of 2.0 molar acetic acid solution to 0.1 liter of a 1.0 molar sodium hydroxide solution. Compute the hydrogen ion concentration of the buffer solution.


(c) Suppose that 0.10 liter of 0.50 molar hydrochloric acid is added to 0.040 liter of the buffer prepared in (b). Compute the hydrogen ion concentration of the resulting solution.

2. H3PO2, H3PO3, and H3PO4 are monoprotic, diprotic and triprotic acids, respectively, and they are about equal strong acids. HClO2, HClO3, and HClO4 are all monoprotic acids, but HClO2 is a weaker acid than HClO3 which is weaker than HClO4. Account for:


(a) The fact that the molecules of the three phosphorus acids can provide different numbers of protons.

 
(b) The fact that the three chlorine acids differ in strengths.

3. A comparison of the theories Arrhenius, Bronsted and Lewis shows a progressive generalization of the acid base concept. Outline the essential ideas in each of these theories and select three reactions, one that can be interpreted by all three theories, one that can be interpreted by two of them, and one that can be interpreted by only one of the theories. Provide these six interpretations.

4. Methylamine CH3NH2, is a weak base that ionizes in solution as shown by the following equation.

CH3NH2 + H2O ↔ CH3NH3+ + OH–
(a)
At 25ºC the percentage ionization in a 0.160 molar solution of CH3NH2 is 4.7%. Calculate [OH–], [CH3NH3+], [CH3NH2], [H3O+], and the pH of a 0.160 molar solution of CH3NH2 at 25ºC

(b)
Calculate the value for Kb, the ionization constant for CH3NH2, at 25ºC.

(c)
If 0.050 mole of crystalline lanthanum nitrate is added to 1.00 liter of a solution containing 0.20 mole of CH3NH2 and 0.20 mole of its salt CH3NH3Cl at 25ºC, and the solution is stirred until equilibrium is attained, will any La(OH)3 precipitate? Show the calculations that prove your answer. (The solubility constant for La(OH)3, Ksp = 1x10–19 at 25ºC)

5. Al(NO3)3
K2CO3
NaHSO4
NH4Cl

(a)
Predict whether a 0.10 molar solution of each of the salts above is acidic, neutral or basic.

(b)
For each of the solutions that is not neutral, write a balanced chemical equation for a reaction occurring with water that supports your prediction.

6. A buffer solution contains 0.40 mole of formic acid, HCOOH, and 0.60 mole of sodium formate, HCOONa, in 1.00 litre of solution. The ionization constant, Ka, of formic acid is 1.8x10–4.

(a)
Calculate the pH of this solution.

(b)
If 100. millilitres of this buffer solution is diluted to a volume of 1.00 litre with pure water, the pH does not change. Discuss why the pH remains constant on dilution.

(c)
A 5.00 millilitre sample of 1.00 molar HCl is added to 100. millilitres of the original buffer solution. Calculate the [H3O+] of the resulting solution.

(d)
A 800.–milliliter sample of 2.00–molar formic acid is mixed with 200. milliliters of 4.80–molar NaOH. Calculate the [H3O+] of the resulting solution.

Complete HW Probs 16.45a, 16.49, 16.51, 16.53, 16.55. 16.61a,c, 16.65a,c, 16.73b, 16.75, 16.77b, 16.83b,c, 16.85a-e, 16.110, 16.117, 17.11a,e, 17.13a,c, 17.15a,b, 17.19a,b, 17.21, 17.25a,b,c, & 17.27a,b.

1. (a) CH3COOH(aq) ↔ H+(aq) + CH3COO–(aq)  
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       [H+] = [CH3COO–] = X   


[CH3COOH] = 2.0 – X, X << 2.0, (2.0– X) = 2.0


1.8x10–5 = [image: image2.wmf]X 

2 

2.0 

 

X = 6.0x10–3 = [H+];  

 pH = –log [H+] = 2.22

(b)
0.1 L x 2.0 mol/L = 0.20 mol CH3COOH; 

0.1 L x 1.0 mol/L = 0.10 mol NaOH


the 0.10 mol of hydroxide neutralizes 0.10 mol CH3COOH with 0.10 mol remaining with a concentration of 0.10 mol/0.20 L = 0.5 M. This also produces 0.10 mol of acetate ion in 0.20 L, therefore, [CH3COO–] = 0.50 M.
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[H+] = 1.8(10–5 = pH of 4.74

(c)
[CH3COOH]o = [CH3COO–]o


= 0.50 M x [image: image4.wmf]0.040 L 

0.14 L

 = 0.143 M 

[H+]o = 0.50 M ( [image: image5.wmf]0.10 L

0.14 L

 = 0.357 M


the equilibrium will be pushed nearly totally to the left resulting in a decrease of the hydrogen ion by 0.143M. Therefore, the [H+]eq = 0.357M – 0.143M = 0.214M.

2. (a) the structure for the three acids are as follows:
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The hydrogen atom(s) bonded directly to the phosphorus atom is/are not acidic in aqueous solution; only those hydrogen atoms bonded to the oxygen atoms can be released as protons.

(b)
The acid strength is successively greater as the number of oxygen atoms increases because the very electronegative oxygen atoms are able to draw electrons away from the chlorine atom and the O–H bond. This effect is more important as the number of attached oxygen atoms increases. This means that a proton is most readily produced by the molecule with the largest number of attached oxygen atoms.

3. Arrhenius 












acid = produce H+ ions in aqueous solution       
base = produce OH– ions in aqueous solution   

 


 
Bronsted–Lowry 



acid = proton (H+) donor 



base = proton acceptor

 
Lewis




acid = e– pair acceptor



base = e– pair donor

Examples:


Interpreted by all three



HCl + H2O → H+(aq) + Cl–(aq)


NaOH + H2O → Na+(aq) + OH–(aq)

Interpreted by two 




Interpreted by only one


NH3 + HCl ↔ NH4+ + Cl– 



BF3 + NH3 → F3B:NH3
4.  
(a)
CH3NH2; 0.160M x 4.7% = 7.5x10–3 M ionizing



(0.160M – 0.0075M) = 0.0152M @ equilibrium



[CH3NH3+] = [OH–] = 7.5x10–3 M
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pH = –log [H3O+] = 11.89
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Q = [La3+][OH–]3 = (0.050)(3.7x10–4)3 = 2.5x10–12


Q > Ksp, therefore, La(OH)3 precipitates

5. (a) Al(NO3)3 – acidic
K2CO3 – basic


    NaHSO4 – acidic
NH4Cl – acidic

(b)
Al3+ + H2O → Al(OH)2+ + H+

Al(H2O)63+ + H2O → [Al(H2O)5OH]2+ + H3O+

Al3+ + 3 H2O → Al(OH)3 + 3 H+

CO32– + H2O → HCO3– + OH–

HSO4– + H2O → SO42– + H3O+

NH4+ + H2O → NH3 + H3O+
6. (a) using the Henderson–Hasselbalch equation
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= 3.92    
(b)
The pH remains unchanged because the ratio of the formate and formic acid concentration stays the same.

 (c)
Initial concentrations
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Concentrations after H+ reacts with HCOO–:

0.38M + 0.05M = 0.43M HCOOH 


0.57M – 0.05M = 0.52M HCOO–
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(d)
0.800L ( 2.00M HCOOH = 1.60 mol       
0.200L ( 4.80M NaOH = 0.96 mol OH–

At equil, (1.60 – 0.96) = 0.64 mol HCOOH and 0.96 mol HCOO–
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