CHEM6101/8101

HomeWork #1
 Fall 2007
Water, pH and Buffers (Chap. 2) Review Questions:  If this were graded, you would not want to forget units and significant figures for all your numerical answers. 
Recommended textbook end of chapter questions for Chapter 2 are #4 -12,15,16, 18&19. 
N.B.: You may need to obtain Ka values for a number of acids. Where would you expect to find them? 

1. Calculate the pH of the following solutions:

a) 3.4 x 10-2 M Propionic Acid Solution

b) 0.0093 N Hydrochloric Acid Solution

c) 2.2 x 10-35 M Hydrochloric Acid Solution (think)
d) 6.2 x 10-2 g Sodium Hydroxide dissolved in water to give a total of 365 ml of solution

2. Calculate the pH values for 0, 0.5 and 1.0 mols KOH/ mol KH2PO4 for the titration of 500 mL of 0.010M KH2PO4 with 0.01 M M KOH. You should be able to use these points and your knowledge about titration curves to sketch the expected titration curve.

3. What is the pH of the following buffer mixtures?

a) 0.5 M acetic acid plus 0.2 M sodium acetate

b) 0.2 M phosphoric acid plus 0.4 M KH2PO4
4.         a)
Suppose you wanted to make a buffer of exactly pH 7.00 using KH2PO4 and Na2HPO4. If you had a solution of  0.05 M KH2PO4 what concentration of Na2HPO4 would you need?

b)
Now assume you wish to make a buffer at the same pH, using the same substances, but want the total phosphate molarity ([HPO42-] + [H2PO4-]) to equal 0.6 M. What concentrations of the KH2PO4 and Na2HPO4 would you use?

5. A 250 mL sample of a 0.200 M formate buffer, pH 3.75, is treated with 5 mL of 1.00 M KOH.  What is the pH following this addition?

6. What is the optimum pH to separate a mixture of lysine, arginine and cysteine (see their structures on page 129) using electophoresis (read TOOLS OF BIOCHEMISTRY 2A, pp. 52-56)? Draw the structures of the three amino acids in the protonation state that would predominate at the pH you have chosen (See Table 5.1 on page 128). For each amino acid, indicate the net charge at the chosen pH as well as the direction of migration (towards anode or cathode) in the electric field.

HINT:

Since electrophoresis separates based on charge, find a pH where each amino acid has a different charge state.

Multiple Choice Questions for chapter 2- (unless otherwise stated choose the one BEST response):

1. Which of the following properties of water explains its ability to dissolve acetic acid? 

       [check all that apply] 

A. The high surface tension of water, which is due to the formation of hydrogen bonds   

between adjacent water molecules. 

B. The ability to serve as a buffer, absorbing the protons given off by acetic acid. 

C. The ability to orient water molecules so that their polarities neutralize the ions formed when the acid dissociates. 

D. The ability to form hydrogen bonds with the carbonyl and the hydroxyl groups of acetic acid. 

2. The pH of a solution is equal to: 

A. the hydrogen ion concentration, [H +] 

B. log [H +] 

C. -log [H +] 

D. ln [H +] 

E. -ln [H +]

3. Physiological pH is 7.4. What is the hydrogen ion concentration of a solution at physiological pH? 


A
-7.4 M 


B.
0.6 M 

C. 0.6 x 10 - 8 M

D. 1 x 10 - 8 M 

E. 4 x 10 – 8

4. Acids are defined as compounds with pKa values below 7.0.  True or False?

5. The correct operational relationship between pKa and pH is that: 

A. 
both are log functions. 

B. 
both are always <7 for acids, and >7 for bases. 

C. 
These two concepts are not operationally related in any way since biological fluids 

contains mixtures of too many acids and bases. 

D. 
When pH = pKa , the compound in question will have a charge of +0.5. 

F. When pH = pKa , the ionizable compound in question (whether acid or base) will be half protonated and half deprotonated.

6.
If equal volumes of 0.05 M NaH2PO4 and 0.05 M H3PO4 are mixed, which of the following best describes the resulting solution? (hint: look up pKa's for phosphoric acid) 

A. pH 2 and poorly buffered. 

B. pH 2 and well buffered. 

C. pH 6.8 and well buffered. 

D. pH 12 and well buffered. 

E. pH 6.8 and poorly buffered.

7. At the isoelectric point of a polyampholytic protein, the protein will

A. have no charged groups.

B. be surrounded by a counterion atmosphere, effectively neutralizing the protein.

C. have an even distribution of charge and tend to self associate and precipitate out of  solution.

D. be more soluble in solutions of low ionic strength.
8.
Bicarbonate is a crucial buffer in the body and is usually present in body fluids as sodium bicarbonate (sodium being the main positive ion in extracellular fluids).



                       (enzyme catalyzed)
                     pKa = 6.14

 
     CO2 + H2O           (                    [H2CO3]              (              H+ + HCO3- (Na+)

       What features of sodium bicarbonate contribute to its effectiveness as a biological buffer? 

            [mark all that apply] 

A. The bicarbonate ion (HCO3-) can combine with a proton (H+) to form carbonic acid (H2CO3), thus absorbing protons from solution and raising blood pH.

B. Carbonic acid, which can be formed from CO2 and water, can dissociate into H+ and HCO3- in order to provide H+ and lower blood pH.

C. Carbonic acid, which can be formed from bicarbonate, is converted to CO2 and water via a very fast enzymatic reaction. 

D. CO2, being volatile, can be rapidly expelled from the body at varying rates by respiration.

9.
The bicarbonate buffering system of blood can respond quickly to mild metabolic acidosis (undesired decrease in blood pH) by: 

A. expelling CO2 in the lung. 

B. retaining HCO3- in the kidney. 

C. excreting H+ in the kidney. 

D. direct buffering action of the H2CO3 central intermediate. 

E.  retaining CO2 in the lung.

10.
Where is the isoelectric point of histidine (see its structure p. 129) given that the pKa of the (-carboxyl, the (-amino and the ionizing side chain groups are 1.8, 9.2 and 6.0, respectively.

A. pH 7.6

B. pH 5.7

C. pH 3.9

D. pH 7.0 

11. At pH > 6.0, what can we say about the two N atoms within the imidazole side chain of histidine. 

A. They will both be protonated thus, both N-atoms can serve as H-bond donors.

B. One N is protonated thus, it can serve as a nucleophile and donor for hydrogen bonding, while the other is deprotonated and can serve as an electrophile and H-bond acceptor.

C. They are both deprotonated and will be H-bonding acceptors. 

D. One is protonated, the other is deprotonated but their chemistry in this state is unreactive.
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