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Problem set 4  

due Feb 26, 2020 
please indicate length of time needed for this problem set 

 
Problem 1  Collaboration and cooperation 
One of the unheralded discoveries of modern molecular medicine is that MIT students are 
characterized by a dimeric hemoglobin (HbMIT) that is less effective at transporting oxygen, 
presumably as an adaptation to smaller brains that need less oxygen. MIT students wanting to 
transfer to CIT are found to have a variant hemoglobin (HbCIT), also a dimer, that has superior 
oxygen transport properties.  Evaluation of the macroscopic association constants for the 
binding of oxygen to HbMIT and HbCIT gave the following results: 

hemoglobin K1 (mm Hg)-1 K2 (mm Hg)-1 
HbMIT 1.0 0.001 
HbCIT 0.001 1.0 

Note that the pressure units used in this analysis are (mm Hg). 
 
1a (15 pts) Is the binding of oxygen to HbMIT characterized by positive, negative, or no-
cooperativity? Is the binding of oxygen to HbCIT characterized by positive, negative, or no-
cooperativity?  Explain briefly. Very briefly, what does this imply about the culture of 
collaboration and cooperation at MIT and CIT? 
 
1b (15 pts) Assume that the partial pressures of oxygen in the lungs and brain are 100 and 40 
mm Hg, respectively.  Calculate the average number of oxygen molecules bound to HbMIT and 
HbCIT in the lungs and brain (ie, calculate  at these two oxygen concentrations for both 
proteins). Which hemoglobin would be most efficient at delivering oxygen from the lungs to 
this vital organ? 
 
1c (20 pts) Calculate p1/2, the O2 concentration (in mm Hg) where HbMIT and HbCIT are each half 
saturated (ie  = 1).  For both HbMIT and HbCIT, calculate the fraction of each protein with 0, 1 
and 2 bound O2 molecules at this oxygen concentration. 
 
Hint:  Starting from the expression, p1/2 can be expressed in terms of K1 and K2. 

 

 
Problem 2 (25 points) It’s complex  
For a system like Cd2+ and Cl- in an aqueous solution, the large number of species that can be 
present in solution will quickly preclude any simple analysis of the general case.  Under certain 
conditions, however, the calculations can be simplified. One of these is when the ligand (Cl-) is 
in large excess over the metal (Cd2+), as Problem 2 illustrates. 
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A solution is prepared with 1.000 M HCl and a total Cd2+ concentration of 0.001 M.  The 
equilibria are as follows: 
 
(1) (CdCl+) = b1(Cd2+)(Cl-);    b1  = 95. 
(2) (CdCl2) = b2(Cd2+)(Cl-)2;  b2  = 400. 
(3)  (CdCl3-) = b3(Cd2+)(Cl-)3;  b3  = 250.  
(4)  (CdCl42-) = b4(Cd2+)(Cl-)4;  b4  = 50. 
 
The corresponding mass balances are 
(5) (Cl-) + (CdCl+) + 2(CdCl2) + 3(CdCl3-) + 4(CdCl42-) = 1.000 M 
(6)     (Cd2+) + (CdCl+) + (CdCl2) + (CdCl3-) + (CdCl42-) = 0.001 M 
 
Solving the full set of equations in general leads to a 5th order polynomial, but in this particular 
problem, it is reasonable to set (Cl-)  = 1.000 M in Eq. (5) since the analytical concentration of 
chloride is 1000 times larger than that of cadmium.   
 
Calculate the concentrations of the various cadmium chloride complexes in this solution, using 
the following approach. With (Cl-) set to 1.000 M, solve Eq (6) for (Cd2+), and then use Eqs (1-4) 
to estimate the concentrations of the various cadmium chloride complexes.   
 
For reference, the numerical solution to Eqs (1-6) gives concentrations for (Cl-), (Cd2+), (CdCl+), 
(CdCl2), (CdCl3-), (CdCl42-) = 0.9977 M, 1.263 µM, 119.7 µM, 502.9 µM, 313.6 µM and 62.6 µM, 
respectively. 
 
 
Problem 3 (25 points) Maintaining your balance 
Balance the following equation for the reaction of As(III) sulfide with aqueous chloric acid 
(HClO3), a strong acid. 

As2S3 (s) + ClO3
- (aq)  ® AsO4

3- (aq) + SO4
2- (aq) + Cl- (aq) 

 
The oxidation state of oxygen is 2- in all these compounds. 


