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 1.   Continuous manufacture of hydroxychloroquine  (60 points)




It is more than a little surprising that ~8 months into 
the epidemic, conclusions regarding the efficacy 
of hydroxychloroquine for COVID19 patients 
remain sharply divided.   Hydroxychoroquine has 
been used as an anti-malarial agent since the 
1940’s and more recently as an anti-inflammatory 
for Lupus and rheumatoid arthritis.  Thus the 
“safe” dosage range is well - established and 
should not be controversial (but safety is 
questioned…).  Its use in the current epidemic 
stems from previous apparent successes for 

“SARS”.  Hydroxychoroquine is described by Bayer 
Corporation has having broad-spectrum antiviral 
properties (…of course they manufacture it…). If it were 
effective, then it would be widely available for all who 
need it in contrast to more “modern” drugs such as 
Remdesivir which are in short supply.


Let’s first analyze CSTR’s for first and 2nd order 
kinetics.


a.  Consider a CSTR with first order kinetics.  Find an expression for the exit concentration, CA 
in terms of the feed concentration, CA0, the residence time (τ= V/q) and the rate constant, k.


b.  Compare this to a CSTR with 2nd order kinetics of the form r = k CA 2 but the same feed 
concentration, flowrate and volume from part a.  Find an expression for the exit concentration  
in terms of the feed concentration, CA0, the residence time (τ= V/q) and the rate constant, k. 


c.  In general, which order reaction gives a lower exit concentration of CA? 


Now let’s look at manufacture of hydroxychloroquine.


The synthesis takes many steps which are outlined in the above paper.  The authors have 
developed a “continuous” (at least most of the steps can be done continuously) synthesis 
procedure.  


For the purposes of this test question, we focus just one step, compound “11” (an “oxime” 
being converted to “12”, an amine).


We can take compound 11 as “A”, the hydrogen  is “B” and we will take compound 12 as M.
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Most simplistically we could write 


 In almost all cases, when hydrogen is a reactant with a liquid phase reactant, the process is done under elevated pressure.  This allows the reaction 1
to proceed with either enough or excess hydrogen.  If the pressure were only 1 ATM, the H2 molar concentration in the liquid would be much less than 
the molar concentration of the other reactant and thus hydrogen would limit the rate and extent of reaction.
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	 	 	 A + B ==> AB

	 	 	 AB + B ==> M,


since two hydrogens are needed to balance the reaction.  Note that the oxime is dissolved in 
tetrahydrofuran (THF) and a “Raney-nickel” catalyst is present and kept confined in the CSTR.


d.  Given no other information, what would you expect the form of the kinetic rate expression 
to be for the first reaction A + B ==> AB?


e.  With reference to the footnote on the previous page that the reactor is run with hydrogen in 
great excess, would the kinetic expression simplify?  To what?


The data for the continuous flow reactor that is converting 11(oxime) to 12 is given in the 
following table.  Note that tR in the table is V/q ==> τ, residence time





f. 

Note that in the table above, the right-most column is defined as (CA0 - CA)/CA0.  


f.  Based on the bottom row of data, what is the first order rate constant for this reaction?


g.  Based on the bottom row of data, if the feed concentration is CA0 =2 moles/liter, what 
values of q and V would be needed to manufacture 100 moles in 24 hours.   


h.  Is this reaction really first order in A? 
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2.  Comparison of different reactor configurations. (30 points)


Consider the reaction A —> M with first order kinetics.


The feed concentration is CA0 and the volumetric flow rate is q.  Each reactor has total volume 
V. 


A.  Find an expression for the ratio of the exit concentration of the 2nd reactor CA2 , to the 
feed concentration,CA0, for the following reactor configurations.


Note that the superscripts denote the composition in reactor 1 or 2. 

B. Which configuration gives the the highest conversion (smallest CA2) at the exit of the second 
reactor?  Explain why this is so.
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3.  Temperature dependence of Enzyme production. (10 points)


In this paper, Jin et al. report data for the growth of a strain of Bacillus sp.JF that is being using 
to produce the enzyme α-amylase.  They provide the concentration of the substrate “S” (“total 
sugar”) and cell mass as a function of time (at 60 C) and the apparent first order rate constants 
k, for other temperatures.  


From just these data: what is the expected rate constant for 50C?


  


Note that it is interesting that the peak in the data are at 60 C and the rate actually decreases 
(not shown here) when the temperature is increased to just 62 C.  Such behavior would not be 
expected for a chemical reaction of just small molecules.  


Temp C k (1/hr)

55 0.0659

58 0.074

60 0.0805
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Potentially useful formulae:
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V d Ci
dt

= qi Ci0 - q Ci + �i r V
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