
3.  Kinetics of a reaction involving D-ribose 5 Phosphate 

Ribose 5-phosphate (R5P) plays an important role as the starting molecule for the 
synthesis of purine and pyrimidine nucleotides.   As such its reactions have received 

considerable study.  Sanwick et al (2005) measured reaction 
rates for R5P and glycine (GLY) in a Maillard reaction (more 
commonly of food flavor fame!). 

The reaction rate expression is listed (consistent with 1 to 1 stoichiometry) as 

Rate = k [GLY] [ R5P] 

UV Absorbance at 280 nm is used to track the concentration of a (consistent with the 
Maillard reaction… ) “brownish” product.  The 280nm light is likely absorbed by an 
aromatic ring.  

A. From the 1st c/c0 data, is this reaction 2nd order in the stoichiometric relation, or 
can you model it as first order? 

B. What k values would you get for the two different possibilities?   

time (hr) (initial glycine) 
.1M c/c0 (initial glycine) 

0.05M c/c0

0  1  1

1  0.31622777  0.39810717

5  0.03981072  0.17782794

10  0.00125893  0.03981072

19  0.0000001  0.00050119



C. Now consider the 2nd column of data, do the two columns of data give consistent 
results? 

D.  Find an algebraic expression for the concentration of R5P as a function of time in a 
batch reactor if the initial concentration is C0. 

E.  Using the “best” first order rate constant from the first column of data, at what time is 
the concentration down to 2% of its initial concentration.   

You may have heard that Remdesivir has received some level of approval for treatment 
of COVID-19.  A big problem is that it is hard to make and very little of it is available at 
the moment.  The connection to this exam question is tenuous, except that Remdesivir 
can be synthesized starting with ribose derivatives. 

Even though we might wish to have large amount of this compound it is not clear that 
continuous processing in a CFSTR would be feasible.  

Thus consider just a first order reaction, A —> M in a CFSTR. 

F.   Find an expression for CA, concentration of A in terms of V, the volume of the 
reactor, k the first order rate constant and q, the feed volumetric flow rate.  

G.   Define the residence time, θ = V/q.  Find an expression for the exit A concentration 
CA in terms of the feed A concentration, CAf in terms of residence time and any other 
needed variables.   

H.  By comparing this exit to feed ratio for the batch reactor and the CFSTR, show that 
a batch reactor will always have a smaller ratio at the same “time” either batch time or 
resistance time. 

I.  Explain why this is the case. 
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Formulae:
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k = A Exp(-Ea/RT) 

______________________________________________________________________________ 

dρV
dt

= min

i

−mout

i

V dc
dt

= qcin − qc + S − D

x = −b ± b2 − 4ac
2a

− 1
ξ 2CA0

CA

∫ dξ = 1
CA

− 1
CA0

1
(ξ −α )x0

x

∫ dξ = ln x −α
x0 −α

⎛
⎝⎜

⎞
⎠⎟

1
ξx0

x

∫ dξ = ln x
x0

⎛
⎝⎜

⎞
⎠⎟

A + βB⎯→⎯ µM

V dCA

dt
= qAfCAf − qCA − rV

V dCB

dt
= qBfCBf − qCB − βrV

V dCM

dt
= − qCM + µrV

r = K, r = k CA, r = kCA CB , r =
k CA CB

1+ k1 CA+ k2 CB

VR
dcR
dt

= R cRf − cR( )−ΠA cR − cP( )

VP
dcP
dt

= P cPf − cP( )+ΠA cR − cP( )

cRf − cR( ) = 1

1+ R
P
+ R
ΠA

⎡
⎣⎢

⎤
⎦⎥

cRf − cPf( )
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