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CHAPTER
3 Reactors for Measuring Reaction Rates 89
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Figure 3.5.2 |
Stirred contained solids reactors. [Reproduced from V. W. Weekman, Jr., AIChE J

20 (1974) p. 835, with permission of the American Institute of Chemical Engineers
Copyright © 1974 AIChE. All rights reserved.] (a) Carberry reactor, (b) Berty react.or
(internal recycle reactor), (¢) external recycle reactor.
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CBE 20255
Spring 2019
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3/20/19

1. Photo-isomerization of Resveratrol (50 points)

You have no doubt seen headlines such as:
Red wine and resveratrol: Good for your heart?

It is hard to know which of coffee, tea or (always) red wine is going to show up with health
benefits in the weekly “science” press headline from one of the major news sources. These
common beverages have many different molecular (if possibly trace) components so it is

probably safe to expect more such headlines in the future ((&) in contrast to eggs which just
last week received a health downgrade!)

The reaction of trans to cis resveratrol has been studied by Benard, Britz-McKibbin and
Gernigan (2007) in a photo-chemical reactor with UV illumination at 350 nm.

The reaction is:

HO HO OH
NP
hv
=T
k
OH

Cis
1 2

Figure 1. Photoisomerization of trans-resveratrol (1) into the steri-
cally hindered cis-resveratrol (2) by UV irradiation in methanol-d,.

The concentrations of trans and cis R were tracked using three different analysis techniques
giving the data:
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Figure 2. Assessment of the rate of photoisomerization of trans-

resveratrol into cis-resveratrol by 'H NMR, UV absorbance, and
HPLC.



These data, not surprisingly, suggest a plot of the form

A HPLC O 'H NMR o UV absorbance
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Figure 3. Determination of apparent rate constant (k) and half-
life (t/2) of trans-resveratrol photoisomerization based on pseudo-
first-order kinetics by 'TH NMR, UV absorbance, and HPLC.

The trans-resveratrol had an initial concentration of 20 mM. (2.0 X10-2 mol/l) in methanol. We
can assume that the liquid phase is well-mixed and uniformly illuminated.

What kinetic rate expression describes the concentration change trans to cis R?

What is the value of the rate constant associated with this kinetic expression?

Find an algebraic expression for the concentration of trans-R in the reactor at any time.
How long does it take for the initial contraction to be reduced to 1/2 of its initial value (a.k.a.
“half-life”)?

How long does it take for the initial concentration to be reduced to ~2% of its initial value?

m OOw>»

You have been asked to examine a business prospectus from a health - food startup company
that intends to produce and market cis- R (hopefully without the methanol!). While they have a
clever marketing plan and a well-known advertising agency is lined up, they are a little short on
the technical details... such as how much cis-R they could produce in a 100 liter photo-reactor
that is available to them and thus how many such reactors would be needed to produce 0.001
mol/s (which is about 16,000 Ib/yr).
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The feed concentration, Cts = 0.1 mol/l. You can assume that the temperature and illumination
intensity are the same as for the batch reactor. Also, it is possible to recover the CIS-R by
crystallization from the MeOH solutions.

F

As a first cut, you choose an exit concentration of CIS-R, Cc = 0.09 mol/l. What residence
time, 6=V/q, (V = reactor volume and q is volumetric flow rate) is necessary to achieve this
concentration?

What feed flow rate is needed and how much total reactor volume is necessary to produce
the requisite 0.001 mol/s of CIS-R?

For the same reactor volume and feed concentration, if you increase the flow rate to the
reactor, does the production rate increase? Give an algebraic expression that shows this.
You determine that the current reactor requires 1 W of power per liter of reactor volume.
How much electrical work is needed for each mol of cisR produced?

Extra Credit:

J.

Since it is obvious that more than one reactor will be needed, you suggest configuring them
as pairs of 2 that are in series. That is, the feed goes to the first reactor and the exit from
the first reactor goes to the second reactor. Show that this is a “good” idea and give an
explanation that will put you in good standing with your boss who is not a chemical
engineer.
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