Chem 450 Exam 3
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{1)(30 points) Place the following outer sphere electron transfer reactions in order from slowest
to fastest. Explain your reasoning.

() [Cu(HO)I + [Cu(H0) ] -— >  [Cu(H,0))* + [Cu(H,0)J"
|2 [Co(H,0) " + [Co(H,0)J** -——- > [Co(H,0)s]* + [Co(H,0)J**
19 [VEO)+ VHO) I ——>  [VHO)I" + [VEO), "
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(2)(20 points) What is the Marcus inverted region and under what conditions is it observed?
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(3)(30 points) Use ligand field theory and hard and soft acid base thcmz (separately) to explain
why CO binds well to low valent transition metals such as Fe** and Mn™ but do not bond well to
high valent early transition metals such as Sc*. What type of bonding is this (explain with
ionic/covalent and hard-soft acid base argnments)?
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(4)(20 points) Do you think the following is an inner sphere or outer sphere electron transfer
reaction? Explain your answer.

[Rh(NH,) X] + [Co(NH,),J** - > [Rh'(NH,),(H,0)XJ* + [Co(H,0),**
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X relative rate
CI- 4
CN- 9
Ph- 2
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(6)(16 points) Which of the following are acids? Which are bases? Which definition(s) of acid
or base apply(ies)?
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\! \7)(30 points) The outer sphere electron transfer reaction:

[Ru(NH)J* + [RWNH,)J* —--—- > [Ru(NH)J>* + [Ru(NH,)J*
is 200 times faster than a similar outer sphere electron transfer reaction
[Ru(H,0)J* + [Ru(H,0)J* ---------- > [Ru(H,0),** + [Ru(H,0)*

Using the factors for the activation energy for the above reactions, explain this difference.
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@){20 points) Calculate k,, for the following reaction

Fe¥ oy + [RUNH,)J" > Fé*, + [RuNHy) ™

(aq)

Self-exchange rates for the oxidant and reductant are 4.2 M''s" and 4000 M''s™. K, =2.0x 10"
and f,, = 0.85.
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(9)(15 pts) Carbonic Anhydrase U catalyzes the reaction
H,0 + CO, ----> [HCO,]+H"
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Count the electrons around the Zn®* at each step in the cycle.
Other 2+ metal jons can substitate for Zn®* in these proteins, such as Co™. Why are high levels
of many metals toxic?
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(10) Ferredoxins, Rubredoxins, and cytochromes are iron containing proteins that transfer
electrons. Why are such a wide range of stuctures needed for electron transfer in living
organisms? Why isn’t a single electron transfer structure sufficient (hint: think of respiration
and photosynthesis).
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