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3.8: Solutions to Selected Problems
Exercise 3.1.1:

a) a bromine atom replaces a hydrogen atom

b) an acetate group (ethanoyl ester) replaces a bromine atom
¢) a bromine atom replaces a chlorine atom (or ions)

d) a methoxy group replaces a chlorine atom

e) a methylamino group replaces an oxygen atom

Exercise 3.2.1:

a) Energy is released when bonds are formed. Energy must be added to break bonds. In general, bond-breaking costs more energy
than bond-making.

b) On the basis of question (a), we would assume that the second, bond-breaking step is the rate determining step in association
mechanisms.

c) The first, dissociative step would be the rate-determining step, on the basis of question (a).

d) The rate law would include steps prior t the rate determining step. Rate = k[M Ln][X] if MLn is the complex and X is the new

ligand.
e) Rate = k[M Ln)|
Exercise 3.2.2:
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Exercise 3.2.3:
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Exercise 3.2.4:
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Exercise 3.2.5:

This problem is answered through consideration of the spectrochemical series.

from easiest to hardest to replace: NO; ClI” H,0 NH3 PPh3 CO

Exercise 3.2.6:
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Exercise 3.3.1:
Associative Rate Law: Rate = [M L,][X], if ML, is the complex and X is the new ligand.

a) Rate will quadruple: Rate= (2 x[ML,]o) % (2 x[X]o) =4 x[ML,]y[X]o if [X], and [ML,], are the original
concentrations.

b) Rate will sextuple: Rate = (3 x [M Ly]o) X (2 x [X]o) =6 x [MLy,]o[X]o
c) Rate will nonuple: Rate = (3 x [MLy)o) X (3 x [X]o) =9 x [ML,]o[X]o
d) Rate will stay the same: Rate = (0.5 x [MLy]o) x (2 x [X]o) =1 x [MLy]o[X]o

Exercise 3.3.2:

Assoistva Submiitumon

Problem 1.S3.3.

a) Changing both concentrations at once would leave some doubt about whether one concentration had affected the rate, or the
other concentration, or both. In practice, one concentration is usually held constant while the other is kept in excess and varied.

b) Rate changes over time because the concentrations of reactants change as they are consumed. By reporting only the initial rate
(usually meaning less than 5% or 10% complete, but possibly even less than that if a lot of data can be gathered very quickly), the
concentrations are still about what you started with. That means you can report a rate that corresponds to a given concentration with
confidence.

Exercise 3.3.4:

a) The rate would change with the ligand concentration if associative. This rate is constant over a range of ligand concentrations, so
the reaction is not associative.

b) The rate increases linearly with ligand concentration. This reaction proceeds via an associative mechanism.
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¢) The rate changes over the concentration range, but it decreases. This is the opposite of what should happen. This reaction does
not follow a simple associative pathway.
d) The rate increases linearly with ligand concentration. This reaction proceeds via an associative mechanism.
Exercise 3.3.5:
Because Rate = k[M L,|[L] and [ML,] is held constant while [L] is varied, ther; the slope of the line is k [ML,]. Since you would
slope
).

know the value of [ML,], you could obtain the rate constant from the quantity (W

Exercise 3.4.1:

a) 4 minutes = 240 seconds = 2 x 120 seconds = 2 hal f lives. Material left =50% x 50% = 0.5 x 0.5 =0.25

=25% left

b) 6 minutes = 360 seconds = 3 x 120 seconds = 3 half lives. Material left =0.5 x0.5x0.5=0.125 =12.5%
left

¢) 8 minutes = 480 seconds = 4 x 120 seconds = 4 half lives. Materialleft =0.5 x0.5x0.5 x0.5 =0.0625
=6.25% left

d) 10 minutes = 600 seconds =5 x 120 seconds =5 half lives. Material left =0.5x0.5x0.5x0.5x0.5
=0.03125 =3.125% left

Exercise 3.4.2:

Dissociative Rate Law: Rate = [M L, ], if ML, is the complex. There is no dependence on [X], if X is the new ligand.

a) Rate will double: Rate =2 x [M L] , if [MLy]y is the original concentration.

b) Rate will be halved: Rate = 0.5 x [M L,]o

c) Rate will triple: Rate =3 x [M Ly,]o

d) Rate will be halved: 0.5 x [ML,]o

Exercise 3.4.4:

a) The rate increases with both concentration of metal complex and incoming ligand. This looks like an associative mechanism.

b) The rate depends on concentration of the metal complex, but not the incoming ligand. This looks like a dissociative mechanism.

c) The rate depends on the concentration of incoming ligand, but not the metal complex. Whatever is going on here, it isn't a simple
dissociative mechanism.

Exercise 3.4.5:
a) The rate of the reaction is depressed when the concentration of the departing ligand is increased.

b) This dependence could indicate an equilibrium in the dissociative step. The more departing ligand is added, the more the
equilibrium is pushed back towards the original metal complex. With less dissociated metal complex around, the entering ligand
cannot form the new complex as quickly.

Exercise 3.4.6:
a) These solvents all have lone pairs. They could be Lewis bases or nucleophiles.

b) It looks like two competing mechanisms. On term suggests a dissociative mechanism, whereas the other term suggests a
dissociative mechanism. They could be happening in competition with each other.

¢) On the other hand, it could be that there is one mechanism with two different nucleophiles. If the incoming ligand is the
nucleophile, the term on the right shows up in the rate law. If the solvent is the nucleophile, forming a third complex, the term on
the left shows up in the rate law. That's because we would typically change the amount of metal complex and the amount of ligand
that we add to the solution in order to determine the rate law, but we wouldn't normally be able to change the concentration of the
solvent, so it would be a constant. (How could you confirm this explanation in an experiment?)

Exercise 3.5.2:
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The metal centre is becoming more crowded as the new ligand arrives, so an increase in energy owing to steric hindrance may also
play a role in the transition state energetics.

Exercise 3.5.3:

a) The new ligand, B, is arriving at the same time as the old ligand, A, is departing. We might also describe it as new ligand B
pushing old ligand A out of the complex.

b) Rate = k[M L5 A][B], which looks like an associative rate law.

c) This is a thought-provoking question without a definite answer. Associative mechanisms typically have lower activation
enthalpy than dissociative mechanisms, because there has also been some bond-making prior to the bond-breaking in the rate
determining step. The associative interchange would be a little more like the associative mechanism than dissociative. The mix of
bond-making and bond-breaking at the transition state would make the enthalpy of activation relatively low.

Associative mechanisms have negative activation entropies, whereas dissociative mechanisms have positive activation entropies.
The associative interchange could be in between the two, given that the elementary step would be close to entropically neutral
overall. What happens at the transition state is a little harder to imagine, but it might reflect the small changes in entropy through
the course of the reaction, producing a small entropy of activation. On the other hand, if the incoming ligand is forced to adopt
some specific approach as it comes into the molecule (to stay out of the way of the departing ligand, for example) then that
restriction could show up as a small negative activation entropy.

Exercise 3.5.4:

a) The lone pair donation from one ligand appears to push another ligand out.

b) The first step is probably rate determining, because of the bond breaking involved.
c) If the first step is rate determining, Rate = k[M L; A]

d) Another question without a very clear answer. Compared with an associative mechanism, the activation entropy is probably
much more positive, because additional degrees of freedom are being gained as the molecule heads over the activation barrier and
one of the ligands separates to be on its own. However, the activation entropy may be less positive than in a regular dissociation,
because in this case the breaking of one bond has to be coordinated with the formation of another.

The enthalpy of activation has both a bond-making and bond-breaking component, a little like in an associative mechanism.
However, the amount of bond making here is probably less important, because pi bonds are typically not as strong as sigma bonds.
The activation enthalpy is probably higher than an associative pathway but not as high as a dissociative one.

e) The donor ligand must have a lone pair. Oxygen donors would be good candidates, because even if one lone pair is already
donating in a sigma bond, an additional lone pair may be available for pi donation. The same thing is true for halogen donors. It
would also be true for anionic nitrogen donors but not for neutral nitrogen donors, because a neutral nitrogen has only one lone
pair.

Exercise 3.6.1:
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Exercise 3.6.2:
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Exercise 3.6.3:
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Exercise 3.7.1:
This is probably an associative mechanism because of the square planar geometry.

Exercise 3.7.2:
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Exercise 3.7.3:
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Exercise 3.7.4:
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There is an electronegativity trend: the less electronegative, the greater the trans effect (see the halogens, as well as the series
O,N,C and also the orders within several pairings: S,P; O,S and N,P).

Alternatively, some of the above could be described by a polarizability trend: more polarizable atom, greater trans effect (for
example, the halogens).

Most of the ligands containing n-bonds have strong trans influence (but not all).
Most of the m-donors have a weaker trans influence. However, these ligand cover a very broad range in this series.
Exercise 3.7.5:

The strongest o-donors are typically those with more polarizable donor atoms (such as S, P, I) as well as those with less
electronegative donor ions such as C” and H'.

Exercise 3.7.7:
[
1% - o™
g 1[&({‘.]’!!(“’

F1%g s %

XY K-y
Exercise 3.7.8:
a)
e
FJM,‘.F|. LF 5 valence electrons - 6 bonds - 0 nonbonding = -1
e | e
F
b)
Valence electrons on metal 8
Total charge on ligands -4 (-2 per Ru)
Charge on the metal +2
Revised count on metal 6
Electrons donated by ligands 12
Total electrons on metal in complex 18

¢) The oxo is a strong sigma donor and hogs the orbital with the metal thus leaving very little room for orbital bonding trans to the
sigma donor.

d)
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e) First order. Although there is some amount of error in the data, doubling the pyridine concentration generally results in a
doubling of the rate.
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f) The mechanism you draw would have to involve a first associative step; because the complex is already 18 electrons, associative
interchange is likely.

g) Rate = k[M L,][py]

h) Basic ligands have stronger attraction to the metal thus accelerating the reaction.

This page titled 3.8: Solutions to Selected Problems is shared under a CC BY-NC 3.0 license and was authored, remixed, and/or curated by Chris

Schaller via source content that was edited to the style and standards of the LibreTexts platform.
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