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2.14: Solutions to Selected Problems

Exercise 2.1.1:
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Exercise 2.2.1:
[NINH),2F)
Ko = ——————
[Ni(NH;)5™] [NH;)
[Ni{NH 32| B i
bt K. E — or K INUNH ), JINH] = [ININH
[NINH;), 2] [NH;]
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and so on until KK KK KK, = W =K

Exercise 2.2.2:

a) K=K; x Ky x K3 x K4 x K5 x Kg
=470 x 130 x 41 x 12 x 4.2 x 0.81
=1.03 x 108

b) As the nickel binds ammonia ligands, it becomes more electronically saturated. That means it becomes less Lewis acidic. It does
not have as strong an attraction for additional ligands.
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Exercise 2.2.3:

a. This is a Zn?* ion binding to either NH5 or CN- ligands. The zinc cation is more strongly sttracted to the anionic cyanide ligands
than the neutral ammonia ligand, so the binding constant with cyanide is higher than with ammonia.

b. Both cases involve cyanide ions. In one case, the CN- binds to FeZ*, whereas the other case involves Fe3*. The ligand is more
attracted to the more highly charged ion, so the binding constant is higher.

Exercise 2.3.4:

a) Metal valence count: 9
Metal with charge: 6

Donated by ligands: 6 x 2 = 12
Total: 18

b) Metal valence count: 8
Metal with charge: 5

Donated by ligands: 6 x 2 = 12
Total: 17

c) Metal valence count: 9
Metal with charge: 7

Donated by ligands: 6 x 2 = 12
Total: 19

d) Metal valence count: 7
Metal with charge: 0

Donated by ligands: 4 x 4 = 16
Total: 16

e) Metal valence count: 8
Metal with charge: 8

Donated by ligands: 5x 2 = 10
Total: 18

f) Metal valence count: 10
Metal with charge: 6

Donated by ligands: 6 x 2 = 12
Total: 18

g) Metal valence count: 6
Metal with charge: 6

Donated by ligands: 6 x 2 = 12
Total: 18

h) Metal valence count: 6
Metal with charge: 0

Donated by ligands: 4 x 4 = 16
Total: 16

i) Metal valence count: 9
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Metal with charge: 8

Donated by ligands: 4 x 2 =8
Total: 16

j) Metal valence count: 8
Metal with charge: 4

Donated by ligands: 3 x 4 =12
Total: 16

k) Metal valence count: 9
Metal with charge: 7

Donated by ligands: 4 x 2 =8
Total: 15

Exercise 2.3.5:
a)6b)8c)5d)5e)10f)1g)10h)12i)2j)9k) 4
a) Metal valence count: 5
Metal with charge: 0

Donated by ligands: 5x 2 = 10
Total: 10

b) Metal valence count: 8
Metal with charge: 5

Donated by ligands: 3x2 =6
Total: 11

c) Metal valence count: 6
Metal with charge: 0

Donated by ligands: 6 x 2 = 12
Total: 12

Exercise 2.3.8:

a. PF, (104 vs 87°)

b. PMe, (118 vs 87°)
c. P'Bug (182 vs 118°)
d. P'Buy (182 vs 145°%)

Exercise 2.4.1:
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Exercise 2.4.2:

a. tridentate or k°; ligand = 0; metal = 1+

b. bidentate or k2 ligand = 1-; metal =0

c. bidentate or k% ligand = 0; metal = 2+

d. tetradentate or k*; ligand = 2-; metal = 2+

e. tridentate or k5; ligand = 0; metal = 1+

f. bidentate or K2 ligand = 0; metal = 1+
Exercise 2.4.3:

a. monodentate or k'
b. bidentate or k2

c. bidentate or k% maximum tridentate or k>; ligand = 0; metal = 1+

d. bidentate or k2

e. tridentate or k
f. tridentate or k

3
3

Exercise 2.4.4:

@0

: maximum tetradentate or k*; ligand = 0; metal = 2+
: maximum tetradentate or k*; ligand = 1-; metal = 2+
. maximum tetradentate or k*; ligand = 2-; metal = 2+

2+
\
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Exercise 2.4.5:
a) nitrate vs. oxalate, based on ring size
©
0. 0 0...00
’I\l <
0 0”0
0 S
180° 360° 540° 720°
3 x 60° = 180° 4 x90°= 360° 5x 108° = 540° 6 x 120° = 720°

The total of the interior angles of a regular polyhedron is given by (n-2)180°, in which n is the number of sides in the polyhedron.
Assuming the ring formed by the bidentate ligand and the metal is a regular polyhedron (it won't be, but we are simplifying), then
nitrate gives a triangle with 60° angles, including a 60° O-M-O bite angle. Oxalate gives a square with a larger, 90° bite angle.

In reality, the bite angle for nitrate varies with the complex that is formed, but it is usually somewhere around sixty degrees,
whereas oxalate usually gives somewhere around eighty five degrees (see, for example, Alvarez, Chem. Rev. 2015, 115, 13447-
13483). The smaller ring size gives a smaller bite angle.

b) dithiocarbamatre vs. acetate, based on bond lengths

S
0
|
/‘\N/ks o) > Me_</0@

Sulfur is larger than oxygen, so its bonds will be a little longer. As a result, you can imagine those two sides of the square being a
little longer with sulfur than with oxygen. From the perspective of the metal, the gap between the two donor atoms widens out a

little.

Acetate forms bite angles of around sixty degrees, but dithiocarbamate forms larger bite angles of seventy or seventy five degrees.
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c) bipyridyl vs. ethylenediamine, based on hybridization / bond angles

==
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120° N 110° —N
120D 1100

540 - 4(120)° = 60° 540 - 4(110)° = 100°

There are lots of differences between these two ligands, but if we simplify and only consider bond angle, we can make a prediction.
If the atoms in bipridyl can be considered sp? hybridised, then they form 120° bond angles. The atoms in ethylenediamine could be
considered sp> hybridised, forming approximately 110° angles. The angle N-M-N still has to complete the shape of the regular
pentagon, so if all of the other angles are bigger in the bipyridyl complex, we would expect the bite angle to be smaller.

Really, the bite angles are much closer than this rough estimate suggests. Bipyridyl forms average bite angles of around eighty
degrees, whereas ethylenediamine forms average bite angles of around eighty-five degrees. Keep in mind that those are just
averages, though. These two values are close enough that their ranges overlap; lots of bipyridyl complexes would have bite angles
smaller than ethylenediamine complexes.

Exercise 2.4.6:
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Exercise 2.5.1:
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Exercise 2.5.2:

https://chem.libretexts.org/@go/page/195682



https://libretexts.org/
https://creativecommons.org/licenses/by-nc/3.0/
https://chem.libretexts.org/@go/page/195682?pdf

LibreTextsw

©) Cl
K .\‘\\\\ CH2
Cl—pPt—/
H,C
Cl
Exercise 2.5.3:
B n +
| . F
S %
T ,’1,

Exercise 2.5.4:
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Exercise 2.5.5:
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Exercise 2.5.6:
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Zr(IV) or Zr*" has no valence d electrons. That means that, although an alkene could certainly donate its pi bond to the zirconium
atom, the zirconium has no electrons with which it can stabilize the alkene complex via "back-donation" to the pi antibonding
orbital on the alkene.

Nevertheless, d° metals such as Zr(IV) and Ti(IV) can be used as alkene polymerization catalysts to make common plastics such as
HDPE, LDPE and polypropylene. That means that, although an alkene complex isn't directly observed with these metal ions, these
metals can evidently bind alkenes briefly and get them to react with other alkenes to form long chains. Even so, most industrial
olefin polymerization catalysts use Ti(II).

Exercise 2.5.8:

We will use (a), the binding constant between Ag(I) and ethylene or ethene (CH,=CH,), as our baseline value. Other constants will
be compared with this one in order to look for a trend.

In (b), the binding constant is much smaller, so the silver ion binds cis-2-hexene much less tightly than it does ethene. This is just
another alkene, like ethene, but instead of having just hydrogen atoms attached to the C=C unit, cis-2-hexene has some other stuff.
Maybe this other stuff causes some problem for alkene binding. The obvious difference between hydrogen atoms and this other
stuff is that this other stuff is bigger. Maybe the complex gets too crowded when the cis-2-hexene binds to the silver ion.

Very often when we see metal ions on paper, we are not dealing with bare metal ions in reality. The ion often has other ligands
already attached to it at the beginning, such as water molecules, and what we are sometimes looking at is replacement of an old
ligand with a new ligand. Other ligands attached to the silver could make crowding problems even worse.

There is an alternative explanation as well. If you compare two alkenes that differ only in the number of hydrogens attached to the
double bond, such as 1-butene, CH,=CHCH,CH3, and 2-butene, CH;CH=CHCHj3,, you invariably find that the alkene with fewer
hydrogens attached to the double bond (and more other stuff) is more stable. "Terminal alkenes", with double bonds at the ends of
the chain, are always less stable than "internal alkenes", with double bonds somewhere along the middle of the chain. This
difference can be explained by looking at some quantum mechanical calculations, but we're not going to do that right now.

The point is, the difference in this reaction might be caused, not by the alkene complexes, but by the alkenes themselves, on the
other side of the reaction profile. It's important to remember that equilibrium constants always compare two sides of a reaction.
Ethene, having fewer substituents on the double bond than cis-2-hexene ("substituents" is a four syllable word for "other stuff"),
may simply be less stable and more reactive.

Do either of these ideas hold up in the other examples?

In (c), trans-2-hexene is bound even less tightly than cis-2-hexene. We could argue that in a cis-2-hexene complex, the substituents,
which are on the same side of the double bond, might both be held away from other ligands on the metal that may exacerbate
crowding problems. That would be more difficult to do with trans-2-hexene, since one substituent is on either side of the double
bond. Getting one substituent away from the crowding may be possible, but probably not both.

Once again, the alternative explanation holds up here, too. cis-2-Hexene is less stable than trans-2-hexene, because the substituents
on the double bond crowd each other in cis-2-hexene, but are held away from each other in trans-2-hexene. So maybe cis-2-hexene
binds to silver ion more easily because it is more reactive.

Exercise 2.6.1:

a. There are two double bonds here, and they are conjugated: CH,=CH-CH=CH,. The conjugated double bond would allow the
ligand to bind n*.

b. There are two double bonds here, but they are not conjugated: CH,=CH-CH,-CH=CHj. Each double bond would bind nz, and
the ligand would be able to bind in a bidentate fashion, but since the double bonds are not conjugated and binding all in a row,
we would not describe binding as n*. It would most commonly be described as n?n?%; that simply means each double bond is an
n?-donor, and there are two of them. It could also be considered a k? donor because of its denticity.

c. This is another non-conjugated case: CH,=CH-CH,-CH,-CH=CH,. In terms of hapticity, it could be described as n,n?.

d. There are three double bonds here, and they are conjugated: CH,=CH-CH=CH-CH=CH,. The conjugated double bond would
allow the ligand to bind n°®.

Exercise 2.6.2:

a. The ligand is bound n’; it donates 6 electrons, from two double bonds and one lone pair; the ligand has a charge of -1.
b. The ligand is bound n%; it donates 4 electrons, from two double bonds; the ligand has no charge.
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c. The ligand is bound n’; it donates 8 electrons, from three double bonds and one lone pair; the ligand has a charge of -1.
d. The ligand is bound n®; it donates 6 electrons, from three double bonds; the ligand has no charge.

Exercise 2.6.3

a. The ligand is bound n'; it donates one lone pair; however, it could donate an additional pi bond and then it would bind n?>.

b. The ligand is bound n?; it donates one pi bond; however, it could donate two more pi bonds and then it would bind n°.

c. The ligand is bound n*; it donates two pi bonds; however, it could donate one more pi bond and then it would bind n°.

d. The ligand is bound n?; it donates one lone pair and one pi bond; however, it could donate an additional pi bond and then it
would bind n°.

e. The ligand is bound n*; it donates two pi bonds; however, it could donate one more pi bond and then it would bind 1n°.

f. The ligand is bound n?; it donates one pi bond; however, it could donate one more pi bond and then it would bind n*.

Exercise 2.6.4:

a. The resulting anion has aromatic stability. It is cyclic, fully conjugated, flat and has an odd number of electron pairs.
b. Cp anion could bind to a metal through just one pair or through two pairs, but in most cases it will bind via three pairs of
electrons.

d) Valence count on metal: 8

Count on metal, correcting for +2 charge: 6
Donated from ligands: 2 x 6 = 12

Total: 18

Exercise 2.6.5:
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a)

b)

c)

d)

e)
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Exercise 2.6.6:
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monodentate, k!

O.
monodentate, k' OR E/, Pd n3
n?
0
bidentate, k2 OR —Pd s
N
O
neé

This problem deals with the "bite angle" of the ligand. Remember, a chain of atoms becomes more flexible the longer it gets,
because of the possibility for rotation around each bond along the chain. As the two double bonds move further apart from each
other (one bond apart in (a), two bonds apart in (b) and three bonds apart in (c)), the chain can "open up" and bind with a more
optimal overlap with the metal.

This page titled 2.14: 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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