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Chapter 2: Molecular orbitals and structure 

 

Solution 2.1 

(i) The Aufbau Principle tells us that the lowest energy levels are filled first, 

and the Pauli Exclusion Principle tells us that each orbital can contain two 

electrons, with opposite spin. Therefore, we can predict that the four 

electrons fill the lowest two energy levels (labelled 1 and 2) in the diagram. 

Because all of the electrons are paired, we predict that this species is 

diamagnetic.  

 

Figure S2.1 

 
 

 

(ii) As with part one, we use the Aufbau Principle to allow us to determine that 

four electrons fill the lowest two energy levels (labelled 1 and 2 in the 

diagram). The next energy level (labelled 3 in the diagram) has two 

degenerate orbitals. Hund’s rule of maximum multiplicity tells us that the 

electrons will usually occupy the orbitals to give the greatest total spin. 

Therefore, we predict that one electron enters each of the degenerate energy 

levels labelled 3 in the diagram, and that these electrons have parallel spins. 

The unpaired electrons mean we predict that this species is paramagnetic. 

 

A paramagnetic 

species is one which 

has unpaired electrons 

whereas in a 

diamagnetic species 

all electrons are 

paired. 
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     Figure S2.2 

 
 

(iii) We now have eight electrons, which means that the energy levels 1, 2 and 3 

are completely filled, with each orbital containing a pair of electrons. This 

would be a diamagnetic species as all electrons are paired. 

 

Figure S2.3 
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Solution 2.2 

Fig S2.4 

 
(a) As can be seen from the molecular orbital energy level diagram, there are no 
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unpaired electrons in the F2 molecule, and hence it is diamagnetic. 

 

(b) The molecular orbital energy level diagram shows us that there are 4 pairs of 

electrons in bonding orbitals (2σg, 3σg, 1πu) and three pairs of electrons in 

antibonding orbitals (2σu*, 1πg*). We can therefore calculate the bond order as 

follows: 

 

 

Bond order =  ∑ Bonding pairs − ∑ Antibonding pairs = 4 − 3 = 1 

 

This meets with our expectation of an F-F single bond. 

 

(c) Removing an electron from fluorine to form F2
+ results in removal of an 

electron from the highest occupied molecular orbital (HOMO), which is an 

antibonding orbital (1πg*). This will increase the strength of the bond. We can 

calculate the bond order for this ion: 

 

Bond order =  ∑ Bonding pairs − ∑ Antibonding pairs = 4 − 2.5 = 1.5 

 

(d) Adding an additional electron to form F2
− will result in a weaker bond, as an 

electron is added to the lowest unoccupied molecular orbital (LUMO), which is 

an antibonding orbital (3σu*). Again, we can calculate the bond order: 

 

Bond order =  ∑ Bonding pairs − ∑ Antibonding pairs = 4 − 3.5 = 0.5 

 

 

Solution 2.3 

As we go down the periodic table, the valence electrons occupy higher energy orbitals 

(i.e. increasing values of n) and the difference in energy between adjacent orbitals 

decreases. This means that for a given element, the difference in energy between the 2p 

and 2s atomic orbitals is greater than the difference in energy between the 3p and 3s 

atomic orbitals. 

For the second row homonuclear diatomic molecules (Li2 – F2), we see σ-π crossover 

in all examples apart from O2 and F2, whose 2s and 2p orbitals are too far apart in 

energy for efficient mixing to occur. 

As 3s and 3pz orbitals are closer together in energy, we should expect that the mixing 
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will be more efficient than the mixing between the 2p and 2s orbitals, and hence we 

would expect to see more examples of σ-π crossover as we go down the periodic table. 

For example, σ-π crossover is observed in the molecular orbital energy level diagram 

for Cl2. 

 

Solution 2.4 

The energies of the 2s and 2p orbitals in N are sufficiently close to allow mixing to 

occur. This mixing results in relative destabilisation of the 2pz derived σ bonding 

orbital, which results in it being of higher energy than the 2p derived π bonding 

orbitals. This is not observed in F2 as the energies of the 2s and 2p orbitals are not close 

enough for efficient mixing to occur. 

As we go down the periodic table, adjacent orbitals get closer together in energy. As 

such, we expect the difference in energy for the 3s and 3p orbitals in chlorine to be less 

than the difference in energy for the 2s and 2p orbitals in fluorine. Therefore, more 

effective mixing can occur, and hence σ-π crossover is more likely in Cl2 than in F2.  

 

 

 

Solution 2.5 

(a) Figure S2.5 

The molecular orbital 

energy level diagram 

for Cl2 does indeed 

show σ-π crossover. 
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We expect the bonding in sodium hydride to be weaker than the bonding in 

lithium hydride due to the poorer overlap of the H(1s) orbital with the Na(3s) 

than with the Li(2s) orbital. This poorer overlap is the result of the increased 

difference in the energy and size of the overlapping atomic orbitals in sodium 

hydride relative to lithium hydride. 

 

(b) (i) True. A net bonding interaction between two (or more) atoms only occurs 

when there are more electrons in bonding orbitals than in antibonding orbitals. 

Bond order is defined as: 

 

Bond order =  ∑ Bonding pairs − ∑ Antibonding pairs 

 

If a bond is formed, then the bond order will always be greater than zero. 

 

(ii) True. As seen in Figure 2.9, the higher energy atomic orbital contributes 

more to the antibonding molecular orbital, whilst the lower energy atomic 

orbital contributes more to the bonding molecular orbital. Highly 

electronegative elements have a high effective nuclear charge. This means that 

their valence electrons are held strongly and hence are of lower energy than 

electropositive elements. Therefore, we expect electronegative elements to 
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contribute more to bonding orbitals and electropositive elements to contribute 

more to antibonding orbitals. 

 

(iv) False. The greater the difference in energy between orbitals, the poorer the 

orbital overlap.  

 

(v) False. This is the opposite of the statement made in part (ii) and hence is 

false for the same reasons that (ii) is true. 

 

(vi) True. The difference in energy between interacting atomic orbitals in 

heteronuclear diatomic molecules mean that there is an inherent asymmetry 

in the resultant molecular orbitals, with bonding orbitals residing more on 

the electronegative elements and antibonding orbitals residing more on the 

electropositive elements. 

 

Solution 2.6 

(a) Figure S2.6  

 
 

The arrangement of orbitals in this molecule is very similar to that in CO, 

though as nitrogen is more electronegative than carbon, there is a difference in 

the relative energies of the atomic orbitals, and hence molecular orbitals. One 

consequence of this is we must consider if we will observe σ-π crossover.  N2 
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shows this, whilst  O2 does not. It seems reasonable to expect that NO will 

show behaviour somewhere between the two.  

 

Given that NO is a heteronuclear diatomic molecule, we should expect that the 

overlap of atomic orbitals will be poorer than in the N2 and O2 homonuclear 

diatomic molecules. For this reason, we can predict that the mixing between the 

2s and 2p orbitals will be less effective in NO than pure N2 and hence we 

should not see σ-π crossover in the molecular orbital energy level diagram. 

 

(b) The bond order is calculated as follows: 

 

Bond order =  ∑ Bonding pairs − ∑ Antibonding pairs = 4 − 1.5 = 2.5 

 

(i) Removing an electron to form NO
+
 will result in removal of an electron 

from an antibonding orbital and hence the bond order will change to 3. 

This will result in a shorter bond than NO. 

 

(ii) Addition of an electron to form NO
-
 will result in the addition of an 

electron to an antibonding orbital and hence the bond order will change 

to 2. This will result in a longer bond than NO. 

Solution 2.7 

 

(a) Figure S2.7 

 

 
 

Orbitals may overlap in phase to give a bonding molecular orbital or out of 

phase to give an antibonding molecular orbital. 
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(b) Figure S2.8 

 
 

Note that the 2px and 2py orbitals do not have the correct symmetry to overlap 

with the H(1s) orbitals and hence are non-bonding molecular orbitals. Only the 

two lowest-energy orbitals are filled. 

 

(c) As the electron is being removed from a bonding orbital there will be a 

reduction in the bond order, and hence there should be a reduction in bond 

length upon ionisation. 

 

Solution 2.8 

 

(a) VSEPR theory (described in section 2.11 of this chapter) can be used to predict 

the octahedral shape of this molecule. 

Figure S2.9 
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(c) Figure S2.10 

 
 

 

(c) Fig S2.11 
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The diagram shows bonding, non-bonding and antibonding molecular orbitals. The 

non-bonding orbitals have the same energy as the F(2p) orbitals as there is no 

contribution from S to this orbital. 

 

S contributes 2 electrons to these sigma bonds and each F atom contributes 1 electron, 

so the SF2 unit accommodates 4 electrons. These occupy the bonding and non-bonding 

orbitals on the MO diagram. 

 

 

 

Solution 2.9 

(i) Hydrogen has a single sigma bond between the two hydrogen atoms. Each 

atom contributes 1 electron to the bond, and hence this is a 2-centre, 2-

electron (2c2e) bond which is not electron deficient. 

 

(ii) [H2]
+
 is an ionised molecule of hydrogen. Here, one electron has been and 

hence there are insufficient electrons for a 2c2e bond and therefore this is 

electron deficient. 

 

(iii) When two electrons are removed from O2 to form [O2]
+
, the electrons are 

removed from antibonding orbitals (see Figure 2.7). This leaves a total of 

four pairs of electrons in bonding orbitals and one pair of electrons in an 

antibonding orbital, meaning that this ion has a bond order of 3, and is not 

electron deficient. 

 

(iv) The bonding in Li2 is analogous to that in H2, with a single sigma bond 
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formed between the atoms, with one electron from each atom. This is a 

standard 2c2e bond and hence the molecule is not electron deficient. 

 

 

(v) Figure 2.10 gives the molecular orbital energy level diagram for LiH. As 

can be seen, a single sigma bond forms between the atoms, with each atom 

contributing one electron. Therefore, this is a standard 2c2e bond and is not 

electron deficient. 

 

(vi) Consider the MO diagram for this molecule: 

 

 

Fig S2.12 

 
 

This has 2 bonding electrons and 1 antibonding electron so overall there is a 

bond order of 0.5 (i.e. equivalent to bonding formed by only one bonding 

electron), so it is electron deficient. 

 

(vii) An electron is removed from the molecular orbital energy level diagram in 

Figure 2.10 to form [LiH]
+
. This electron is removed from a bonding orbital 

leaving a single bonding electron. This is therefore electron deficient. 

 

(viii) Figure S2.13 
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This molecular orbital energy level diagram shows the result of addition of 

an electron to F2. The additional electron occupies an antibonding orbital. 

Calculation of the bond order results in a bond order of 0.5, and hence this 

is equivalent to bonding from a single electron, and hence the ion has an 

electron deficient bond. 

 

 

 

 

 

 

 

Solution 2.10 

 

(a) Figure S2.14 
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(b) B5H9 has a total of (B: 5 x 3 = 15) + (H: 9 x 1 = 9) = 24 valence electrons. In 

B5H9 there are 4 B-B bonds, 5 B-H terminal bonds and 4 B-H-B bridges. There 

are 17 covalent bonds in total, which would require 34 electrons for standard 2-

centre, 2-electron (2c2e) bonds. Therefore, the molecule must be electron 

deficient. In fact in this case both the B-H-B bridges and the B5 framework 

contain electron deficient bonds. 

 

[B6H6]
2-

 contains (B: 6 x 3 = 18) + (H: 6 x 1 = 6) + 2 (for the 2- charge) valence 

electrons = 26 valence electrons. The structure consists of a B6 octahedron with 

6 B-H terminal bonds. If we assign 2 electrons to each of the B-H terminal 

bonds then 14 electrons are left to bond the B6 octahedron so the molecule must 

again be electron deficient (formally a B6 octahedral cluster would contain 12 

B-B bonds). 

 

 

 

 

Solution 2.11 

 

(a) Figure S2.15 

 
 

 

(b) Figure S2.16 
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(c) If we first consider only the sigma bonding in the ion, then we can see that each 

carbon atom forms 3 sigma bonds. The two terminal carbon atoms form two C-

H sigma bonds, and one C-C sigma bond, whilst the central carbon atom forms 

two C-C sigma bond and one C-H sigma bond. Therefore, each carbon atom has 

one additional electron for pi bonding.  

 

 

Given that we are looking at an anion, we must include one additional electron 

to account for the negative charge. Therefore, there are four electrons in total 

contained in the pi-bonding system. In part (b), we saw how the overlap of the 

2px orbitals gives rise to bonding, non-bonding and antibonding interactions, 

and hence we can predict that the allyl anion has two electrons in the lowest 

energy bonding molecular orbital and two electrons in a higher-energy non-

bonding molecular orbital. Removal of one electron will result in removal of 

one of the non-bonding electrons, and so this is not expected to have a 

significant effect on the bond lengths. 

 

Solution 2.12 

 

(a) Figure S2.17 
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(b) As we can see from the diagrams, the trigonal pyramidal structure of NH3 

means that we expect it to have sp
3
 hybridisation, with the lone pair in an sp

3
 

hybrid orbital. BCl3 is a trigonal planar molecule, and so we expect it to have 

sp
2
 hybridisation with an empty 2p atomic orbital lying perpendicular to the 

plane of the molecule. 

 

Solution 2.13 

 

(a) Silicon is in group 14, and hence has a valency of four. 

 

(i) We expect each of the chlorine atoms to form a single sigma bond with the 

silicon atom, with steric considerations resulting in a tetrahedral arrangement. 

sp
3
 hybridisation allows for the formation of four sigma bonds. 

 

(ii) Oxygen forms a sigma bond and a pi bond to silicon, whilst the chlorine 

atoms both form sigma bonds. sp
2
 hybridisation is the most likely hybridisation 

scheme in this case, as the three sp
2
 hybrid orbitals can form three sigma bonds, 

whilst the remaining p orbital may engage in pi-bonding. 

 

(iii) The oxygen atoms each form one sigma bond and one pi bond to silicon. In 

this case, sp hybridisation is most likely, as the two sp hybrid orbitals can form 

two sigma bonds, leaving two p orbitals which may each engage in pi-bonding. 

 

(iv) This molecule is analogous to hexachloroethane, and features an Si-Si  

single bond rather than bridging chloride atoms. Both silicon atoms in this 

molecule are tetrahedral, forming four sigma bonds. Therefore, sp
3
 

hybridisation is most likely. 

 

(b) Phosphorus is in group 15, and hence has a valency of 3. 

 

(i) Each Cl atom forms a sigma bond. The most likely hybridisation is therefore 

sp
3
, with a lone pair of electrons on phosphorus occupying one of the hybrid 

orbitals. 

 

(ii) The oxygen atom forms a sigma bond and a pi bond, whilst the chlorine 
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atom forms a sigma bond. The most likely hybridisation is therefore sp
2
, with a 

lone pair of electrons on phosphorus occupying one of the hybrid orbitals 

 

(iii) If we remove an electron from phosphorus to account for the positive  

charge on this cation, then we increase the valency to 4. Chlorine forms single 

sigma bonds, and hence sp
3
 hybridisation is the most obvious choice for this 

cation as it allows for the formation of four sigma bonds. 

 

(iv) Nitrogen and phosphorus both have a valency of 3. The formation of a 

sigma bond and two pi bonds is possible via sp hybridisation, with a lone pair 

of electrons on both the nitrogen and phosphorus atoms occupying an sp hybrid 

orbital. 

 

Solution 2.14 

(a) In the hybridisation model the hydrogen 1s orbitals overlap with four silicon sp
3
 

hybrid orbitals to give 4 degenerate bonding σ molecular orbitals and 4 

degenerate σ* antibonding molecular orbitals.  

 

Figure S2.18 
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The Ligand Group Approach also gives four bonding σ orbitals but one of these 

(that formed from Si 3s) is at lower energy than those orbitals formed from Si 

3p orbitals. The LGOs can overlap with the silicon 3s and 3p orbitals as shown 

in Figure S2.19. 

 

 

 

 

 

Figure S2.19 

 

 
 

This results in the following molecular orbital energy level diagram: 

 

Figure S2.20 
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(b) The LGO approach to constructing this MO diagram gives a better estimate of 

the molecular orbital energy levels. If we consider the atomic orbitals on silicon 

to be sp
3
 hybridised then this would imply that all the molecular orbitals formed 

by overlap with the H 1s orbitals would have the same energy. However, in the 

LGO approach we can see that the orbital formed by overlap of Si 3s will have 

a different (lower) energy than those formed by overlap of the Si 3px,y,z orbitals. 

Experimental studies, using UV Photoelectron Spectroscopy (UPS) which 

determines the amount of energy required to ionise the bonding electron pairs in 

a molecule, have shown this to be the case i.e. that one bonding pair of 

electrons in methane has a lower energy than the other three pairs. A summary 

of this analytical technique may be found in Box 4.8 of Burrows et al, 

Chemistry
3
. 

 

Solution 2.15 

 

As with worked examples 2.11A and 2.11B, we make use of the AXE method to count 

electrons around the central atom in these group 16 ions and molecules, and then 

determine their shapes. 

 

(i) Hydrogen has a valency of one, and so only donates a single electron. 

Following the AXE rules allows us to complete the table below: 
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H2Te  Number of electrons 

Valence electrons on Te 6 

Electrons from H 1 × 2 

0 charge 0 

0 n
th

 order bonds 0 

Total number of electrons 8 

 

The total of 8 electrons means we have four pairs of electrons to distribute 

around the central Te atom, so the base shape is a tetrahedron. Given that 

we only have two bonded atoms, we must have two lone pairs of electrons. 

As such, we arrive at the AX2E2 configuration, which gives a bent 

molecular shape. 

 

Figure S 2.21 

 

 
(ii) In this example, we now have a charged ion to contend with. Again, the 

AXE method allows us to account for this by subtracting an electron to 

account for the positive charge. 

[H3S]
+ Number of electrons 

Valence electrons on S 6 

Electrons from H 1 × 3 

+1 charge -1 

0 n
th

 order bonds 0 

Total number of electrons 8 

 

In total, we have four pairs of electrons around the S atom, and so the base 

shape is a tetrahedron. We have three bonded substituents, meaning there 

must be one lone pair. Therefore, the molecule has an AX3E1 configuration, 

which is a trigonal pyramidal molecule, similar in shape to ammonia. 

 

Figure S2.22 
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(iii) In this example we have a new bonded element, fluorine. Fluorine has a 

valency of one, and so only donates a single electron. 

 

TeF6 Number of electrons 

Valence electrons on Te 6 

Electrons from F 1 × 6 

0 charge 0 

0 n
th

 order bonds 0 

Total number of electrons 12 

 

We have 6 pairs of electrons in total, and so the base shape of the molecule 

is an octahedron. There are six bonded atoms, and so no lone pairs. This 

molecule has the AX6E0 configuration, meaning it is octahedral. 

 

 

Figure S2.23 

 
 

 

(iv) Again, we have tellurium and fluorine in a neutral molecule. 

 

TeF4 Number of electrons 

Valence electrons on Te 6 

Electrons from F 1 × 4 

0 charge 0 

0 n
th

 order bonds 0 

Total number of electrons 10 

 

We obtain 10 electrons in total, so 5 pairs of electrons to distribute around 

the central Te atom. The shape is therefore based on a trigonal bipyramid. 
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Given that we have four bonded atoms, we must have one lone pair of 

electrons so the molecule has the AX4E1 configuration. This corresponds to 

a “see-saw” molecular shape. 

 

Figure S2.24 

 
 

(v) We now have oxygen atoms bonded to the central atom. Oxygen has a 

valency of two, meaning it is capable of forming double bonds. Given that 

this is a neutral molecule, we assume that is has formed a double bond, and 

therefore each oxygen contributes two electrons to the total count. This is 

then corrected for later in the table. 

SO3 Number of electrons 

Valence electrons on S 6 

Electrons from O 2 × 3 

0 charge 0 

3 × 2
nd

 order S=O bonds -2 × 3 

Total number of electrons 6 

 

We obtain 6 electrons in total or 3 pairs of electrons. Given that there are 

three bonded atoms, there are no lone pairs of electrons. Therefore, the 

molecule has the AX3E0 configuration, which is trigonal planar. 

 

Figure S2.25 

 
 

(vi) Following the rules to account for double bonds, as we did in part (v), we 

complete the AXE table as normal: 

SO2 Number of electrons 

Valence electrons on S 6 

Electrons from O 2 × 2 

0 charge 0 

3 × 2
nd

 order S=O bonds -2 × 2 



Almond, Spillman & Page: Workbooks in Chemitry: Inorganic Chemistry 
Solutions to questions in the text 

 

© Oxford University Press, 2017.23 

 

Total number of electrons 6 

 

As with SO3, we have three pairs of electrons around the central S atom so 

this molecule will also be based on a trigonal planar arrangement of atoms. 

However, this time there are only two bonded atoms. This means that there 

is one lone pair of electrons, which gives the molecule the AX2E1 

configuration. This configuration corresponds to a bent molecule. 

 

Figure S2.26 

 

 
 

Solution 2.16 

 

As with worked examples 2.11A and 2.11B, we make use of the AXE method to count 

electrons around the central atom in these ions and molecules, and then determine their 

shapes. 

 

(i) Here we have an ion and so we must account for the positive charge by 

removing one electron. Bromine is in group 17 and so has a valency of one, 

therefore each bromine atom contributes a single electron to the total. 

 

[PBr4]
+ Number of electrons 

Valence electrons on P 5 

Electrons from Br 1 × 4 

+1 charge -1 

0 n
th

 order bonds 0 

Total number of electrons 8 

 

We obtain a total of 8 electrons, which corresponds to four pairs of 

electrons distributed around the phosphorus atom. Given that there are four 

bonded atoms, there are no lone pairs (AX4E0) and so this molecule is 

tetrahedral. Bromine is more electronegative than phosphorus, so we may 

reasonably assume that the positive charge resides mainly on the P atom. 

 

Figure S2.27 
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(ii) In this example, we again have an ionic species, though this time we must 

add an additional electron to account for the negative charge on this anion. 

Chlorine is also in group 17 and so also contributes a single electron. 

[PCl6]
- Number of electrons 

Valence electrons on P 5 

Electrons from Cl 1 × 6 

-1 charge 1 

0 n
th

 order bonds 0 

Total number of electrons 12 

 

The total of 12 electrons means we have six pairs of electrons to distribute 

around the phosphorus atom. There are six bonded atoms, and so no lone 

pairs of electrons. This leads us to the AX6E0 configuration, which predicts 

an octahedral molecule. 

 

Figure S2.28 

 
 

(iii) The carbon atom at the centre of this molecule is bonded to two group 16 

elements, oxygen and sulfur. Both of these elements have a valency of two, 

so we can assume that they form double bonds to the central carbon atom. 

OCS
 Number of electrons 

Valence electrons on C 4 

Electrons from O 

Electrons from S 

1 × 2 

1 × 2 

0 charge 0 

1 2
nd

 order C=O bond 

1 2
nd

 order C=S bond 

-2 × 1 

-2 × 1 

Total number of electrons 4 
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There are four pairs of electrons around the central carbon atom, or two 

pairs of electrons. With two bonded substituents, this AX2E0 configuration 

gives us a linear molecular shape, analogous to CO2. 

 

Figure S2.29 

 
 

 

(iv) In this example, we again have an ionic species and so must remember to 

add an electron to account for the negative charge. 

(v)  

[SnCl5]
- Number of electrons 

Valence electrons on Sn 4 

Electrons from Cl 1 × 5 

-1 charge 1 

0 n
th

 order bonds 0 

Total number of electrons 10 

 

 

There are 10 electrons in total, which means 5 pairs of electrons are 

distributed around the central Sn atom. The shape of the molecule is 

therefore based on a trigonal bipyramid. We have five pairs of electrons and 

five bonded substituents and so there are no lone pairs of electrons. The 

AX5E0 configuration of this ion means that it has a trigonal bipyramidal 

shape. 

 

Figure S2.30 

 

 
 

 

(vi) Again, we have an anionic species and so must remember to account for the 

negative charge. Hydrogen has a valency of one and so each hydrogen atom 

contributes a single electron to the total count. 
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[SiH3]
- Number of electrons 

Valence electrons on Si 4 

Electrons from H 1 × 3 

-1 charge 1 

0 n
th

 order bonds 0 

Total number of electrons 8 

 

There are four pairs of electrons around the central Si atom and so the shape 

of this molecule will be based on a tetrahedron. There are three bonded 

atoms so there must be a lone pair of electrons. This means that the anion 

has the AX3E1 configuration, meaning it is a trigonal pyramidal ion, similar 

in shape to ammonia. 

 

Figure S3.31 

 

 
 

(vii) We now have a -4 charge on this species. We can approach this problem in 

two ways, though the AXE method gives us the same predicted shape. The 

first method is to make no assumptions as to the most probable location of 

the negative charges in this ion, and to treat the sulfur atoms as forming 

double bonds as would be expected for a neutral species: 

(viii)  

[SnS4]
4- Number of electrons 

Valence electrons on Sn 4 

Electrons from S 2 × 4 

-4 charge 4 

Four 2
nd

 order Sn=S bonds -2 × 4 

Total number of electrons 8 

 

 

This leads to four pairs of electrons. An alternative though slightly more 

complicated strategy would be to recognise that sulfur is more 

electronegative than tin, and hence the negative charges are most likely to 

reside on the sulfur atoms. This means that the sulfur atoms will no longer 

form double bonds and importantly for VSEPR electron counting, there will 
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be no formal negative charge on the central tin atom: 

 

[SnS4]
4- Number of electrons 

Valence electrons on Sn 4 

Electrons from S
- 

1 × 4 

0 charge 0 

0 n
th

 order bonds 0 

Total number of electrons 8 

As can be seen, this also leads to a total of four pairs of electrons.  

 

In both cases, the four pairs of electrons distributed around the central Sn 

atom are all bonding pairs (i.e. there are no lone pairs of electrons). 

Therefore, the ion has the AX4E0 configuration and hence it is tetrahedral. 

 

Figure S3.32 

 
 

 

(ix) In this example, we must guess as to the connectivity between the two 

silicon atoms. They could be bonded directly or linked by bridging oxygen 

or chlorine atoms. Given that this is a neutral compound, we can conclude 

that the oxygen atoms have a valency of 2. If the bonding in this molecule 

has the silicon atoms linked directly or by the chlorines, then we must 

assume the presence of an Si=O double bond. Compounds with Si=O 

double bonds tend to be unstable with respect to oligomerisation and 

therefore, we can make a reasonable guess that the silicon atoms are linked 

by bridging oxygen atoms. 

 

We can now use the AXE method to determine the geometry about each 

silicon centre, assuming two bridging oxygen atoms and two terminal non-

bridging chlorine atoms. 

 

 

SiOCl2 unit in Si2O2Cl4 Number of electrons 

Valence electrons on Si 4 

Electrons from O 

Electrons from Cl
 

1 × 2 

1 × 2 

0 charge 0 
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0 n
th

 order bonds 0 

Total number of electrons 8 

 

 

There are 8 electrons and hence four pairs of electrons to be distributed 

around the central Si atom. Given that there are four bonding components, 

there are no lone pairs of electrons and hence we have the AX4E0 

configuration which is tetrahedral. 

 

Figure S3.33 

 
 

 


