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Case Study: Was it Murder?

C

had elevated insulin levels. The prosecution alleged
that Colin Norris administered the lethal dose.

olin Norris sits in prison serving a life sentence,

Colin Norris had predicted Ethel’s death to the other

convicted of killing four elderly patients and

nurses working that night. That prediction, the

attempting to kill a fifth patient at a hospital in Leeds,

prosecution alleged, was the boasting of a serial

England. At trial, the prosecution alleged that there was

killer. Fellow nurses took the comment as nothing

an unusually high number of patients who all died from

more than “shop talk.” In fact, they said most

an overdose of insulin. The only common factor among

experienced nurses can tell when a patient is

these mysterious deaths was one person—a nurse

worsening and near the end of life.

named Colin Norris.
This case starts with the death of Ethel Hall. At

How did the prosecution prove that Colin gave
Ethel the injection of insulin? There was no syringe

the time of her death, a blood sample indicated that

recovered, no insulin found to be missing, and no

she was hypoglycemic and that she had dangerously

witnesses. The only evidence was the blood sample

low blood sugar. Further testing indicated that she

and his comment predicting her death. Detectives

did not have sufficient evidence to charge Colin with

At trial, the jury was told that the only common

the murder of Ethel Hall. The police then decided

factor in the suspicious cluster of deaths was Colin

to review patient records for hypoglycemia-related

Norris. They failed to inform the jury that the

deaths in the hospital. Astonishingly, all of the

investigators had created the cluster through the

patients had originally been classified as dying of

selective and biased reclassification of cases. No

natural causes due to their advanced ages and

blood samples or any form of physical evidence were

particular ailments. Upon further review, their deaths

ever found or analyzed from the other patients, just

were reclassified as suspicious. If
a serial killer was truly working at
the hospital, a review of all records
should have been initiated and
then any clusters of suspicious
deaths could have been reviewed.
However, the investigators only
considered cases to which Colin
was assigned.

the reclassification based on
As you read through the chapter,
consider the following questions:

Colin’s work schedule.

• How is bonding a factor in
creating the effects that drugs
produce?

at the trial against Colin was an

• How does molecular structure
relate to the properties that we
can see?

The only physical evidence
immunoassay test that was
positive for the presence of insulin
in Ethel’s blood. An excess amount
of insulin, a hormone that triggers
the body to remove glucose from

This selective review of the records identified

the bloodstream and store it in the form of glycogen,

five more cases that they determined could now be

could explain Ethel’s low blood sugar levels.

considered suspicious. This included the case of Lucy

Immunoassay tests are designed to recognize the

Rowell. Doctors had ruled that her death was from

three-dimensional shape of a specific molecule such

natural causes and her family mourned her death.

as insulin. However, immunoassay tests are subject to

Police then went to her family’s home and informed

false positive results and are not typically accepted as

them that her death was now being investigated as

definitive proof for the presence of a compound.

murder, and they suspected a male nurse. The police
would then return ten months later and tell the family

To further understand the immunoassay evidence

that because Colin was not working the night Lucy

in this case, we must first explore how covalent

went into a coma, her death was no longer suspicious,

bonds form and how this bonding dictates the

and she died of natural causes.

shape of a molecule. . . .

5.1 Nature of Covalent Bonds
The analysis of human blood or urine samples can be quite complex
and time-consuming because of the many components in bodily fluids
Explain the valence
and the great variety of drugs, both legal and illegal, that might be presbond theory of covalent
ent in the sample. Drug molecules may pass through the body unchanged
bonding.
or break down into assorted new compounds, adding to the complexity
of the analysis. Some drug molecules also tend to bind tightly with particular protein
molecules present in blood. This binding can artificially lower the apparent concentration of the drug if only the unbound form of the drug is measured. Another complicating factor is that legal prescription drugs and over-the-counter medications can
also be present in blood or urine. Many of these legal drugs are similar in structure
to some illegal drugs, a topic covered in Chapter 7.
To narrow down the vast number of possible drugs that could be present in a
sample, screening tests are used to determine, in general, what classes or types of
drugs the sample may contain. Screening tests, which are fairly quick and inexpensive, give a positive result for a broad class of compounds.

LEARNING OBJECTIVE

One common method of drug screening is called an immunoassay. The basis of
immunoassay is that all molecules of a particular compound have a unique threedimensional shape. The immunoassay brings together the target molecule (the drug or
substance being tested) with another molecule specifically chosen because its structure
has an opening into which only the target molecule will fit. This customized fit is very
similar to the way illegal drugs or, for that matter, legal prescription drugs, function in
the body. The three-dimensional shape of the drug molecule is such that it can bind to
a receptor molecule in the body, triggering the drug’s desired effect.
Figure 5.1 shows a large circular molecule of cyclodextrin with a benzene molecule within the center space. This example is a simplified illustration of how molecules
can interact based on their size and shape. The opening in the center of a molecule
of cyclodextrin is of sufficient size and polarity that the benzene molecule fits inside
the cyclodextrin molecule. The three-dimensional shape and bonding angles make it
possible for this interaction to occur. Understanding the three-dimensional shapes of
molecules is vitally important in understanding how those molecules function in our
body. We will examine both of these topics in more depth as the chapter progresses.

FIGURE 5.1 Molecules interact based on their size and three-dimensional shape. For
example, cyclodextrin is a large circular molecule with an open center cavity into which the
benzene molecule can easily enter.

The nature of the bonding between the individual atoms of a molecule determines the three-dimensional shape of the molecule. In our earlier discussions of
chemical compounds, we saw that atoms form two types of bonds—ionic or covalent. Ionic bonds involve the gain or loss of electrons from neutral atoms to form
positive and negative ions that are attracted to one another. Metal atoms form cations while nonmetal atoms form anions.
Covalent bonds form when electrons are shared between two atoms. The sharing
of electrons occurs because the relative difference in electronegativities of the two
atoms is not sufficiently large for either atom to remove an electron from the other
atom. Covalent bonds form when two nonmetal atoms bond together and share
electrons. But how exactly does a pair of atoms share electrons?
Electrons are located in atomic orbitals, the regions around the nucleus in which
there is the greatest probability of finding an electron. For a covalent bond to form
between two atoms, orbitals must overlap. The overlapped orbitals create a region
of higher electron density in which two electrons are simultaneously located in the
orbitals of both atoms.

5.1 Nature of Covalent Bonds
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This model of covalent bonding is called the valence bond theory. Figure 5.2 illustrates the simplest case of a covalent bond forming between two hydrogen atoms.
Each hydrogen atom has an electron in a spherically shaped s orbital. When p orbitals
are involved in the formation of a single bond between atoms, the overlap occurs at
the end of one lobe of the orbital.

1
FIGURE 5.2 Overlap of atomic orbitals. The formation of a covalent bond is based on the
sharing of electrons. Electrons are shared between two atoms by overlapping a region of
three-dimensional space in which the electrons have a high probability of being found.

■ WORKED EXAMPLE 1
Draw the covalent bond between the s orbital of a hydrogen atom and the p orbital
of a fluorine atom found in hydrofluoric acid (HF).
SOLUTION
The H atom has one electron in an s orbital. The F atom has one unpaired electron
in a p orbital (dumbbell shape). The overlap of the s and p orbitals to form a
covalent bond is represented as follows:
1

Practice 5.1
Draw the covalent bond between the F atoms in fluorine gas (F2).
Answer
❏

The complex shape of insulin (C257H383N65O77S6) is due
to the local geometry of each atom and the restriction
placed on the location of each neighboring atom.

The valence bond theory works well for explaining how
bonding occurs in a covalent compound. However, for
determining the shapes of molecules, the theory works only
in the simplest of cases, such as those illustrated above. For
even slightly more complex molecules, another method for
determining the geometry is necessary. For larger molecules
such as insulin (C257H383N65O77S6), the overall three dim
ensional shape of the molecule is a result of the local geometry at each atom influencing the possible location of the
neighboring atoms.
There are two types of information needed to determine
the three-dimensional shape of a molecule: the locations of
all of the valence electrons and how those electrons interact
with one another. The Lewis theory of bonding, covered in
the next section, addresses where valence electrons are
located. The valence shell electron pair repulsion theory
ad
dresses how those valence electrons interact with one
another, as it determines the actual geometry of the molecules from the information obtained from the Lewis theory.

5.2 Lewis Structures of Ionic Compounds
In Chapter 4, we saw the predictive power of the periodic table in deter- LEARNING OBJECTIVE
mining the formula for ionic compounds. For instance, all alkali metals Construct the Lewis
(Group 1) form cations with a charge of 11, all alkaline earth metals
structures of ionic
(Group 2) form cations with a charge of 12, and the halogens (Group 7)
compounds.
form anions with a charge of 21.
The Lewis theory explains this trend, stating that the atoms are attempting to
achieve the same electron configuration as the closest noble gas by gaining or losing
electrons as needed. The noble gases are chemically unreactive and do not bond to
other atoms under normal conditions. The reason for this unusual stability is that
the valence shell of the noble gas atoms has been completely filled. When the other
elements in the periodic table react, the individual atoms strive to fill their outer
valence shells and attain the stable electronic structure of the noble gas elements.
Put another way, the elements react in such a way as to become isoelectronic with
the noble gas elements. For example, sodium has one more electron than neon, the
closest noble gas. Sodium metal is extremely reactive, but the sodium ion, Na1, is
very stable. By losing one electron and forming the Na1 ion, sodium becomes isoelectronic with neon and has a filled valence shell. The sodium ion will not react
further to gain or lose more electrons under standard conditions.
This pattern of elements forming bonds to become isoelectronic with the noble
gases serves as the basis for the octet rule. Sometimes called the rule of eight, it
states that elements react to attain a total of eight valence electrons, a configuration that corresponds to a filled s-orbital and p-orbital set. The exceptions to this
rule are those elements that achieve an electron configuration identical to helium,
which needs only two electrons.
The Lewis symbol for an element uses dots to represent the valence electrons
for an atom. The electrons are placed around the elemental symbol, as shown at
the top of Figure 5.3. The number of valence electrons is determined by counting
the number of s and p electrons in the outermost level of the atom, as illustrated
beneath the Lewis symbols in the figure.
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FIGURE 5.3 The Lewis dot structure of an element shows the number of valence electrons
in the outer shell of the atom. The number of valence electrons is determined by counting the
number of s and p electrons in the valence shell of the atom.
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■ WORKED EXAMPLE 2
Draw the Lewis dot structures for the following elements:
(a) Li
(b) Mg
(c) N
SOLUTION
Li only one s electron: Li
(a) Referring to the periodic table, Li has
(b) Likewise, Mg has two s electrons: Mg
Mg

Li
Mg

(c) As has two s electrons and three p electrons (do not count d electrons!): N
N
N
Practice 5.2
Draw the Lewis dot structures for the following elements:
O
(a) O
(b) Xe
(c) Al
O

Answer
❏ (a) O

(b) Xe

Xe
(c) Al

Xe dot structures
Al
Lewis
can be used to show the gain and loss of electrons in the formation
of
an
ionic
bond
between a metal and a nonmetal, as illustrated in Figure 5.4.
Al
The reaction shows the formation of calcium oxide (CaO), in which the calcium atom
loses two valence electrons to an oxygen atom. In losing two electrons, the calcium 21
ion has become isoelectronic with argon, completing its octet. The oxygen atom, with
six original valence electrons, gains the two electrons from calcium and becomes isoelectronic with neon. The reaction produces the stable ionic compound calcium oxide.
The formulas and charges of simple ionic compounds can be predicted and understood by writing the Lewis dot structures.
Ca 1 O

[Ca] 21[ O ] 22

FIGURE 5.4 Formation of an ionic compound.

■ WORKED EXAMPLE 3
Draw the Lewis dot structures for the ionic bonding in MgF2.
SOLUTION
The Mg atom will lose its two valence electrons, one to each F atom forming the
ionic compound MgF2.
F 1 Mg 1 F

[ F ]12 [Mg]21[ F ]12

Practice 5.3
Draw the Lewis dot structures for the ionic bonding in Na2S.
Answer
❏

[Na]11 [ S ]22 [Na]11

5.3 Lewis Structures of Covalent Compounds
LEARNING OBJECTIVE
Draw the Lewis structures
of covalent compounds.

Lewis dot structures can also illustrate covalent bonds between atoms
in simple molecules. Figure 5.5 shows the valence electrons and covalent bond in the molecules Cl2 and O2. In the chlorine reaction, each
chlorine atom has seven valence electrons and is striving to have eight.

Each chlorine atom gains one electron, becoming isoelectronic with argon. Unlike
atoms that react to form ionic compounds, each chlorine atom in Cl2 has an equal
tendency to obtain an electron. Therefore, it is impossible for one chlorine atom to
form an anion and the other to form a cation. The only way a chlorine atom can
achieve an octet in forming Cl2 is for each atom to share its one unpaired electron
with the other atom. The single bond that forms between two chlorine atoms consists of the two shared electrons. In the oxygen reaction, each oxygen atom has six
valence electrons and is striving for eight. To achieve the octet, each oxygen atom
must share two electrons with the other, thus forming a double bond. It is also possible to share three sets of electrons, forming a triple bond to achieve an octet.

Cl 1 Cl

Cl

O 1 O

Cl

O

(a)

O

O

O

(b)

FIGURE 5.5 Lewis symbols for simple covalent compounds.

■ WORKED EXAMPLE 4
Draw the Lewis structure for the covalent bonding in N2.
SOLUTION
Each N atom has five valence electrons and needs three to complete an octet. By
sharing three electrons each and forming a triple bond, both N atoms obtain an
octet of valence electrons.
N 1 N

N

N

Practice 5.4
Draw the covalent bonding in ammonia, NH3.
Answer
H
❏

N

H

H
The Lewis structures of complex molecules cannot be determined by simply attempting to fill the vacant spots on the Lewis dot structure of individual atoms. A set of rules,
listed below, must be followed in order to obtain the proper structure. Sulfur dioxide
(SO2), the compound responsible for the characteristic odor of a burning match, is used
to illustrate each step. It is not necessary to write the Lewis dot structure of each atom,
as is done for simpler compounds.
Step 1. Determine the total number of valence electrons in the compound. For neutral
molecules, add the valence electrons contributed by each atom. For polyatomic cations,
subtract the charge magnitude of the ion from the total number of valence electrons,
because electrons are lost in the formation of the cation. For polyatomic anions, add
the charge magnitude of the ion to the total number of valence electrons, because
electrons are gained in the formation of anions. In the example of SO2, there are six
valence electrons from sulfur and six valence electrons from each of the two oxygen
atoms, for a total of 6 1 2 3 6 5 18.
Step 2. Draw a skeletal structure that consists of single bonds from the central
atom to each of the outer atoms. Subtract two electrons for each single bond used

5.3 Lewis Structures of Covalent Compounds
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from the total number of valence electrons. The first atom in a formula is generally
the central atom. Hydrogen is never a central atom.
O

S

18
O 24
14

Step 3. Place pairs of electrons around the outer atoms to give each atom an octet
of electrons. Subtract the electrons used from the total available. Hydrogen needs
only a duet (two electrons total). Because they are not part of a bond, each of these
pairs of electrons is called a lone pair or a nonbonding pair.
O

S

O

18
24
14
212
2

Step 4. If there are surplus electrons, place those electrons as lone pairs on the
central atom.
O

S

O

18
24
14
212
2
22
0

Step 5. If and only if the central atom does not have an octet of electrons resulting
from steps 1 through 4, form a double bond by moving a lone pair of electrons from
one of the outer atoms. (Use a triple bond only if a second double bond to another
outer atom does not produce the desired structure with octets around all atoms.)
O

S

O

O

S

O

The structure obtained from this procedure could not have been determined by
merely examining the simple Lewis structures of the individual atoms. In general, it
is best to use these rules whenever the molecule has three or more atoms.

■ WORKED EXAMPLE 5
Draw the Lewis structure for CO322.
SOLUTION
Step 1. The total number of valence electrons is 4 1 (3 3 6) 1 2 5 24.
Step 2. The skeletal structure has three single bonds, so subtract six electrons from
the total number of valence electrons: 24 2 6 5 18.
O

C O

O
Step 3. Complete the octet of outer atoms and subtract the number of electrons
used from the total number of valence electrons remaining: 18 2 18 5 0.
O

C

O

O
Step 4. Since there are no electrons left to place on the central atom, the diagram
remains unchanged.

Step 5. Complete the octet of the central atom by forming multiple bonds:
O

C

O

O

O

C

O

22

O

Practice 5.5
Draw the Lewis structure for ammonia, NH3.
Answer
H

N

H

H

❏

■ WORKED EXAMPLE 6
Examine these Lewis structures for any errors.
H
H

O

O

H

C

O

H

C

H

H
(a)

(b)

(c)

SOLUTION
Structure (a) is incorrect because hydrogen atoms cannot have double bonds.
Structure (b) is incorrect because oxygen atoms cannot have 10 valence electrons.
Structure (c) is correct.
Practice 5.6
Draw the correct Lewis structures for Worked Example 6.
Answer
H
❏

O

H

O

(a)

C

O

(b)

5.4 Resonance Structures
The Lewis structure for the carbonate ion is shown in Worked Example 5. LEARNING OBJECTIVE
The formation of a double bond between one of the oxygen atoms and the
Draw resonance
central carbon atom was needed to complete the octet of the central carstructures for compounds
bon atom. Given that all oxygen atoms are chemically identical, what
that have multiple
equivalent Lewis
driving force would cause one oxygen atom to share a set of lone pair
structures to accurately
electrons over the other oxygen atoms in the compound? It is therefore
impossible for one oxygen atom to form a double bond to carbon while depict the bonding in a
compound.
the other two identical oxygen atoms remain as single bonds.
One way to study the bonding in a molecule is to examine the distance between the
atoms within the bond, as illustrated in Figure 5.6 (on page 144). When a carbon atom
forms a single bond to an oxygen atom, the bond length is 144 pm. If a double bond
exists between the oxygen and carbon atoms, the atoms are pulled closer together and
the length decreases to 126 pm. The shortest bond length between oxygen and carbon
atoms is found in a triple bond between the two, with the distance being 116 pm.
To determine the nature of the bond between carbon and oxygen atoms in the
carbonate ion, the bond length of each bond is measured. As stated earlier, there can be

5.4 Resonance Structures
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Carbon–Oxygen Bond Type

Bond Length (pm)

Single

144

Double

126

Triple

116

Model

FIGURE 5.6 Carbon–oxygen bond types and lengths. The length of the bond between two
atoms differs, depending on the nature of the bonding between the two atoms. The carbon–
oxygen single bond is the longest bond at 144 pm, and the carbon–oxygen triple bond is the
shortest at 116 pm.

no difference in the bonding from one oxygen atom to another. This has been verified
experimentally, as the bond length for all carbon–oxygen bonds in the carbonate ion is
138 pm. It should also be noted that the experimental bond length does not correlate
to either the single, double, or triple bond. Rather, it is more than a single bond but less
than a double bond.
When drawing a Lewis structure in which the formation of multiple bonds can be
located between multiple atoms of the same element, it is proper to write each possible structure. In fact, the true structure is not shown by any of the Lewis structures.
These multiple equivalent structures are called resonance structures (see Figure 5.7).
O

C

22

O

O

C

O

22

O

O

O

C

O

22

O

FIGURE 5.7 Resonance structures for the carbonate ion. The carbonate ion has three
equivalent Lewis structures.

One common misconception is that the compound alternates between the resonance structures, when in actuality the true structure is a hybrid of the resonance
structures. A good analogy is a dog that is a cross between two different breeds, such
as a bulldog and a beagle. Your mind works to envision the appearance of this dog
by using knowledge of the parental breeds. This is also how you should create a
mental image of the actual structure of the compound from resonance structures.
■ WORKED EXAMPLE 7
Draw the three Lewis structures representing the resonance structures of
sulfur trioxide (SO3).
SOLUTION
The location of the double bond can occur at any of the oxygen atoms because
they are all equivalent.
O

S

O

O

O

S

O

O

O

S

O

O

Practice 5.7
Draw the two Lewis structures representing the resonance structures for sulfur
dioxide (SO2).
Answer
❏

O

S

O

O

S

O

5.5 VSEPR Theory
Ammonium nitrate, a fairly simple ionic compound, was one of the ingre- LEARNING OBJECTIVE
dients used in the bombing of the Murrah Federal Building in Oklahoma
Predict the threeCity in April of 1995. The geometry of more complex structures such as dimensional shape of
insulin (from the No Motive, No Opportunity case study) is dictated by the a molecule.
three-dimensional location of each component atom, which can be predicted by valence shell electron pair repulsion theory (VSEPR theory). This theory is
based on the principle that electrons in bonds and lone pairs repel one another and, in
doing so, move as far apart from one another as possible. To use the VSEPR theory, it is
necessary to start with the proper Lewis structure. The molecule’s shape can then be
determined by applying the principles of VSEPR theory. The shapes of complex molecules so derived are most often visualized through computer modeling software.
One common mistake students initially make is to look at the Lewis structure they
have drawn and assume that the molecule’s geometry is determined by the appearance
O C O
of the Lewis structure. For example, because the Lewis structure for water is H O H,
some students incorrectly state that it is a linear molecule. However, it is known
from
(a)
(b)
experimental evidence that the molecular shape of a water molecule is bent, not linear.
This geometry can be predicted accurately by following the rules of VSEPR theory.
Another point of importance is that VSEPR theory first provides information on Water (H2O) has a bent
electron geometry—the location of valence electrons—and, based on this informa- molecular geometry.
tion, then determines molecular geometry—the location of atoms within the molecule. The electron geometry and the molecular geometry can be different. As we shall
see, the difference depends on the presence or absence of lone pair electrons on the
central atom of the molecule. The steps for determining electron geometries are provided below. The rules for determining molecular geometries will be given after the
steps for determining electron geometries.
Step 1. Draw the Lewis structure of the molecule. (Starting with the correct Lewis
structure is essential!)
Step 2. Determine how many regions of electron density surround the central atom. An
electron region is one set of lone pair electrons, a single bond, a double bond, or a triple
bond. The following examples show how to determine the number of electron regions:
H
O

C

O

2 regions

O

S

O

3 regions

O

S

O

H

C

H

O

H

3 regions

4 regions

H

O

H

H

N

H

H
4 regions

4 regions

Step 3. Determine the electron geometry from the descriptions shown in Figure 5.8.
(Note that the lines now represent electron regions, not single bonds.)
When two electron regions surround a central atom, they are farthest apart if
there is a 180° angle between them. This is called a linear arrangement because the
two electron regions lie on a line. When a third electron region is added to a central
atom, the angles between the regions change to 120° in order to maximize their
distance apart. This arrangement is called trigonal planar because the three electron regions are located within the same geometrical plane and the tips of each
region form a triangle. When four electron regions are located around a central
atom, the optimal angle between electron regions is 109.5° with the shape of a
tetrahedron. The resulting shape is called tetrahedral from the prefix tetra- meaning “four.” The green dashed lines connecting the bottom three regions of the
tetrahedron have been added to help you visualize the three-dimensional shape.

5.5 VSEPR Theory

145

146
CHAPTER 5 • Chemistry of Bonding: Structure and Function of Drug Molecules

Electron Regions

Sketch

Electron Geometry

1808

2 regions

Linear

1208

3 regions

Trigonal planar

109.58

4 regions

Tetrahedral

FIGURE 5.8 Determining electron geometry from the Lewis structure and the number of
electron regions.

■ WORKED EXAMPLE 8
Determine the electron geometry of both ions in the potentially explosive
ammonium nitrate (NH4NO3).
SOLUTION
Step 1. The Lewis structures for the two ions are
+

H
H

N
H

H

–
O

N

O

O

Step 2. In
there are four electron regions and in NO32 there are three electron
regions.
Step 3. From Figure 5.8, we see that the electron geometry of NH41 is tetrahedral
and the electron geometry of NO32 is trigonal planar.
NH1
4

Space-filling models of
the ammonium and
nitrate ions.

Practice 5.8
Determine the electron geometry of nitrogen triiodide, NI3, a potentially explosive
molecule.
Answer
❏ There are four electron regions, and the electron geometry is tetrahedral.
Once the electron geometry is known, the next step is to determine the molecular shape by examining the location of the outer atoms in relation to the central
atom. The key concept to remember during this part of the process is that lone pair
electrons, if present, help to force the atoms into the positions they occupy but are
not considered part of the molecular geometry. If no lone pair electrons are present,
the molecular geometry is identical to the electron geometry.
Figure 5.9 shows the relationship between the number of electron regions in a
molecule and the resulting geometry of the molecule. The geometry of a molecule that

Sketch

Molecular
Geometry

Electron
Regions

Number of
Lone Pairs

3

0

Trigonal
planar

3

1

Bent

4

0

Tetrahedral

4

1

Trigonal
pyramidal

4

2

Bent

FIGURE 5.9 Relationship between the number of electron regions and
molecular geometry.
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has three electron regions around the central atom with three outer atoms is identical
to the electron geometry—trigonal planar, because each region terminates with an
atom. However, the geometry of a molecule that has three electron regions around the
central atom with one of them being lone pair electrons is different. The geometry of
this molecule (outlined in green) is called bent because of the overall molecular shape.
Similarly, if a molecule has a tetrahedral electron geometry and has four electron
regions surrounding a central atom, then the molecular geometry will also be tetrahedral. However, if one of the four regions is a lone pair of electrons and not an
atom, the molecular geometry will change. The new geometry is called trigonal
pyramidal. If two of the four electron regions are occupied by lone pair electrons,
the remaining atoms take on the bent molecular geometry.
■ WORKED EXAMPLE 9
Determine the molecular geometry for each of the following Lewis structures.
H
H

C

H

H

O

H

H

N

H

H

H
(a)

(b)

(c)

SOLUTION
(a) There are four electron regions with no lone pair electrons. This means the
molecular geometry is tetrahedral.
(b) There are four electron regions with two lone pairs of electrons. This means the
molecular geometry is bent.
(c) There are four electron regions with one lone pair of electrons. This means the
molecular geometry is trigonal pyramidal.
Practice 5.9
Determine the molecular geometry for each of the following Lewis structures.
O

C

O

O

S

O

O

S

O

O
(a)

(b)

(c)

Answer
(a) Linear
(b) Bent
❏ (c) Trigonal planar

5.6 Polarity of Bonds and Molecules
The polarity of a molecule affects many physical variables, such as
which solvents it will dissolve in, the melting and boiling points of the
Determine the polarity
pure substance, and how one molecule will interact with another moland solubility of
ecule during chromatography, to name just a few. The polarity of a
compounds.
bond is determined by the difference in the electronegativity of the two
atoms that are bonded. Electronegativity is the ability of an atom to pull the shared
electrons within a covalent bond toward itself. The electronegativity of the elements
increases from the bottom to the top of the columns on the periodic table and from
the left to the right of the groups. Fluorine has the greatest electronegativity and the

LEARNING OBJECTIVE

TABLE 5.1

Electronegativity of the Nonmetal Elements

Element
Fluorine
Oxygen
Chlorine
Nitrogen
Bromine
Carbon
Sulfur
Iodine
Selenium
Hydrogen
Phosphorus

Relative Electronegativity
4.0
3.5
3.0
3.0
2.8
2.5
2.5
2.5
2.4
2.1
2.1

noble gases have zero electronegativity. The noble gases do not form covalent bonds
because they have a full shell of valence electrons. Table 5.1 lists the relative electronegativity of the nonmetal elements, with fluorine having the maximum value of 4.0.
A nonpolar covalent bond occurs between two atoms when the electronegativity
of both atoms is equal. The shared electrons are attracted equally to both atoms. Non
polar covalent bonds occur between diatomic molecules such as nitrogen gas (N2) and
oxygen gas (O2) and are thought to occur between two atoms of different electronegativity, as long as the difference in electronegativities is between 0.0 and 0.3.
A polar covalent bond occurs when the difference in electronegativities is between
0.4 and 1.9. The greater the difference in electronegativities, the more strongly the
shared electrons are pulled toward the atom with the highest electronegativity. If the
difference in electronegativities is greater than 2.0, the bond is considered to be ionic.
■ WORKED EXAMPLE 10
Are the following bonds nonpolar covalent or polar covalent?
(a) H—P
(b) C—H
(c) Cl—Br
(d) O—H
SOLUTION
(a) The difference in electronegativity is 2.1 2 2.1 5 0, so it is a nonpolar covalent bond.
(b) The difference in electronegativity is 2.5 2 2.1 5 0.4, so it is a polar covalent
bond.
(c) The difference in electronegativity is 3.0 2 2.8 5 0.2, so it is a nonpolar covalent
bond.
(d) The difference in electronegativity is 3.5 2 2.1 5 1.4, so it is a polar covalent bond.
Practice 5.10
Which element in the bonds from Worked Example 10 will have the partially
negative charge?
Answer
(a) Neither
❏ (b) Carbon

(c) Neither
(d) Oxygen

5.6 Polarity of Bonds and Molecules
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One misconception that occurs with polar and nonpolar covalent bonds is the
assumption that nonpolar compounds contain nonpolar covalent bonds and polar
compounds contain polar covalent bonds. This is not the case. Figure 5.10a shows a
polar covalent bond between carbon and chlorine. The electron density is being
pulled toward the chlorine atom, as the arrow indicates. When determining the
polarity of a molecule such as carbon tetrachloride (CCl4), it is imperative to examine the molecule’s geometry. Figure 5.10b shows the electron density being pulled
equally in all directions about the tetrahedral geometry. When electron density is
pulled equally in all directions, the net result is a nonpolar molecule. If the electron
density of the molecule is not symmetrically distributed, the molecule is polar. Any
molecule in which the central atom contains lone pair electrons tends to be polar, too.
(a)

(b)

FIGURE 5.10 (a) The carbon (black) to chlorine (green) bond is polar in nature due
to the higher electronegativity of the chlorine atom. (b) The carbon tetrachloride molecule
is nonpolar because the polarities of the four carbon–chlorine bonds effectively negate
one another.

■ WORKED EXAMPLE 11
Draw the Lewis structure for ammonia (NH3), and determine whether or not this
is a polar molecule.
SOLUTION
The Lewis structure for ammonia: 8 valence electrons, of which 6 are used in
forming bonds to hydrogen and the remaining 2 valence electrons are placed on the
nitrogen atom as a lone pair of electrons:
H

N

H

H
The molecular geometry for a molecule with four electron regions and one lone
pair of electrons is trigonal pyramidal. The electronegativity of nitrogen is greater
than that of hydrogen, drawing the partial negative charge toward the lone pair
electrons, producing a polar molecule as shown at left.
Ammonia has tetrahedral
Practice 5.11
electron geometry with
Which molecular geometries will always produce a polar molecule?
trigonal pyramidal
molecular geometry.
Answer
There is a lone pair of
❏ Bent and trigonal pyramidal.
electrons on the nitrogen
atom, and the electron
Assigning a term such as polar or nonpolar to a molecule is a dramatic oversimdensity is all being
plification of the physical phenomena involved. Some molecules such as water are
directed to one portion
very polar, while others such as hexane are very nonpolar. There are numerous
of the molecule.
variables, such as size and the functional groups attached, that determine the
Ammonia is polar.

polarity of a molecule. Table 5.2 lists many common compounds and gives their
polarity on a relative scale, with 0 being nonpolar and 9.0 being polar. The solubility
is the maximum amount of the compound that can be dissolved in water.

TABLE 5.2

Polarity of Common Organic Solvents

Compound

Polarity Index

Solubility in Water (%)

Hexane
Pentane
Toluene
Benzene
1-butanol
1-propanol
Butanone
Propanone
Ethanol
Water

0.0
0.0
2.4
2.7
4.0
4.4
4.7
5.1
5.2
9.0

0.001
0.004
0.051
0.18
0.43
100
24
100
100
100

5.7 Molecular Geometry of Drugs
Methamphetamine is an interesting molecule to explore now that we
can add concepts of molecular geometry to our discussion. Examine the
two compounds in Figure 5.11 labeled d-methamphetamine and lmethamphetamine. Most of the hydrogen atoms are omitted to make
the model easier to view. The only hydrogen atom shown is the one
attached to the carbon atom indicated by the large arrow in each

d-methamphetamine

LEARNING OBJECTIVE
Describe how the
molecular geometry at
individual carbons can be
used to visualize large
molecules.

l-methamphetamine

FIGURE 5.11 Methamphetamine three-dimensional structures. The illegal drug meth
specifically refers to d-methamphetamine, which differs from the isomer l-methamphetamine
by the special orientation of the four atoms attached to the carbon atom indicated by the
large arrow.

5.7 Molecular Geometry of Drugs
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Crystals of
d-methamphetamine.
(U.S. Drug Enforcement
Administration)

A vapor rub
product containing
l-methamphetamine.

 olecule. The difference between the two structures can be seen by focusing on the
m
position of the hydrogen and carbon atoms attached to the indicated carbon atom. In
both molecules, this carbon atom has four single bonds surrounding it and exhibits a
tetrahedral geometry. Yet the molecular structures are not identical. Notice that the
methyl group and hydrogen group in the two molecules point in different directions.
When four different atoms or groups of atoms are bonded to a tetra-hedral carbon,
two types of structures are possible. These are special isomers called stereoisomers,
which occur when two compounds share the same chemical formula and the same
connections between atoms but exhibit differences in how their atoms are arranged
three-dimensionally, as shown in the figure. Does this small change make a real difference? d-Methamphetamine is the extremely addictive illegal drug; l-methamphetamine
is one of the ingredients in vapor rub, used for relief of nasal congestion, and it has
none of the stimulant effects of d-methamphetamine! Methods of determining whether
a stereoisomer is the d- or l- form are beyond the scope of this text. However, these
stereoisomers illustrate an excellent example of the importance of the shape of drug
molecules.
In the past, convicted methamphetamine dealers sometimes appealed their conviction
on a simple legal point: The prosecutors had not proven that the dealers sold
d-methamphetamine. Dealers would testify that they had actually been selling l-methamphetamine, a crime that carried a much less severe sentence. Of course, their proof was
usually limited to a claim that they did not experience a sufficient high from the methamphetamine they were selling for it to be the illegal substance. This appeal was seldom
successful, and the laws have been changed so that the same sentencing guidelines apply
to both stereoisomers of methamphetamine. The new laws made vapor rubs for colds the
only legal method of possessing l-methamphetamine. There are also two forms of glucose,
d-glucose and l-glucose. Our bodies can metabolize only the d-glucose form.
The shape of a drug molecule defines how it will react, or not react, with other
molecules in our bodies. This is also true for illegal drugs such as cocaine. Consider
Figure 5.12, which depicts a cocaine molecule, and look closely at carbon atom
number 1. It has three electron regions, as shown by the two single bonds and one
double bond. The molecular geometry of that carbon atom is trigonal planar.
Carbon number 2 is also trigonal planar, as it has three electron regions surrounding it. However, at the oxygen atom labeled number 3, the geometry changes. Oxygen has two sets of lone pair electrons in addition to the two single bonds; therefore, it has a bent molecular geometry. Carbon atom numbers 4 and 5 each have
four bonds from the carbon atom, producing the tetrahedral electron geometry.

(Helen Sessions/Alamy)

5
3
1

2

4

FIGURE 5.12 Three-dimensional model of cocaine.
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■ WORKED EXAMPLE 12
Identify the molecular geometry of the atoms numbered 1–4 in the model of
cocaine. Recall that the red oxygen atom has two sets of lone pair electrons.

1
4

2
3

SOLUTION
Atom number 1: There are three electron regions with no lone pair electrons,
which results in a trigonal planar molecular geometry.
Atom number 2: There are two sets of lone pair electrons and two single bonds,
which results in a bent molecular geometry.
Atom number 3: There are four electron regions with no lone pair electrons, which
results in a tetrahedral molecular geometry.
Atom number 4: There are three electron regions with no lone pair electrons,
which results in a trigonal planar molecular geometry.
Practice 5.12
The blue atom in the model of cocaine is a nitrogen atom that contains one set of
lone pair electrons. What is the molecular geometry of the nitrogen atom?
Answer
❏ Trigonal pyramidal
We could continue analyzing the electron geometries surrounding all of the atoms in
cocaine in this fashion, as the shape of the cocaine molecule is an accumulation of the local
geometries at each atom. However, visualizing such a large molecule is challenging for
even the most experienced chemists, who usually employ computer-aided software to
determine the structure of molecules. Some researchers are now using computer-generated
images in virtual reality chambers that allow scientists to explore the molecular structures
from the vantage point of standing inside the molecules, as shown in Figure 5.13!

FIGURE 5.13 Scientists
can now test potential
drug candidates in the
computer laboratory
before ever creating the
molecules in the chemistry
laboratory. Students at
Arkansas University view
complex interactions of
drug molecules with
protein molecules using
PyMOL in immersive 3D
provided by Virtalis.
(Courtesy of Arkansas
University and Virtalis
Limited Image)
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5.8 Drug Receptors and Brain Chemistry
Many illegal drugs alter the biochemical processes that take place in the
brain. One of the dangers of abusing these drugs is that they can cause
Describe how drug
permanent changes to the normal operation of the brain cells. The threemolecules interact
dimensional shape of drug molecules influences their interaction with
with neurons to produce
a high.
the human brain. Before we explore this interaction, we must first discuss how the central nervous system functions.
An estimated 100 billion nerve cells called neurons make up the human nervous
system. Neurons communicate with one another by sending an electrical signal, called
an action potential, from one cell to the next. The end of a neuron contains small
packets of chemicals called neurotransmitters, which are chemical compounds that
can travel outside of the neuron, cross a small gap, and arrive at the next neuron.
When a neurotransmitter binds with another neuron, it causes the a ction potential to
continue on its path toward a specific location within the human brain. Figure 5.14
illustrates the process. The action potential triggers the release of neurotransmitters
from the top neuron. The neurotransmitters travel by diffusion to receptor sites on
the second neuron, completing transmission of the action potential. The neurotransmitter molecules then diffuse back to the original neuron through uptake channels
and are recycled for use with the next action potential. This entire process occurs on
the microsecond time scale.
Illegal drugs create their mind-altering effects by several different mechanisms.
Cocaine functions by interfering with the uptake of neurotransmitters, as shown in the
right-hand side of Figure 5.14. Cocaine molecules block the uptake of the neurotransmitter, a process that floods the gap between the cells with an excess of neurotransmitter molecules and causes an amplification of the signal. Because the affected nerve cells
are in the pleasure-sensing region of the brain, the person who has taken the cocaine
experiences a high.

LEARNING OBJECTIVE

Normal transmission

Cocaine present

FIGURE 5.14 Neuron communication. Neurotransmitters (shown in blue) are
chemicals released from one neuron that diffuse across a small gap to receptor sites
on another neuron. This process allows communication between neurons. Once a
neurotransmitter has sent the signal to the receptor, it diffuses back to the original
neuron, enters through uptake channels, and is stored for future use. Cocaine molecules
(shown in yellow) block the uptake channels, preventing released neurotransmitters
from diffusing back into the neuron. This floods the gap with neurotransmitters, thus
magnifying the signal being sent.

Although the cocaine molecules are eventually removed, the
system does not return completely to normal. People who use
illegal drugs build up a tolerance that requires higher doses to
continue producing the same pleasurable effect. The user must
take in more cocaine to block more uptake c hannels and produce a large enough neurotransmitter concentration to achieve
the same level of sensation. These higher doses have a damaging
effect on neurons. When people stop using drugs, the damage to
the neurons is not repaired. Such damage can lead to depression
because the mood-sensing neurons no longer function properly
under the normal release of neurotransmitters.
How exactly does cocaine interfere with the uptake of the
neurotransmitters? The uptake channel of the neuron is a
portion of the cell membrane that functions as a one-way tunnel for the neurotransmitter. The tunnel walls are strands of
protein molecules arranged so that neurotransmitters of a particular shape and size can pass through. Cocaine is able to
lodge itself into this tunnel, blocking the neurotransmitters
from reentering the cell. To block this tunnel, cocaine molecules must interact strongly with 
portions of the protein
molecules through intermolecular forces. The distinct three-
dimensional structure of cocaine makes this interaction possible. Figure 5.15 illustrates this interaction. The red coil rib- A scanning electron microscope image of a neuron
bons represent protein molecules forming the neurotransmitter (shown in red). (Quest/Science Source)
uptake channel. Key portions of the molecules are drawn in as
molecular models. The cocaine molecule is highlighted to help
illustrate its location.

FIGURE 5.15 Cocaine blocking a neurotransmitter uptake transporter. The cocaine
molecule is the correct size, shape, and polarity to wedge itself into the uptake channels of
neurotransmitters. Once the uptake of neurotransmitters is blocked, the concentration of
the neurotransmitters in the gap between neurons is greatly magnified, which results in the
magnification of the signal being sent between neurons. The increased signal produces a
pleasurable sensation, or “high.” (Adapted from Dahl)
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Immunoassay Methods

T

to disrupt normal cellular functions. Immunoassay
techniques depend on similar antigen-antibody
reactions that are specific for particular drugs.
There are several methods in which the basic
principles of immunoassay are used to detect
molecules. Figure 5.16 illustrates the method called
radioimmunoassay (RIA), a technique in which
radioactive isotopes play a part in the analysis. RIA
was the specific method
used in the Winzar case.
RIA Simulation
The first step in the
detection of an antigen
such as insulin is to mix it with a known amount
of insulin that is labeled with a radioactive iodine
atom, as shown in step 1 of Figure 5.16.
Recall from Section 3.5 that isotopes are
forms of an element that have the same number
of protons but different numbers of neutrons.
Iodine-131 is an isotope that emits radiation that

he case against Colin Norris hinged on
the identification of insulin from an
immunoassay test. A lock-and-key analogy is
often used to explain how an immunoassay test
works. The shapes of a lock and key are designed
in such a way that only a key with one particular
shape can fit into the lock properly. Certain types
of molecules have three-dimensional structures
that enable them to behave as though they are
locks or keys. The molecule that functions as a
key is called an antigen, and the molecule that
functions as the lock is called an antibody.
The human body produces antibodies to
fight off infections. When a foreign molecule is
introduced into the body, antibodies are created
to attack the foreign molecules (antigens). The
antibody is able to attack the antigen because it
has a three-dimensional structure that is specific for
binding to the antigen. A bound antigen is unable

Radioactive
insulin

Insulin

I

I
I

I

Antibody

WWW

I
I

I

Step 1

I

I

Step 2

I

Step 3

FIGURE 5.16 The radioimmunoassay procedure.

5.9 CASE STUDY FINALE:
Was it Murder?

A

ll methods used for

doctors with lab results in a timely fashion so that a

analyzing evidence can be

proper diagnosis can be given and treatment options

classified as either a presumptive
method or a confirmatory method.

can begin.
However, there is a critical flaw in presumptive tests

A presumptive method is also known as a preliminary

because it is possible for other compounds to register

test, a screening test, or a field test. Presumptive tests

as a false positive. A false positive can occur when

are typically fast, fairly accurate, and inexpensive.

a presumptive test for one substance incorrectly

Medical laboratories use presumptive tests to provide

indicates a positive result because an entirely different

two types of antigens are present in equal
amounts, an equal number of each type of
molecule will bond to the antibody. However, if
the sample being analyzed contains no insulin, the
plate will be filled with only radioactively labeled
insulin. After the two antigens are allowed to react
with the antibodies, the excess antigens are washed
away. The final step is to determine the ratio
of labeled to unlabeled antibodies. The greater
the radioactivity of the immunoassay test when
finished, the less insulin in a sample and vice versa.
The large protein molecule forms the “lock” with an
opening that is specific for the “key” molecule in
yellow. The ribbon is superimposed on the large protein
molecule to better illustrate the overall shape of the
protein molecule. (Clive Freeman, The Royal Institution/
Science Source)

can be detected by an electronic instrument.
When radioactive iodine is incorporated into a
molecule such as insulin, the drug molecule is
radioactively labeled.
For an RIA analysis, the amount of
radioactively labeled insulin is known exactly,
but the amount of insulin in the sample, if any, is
unknown. In step 2, the labeled and unlabeled
insulin are allowed to react with an antibody that
has been physically immobilized on a plate. The
labeling of the insulin molecules does not change
their ability to bond to the antibody. Therefore,
both the labeled and unlabeled insulin have an
equal chance of binding to the antibody. If the

■ WORKED EXAMPLE 13
Is it necessary to separate out the various
compounds of blood or urine using
chromatography before using the RIA method?
SOLUTION
Only those molecules that fit into the antibody will
react. Therefore, if other molecules are present,
they will simply be washed away between steps 2
and 3, making chromatography unnecessary.
Practice 5.13
Will a radioimmunoassay test that shows positive
results for insulin have a larger or smaller signal
from the radioactive antigen in step 3 than a
radio-immunoassay test that comes back negative
for insulin?
Answer
The greater the insulin concentration in the
sample, the smaller the observed signal from the
radioactive isotopes will be in the final step.

substance triggered the positive result, which is called

spectroscopy (MS). This method provides the molecular

cross-reactivity. For example, the immunoassays used

weight of the compound as well as additional

to detect amphetamines in urine are known to cross-

information that can be used to match a substance to

react with over-the-counter cold medicines and even

a database. There is no possibility of cross-reactivity

some diet pills.

triggering false positive results. However, confirmatory

A confirmatory test provides conclusive evidence
of the presence of a suspected substance. One
confirmatory method is called FTIR. This method

methods are expensive, time consuming, and require
highly trained experts.
When properly used, a presumptive test will guide

measures the wavelengths of infrared light absorbed by

investigators to follow possible leads in a timely

a compound and matches it to a database of known

fashion. Confirmatory tests can then be used at trial

compounds. It is often referred to as a chemical

to secure convictions with no doubt about the quality

“fingerprint,” as no two compounds have the same

of the evidence as identified by the presumptive tests.

identical pattern. Another confirmatory method is mass

Presumptive tests also assist forensic scientists by
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providing a starting point to determine which methods

insulin in blood, but inexplicably chose not to have the

should be used in the confirmation step.

sample further analyzed.

Why, then, was there no confirmatory test used in

One might wonder how Colin was convicted,

the analysis of Ethel Hall’s blood to prove that insulin

but consider that the jury did not understand that

was in fact administered? The laboratory in charge of

immunoassays have a fundamental weakness due

the analysis was a medical laboratory, not a forensic

to interfering compounds. The jury also did not know

science laboratory. The director of the laboratory

that the medical review process was biased. It had to

insisted that the immunoassay method, when combined

rely on expert witnesses discussing complex medical

with the medical diagnosis, provided irrefutable

and scientific concepts. Colin’s case is under review

scientific evidence that insulin had been administered.

by the Criminal Case Review Commission (CCRC),

Somehow a medical diagnosis, which changed

which has the ability to order a new trial if they

depending on whether Colin Norris was on duty, and an

can find sufficient new evidence to indicate his

incomplete analysis of the sample were irrefutable in

innocence. However, they cannot order a new trial

his opinion. The director knew that mass spectroscopy

based on the deeply flawed original analysis of the

could be used as a confirmatory method to identify

blood sample.

CHAPTER SUMMARY

1808

2 regions
Linear

• The sharing of electrons to produce a covalent bond arises through an overlap of the
orbitals in which the bonding electrons have the highest probability of being found.
• The Lewis theory of bonding states that valence electrons are the electrons responsible for the formation of both ionic and covalent bonds. Ionic bonding is achieved
by the transfer of electrons between two atoms to produce positively and negatively
charged ions. The newly formed ions achieve a completed octet of electrons, a stable
state in which each ion is isoelectronic with one of the noble gases. Covalent bonds
share electrons to achieve a stable octet of electrons.
• Lewis structures for complex molecules can be determined by verifying the total
available valence electrons, then distributing them according to the rules for drawing
Lewis structures.
• Writing a proper Lewis structure is a critical step for examining both the electron
geometry and molecular geometry of molecules. Several common mistakes to avoid
include failure to subtract or add electrons to the total valence electron number for
cations and anions, placement of more than a single bond on hydrogen, and use of
double or triple bonds when the central atom already has a completed octet.
• Resonance structures exist whenever multiple equivalent Lewis structures can represent a compound in which a double bond occurs between equivalent atoms within
the structure.
• The VSEPR theory states that electrons around a central atom
109.58
in bonds or lone pairs will repel one another and will assume
1208
positions as far apart from one another as possible. Electron
geometry determines molecular geometry, the structural arrangement of the atoms in the molecule.
• Complex molecules have geometries that are dictated by the local
4 regions
3 regions
Tetrahedral
Trigonal planar
geometry of each atom within the molecule. The complex three-
dimensional shape of molecules influences the mechanisms by which
drug molecules interact with the human body. The molecular geometry of drugs can be
exploited for the detection of illegal drugs by employing immunoassay methods.

• Immunoassays are based on the principle that a drug molecule (antigen) of interest
has a unique three-dimensional structure that allows it to bind specifically to another
molecule called an antibody.
• In radioimmunoassay tests, the molecules from an evidence sample compete
for the binding sites with a known amount of radioactively labeled molecules
that have identical bonding properties. If labeled and unlabeled molecules are
present in equal numbers, equal amounts will bond to the antibody molecules.
The stronger the signal from the radioactive isotope, the lower the amount of
the target molecule in the evidence sample.

KEY TERMS
action potential (p. 154)
antibody (p. 156)
antigen (p. 156)
bent (p. 148)
double bond (p. 141)
electronegativity (p. 148)
electron geometry (p. 145)
electron region (p. 145)
immunoassay (p. 137)
isoelectronic (p. 139)
Lewis theory (p. 139)

linear (p. 145)
lone pair (p. 142)
molecular geometry (p. 145)
neurons (p. 154)
neurotransmitter (p. 154)
nonbonding pair (p. 142)
nonpolar covalent bond (p. 149)
octet rule (p. 139)
polar covalent bond (p. 149)
radioimmunoassay (RIA)
(p. 156)

single bond (p. 141)
stereoisomer (p. 152)
tetrahedral (p. 145)
trigonal planar (p. 145)
trigonal pyramidal (p. 148)
triple bond (p. 141)
valence bond theory (p. 138)
valence shell electron pair repulsion
(VSEPR) theory (p. 145)

CONTINUING THE INVESTIGATION Additional Readings, Resources, and References
For more information regarding the No Motive, No Opportunity case study, go to: www.bailii.org/ew/cases
/EWCA/Crim/2002/2950.html and www.guardian
.co.uk/theguardian/2005/may/14/weekend7
.weekend2
Marks, Vincent, and Richmond, Caroline. Insulin Murders, RSM Press, 2007.
The following journal articles give specific details
relating to several applications provided in the
chapter:
Dahl, Svein G. The Journal of Pharmacology and Experimental Therapeutics, vol. 307, no. 1, pp. 34–41.

Hirota, O. S., Suzuki, A., Ogawa, T., and Ohtsu, Y.
“Application of Semi-Microcolumn Liquid Chromatography to Forensic Analysis,” Analysis Magazine, 1998, vol. 26, no. 5.
A large number of newspaper articles regarding
Christina Martin’s appeal can be found in the
Standard-Times newspaper of New Bedford, MA,
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REVIEW QUESTIONS AND PROBLEMS
Questions
1. Discuss the concept of electron sharing between
atoms and how this takes place. To illustrate
your explanation, sketch a diagram of two
atoms sharing a pair of electrons. (5.1)
2. Which electrons are responsible for the formation
of ionic and covalent bonds? (5.1–5.2)

3. What determines whether an atom will form a
covalent bond or an ionic bond? (5.1)
4. What determines whether an atom will form a
cation or an anion? (5.2)
5. What benefit do atoms receive by the exchange
or sharing of electrons in reactions? (5.2)

Review Questions and Problems
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6. What determines the charge an ion will have? (5.2)
7. Under what conditions will a compound form a
double bond between two atoms? (5.3)
8. List all of the possible examples of an electron
region. (5.5)
9. Explain why resonance structures do not actually
represent accurate bonding within a molecule. (5.4)
10. What is the basic principle of the valence shell
electron pair repulsion (VSEPR) theory? (5.5)
11. How does the number of electron regions
around a central atom influence the electron
geometry of a molecule? (5.5)
12. What are the possible electron geometries?
Draw a sketch of each. (5.5)
13. Does the nature of the electron region (single
bond, double bond, triple bond, lone pair)
affect the electron geometry of the molecule?
Explain. (5.5)
14. What are the possible molecular geometries?
Draw a sketch of each. (5.5)
15. Does the nature of the electron regions affect
molecular geometry? Explain. (5.5)
16. Discuss how the local geometry of individual
atoms contributes to the overall geometry of a
larger molecule. (5.7)
17. What are stereoisomers? Discuss their
significance in drug chemistry. (5.7)
18. Explain how neurotransmitters enable
communication between neurons. (5.8)
19. Describe the role of molecular shape of
neurotransmitters in transmission of action
potentials from one neuron to another. (5.8)
20. Discuss the mechanism by which illegal drugs
such as cocaine interfere with the process
indicated in Question 19. (5.8)
21. How can illegal drugs such as cocaine cause a
permanent change in brain function? (5.8)
22. Discuss how molecular shape is crucial to
immunoassay methods of analysis. (5.8)
Problems
23. Draw the Lewis structures for the following
elements: (5.2)
(a) Ba
(b) C
(c) S
(d) Cl
24. Draw the Lewis structures for the following
elements: (5.2)
(a) K
(b) Be
(c) I
(d) Al

25. Draw the Lewis structures for the following
ionic compounds: (5.2)
(a) Li2O
(b) CaBr2
(c) MgS
(d) Na2N
26. Draw the Lewis structures for the following
ionic compounds: (5.2)
(a) LiF
(b) MgO
(c) NaCl
(d) K2S
27. Draw the Lewis structure showing the bonding
between the carbon and chlorine atoms
in CCl4. (5.3)
28. Draw the Lewis structure showing the
bonding between the two oxygen atoms
in O2. (5.3)
29. Draw the Lewis structures for the following
polyatomic ions. Draw resonance structures if
applicable. (5.3–5.4)
(a) CN2
(b) PO342
(c) CO232
(d) OH2
30. Draw the Lewis structures for the following
polyatomic ions. Draw resonance structures if
applicable. (5.3–5.4)
(a) NO32
(b) NH41
(c) SO242
(d) ClO32
31. Draw the Lewis structures for the following
covalent compounds. Draw resonance structures
if applicable. (5.3–5.4)
(a) SO2
(b) CO2
(c) CH4
(d) NH3
32. Draw the Lewis structures for the following
covalent compounds. Draw resonance structures
if applicable. (5.3–5.4)
(a) H2O
(b) OF2
(c) NF3
(d) SCl2
33. Determine the electron geometry for the
following ions from Problem 29: (5.5)
(a) CN2
(b) PO342
(c) CO232
(d) OH2

34. Determine the electron geometry for the
following ions from Problem 30: (5.5)
(a) NO32
(b) NH41
(c) SO242
(d) ClO32
35. Determine the electron geometry for the
following compounds from Problem 31: (5.5)
(a) SO2
(b) CO2
(c) CH4
(d) NH3
36. Determine the electron geometry for the
following compounds from Problem 32: (5.5)
(a) H2O
(b) OF2
(c) NF3
(d) SCl2
37. Determine the molecular geometry for the
following ions from Problem 29: (5.5)
(a) CN2
(b) PO342
(c) CO232
(d) OH2
38. Determine the molecular geometry for the
following ions from Problem 30: (5.5)
(a) NO32
(b) NH41
(c) SO242
(d) ClO32
39. Determine the molecular geometry for the
following compounds from Problem 31: (5.5)
(a) SO2
(b) CO2
(c) CH4
(d) NH3
40. Determine the molecular geometry for
the following compounds from
Problem 32: (5.5)
(a) H2O
(b) OF2
(c) NF3
(d) SCl2
41. Fill in the table. (5.5)
   Electron
   Regions
   2
   3
   4

Number of
Lone Pairs
0
1
0

Electron
Geometry

Molecular
Geometry

42. Fill in the table. (5.5)
   Electron
   Regions
   3
   4
   4

Number of
Lone Pairs

Electron
Geometry

Molecular
Geometry

0
2
1

43. Provide the Lewis structure, electron geometry,
and molecular geometry for each of the
following substances. (5.5)
(a) NO22
(b) ClO42
(c) ClO22
(d) NH3
44. Provide the Lewis structure, electron geometry,
and molecular geometry for each of the
following substances. (5.5)
(a) SO2
(b) SO232
(c) PO322
(d) BrO42
45. Determine whether the following bonds are polar
covalent or nonpolar covalent. If the bond is polar
covalent, indicate the polarity by drawing an
arrow in the direction of electron density. (5.6)
(a) F—P
(b) H—Br
(c) N—Cl
(d) S—C
46. Determine whether the following bonds are polar
covalent or nonpolar covalent. If the bond is polar
covalent, indicate the polarity by drawing an
arrow in the direction of electron density. (5.6)
(a) H—Se
(b) P—Br
(c) S—S
(d) N—I
47. Determine whether the following bonds are polar
covalent or nonpolar covalent. If the bond is
polar covalent, indicate the polarity by drawing
an arrow in the direction of electron density. (5.6)
(a) O—P
(b) I—Se
(c) Br—N
(d) C—Se
48. Determine whether the following bonds are polar
covalent or nonpolar covalent. If the bond is polar
covalent, indicate the polarity by drawing an
arrow in the direction of electron density. (5.6)
(a) C—C
(c) I—F
(b) O—H
(d) P—S
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49. Determine whether the following compounds
from Problem 31 are polar or nonpolar: (5.6)
(a) SO2
(b) CO2
(c) CH4
(d) NH3
50. Determine whether the following compounds
from Problem 32 are polar or nonpolar: (5.6)
(a) H2O
(b) OF2
(c) NF3
(d) SCl2

Forensic Chemistry Problems
51. Discuss why immunoassays are considered a
screening method. (CS)
52. Identify the molecular geometry of each carbon
atom (black) in the following structure for the
illegal drug GHB. (5.7)

53. Identify the electron geometry of each oxygen
atom (red) in the following structure of the
illegal drug GBL. Each oxygen atom contains
two lone pairs of electrons. (5.7)

54. Identify the electron geometry and molecular
geometry of each atom in the structure of the
prescription medicine Ritalin, a drug that is
often sold illegally. Each oxygen atom (red) has
two lone pairs of electrons, and the nitrogen
(blue) has one lone pair of electrons. (5.7)

Case Study Problems
55. Christina Martin was convicted of murdering
her long-time boyfriend by spiking his food with
LSD because her teenage daughter told her that
he had been sexually assaulting her. Christina did
not fall under suspicion by the police until after
her boyfriend had been buried, when the police
learned Christina had reportedly told friends and
family of her plans. Thirty days after his burial,
Christina’s boyfriend was exhumed, and it
was discovered that his grave had filled with
groundwater. A sample of tissue recovered
during the exhumation tested positive for LSD
by radioactive immunoassay analysis (RIA).
However, the sample came back negative
for LSD when tested with a more advanced
method that can detect the molecular mass of
any compound present in the sample. The
prosecution relied heavily on the RIA analysis of
a questionable sample while downplaying the gas
chromatography-mass spectroscopy (GC-MS)
data results as insignificant to the jury. The
defense failed to challenge the evidence in the
first trial, which resulted in a conviction. In your
opinion, and relying on the limited amount
of information provided in this case, could a
conviction have been secured if the evidence had
been properly presented? Remember that the
standard for a jury to convict a defendant is that
the person must be guilty “beyond a reasonable
doubt.”

56. Discuss how a typical blood sample that tests
positive for LSD by radioimmunoassay could be
considered stronger evidence than the sample
taken in the Martin case, even if the same
analysis procedure were used. Also take into
consideration that ergot fungus is commonly
found in soil and is known to be cross-reactive
with LSD in immunoassay tests.
57. Christina Martin appealed the court decision on
the basis of ineffective counsel, and the courts
agreed that a competent defense lawyer should
have challenged the validity of the scientific
evidence presented in court. The original
sentence was dismissed, and the prosecutor
offered her a plea deal, which released her from
prison with time already served. The
circumstantial evidence of her guilt included
attempts to purchase drugs from local teenagers,
witnesses who testified that she had indicated
she was going to get revenge, and her daughter
claiming at trial that she was the one to poison

58.
59.
60.
61.

62.

the victim and not her mother. In your opinion,
was the circumstantial evidence stronger than
the scientific evidence, and would it be enough
to secure a conviction?
Discuss the strengths and weaknesses of using
presumptive testing of evidence from a crime
scene. (CS)
Discuss the strengths and weaknesses of using
confirmatory testing of evidence from a crime
scene. (CS)
Discuss how presumptive and confirmatory testing
are used in conjunction with one another for the
testing of evidence from a crime scene. (CS)
Discuss the difference between the use of
presumptive and confirmatory testing of samples
taken from a crime scene, compared to those
taken from a hospital. (CS)
Discuss the concepts of a false positive and
cross-reactivity and their implications on both
the forensic laboratory and medical laboratory
applications. (CS)
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