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Death by Tylenol


In 1982, two firefighters from a
Chicago suburb were casually
discussing four bizarre deaths that had recently
taken place in a neighboring area. As they
discussed the circumstances of the deaths, they
realized that each of the victims had taken
Tylenol. Their suspicions were immediately
reported to police investigators. Tragically,
before the general public could be alerted,
three more victims died after taking poison-
laced Tylenol capsules. Seven individuals,
all in the Chicago area, were the first
victims to die from what has become
known as product tampering. A forensic
chemical analysis of Tylenol capsules
recovered from the victims’ residences
showed that the capsules were filled
with potassium cyanide in a quantity
ten thousand times what was
needed to kill an average person.
It was quickly determined that the


cyanide was not introduced into the bottles
at the factory. Instead, the perpetrator methodically


emptied each of twenty to thirty capsules and then refilled them with
potassium cyanide. The tampered capsules were rebottled, carefully repackaged,


and placed on the shelves of six different stores. The case of the Tylenol murders remains
unsolved, and the $100,000 reward offered by Tylenol’s manufacturer remains unclaimed.


headline news
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After studying this chapter you should be able to:
• Define and distinguish elements and compounds


• Contrast the differences among a solid, liquid, and gas


• Define and distinguish organic and inorganic compounds


• Understand the difference between qualitative and
quantitative analysis


• Describe and explain the process of chromatography


• List and describe the parts of a gas chromatograph


• Explain the differences among thin-layer chromatography,
gas chromatography, and electrophoresis


• Understand the differences between the wave and particle
theories of light


• Describe the electromagnetic spectrum


• Name the parts of a simple absorption spectrophotometer


• Describe the utility of ultraviolet and infrared spectroscopy for
the identification of organic compounds


• Describe the concept and utility of mass spectrometry for
identification analysis


organic analysis


chromatography
compound
electromagnetic


spectrum
electrophoresis
element
fluoresce
frequency
gas (vapor)
infrared
inorganic
ion
laser
liquid
matter
monochromatic light
monochromator
organic
periodic table
phase
photon
physical state
pyrolysis
solid
spectrophotometry
sublimation
ultraviolet
visible light
wavelength
X-ray
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gas (vapor)
A state of matter in which the
attractive forces between
molecules are small enough to
permit them to move with
complete freedom


liquid
A state of matter in which
molecules are in contact with one
another but are not rigidly held in
place


solid
A state of matter in which the
molecules are held closely
together in a rigid state


physical state
A condition or stage in the form of
matter; a solid, liquid, or gas


compound
A pure substance composed of two
or more elements


element
A fundamental particle of matter;
an element cannot be broken
down into simpler substances by
chemical means


matter
All things of substance; matter is
composed of atoms or molecules


120 CHAPTER 5


The Nature of Matter
In the previous chapter, some physical properties were described and used to characterize glass
and soil evidence. Before we can apply other physical properties, as well as chemical properties,
to the identification and comparison of evidence, we need to gain an insight into the composition
of matter. Beginning with knowledge of the fundamental building block of all substances—the
element—it will be convenient for us to classify all evidence as either organic or inorganic. The
procedures used to measure the properties associated with each class are distinctly different and
merit separate chapters for their description. In later chapters, we will continually return to these
procedures as we discuss the examination of the various kinds of physical evidence. This chap-
ter will be devoted, in large part, to reviewing a variety of techniques and instruments that have
become the indispensable tools of the forensic scientist for examining organic evidence.


Elements and Compounds
Matter is anything that has mass and occupies space. As we examine the world that surrounds us
and consider the countless variety of materials that we encounter, we must consider one of
humankind’s most remarkable accomplishments: the discovery of the concept of the atom to
explain the composition of all matter. This search had its earliest contribution from the ancient
Greek philosophers, who suggested air, water, fire, and earth as matter’s fundamental building
blocks. It culminated with the development of the atomic theory and the discovery of matter’s
simplest identity, the element.


An element is the simplest substance known and provides the building block from which all
matter is composed. At present, 118 elements have been identified (see Table 5–1); of these, 89
occur naturally on the earth, and the remainder have been created in the laboratory. In Figure 5–1,
all of the elements are listed by name and symbol in a form that has become known as the periodic
table. This table is most useful to chemists because it systematically arranges elements with
similar chemical properties in the same vertical row or group.


For convenience, chemists have chosen letter symbols to represent the elements. Many of
these symbols come from the first letter of the element’s English name—for example, carbon (C),
hydrogen (H), and oxygen (O). Others are two-letter abbreviations of the English name—for
example, calcium (Ca) and zinc (Zn). Some symbols are derived from the first letters of Latin
or Greek names. Thus, the symbol for silver, Ag, comes from the Latin name argentum; copper,
Cu, from the Latin cuprum; and helium, He, from the Greek name helios.


The smallest particle of an element that can exist and still retain its identity as that
element is the atom. When we write the symbol C we mean one atom of carbon; the chemical
symbol for carbon dioxide, CO2, signifies one atom of carbon combined with two atoms of
oxygen. When two or more elements are combined to form a substance, as with carbon dioxide,
a new substance is created, different in its physical and chemical properties from its elemental
components. This new material is called a compound. Compounds contain at least two elements.
Considering that there are eighty-nine natural elements, it is easy to imagine the large number of
possible elemental combinations that may form compounds. Not surprisingly, more than 16 million
known compounds have already been identified.


Just as the atom is the basic particle of an element, the molecule is the smallest unit of a com-
pound. Thus, a molecule of carbon dioxide is represented by the symbol CO2, and a molecule of
table salt is symbolized by NaCl, representing the combination of one atom of the element sodium
(Na) with one atom of the element chlorine (Cl).


States of Matter
As we look around us and view the materials that make up the earth, it becomes an awesome
task even to attempt to estimate the number of different kinds of matter that exist. A much more
logical approach is to classify matter according to the physical form it takes. These forms are
called physical states. There are three such states: solid, liquid, and gas (vapor). A solid is rigid
and therefore has a definite shape and volume. A liquid also occupies a specific volume, but its
fluidity causes it to take the shape of the container in which it is residing. A gas has neither a
definite shape nor volume, and it will completely fill any container into which it is placed.


periodic table
A chart of elements arranged in a
systematic fashion; vertical rows are
called groups or families, and
horizontal rows are called series;
elements in a given row have
similar properties
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ORGANIC ANALYSIS 121


TABLE 5–1
List of Elements with Their Symbols and Atomic Masses


Element Symbol Atomic Massa (amu)


Lead Pb 207.2
Lithium Li 6.941
Lutetium Lu 174.97
Magnesium Mg 24.305
Manganese Mn 54.9380
Meitnerium Mt (266)
Mendelevium Md (256)
Mercury Hg 200.59
Molybdenum Mo 95.94
Neodymium Nd 144.24
Neon Ne 20.179
Neptunium Np 237.0482
Nickel Ni 58.71
Niobium Nb 92.9064
Nitrogen N 14.0067
Nobelium No (254)
Osmium Os 190.2
Oxygen O 15.9994
Palladium Pd 106.4
Phosphorus P 30.9738
Platinum Pt 195.09
Plutonium Pu (244)
Polonium Po (209)
Potassium K 39.102
Praseodymium Pr 140.9077
Promethium Pm (145)
Protactinium Pa 231.0359
Radium Ra 226.0254
Radon Rn (222)
Rhenium Re 186.2
Rhodium Rh 102.9055
Roentgenium Rg (272)
Rubidium Rb 85.4678
Ruthenium Ru 101.07
Rutherfordium Rf (257)
Samarium Sm 105.4
Scandium Sc 44.9559
Seaborgium Sg (263)
Selenium Se 78.96
Silicon Si 28.086
Silver Ag 107.868
Sodium Na 22.9898
Strontium Sr 87.62
Sulfur S 32.06
Tantalum Ta 180.9479
Technetium Tc 98.9062
Tellurium Te 127.60
Terbium Tb 158.9254
Thallium Tl 204.37
Thorium Th 232.0381
Thulium Tm 168.9342


Element Symbol Atomic Massa (amu)


Actinum Ac (227)
Aluminum Al 26.9815
Americium Am (243)
Antimony Sb 121.75
Argon Ar 39.948
Arsenic As 74.9216
Astatine At (210)
Barium Ba 137.34
Berkelium Bk (247)
Beryllium Be 9.01218
Bismuth Bi 208.9806
Bohrium Bh (262)
Boron B 10.81
Bromine Br 79.904
Cadmium Cd 112.40
Calcium Ca 40.08
Californium Cf (251)
Carbon C 12.011
Cerium Ce 140.12
Cesium Cs 132.9055
Chlorine Cl 35.453
Chromium Cr 51.996
Cobalt Co 58.9332
Copernicium Cp (285)
Copper Cu 63.546
Curium Cm (247)
Darmstadtium Ds (271)
Dubnium Db (260)
Dysprosium Dy 162.50
Einsteinium Es (254)
Erbium Er 167.26
Europium Eu 151.96
Fermium Fm (253)
Fluorine F 18.9984
Francium Fr (223)
Gadolinium Gd 157.25
Gallium Ga 69.72
Germanium Ge 72.59
Gold Au 196.9665
Hafnium Hf 178.49
Hassium Hs (265)
Helium He 4.00260
Holmium Ho 164.9303
Hydrogen H 1.0080
Indium In 114.82
Iodine I 126.9045
Iridium Ir 192.22
Iron Fe 55.847
Krypton Kr 83.80
Lanthanum La 138.9055
Lawrencium Lr (257)
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sublimation
A physical change from the solid
state directly into the gaseous state


122 CHAPTER 5


CHANGES OF STATE Substances can change from one state to another. For example, as water
is heated, it is converted from a liquid form into a vapor. At a high enough temperature (100°C),
water boils and rapidly changes into steam. Similarly, at 0°C, water solidifies or freezes into ice.
Under certain conditions, some solids can be converted directly into a gaseous state. For instance,
a piece of dry ice (solid carbon dioxide) left standing at room temperature quickly forms carbon
dioxide vapor and disappears. This change of state from a solid to a gas is called sublimation.


In each of these examples, no new chemical species are formed; matter is simply being
changed from one physical state to another. Water, whether in the form of liquid, ice, or steam,
remains chemically H2O. Simply, what has been altered are the attractive forces between the
water molecules. In a solid, these forces are very strong, and the molecules are held closely to-
gether in a rigid state. In a liquid, the attractive forces are not as strong, and the molecules have
more mobility. Finally, in the vapor state, appreciable attractive forces no longer exist among the
molecules; thus, they may move in any direction at will.
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FIGURE 5–1
The periodic table.


TABLE 5–1 Continued


Element Symbol Atomic Massa (amu)


Tin Sn 118.69
Titanium Ti 47.90
Tungsten W 183.85
Copernicium Cp (292)
Ununoctium Uuo (294)
Ununpentium Uup (288)
Ununquadium Uuq (289)
Ununseptium Uus (?)


Element Symbol Atomic Massa (amu)


Ununtrium Uut (284)
Uranium U 238.029
Vanadium V 50.9414
Xenon Xe 131.3
Ytterbium Yb 173.04
Yttrium Y 88.9059
Zinc Zn 65.57
Zirconium Zr 91.22


aBased on the assigned relative atomic mass of C � exactly 12; parentheses denote the mass number of the isotope with the longest half-life.
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inorganic
Describes a chemical compound
not based on carbon


organic
Describes a substance composed
of carbon and often smaller
amounts of hydrogen, oxygen,
nitrogen, chlorine, phosphorus, or
other elements


ORGANIC ANALYSIS 123


PHASES Chemists are forever combining different substances, no matter whether they are in the
solid, liquid, or gaseous states, hoping to create new and useful products. Our everyday observa-
tions should make it apparent that not all attempts at mixing matter can be productive. For
instance, oil spills demonstrate that oil and water do not mix. Whenever substances can be
distinguished by a visible boundary, different phases are said to exist. Thus, oil floating on
water is an example of a two-phase system. The oil and water each constitute a separate liquid
phase, clearly distinct from each other. Similarly, when sugar is first added to water, it does not
dissolve, and two distinctly different phases exist: the solid sugar and the liquid water. However,
after stirring, all the sugar dissolves, leaving just one liquid phase.


Selecting an Analytical Technique
Now that the basic components of matter have been defined, proper selection of analytical tech-
niques that enable the forensic scientist to identify or compare matter can best be understood by
categorizing all substances into one of two broad groups: organics and inorganics.


Organic vs. Inorganic Substances
Organic substances contain carbon, commonly in combination with hydrogen, oxygen, nitrogen,
chlorine, phosphorus, or other elements. Inorganic substances encompass all other known chem-
ical substances. Each of these two broad groups has distinctive and characteristic properties.
Thus, once the analyst has determined whether a material is organic or inorganic, the properties
to be measured and the choice of analytical techniques to be used are generally the same for all
materials in each group.


Most evidence received by crime laboratories requires identification of organic compounds.
These compounds may include substances such as commonly abused drugs (such as alcohol,
marijuana, heroin, amphetamines, and barbiturates), synthetic fibers, petroleum products, paint
binders, and high-order explosives. As we have already observed, organic compounds are
composed of a combination of a relatively small number of elements that must include carbon;
fortunately, the nature of the forces or bonds between these elements is such that the resultant
compounds can readily be characterized by their absorption of light.


The study of the absorption of light by chemical substances, known as spectrophotometry, is a
basic tool for the characterization and identification of organic materials. Although spectrophotome-
try is most applicable to organic analysis, its optimal use requires that a material be in a relatively
pure state. Because the purity of physical evidence is almost always beyond the control of the crim-
inalist, this criterion often is not met. For this reason, the analytical technique of chromatography is
widely applied for the analysis of physical evidence. Chromatography is a means of separating and
tentatively identifying the components of a mixture. We will discuss both techniques in this chapter.


Qualitative vs. Quantitative Measurement
Another consideration in selecting an analytical technique is the need for either a qualitative or a
quantitative determination. The former relates just to the identity of the material, whereas the lat-
ter refers to the percentage combination of the components of a mixture. Hence, a qualitative
identification of a powder may reveal the presence of heroin and quinine, whereas a quantitative
analysis may conclude the presence of 10 percent heroin and 90 percent quinine. Obviously, a
qualitative identification must precede any attempt at quantitation, for little value is served by
attempting to quantitate a material without first determining its identity. Essentially, a qualitative
analysis of a material requires the determination of numerous properties using a variety of ana-
lytical techniques. On the other hand, a quantitative measurement is usually accomplished by the
precise measurement of a single property of the material.


Chromatography
Chromatography as a technique for separating the components of a mixture is particularly useful
for analyzing the multicomponent specimens that are frequently received in the crime laboratory.
For example, illicit drugs sold on the street are not manufactured to meet government labeling
standards; instead, they may be diluted with practically any material at the disposal of the drug


chromatography
Any of several analytical techniques
for separating organic mixtures
into their components by attraction
to a stationary phase while being
propelled by a moving phase


spectrophotometry
An analytical method for
identifying a substance by its
selective absorption of different
wavelengths of light


phase
A uniform body of matter; different
phases are separated by definite
visible boundaries
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124 CHAPTER 5


dealer to increase the quantity of product available to prospective customers. Hence, the
task of identifying an illicit-drug preparation would be arduous without the aid of chro-
matographic methods to first separate the mixture into its components.


Theory of Chromatography
The theory of chromatography is based on the observation that chemical substances tend to
partially escape into the surrounding environment when dissolved in a liquid or when
absorbed on a solid surface. This is best illustrated by a gas dissolved in a beaker of water kept
at a constant temperature. It will be convenient for us to characterize the water in the beaker
as the liquid phase and the air above it as the gas phase. If the beaker is covered with a bell jar,
as shown in Figure 5–2, some of the gas molecules (represented by the green balls) escape
from the water into the surrounding enclosed air. The molecules that remain are said to be in
the liquid phase; the molecules that have escaped into the air are said to be in the gas phase.
As the gas molecules escape into the surrounding air, they accumulate above the water; here,
random motion carries some of them back into the water. Eventually, a point is reached at
which the number of molecules leaving the water is equal to the number returning. At this time,
the liquid and gas phases are in equilibrium. If the temperature of the water is increased, the
equilibrium state readjusts itself to a point at which more gas molecules move into the gas
phase.


This behavior was first observed in 1803 by a British chemist, William Henry. His
explanation of this phenomenon, known appropriately as Henry’s law, may be stated as
follows: When a volatile chemical compound is dissolved in a liquid and is brought to equi-
librium with air, there is a fixed ratio between the concentration of the volatile compound in
air and its concentration in the liquid, and this ratio remains constant for a given temperature.


The distribution or partitioning of a gas between the liquid and gas phases is
determined by the solubility of the gas in the liquid. The higher its solubility, the greater
the tendency of the gas molecules to remain in the liquid phase. If two different gases are
simultaneously dissolved in the same liquid, each will reach a state of equilibrium with the
surrounding air independently of the other. For example, as shown in Figure 5–3, gas A
(green balls) and gas B (blue balls) are both dissolved in water. At equilibrium, gas A has
a greater number of molecules dissolved in the water than does gas B. This is so because


gas A is more soluble in water than gas B.


Basic Chromatographic Process
Now return to the concept of chromatography. In Figures 5–2 and 5–3, both phases—liquid and
gas—were kept stationary; that is, they were not moving. During a chromatographic process, this
is not the case; instead, one phase is always made to move continuously in one direction over a
stationary or fixed phase. For example, in Figure 5–3, showing the two gases represented by blue
and green balls dissolved in water, chromatography will occur only when the air is forced to move
continuously in one direction over the water. Because gas B has a greater percentage of its mol-
ecules in the moving gas phase than does gas A, its molecules will travel over the liquid at a faster
pace than those of gas A. Eventually, when the moving phase has advanced a reasonable distance,
gas B will become entirely separated from gas A and the chromatographic process will be com-
plete. This process is illustrated in Figure 5–4.


Simply, we can think of chromatography as being analogous to a race between chemical
compounds. At the starting line, all the participating substances are mixed together; however, as
the race progresses, materials that prefer the moving phase slowly pull ahead of those that prefer
to remain in the stationary phase. Finally, at the end of the race, all the participants are separated,
each crossing the finish line at different times.


The different types of chromatographic systems are as varied as the number of stationary
and moving-phase combinations that can be devised. However, three chromatographic
processes—gas chromatography, high-performance liquid chromatography, and thin-layer
chromatography—are most applicable for solving many analytical problems in the crime laboratory.


Gas Chromatography (GC)
Gas chromatography (GC) separates mixtures on the basis of their distribution between a sta-
tionary liquid phase and a moving gas phase. This technique is widely used because of its ability
to resolve a highly complex mixture into its components, usually within minutes.


FIGURE 5–2
Evaporation of a liquid.


FIGURE 5–3
At equilibrium, there are
more gas A molecules
(green balls) than gas B
molecules (blue balls) in the
liquid phase.


IS
B


N
 1-256-36593-9


, Tenth Edition, by Richard Saferstein. Published by Prentice Hall. Copyright © 2011 by Pearson Education, Inc.


R
O
D
D
Y
,
 
A
N
T
H
O
N
Y
 
I
S
A
A
C
 
3
7
2
7
B
U








ORGANIC ANALYSIS 125


BASIC THEORY OF GC In gas chromatography, the moving phase is actually a gas called the
carrier gas, which flows through a column constructed of stainless steel or glass. The stationary
phase is a thin film of liquid within the column. Two types of columns are used: the packed
column and the capillary column. With the packed column, the stationary phase is a thin film of
liquid that is fixed onto small granular particles packed into the column. This column is usually
constructed of stainless steel or glass and is 2 to 6 meters long and about 3 millimeters in diame-
ter. Capillary columns are composed of glass and are much longer than packed columns—15 to
60 meters long. These types of columns are very narrow, ranging from 0.25 to 0.75 millimeter in
diameter. Capillary columns can be made narrower than packed columns because their stationary
liquid phase is actually coated as a very thin film directly onto the column’s inner wall. In any
case, as the carrier gas flows through the packed or capillary column, it carries with it the com-
ponents of a mixture that have been injected into the column. Components with a greater affinity
for the moving gas phase travel through the column more quickly than those with a greater affin-
ity for the stationary liquid phase. Eventually, after the mixture has traversed the length of the
column, it emerges separated into its components.


THE GC PROCESS A simplified scheme of the gas chromatograph is shown in Figure 5–5. The
operation of the instrument can be summed up briefly as follows: A gas stream, the so-called carrier
gas, is fed into the column at a constant rate. The carrier gas is chemically inert and is generally
nitrogen or helium. The sample under investigation is injected as a liquid into a heated injection port
with a syringe, where it is immediately vaporized and swept into the column by the carrier gas. The
column itself is heated in an oven in order to keep the sample in a vapor state as it travels through
the column. In the column, the components of the sample travel in the direction of the carrier gas
flow at speeds that are determined by their distribution between the stationary and moving phases.
If the analyst has selected the proper liquid phase and has made the column long enough, the
components of the sample will be completely separated as they emerge from the column.


Liquid
phase


Liquid phase


Direction
of moving
air


Stationary
liquid
phase


Direction
of moving
air


Stationary
liquid
phase


Direction
of moving
air


Stationary
liquid
phase


(a)


(b)


(c)


FIGURE 5–4
In this illustration of
chromatography, the
molecules represented by
the blue balls have a greater
affinity for the upper phase
and hence will be pushed
along at a faster rate by the
moving air. Eventually, the
two sets of molecules will
separate from each other,
completing the
chromatographic process.
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1.  Sample


2.  Injector


3.  Carrier gas


4.  Column


5.  Detector


6.  Power supply


7.  Recorder


8.  Chromatogram


FIGURE 5–5
Basic gas chromatography. Gas chromatography permits
rapid separation of complex mixtures into individual
compounds and allows identification and quantitative
determination of each compound. As shown, a sample is
introduced by a syringe (1) into a heated injection
chamber (2). A constant stream of nitrogen gas (3) flows
through the injector, carrying the sample into the column (4),
which contains a thin film of liquid. The sample is separated
in the column, and the carrier gas and separated components
emerge from the column and enter the detector (5). Signals
developed by the detector activate the recorder (7), which
makes a permanent record of the separation by tracing a
series of peaks on the chromatograph (8). The time of elution
identifies the component present, and the peak area
identifies the concentration.
Courtesy Varian Inc., Palo Alto, Calif.


As each component emerges from the column, it enters a detector. One type of detector uses
a flame to ionize the emerging chemical substance, thus generating an electrical signal. The signal
is recorded onto a strip-chart recorder as a function of time. This written record of the separation
is called a chromatogram. A gas chromatogram is a plot of the recorder response (vertical axis)
versus time (horizontal axis). A typical chromatogram shows a series of peaks, each peak corre-
sponding to one component of the mixture. The time required for a component to emerge from the
column from the time of its injection into the column is known as the retention time, which is a
useful identifying characteristic of a material. Figure 5–6(a) shows the chromatogram of two bar-
biturates; each barbiturate has tentatively been identified by comparing its retention time to those
of known barbiturates, shown in Figure 5–6(b). (See Appendix III for chromatographic condi-
tions.) However, because other substances may have comparable retention times under similar
chromatographic conditions, gas chromatography cannot be considered an absolute means of iden-
tification. Conclusions derived from this technique must be confirmed by other testing procedures.


An added advantage of gas chromatography is that it is extremely sensitive and can yield
quantitative results. The amount of substance passing through the GC detector is proportional to
the peak area recorded; therefore, by chromatographing a known concentration of a material and
comparing it to the unknown, the amount of the sample may be determined by proportion. Gas
chromatography has sufficient sensitivity to detect and quantitate materials at the nanogram
(0.000000001 gram or 1 � 10�9 gram) level.1


PYROLYSIS GC An important extension of the application of gas chromatography to forensic sci-
ence is the technique of pyrolysis gas chromatography. Many solid materials commonly encountered
as physical evidence—for example, paint chips, fibers, and plastics—cannot be readily dissolved in
a solvent for injection into the gas chromatograph. Thus, under normal conditions these substances
cannot be subjected to gas chromatographic analysis. However, materials such as these can be heated
or pyrolyzed to high temperatures (500–1000°C) so that they will decompose into numerous gaseous
products. Pyrolyzers permit these gaseous products to enter the carrier gas stream, where they flow
into and through the GC column. The pyrolyzed material can then be characterized by the pattern pro-
duced by its chromatogram or pyrogram. Figure 5–7 illustrates the pyrogram of a paint chip. The
complexity of the paint pyrogram serves as a “fingerprint” of the material and gives the examiner
many points to compare with other paints that are analyzed in a similar fashion.


1 Powers of 10 are quite useful and simple for handling large or small numbers. The exponent expresses the number of
places the decimal point must be moved. If the exponent is positive, the decimal point is moved to the right; if it is
negative, the decimal point is moved to the left. Thus, to express 1 � 10�9 as a number, the decimal point is simply
moved nine places to the left of 1.


pyrolysis
The decomposition of organic
matter by heat
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High-Performance Liquid Chromatography (HPLC)
Recall that a chromatographic system requires a moving phase and a stationary phase in contact
with each other. The previous section described gas chromatography, in which the stationary
phase is a thin film and the moving phase is a gas. However, by changing the nature of these
phases, one can create different forms of chromatography. One form finding increasing utility
in crime laboratories is high-performance liquid chromatography (HPLC). Its moving phase is a
liquid that is pumped through a column filled with fine solid particles. In one form of HPLC, the


0 1 2 3 4 5 6 7 8 9 10 11 12


0 1 2 3 4 5 6 7 8 9 10 11 12


Pentobarbital


Secobarbital


TIME (MINUTES)(a)


Butabarbital


Amobarbital


Pentobarbital


Secobarbital


Phenobarbital


TIME (MINUTES)(b)


FIGURE 5–6
(a) An unknown mixture of barbiturates is identified by comparing its retention times to
(b), a known mixture of barbiturates.
Courtesy Varian Inc., Palo Alto, Calif.
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surfaces of these solid particles are chemically treated and act as the stationary phase. As the liq-
uid moving phase is pumped through the column, a sample is injected into the column. As the
liquid carries the sample through the column, different components are retarded to different
degrees, depending on their interaction with the stationary phase. This leads to a separation of the
different components making up the sample mixture.


The major advantage of HPLC is that the entire process takes place at room temperature. With
GC, the sample must first be vaporized and made to travel through a heated column. Hence, any
materials sensitive to high temperatures may not survive their passage through the column. In such
situations, the analyst may turn to HPLC as the method of choice. Organic explosives are gener-
ally heat sensitive and therefore more readily separated by HPLC. Likewise, heat-sensitive drugs,
such as LSD, lend themselves to analysis by HPLC.


Thin-Layer Chromatography (TLC)
The technique of thin-layer chromatography (TLC) uses a solid stationary phase and a moving
liquid phase to separate the constituents of a mixture.


THE TLC PROCESS A thin-layer plate is prepared by coating a glass plate with a thin film of a
granular material, usually silica gel or aluminum oxide. This granular material serves as the solid
stationary phase and is usually held in place on the plate with a binding agent such as plaster of
Paris. If the sample to be analyzed is a solid, it must first be dissolved in a suitable solvent and a
few microliters of the solution spotted with a capillary tube onto the granular surface near the
lower edge of the plate. A liquid sample may be applied directly to the plate in the same manner.
The plate is then placed upright into a closed chamber that contains a selected liquid, with care
that the liquid does not touch the sample spot.


The liquid slowly rises up the plate by capillary action. This rising liquid is the moving phase
in thin-layer chromatography. As the liquid moves past the sample spot, the components of
the sample become distributed between the stationary solid phase and the moving liquid phase.
The components with the greatest affinity for the moving phase travel up the plate faster than


0
TIME (MINUTES)


2 4 6 8 10 12 14


FIGURE 5–7
Pyrogram of a GM automobile paint.
Courtesy Varian Inc., Palo Alto, Calif.
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those that have greater affinity for the stationary phase. When the liquid front has moved a
sufficient distance (usually 10 cm), the development is complete, and the plate is removed from
the chamber and dried (see Figure 5–8). An example of the chromatographic separation of ink is
shown in Figure 5–9.


VISUALIZING SUBSTANCES Because most compounds are colorless, no separation will be
noticed after development unless the materials are visualized. To accomplish this, the plates are
placed under ultraviolet light, revealing select materials that fluoresce as bright spots on a dark
background. When a fluorescent dye has been incorporated into the solid phase, nonfluorescent
substances appear as dark spots against a fluorescent background when exposed to the ultravio-
let light. In a second method of visualization, the plate is sprayed with a chemical reagent that
reacts with the separated substances and causes them to form colored spots. Figure 5–10 shows
the chromatogram of a marijuana extract that has been separated into its components by TLC and
visualized by having been sprayed with a chemical reagent.


Sample
spot


Very thin coating of
silica gel or
aluminum oxide


(a) (b)


Rising solvent; original
spot has separated
into several spots


FIGURE 5–8
(a) In thin-layer chromatography, a liquid sample is spotted onto the granular surface of
a gel-coated plate. (b) The plate is placed into a closed chamber that contains a liquid.
As the liquid rises up the plate, the components of the sample distribute themselves
between the coating and the moving liquid. The mixture is separated, with substances
with a greater affinity for the moving liquid traveling up the plate at a faster speed.


FIGURE 5–9
(a) The liquid phase begins to move up the stationary phase. (b) Liquid moves past the
ink spot carrying the ink components up the stationary phase. (c) The moving liquid
has separated the ink into its several components.
Courtesy Richard Megna, Fundamental Photographs, NYC


fluoresce
To emit visible light when exposed
to light of a shorter wavelength—
that is, ultraviolet light


(a) (b) (c)
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IDENTIFYING SUBSTANCES Once the components of a sample have been separated, their iden-
tification must follow. For this, the questioned sample must be developed alongside an authentic
or standard sample on the same TLC plate. If both the standard and the unknown travel the same
distance up the plate from their origins, they can tentatively be identified as being the same. For
example, suppose a sample suspected of containing heroin and quinine is chromatographed
alongside known heroin and quinine standards, as shown in Figure 5–11. The identity of the sus-
pect material is confirmed by comparing the migration distances of the heroin and quinine stan-
dards against those of the components of the unknown material. If the distances are the same, a
tentative identification can be made. However, such an identification cannot be considered
definitive because numerous other substances can migrate the same distance up the plate when
chromatographed under similar conditions. Thus, thin-layer chromatography alone cannot pro-
vide an absolute identification; it must be used in conjunction with other testing procedures to
prove absolute identity.


The distance a spot has traveled up a thin-layer plate can be assigned a numerical value
known as the Rf value. This value is defined as the distance traveled by the component divided
by the distance traveled by the moving liquid phase. For example, in Figure 5–11 the moving
phase traveled 10 centimeters up the plate before the plate was removed from the tank. After
visualization, the heroin spot moved 8 centimeters, which has an Rf value of 0.8; the quinine
migrated 4 centimeters, for an Rf value of 0.4.


FIGURE 5–10
Thin-layer chromatogram of a marijuana
extract.
Courtesy Sirchie Finger Print Laboratories,
Youngsville, N.C., www.sirchie.com


FIGURE 5–11
Chromatograms of known heroin (1) and
quinine (2) standards alongside suspect
sample (3).
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Thousands of possible combinations of liquid and solid phases can be chosen in thin-layer
chromatography. Fortunately, years of research have produced much published data relating to
the proper selection of TLC conditions for separating and identifying specific classes of
substances—for example, drugs, dyes, and petroleum products. These references, along with
the experience of the analyst, will aid in the proper selection of TLC conditions for specific
problems.


Thin-layer chromatography is a powerful tool for solving many of the analytical prob-
lems presented to the forensic scientist. The method is both rapid and sensitive; moreover,
less than 100 micrograms of suspect material are required for the analysis. In addition, the
equipment necessary for TLC work has minimal cost and space requirements. Importantly,
numerous samples can be analyzed simultaneously on one thin-layer plate. The principal
application of this technique is in the detection and identification of components in complex
mixtures.


Electrophoresis
Electrophoresis is somewhat related to thin-layer chromatography in that it separates materials
according to their migration rates on a stationary solid phase. However, it does not use a mov-
ing liquid phase to move the material; instead, an electrical potential is placed across the sta-
tionary medium. The nature of this medium can vary; most forensic applications call for a starch
or agar gel coated onto a glass plate. Under these conditions, only substances that possess an
electrical charge migrate across the stationary phase (see Figure 5–12). The technique is partic-
ularly useful for separating and identifying complex biochemical mixtures. In forensic science,
electrophoresis finds its most successful application in the characterization of DNA in dried
blood (see Figure 5–13).


Because many substances in blood carry an electrical charge, they can be separated and
identified by electrophoresis. As shown in Figure 5–12, mixtures of DNA fragments can be sep-
arated by gel electrophoresis by taking advantage of the fact that the rate of movement of DNA
across a gel-coated plate depends on the molecule’s size. Smaller DNA fragments move at a faster
rate along the plate than larger DNA fragments. This technique will be discussed in further detail
in Chapters 10 and 11.


electrophoresis
A technique for separating
molecules through migration on a
support medium while under the
influence of an electrical potential


Power source Mixtures of DNA fragments
of different sizes placed on
gel-coated plate


Gel-coated plate


(a)


Power source


Electric potential
applied to plate


Substances with an 
electrical charge 
migrate across plate


(b)


Power source


Completed gel


Longer fragments
move more slowly


Shorter fragments
move more quickly


Separated bands allow analyst 
to characterize DNA in dried blood


(c)


FIGURE 5–12
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visible light
Colored light ranging from red to
violet in the electromagnetic
spectrum
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Spectrophotometry
We have already seen that when white light passes through a glass prism, it is dispersed into a
continuous spectrum of colors. This phenomenon demonstrates that white light is not homoge-
neous but is actually composed of a range of colors that extends from red through violet. Simi-
larly, the observation that a substance has a color is also consistent with this description of white
light. For example, when light passes through a red glass, the glass absorbs all the component col-
ors of light except red, which passes through or is transmitted by the glass. Likewise, one can de-
termine the color of an opaque object by observing its ability to absorb some of the component
colors of light while reflecting others back to the eye. Color is thus a visual indication that ob-
jects absorb certain portions of visible light and transmit or reflect others. Scientists have long
recognized this phenomenon and have learned to characterize different chemical substances by
the type and quantity of light they absorb.


Theory of Light
To understand why materials absorb light, one must first comprehend the nature of light. Two
simple models explain light’s behavior. The first model describes light as a continuous wave; the
second depicts it as a stream of discrete energy particles. Together, these two very different de-
scriptions explain all of the observed properties of light, but by itself, no one model can explain
all the facets of the behavior of light.


LIGHT AS A WAVE The wave concept depicts light as having an up-and-down motion of a con-
tinuous wave, as shown in Figure 5–14. Several terms are used to describe such a wave. The dis-
tance between two consecutive crests (or one trough to the next trough) is called the wavelength;
the Greek letter lambda (�) is used as its symbol, and the unit of nanometers is frequently used
to express its value. The number of crests (or troughs) passing any one given point in a unit of
time is defined as the frequency of the wave. Frequency is normally designated by the letter f and
is expressed in cycles per second (cps). The speed of light in a vacuum is a universal constant at
300 million meters per second and is designated by the symbol c. Frequency and wavelength are
inversely proportional to one another, as shown by the relationship expressed in Equation (5–1):


F � c/� (5–1)


THE ELECTROMAGNETIC SPECTRUM Actually, visible light is only a small part of a large fam-
ily of radiation waves known as the electromagnetic spectrum. All electromagnetic waves travel
at the speed of light (c) and are distinguishable from one another only by their different wavelengths
or frequencies. (Figure 5–15 illustrates the various types of electromagnetic waves in order of
decreasing frequency.) Hence, the only property that distinguishes X-rays from radio waves is the
different frequencies the two types of waves possess. Similarly, the range of colors that make up
the visible spectrum can be correlated with frequency. For instance, the lowest frequencies of visi-


FIGURE 5–13
DNA fragments separated by
gel electrophoresis are
visualized under a UV light.
Courtesy Cytographics, Visuals
Unlimited


frequency
The number of waves that pass a
given point per second


wavelength
The distance between crests of
adjacent waves


electromagnetic spectrum
The entire range of radiation energy
from the most energetic cosmic rays
to the least energetic radio waves


X-ray
A high-energy, short-wavelength
form of electromagnetic radiation
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ble light are red; waves with a lower frequency fall into the invisible infrared (IR) region. The high-
est frequencies of visible light are violet; waves with a higher frequency extend into the invisible ul-
traviolet (UV) region. No definite boundaries exist between any colors or regions of the
electromagnetic spectrum; instead, each region is composed of a continuous range of frequencies,
each blending into the other.


Ordinarily, light in any region of the electromagnetic spectrum is a collection of waves pos-
sessing a range of wavelengths. Under normal circumstances, this light comprises waves that are
all out of step with each other (incoherent light). However, scientists can now produce a beam of
light that has all of its waves pulsating in unison (see Figure 5–16). This is called coherent light
or a laser (light amplification by the stimulated emission of radiation) beam. Light in this form
is very intense and can be focused on a very small area. Laser beams can be focused to pinpoints
that are so intense that they can zap microscopic holes in a diamond.


LIGHT AS A PARTICLE As long as electromagnetic radiation is moving through space, its be-
havior can be described as that of a continuous wave; however, once radiation is absorbed by a
substance, the model of light as a stream of discrete particles must be invoked to best describe its
behavior. Here, light is depicted as consisting of energy particles that are known as photons. Each


λ


λ


FIGURE 5–14
The frequency of the lower wave is twice that of the upper wave.


Visible light


Gamma rays


High frequency Low frequency


Short wavelength
Energy increases


Long wavelength


X rays Ultraviolet Infrared Microwaves Radio waves


FIGURE 5–15
The electromagnetic spectrum.


laser
An acronym for light amplification
by stimulated emission of
radiation; light that has all its waves
pulsating in unison
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photon has a definite amount of energy associated with its behavior. This energy is related to the
frequency of light, as shown by Equation (5–2):


E � hf (5–2)


where E specifies the energy of the photon, f is the frequency of radiation, and h is a univer-
sal constant called Planck’s constant. As shown by Equation (5–2), the energy of a photon is
directly proportional to its frequency. Therefore, the photons of ultraviolet light will be more
energetic than the photons of visible or infrared light, and exposure to the more energetic
photons of X-rays presents more danger to human health than exposure to the photons of
radio waves.


Absorption of Electromagnetic Radiation
Just as a substance can absorb visible light to produce color, many of the invisible radiations of
the electromagnetic spectrum are likewise absorbed. This absorption phenomenon is the basis
for spectrophotometry, an important analytical technique in chemical identification. Spec-
trophotometry measures the quantity of radiation that a particular material absorbs as a function
of wavelength or frequency.


We have already observed in the description of color that an object does not absorb all the
visible light it is exposed to; instead, it selectively absorbs some frequencies and reflects or trans-
mits others. Similarly, the absorption of other types of electromagnetic radiation by chemical sub-
stances is also selective. These key questions must be asked: Why does a particular substance
absorb only at certain frequencies and not at others? And are these frequencies predictable? The
answers are not simple. Scientists find it difficult to predict with certainty all the frequencies at
which any one substance will absorb in a particular region of the electromagnetic spectrum. What
is known, however, is that a chemical substance absorbs photons of radiation with a frequency that
corresponds to an energy requirement of the substance, as defined by Equation (5–2). Different
materials have different energy requirements and therefore absorb at different frequencies. Most
important to the analyst is that these absorbed frequencies are measurable and can be used to char-
acterize a material.


The selective absorption of a substance is measured by an instrument called a
spectrophotometer, which produces a graph or absorption spectrum that depicts the absorption of
light as a function of wavelength or frequency. The absorption of UV, visible, and IR radiation is


Coherent radiation


Incoherent radiation


FIGURE 5–16
Coherent and incoherent radiation.


photon
A small packet of electromagnetic
radiation energy; each photon
contains a unit of energy equal to
the product of Planck’s constant and
the frequency of radiation: E � hf
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particularly applicable for obtaining qualitative data pertaining to the identification of organic
substances.


Absorption at a single wavelength or frequency of light is not 100 percent complete—
some radiation is transmitted or reflected by the material. Just how much radiation a sub-
stance absorbs is defined by a fundamental relationship known as Beer’s law, shown in
Equation (5–3):


A � kc (5–3)


Here, A symbolizes the absorption or the quantity of light taken up at a single frequency, c is the
concentration of the absorbing material, and k is a proportionality constant. This relationship
shows that the quantity of light absorbed at any frequency is directly proportional to the concen-
tration of the absorbing species; the more material you have, the more radiation it will absorb. By
defining the relationship between absorbance and concentration, Beer’s law permits spectropho-
tometry to be used as a technique for quantification.


The Spectrophotometer
The spectrophotometer measures and records the absorption spectrum of a chemical substance.
The basic components of a simple spectrophotometer are the same regardless of whether it is
designed to measure the absorption of UV, visible, or IR radiation. These components are illus-
trated in Figure 5–17. They include (1) a radiation source, (2) a monochromator or frequency
selector, (3) a sample holder, (4) a detector to convert electromagnetic radiation into an electrical
signal, and (5) a recorder to produce a record of the signal.


The choice of source will vary with the type of radiation desired. For visible radiation, an
ordinary tungsten bulb provides a convenient source of radiation. In the UV region, a hydrogen
or deuterium discharge lamp is normally used, and a heated molded rod containing a mixture of
rare-earth oxides is a good source of IR light.


The function of the monochromator is to select a single wavelength or frequency of light
from the source—monochromatic light. Some inexpensive spectrophotometers pass the light
through colored glass filters to remove all radiation from the beam except for a desired range of
wavelengths. More precise spectrophotometers use a prism or diffraction grating to disperse
radiation into its component wavelengths or frequencies.2 The desired wavelength is obtained
when the dispersed radiation is focused onto a narrow slit that permits only selected wavelengths
to pass through.


Most laboratory infrared spectrophotometers use Fourier transform analysis to measure the
wavelengths of light at which a material will absorb in the infrared spectrum. This approach does
not use any dispersive elements that select single wavelengths or frequencies of light emitted
from a source; instead, the heart of a Fourier transform infrared (FT-IR) spectrometer is the
Michelson interferometer. The interferometer uses a beam-splitting prism and two mirrors, one
movable and one stationary, to direct light toward a sample. As the wavelengths pass through
the sample and reach a detector, they are all measured simultaneously. A mathematical opera-
tion, the Fourier transform method, is used to decode the measured signals and record the
wavelength data. These Fourier calculations are rapidly carried out by a computer. In a matter of
seconds, a computer-operated FT-IR instrument can produce an infrared absorption pattern
compatible to one generated by a prism instrument.


Sample preparation varies with the type of radiation being studied. Absorption spectra in the
UV and visible regions are usually obtained from samples that have been dissolved in an appro-
priate solvent. Because the cells holding the solution must be transparent to the light being
measured, glass cells are used in the visible region and quartz cells in the ultraviolet region. Prac-
tically all substances absorb in some region of the IR spectrum, so sampling techniques must be
modified to measure absorption in this spectral region; special cells made out of sodium chloride
or potassium bromide are commonly used because they will not absorb light over a wide range
of the IR portion of the electromagnetic spectrum.


monochromatic light
Light having a single wavelength or
frequency


monochromator
A device for isolating individual
wavelengths or frequencies of light


2A diffraction grating is made by scratching thousands of parallel lines on a transparent surface such as glass. As light
passes through the narrow spacings between the lines, it spreads out and produces a spectrum similar to that formed by
a prism.IS
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Detector RecorderRadiation source(a) Monochromator


Prism disperses radiation
into component wavelengths


Prism


Sample cell


Slit


FIGURE 5–17
Parts of a simple
spectrophotometer.
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The detector measures the quantity of radiation that passes through the sample by converting
it to an electrical signal. UV and visible spectrophotometers employ photoelectric tube detectors.
A signal is generated when the photons strike the tube surface to produce a current that is directly
proportional to the intensity of the light transmitted through the sample. When this signal is com-
pared to the intensity of light that is transmitted to the detector in the absence of an absorbing ma-
terial, the absorbance of a substance can be determined at each wavelength or frequency of light
selected. The signal from the detection system is then fed into a recorder, which plots absorbance
as a function of wavelength or frequency. Modern spectrophotometers are designed to trace an
entire absorption spectrum automatically.


Ultraviolet, Visible, and Infrared Spectrophotometry
Ultraviolet and visible spectrophotometry measure the absorbance of UV and visible light as
a function of wavelength or frequency. For example, the UV absorption spectrum of heroin
shows a maximum absorption band at a wavelength of 278 nanometers (see Figure 5–18). This
shows that the simplicity of a UV spectrum facilitates its use as a tool for determining a ma-
terial’s probable identity. For instance, a white powder may have a UV spectrum comparable
to heroin and therefore may be tentatively identified as such. (Fortunately, sugar and starch,
common diluents of heroin, do not absorb UV light.) However, this technique will not provide
a definitive result; other drugs or materials may have a UV absorption spectrum similar to that
of heroin. But this lack of specificity does not diminish the value of the technique because the
analyst has quickly eliminated thousands of other possible drugs from consideration and can
now proceed to conduct other confirmatory tests, such as thin-layer or gas chromatography, to
complete the identification.


In contrast to the simplicity of a UV spectrum, absorption in the infrared region provides a
far more complex pattern. Figure 5–19 depicts the IR spectra of heroin and secobarbital. Here,
the absorption bands are so numerous that each spectrum can provide enough characteristics to
identify a substance specifically. Different materials always have distinctively different in-
frared spectra; each IR spectrum is therefore equivalent to a “fingerprint” of that substance
and no other. This technique is one of the few tests available to the forensic scientist that can be
considered specific in itself for identification. The IR spectra of thousands of organic compounds
have been collected, indexed, and cataloged to serve as invaluable references for identifying
organic substances.


infrared
Invisible short frequencies of light
before red in the visible spectrum


ultraviolet
Invisible long frequencies of light
beyond violet in the visible
spectrum


WEBEXTRA 5.4
See How a Spectrophotometer
Works
http://www.mycrimekit.com
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FIGURE 5–18
The ultraviolet spectrum of heroin.
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Mass Spectrometry
Aprevious section discussed the operation of the gas chromatograph. This instrument is one of the most
important tools in a crime laboratory. Its ability to separate the components of a complex mixture is
unsurpassed. However, gas chromatography (GC) does have one important drawback—its inability to
produce specific identification. A forensic chemist cannot unequivocally state the identification of a
substance based solely on a retention time as determined by the gas chromatograph. Fortunately,
coupling the gas chromatograph to a mass spectrometer has largely overcome this problem.


The separation of a mixture’s components is first accomplished on the gas chromatograph. A di-
rect connection between the GC column and the mass spectrometer then allows each component to
flow into the spectrometer as it emerges from the gas chromatograph. In the mass spectrometer, the
material enters a high-vacuum chamber where a beam of high-energy electrons is aimed at the sample
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FIGURE 5–19
(a) Infrared spectrum of heroin. (b) Infrared spectrum of secobarbital.
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ORGANIC ANALYSIS 139


molecules. The electrons collide with the molecules, causing them to lose electrons and to acquire a
positive charge (commonly called ions). These positively charged molecules or ions are unstable or
are formed with excess energy and almost instantaneously decompose into numerous smaller frag-
ments. The fragments then pass through an electric or magnetic field, where they are separated ac-
cording to their masses. The unique feature of mass spectrometry is that under carefully
controlled conditions, no two substances produce the same fragmentation pattern. In essence,
one can think of this pattern as a “fingerprint” of the substance being examined (see Figure 5–20).


The technique thus provides a specific means for identifying a chemical structure. It is also
sensitive to minute concentrations. At present, mass spectrometry finds its widest application in
the identification of drugs; however, further research is expected to yield significant applications
for identifying other types of physical evidence. Figure 5–21 illustrates the mass spectra of heroin


ion
An atom or molecule bearing a
positive or negative charge
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Chromatogram Spectra


Separation Identification


GC
MS


FIGURE 5–20
How GC/MS works. Left to
right, the sample is
separated into its
components by the gas
chromatograph, and then
the components are ionized
and identified by
characteristic fragmentation
patterns of the spectra
produced by the mass
spectrometer.
Courtesy Agilent Technologies, Inc.,
Palo Alto, Calif.
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FIGURE 5–21
(a) Mass spectrum of heroin. (b) Mass spectrum of cocaine.
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and cocaine; each line represents a fragment of a different mass (actually the ratio of mass to
charge), and the line height reflects the relative abundance of each fragment. Note how different
the fragmentation patterns of heroin and cocaine are. Each mass spectrum is unique to each drug
and therefore serves as a specific test for identifying it.


The combination of the gas chromatograph and mass spectrometer is further enhanced when a
computer is added to the system. The integrated gas chromatograph/mass spectrometer/computer
system provides the ultimate in speed, accuracy, and sensitivity. With the ability to record and store
in its memory several hundred mass spectra, such a system can detect and identify substances pres-
ent in only one-millionth-of-a-gram quantities. Furthermore, the computer can be programmed to
compare an unknown spectrum against a comprehensive library of mass spectra stored in its mem-
ory. The advent of personal computers and microcircuitry has made it possible to design mass spec-
trometer systems that can fit on a small table. Such a unit is pictured in Figure 5–22. Research-grade
mass spectrometers are found in laboratories as larger floor-model units (see Figure 5–23).


WEBEXTRA 5.5
Watch an Animation of a Mass
Spectrometer
http://www.mycrimekit.com


1. Injection port 3. Ion source


4. Quadrupole 6. Data system


5. Detector2. GC column


FIGURE 5–22
A tabletop mass spectrometer. (1) The sample is injected into a heated inlet port, and a
carrier gas sweeps it into the column. (2) The GC column separates the mixture into its
components. (3) In the ion source, a filament wire emits electrons that strike the sample
molecules, causing them to fragment as they leave the GC column. (4) The quadrupole,
consisting of four rods, separates the fragments according to their mass. (5) The detector
counts the fragments passing through the quadrupole. The signal is small and must be
amplified. (6) The data system is responsible for total control of the entire GC/MS system.
It detects and measures the abundance of each fragment and displays the mass spectrum.
Courtesy Agilent Technologies, Inc., Palo Alto, Calif.


FIGURE 5–23
A scientist injecting a
sample into a research-
grade mass spectrometer.
Courtesy Geoff Tompkinson/Science
Photo Library, Photo Researchers, Inc.


Virtual Forensics Lab


Thin-Layer Chromatography
of Ink
To perform a virtual thin-layer
chromatography lab, go to www.
pearsoncustom.com/us/vlm/
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The proper selection of analytical techniques that will allow the
forensic scientist to identify or compare matter can best be un-
derstood by categorizing all substances into one of two broad
groups: organics and inorganics. In general, organic substances
contain carbon. Inorganic materials encompass all other known
chemical substances. Another consideration in selecting an an-
alytical technique is the need for either a qualitative or a quan-
titative determination. The former relates just to the identity of
the material, whereas the latter requires the determination of
the percentage composition of the components of a mixture.


Chromatography, spectrophotometry, and mass spectrome-
try are all readily used by a forensic scientist to identify or
compare organic materials. Chromatography is a means of sep-
arating and tentatively identifying the components of a mixture.
Spectrophotometry is the study of the absorption of light by
chemical substances. Mass spectrometry characterizes organic
molecules by observing their fragmentation pattern after their
collision with a beam of high-energy electrons. Gas chromatog-
raphy (GC) separates mixtures on the basis of their distribution
between a stationary liquid phase and a mobile gas phase. In GC,
the moving phase is actually a gas called the carrier gas, which
flows through a column. The stationary phase is a thin film of
liquid contained within the column. After a mixture has tra-
versed the length of the column, it emerges separated into its


components. The written record of this separation is called a
chromatogram.Adirect connection between the GC column and
the mass spectrometer allows each component to flow into the
mass spectrometer as it emerges from the GC. Fragmentation of
each component by high-energy electrons produces a “finger-
print” pattern of the substance being examined.


Other forms of chromatography applicable to forensic
science are high-performance liquid chromatography (HPLC)
and thin-layer chromatography (TLC). HPLC separates com-
pounds using a stationary phase and a mobile liquid phase and
is used with temperature-sensitive compounds. TLC uses a
solid stationary phase, usually coated onto a glass plate, and a
mobile liquid phase to separate the components of the mixture.
A technique analogous to TLC is electrophoresis, in which ma-
terials are forced to move across a gel-coated plate under the in-
fluence of an electrical potential. In this manner, substances
such as proteins and DNA can be separated and characterized.


Most forensic laboratories use ultraviolet (UV) and in-
frared (IR) spectrophotometers to characterize chemical com-
pounds. In contrast to the simplicity of a UV spectrum,
absorption in the infrared region provides a far more complex
pattern. Different materials always have distinctively different
infrared spectra; each IR spectrum is therefore equivalent to a
“fingerprint” of that substance.


chapter summary


review questions


1. Anything that has mass and occupies space is defined as
___________.


2. The basic building blocks of all substances are the
___________.


3. The number of elements known today is ___________.


4. An arrangement of elements by similar chemical prop-
erties is accomplished in the ___________ table.


5. A(n) ___________ is the smallest particle of an element
that can exist.


6. Substances composed of two or more elements are
called ___________.


7. A(n) ___________ is the smallest unit of a compound
formed by the union of two or more atoms.


8. The physical state that retains a definite shape and vol-
ume is a(n) ___________.


9. A gas (has, has no) definite shape or volume.


10. During the process of ___________, solids go directly
to the gaseous state, bypassing the liquid state.


11. The attraction forces between the molecules of a liquid
are (greater, less) than those in a solid.


12. Different ___________ are separated by definite visible
boundaries.


13. Carbon-containing substances are classified as
___________.


14. ___________ substances encompass all non-carbon-
containing materials.
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142 CHAPTER 5


15. A(n) ___________ analysis describes the identity of a
material, and a(n) ___________ analysis relates to a
determination of the quantity of a substance.


16. The study of the absorption of light by chemical
substances is known as ___________.


17. A mixture’s components can be separated by the tech-
nique of ___________.


18. True or False: Henry’s law describes the distribution of
a volatile chemical compound between its liquid and
gas phases. ___________


19. The (higher, lower) the solubility of a gas in a liquid,
the greater its tendency to remain dissolved in that
liquid.


20. True or False: In order for chromatography to occur, one
phase must move continuously in one direction over a sta-
tionary phase. ___________


21. A technique that separates mixtures on the basis of their
distribution between a stationary liquid phase and a
moving gas phase is ___________.


22. The time required for a substance to travel through the
gas chromatographic column is a useful identifying
characteristic known as ___________.


23. Solid materials that are not readily dissolved in solvents
for injection into the gas chromatograph can be
___________ into numerous gaseous products before
entering the gas chromatograph.


24. A major advantage of high-performance liquid chro-
matography is that the entire process takes place at
___________ temperature.


25. A technique that uses a moving liquid phase and a sta-
tionary solid phase to separate mixtures is ___________.


26. Because most chemical compounds are colorless, the fi-
nal step of the thin-layer development usually requires
that they be ___________ by spraying with a chemical
reagent.


27. The distance a spot has traveled up a thin-layer plate can
be assigned a numerical value known as the
___________ value.


28. True or False: Thin-layer chromatography yields the
positive identification of a material. ___________


29. The migration of materials along a stationary phase un-
der the influence of an electrical potential describes the
technique of ___________.


30. True or False: Color is a usual indication that substances
selectively absorb light. ___________


31. The distance between two successive identical points on
a wave is known as ___________.


32. True or False: Frequency and wavelength are directly
proportional to one another. ___________


33. Light, X-rays, and radio waves are all members of the
___________ spectrum.


34. Red light is (higher, lower) in frequency than violet
light.


35. A beam of light that has all of its waves pulsating in uni-
son is called a(n) ___________.


36. One model of light depicts it as consisting of energy par-
ticles known as ___________.


37. True or False: The energy of a light particle (photon) is
directly proportional to its frequency. ___________


38. Red light is (more, less) energetic than violet light.


39. The selective absorption of electromagnetic radiation
by materials (can, cannot) be used as an aid for identifi-
cation.


40. The amount of radiation a substance will absorb is di-
rectly proportional to its concentration as defined by
___________ law.


41. The ___________ is the instrument used to measure and
record the absorption spectrum of a chemical substance.


42. The function of the ___________ is to select a single
frequency of light emanating from the spectrophotome-
ter’s source.


43. An (ultraviolet, infrared) absorption spectrum provides
a unique “fingerprint” of a chemical substance.


44. The technique of ___________ exposes molecules to a
beam of high-energy electrons in order to fragment
them.


45. True or False: A mass spectrum is normally considered
a specific means for identifying a chemical substance.
___________
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ORGANIC ANALYSIS 143


application and critical thinking


1. Forensic drug analyst Rose Thomas receives a potential
drug sample for analysis. The appearance of the powder
suggests that it is adulterated and may contain more than one
substance. Would spectrometry be a good analytical tool in
this case? If not, what other technique could be used?


2. Because of a budget cut at the crime lab, Rose Thomas
must use an analytical technique that will be relatively
cheap and accommodate many samples at one time. Which
chromatographic method would be best in this case? Why?


3. The figure below shows a chromatogram of a known
mixture of barbiturates. Based on this figure, answer the
following questions:


a. What barbiturate detected by the chromatogram had
the longest retention time?


b. Which barbiturate had the shortest retention time?


c. What is the approximate retention time of amobarbital?
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What Killed Napoleon?


Napoleon I, emperor of France, was sent into exile
on the remote island of St. Helena by the British after his
defeat at the Battle of Waterloo in 1815. St. Helena was hot, unsanitary,
and rampant with disease. There, Napoleon was confined to a large
reconstructed agricultural building known as Longwood House.
Boredom and unhealthy living conditions gradually took their toll on
Napoleon’s mental and physical state. He began suffering from severe
abdominal pains and experienced swelling of the ankles and general
weakness of his limbs. From the fall of 1820, Napoleon’s health
began to deteriorate rapidly until death arrived on May 5, 1821. An
autopsy concluded the cause of death to be stomach cancer.


It was inevitable that dying under British control, as
Napoleon did, would bring with it numerous conspiratorial
theories to account for his death. One of the more fascinating
inquiries was conducted by a Swedish dentist, Sven
Forshufvud, who systematically correlated the clinical
symptoms of Napoleon’s last days to those of arsenic
poisoning. For Forshufvud, the key to unlocking the cause
of Napoleon’s death rested with Napoleon’s hair.
Forshufvud arranged to have Napoleon’s hair measured
for arsenic content by neutron activation analysis and


found it consistent with arsenic poisoning over a lengthy
period of time. Nevertheless, the cause of Napoleon’s demise is still a


matter for debate and speculation. Other Napoleon hairs collected in 1805 and 1814
have also shown high concentrations of arsenic, giving rise to the speculation that Napoleon was


innocently exposed to arsenic. Even hair collected from Napoleon’s three sisters, son, and first wife show
significant levels of arsenic. Some question whether Napoleon even had clinical symptoms associated with
arsenic poisoning. In truth, forensic science may never be able to answer the question “What killed
Napoleon?”
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After studying this chapter you should be able to:
• Describe the usefulness of trace elements for forensic


comparison of various types of physical evidence


• Distinguish continuous and line emission spectra


• Understand the parts of a simple emission spectrograph


• List the parts of a simple atomic absorption
spectrophotometer


• Define and distinguish protons, neutrons, and electrons


• Define and distinguish atomic number and atomic mass number


• Appreciate the phenomenon of how an atom absorbs and
releases energy in the form of light


• Explain the concept of an isotope


• Understand how elements can be made radioactive


• Describe why an X-ray diffraction pattern is useful for chemical
identification


inorganic analysis


alpha particle
atomic mass
atomic number
beta particle
continuous spectrum
electron
electron orbital
emission spectrum
excited state
gamma ray
isotope
line spectrum
neutron
nucleus
proton
radioactivity
X-ray diffraction
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146 CHAPTER 6 


TABLE 6–1
Elemental Abundances as Percentages in the Earth’s Crust


Element Percentage by Weight


Oxygen 47.3
Silicon 27.7
Aluminum 7.9
Iron 4.5
Calcium 3.5
Sodium 2.5
Potassium 2.5
Magnesium 2.2
Titanium 0.5
Hydrogen 0.2
Other elements 1.2


Inorganics as Forensic Evidence
In the previous chapter, analytical techniques were described for characterizing a class of matter
known as organics. Generally, these materials contain carbon. Although organic substances con-
stitute a substantial portion of the physical evidence submitted to crime laboratories, carbon does
not appear among the earth’s most abundant elements. Surprisingly, about three-quarters of the
weight of the earth’s crust is composed of only two elements—oxygen and silicon. In fact, only
ten elements make up approximately 99 percent of the earth’s crust (see Table 6–1). The remain-
ing elements may almost be considered impurities, although exceedingly important ones. Carbon,
the element that is a constituent of most chemical compounds, constitutes less than 0.1 percent of
the earth’s crust.


Considering these facts, it is certainly reasonable that non-carbon-containing substances—that
is, inorganics—are encountered as physical evidence at crime scenes. One only has to consider the
prevalence of metallic materials, such as iron, steel, copper, and aluminum, in our society to understand
the possibilities of finding tools, coins, weapons, and metal scrapings at crime scenes.


Less well known, but perhaps almost as significant to the criminalist, is the use of inorganic
chemicals as pigments in paints and dyes, the incorporation of inorganics into explosive formu-
lations, and the prevalence of inorganic poisons such as mercury, lead, and arsenic.


To appreciate fully the role of inorganic analysis in forensic science, we must first examine
its application to the basic objectives of the crime laboratory—identification and comparison of
physical evidence. Identification of inorganic evidence is exemplified by a typical request to ex-
amine an explosive formulation suspected of containing potassium chlorate, or perhaps to exam-
ine a poisonous powder thought to be arsenic. In each case, the forensic scientist must perform
tests that will ultimately determine the specific chemical identity of the suspect materials to the ex-
clusion of all others. Only after completing the tests and finding their results identical to previously
recorded tests for a known potassium chlorate or a known arsenic can the forensic scientist draw
a valid conclusion about the chemical identity of the evidence.


However, comparing two or more objects in order to ascertain their common origin presents
a different problem. For example, a criminalist may be asked to determine whether a piece of brass
pipe found in the possession of a suspect compares to a broken pipe found at the crime scene. The
condition of the two pipes may not allow for comparison by physically fitting together any bro-
ken edges. Under these circumstances, the only alternative will be to attempt a comparison through
chemical analysis. It is not enough for the analyst to conclude that the pipes are alike because they
are brass (an alloy of copper and zinc). After all, hundreds of thousands of brass pipes exist, a
situation that is hardly conducive to proving that these two particular pipes were at one time a
single unit. The examiner must go a step further to try to distinguish these pipes from all others.
Although this may not be possible, a comparison of the pipes’ trace elements—that is, elements
present in small quantities—will provide a meaningful criterion for at least increasing the
probability that the two pipes originated from the same source.
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TABLE 6–2
Elemental Analysis of Brass Alloys


Element
High-Tensile Brass 


(percentage)
Manganese Brass 


(percentage)


Copper 57.0 58.6
Aluminum 2.8 1.7
Zinc 35.0 33.8
Manganese 2.13 1.06
Iron 1.32 0.90
Nickel 0.48 1.02
Tin 0.64 1.70
Lead 0.17 0.72
Silicon 0.08 Nil


Source: R. L. Williams, “An Evaluation of the SEM with X-Ray Microanalyzer Accessory for Forensic Work,” in 
O. Johari and I. Corvin, eds., Scanning Electron Microscopy/1971 (Chicago: IIT Research Institute, 1971), p. 541.


Trace Elements
Considering that most of our raw materials originate from the earth’s crust, it is not surprising that
they are rarely obtained in pure form; instead, they include numerous elemental impurities that
usually have to be eliminated through industrial processing. However, in most cases it is not
economically feasible to completely exclude all such minor impurities, especially when their
presence will have no effect on the appearance or performance of the final product. For this rea-
son, many manufactured products, and even most natural materials, contain small quantities of
elements present in concentrations of less than 1 percent.


For the criminalist, the presence of trace elements is particularly useful because they provide “in-
visible” markers that may establish the source of a material or at least provide additional points for
comparison. Table 6–2 illustrates how two types of brass alloys can readily be distinguished by their
elemental composition. Similarly, the comparison of trace elements present in paint or other types of
metallic specimens may provide particularly meaningful data with respect to source or origin. Foren-
sic investigators have examined the evidential value of trace elements present in soil, fibers, and glass,
as well as in all types of metallic objects. One example of this application occurred with the exami-
nation of the bullet and bullet fragments recovered after the assassination of President Kennedy.


Evidence in the Assassination 
of President Kennedy
Ever since President Kennedy was killed in 1963, questions have lingered about whether Lee
Harvey Oswald was part of a conspiracy to assassinate the president or, as the Warren Commis-
sion concluded, a lone assassin. In arriving at its conclusions, the Warren Commission recon-
structed the crime as follows: Oswald fired three shots from behind the president while positioned
in the Texas School Book Depository building. The president was struck by two bullets, with one
bullet totally missing the president’s limousine. One bullet hit the president in the back, exited his
throat, and then went on to strike Governor Connally, who was sitting in a jump seat in front of
the president. The bullet hit Connally first in his back, then exited his chest, struck his right wrist,
and temporarily lodged in his left thigh. This bullet was later found on the governor’s stretcher at
the hospital. A second bullet in the skull fatally wounded the president.


In a room at the Texas School Book Depository, a 6.5-mm Mannlicher-Carcano military rifle
was found with Oswald’s palm print on it. Also found were three spent 6.5-mm Western Cartridge
Co./ Mannlicher-Carcano (WCC/MC) cartridge cases. Oswald, an employee of the depository, had
been seen there that morning and also a few minutes after the assassination, disappearing soon there-
after. He was apprehended a few miles from the depository nearly two hours after the shooting.


Critics of the Warren Commission have long argued that evidence exists that would prove
Oswald did not act alone. Eyewitness accounts and acoustical data interpreted by some experts
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148 CHAPTER 6 


President John F. Kennedy, Governor John Connally of Texas, and Mrs. Jacqueline Kennedy ride through
Dallas moments before the assassination. Courtesy CORBIS-NY


have been used to advocate the contention that someone else fired at the president from a region
in front of the limousine (the so-called grassy knoll). Furthermore, it is argued that the Warren
Commission’s reconstruction of the crime relied on the assumption that only one bullet caused
both the president’s throat wound and Connally’s back wound. Critics contend that such damage
would have deformed and mutilated a bullet. Instead, the recovered bullet showed some flatten-
ing, no deformity, and only about 1 percent weight loss.


In 1977, at the request of the U.S. House of Representatives Select Committee on Assassi-
nations, the bullet taken from Connally’s stretcher along with bullet fragments recovered from the
car and various wound areas were examined for trace element levels.


Lead alloys used for the manufacture of bullets contain an assortment of trace elements.
For example, antimony is often added to lead as a hardening agent; copper, bismuth, and silver
are other trace elements commonly found in bullet lead. In this case, the bullet and bullet frag-
ments were compared for their antimony and silver content. Previous studies had amply
demonstrated that the levels of these two elements are particularly important for characterizing
WCC/MC bullets. Bullet lead from this type of ammunition ranges in antimony concentration
from 20 to 1,200 parts per million (ppm) and 5 to 15 ppm in silver content.


As can be seen in Table 6–3, the samples designated Q1 and Q9 (the Connally stretcher bul-
let and fragments from Connally’s wrist, respectively) are indistinguishable from one another in
antimony and silver content. The samples Q2; Q4, 5; and Q14 (Q4, 5 being fragments from
Kennedy’s brain, and Q2 and Q14 being fragments recovered from two different areas in the car)
also are indistinguishable in antimony and silver content but are different from Q1 and Q9.


The conclusions derived from studying these results are as follows:


1. There is evidence of only two bullets—one composed of 815 ppm antimony and 9.3 ppm sil-
ver, the other composed of 622 ppm antimony and 8.1 ppm silver.


2. Both bullets have a composition highly consistent with WCC/MC bullet lead, although other
sources cannot entirely be ruled out.
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line spectrum
A type of emission spectrum
showing a series of lines separated
by black areas; each line represents
a definite wavelength or frequency


continuous spectrum
A type of emission spectrum
showing a continuous band of
colors all blending into one
another


emission spectrum
Light emitted from a source and
separated into its component
colors or frequencies
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TABLE 6–3
Antimony and Silver Concentrations in the Kennedy Assassination Bullets


Silver
(parts


per million)a


Antimony
(parts


per million) Sample Description


Q1 8.8 � 0.5 833 � 9 Connally stretcher bullet
Q9 9.8 � 0.5 797 � 7 Fragments from Connally’s wrist
Q2 8.1 � 0.6 602 � 4 Large fragment from car
Q4, 5 7.9 � 0.3 621 � 4 Fragments from Kennedy’s brain
Q14 8.2 � 0.4 642 �6 Small fragments found in car


aOne part per million equals 0.0001 percent.
Source: Reprinted with permission from V. P. Guinn, “JFK Assassination: Bullet Analyses,” Analytical Chemistry,
51 (1979), 484 A. Copyright 1979, American Chemical Society.


3. The bullet found on the Connally stretcher also damaged Connally’s wrist. The absence of
bullet fragments from the back wounds of Kennedy and Connally prevented any effort at
linking these wounds to the stretcher bullet.


None of these conclusions can totally verify the Warren Commission’s reconstruction of the
assassination, but the results are at least consistent with the commission’s findings. Further, in
2003, an ABC television broadcast showed the results of a ten-year 3-D computer animation
study of the events of November 22, 1963. The animation graphically showed that the bullet
wounds were completely consistent with Kennedy’s and Governor Connally’s positions at the
time of shooting, and that by following the bullet’s trajectory backward they could be found to
have originated from a narrow cone including only a few windows of the sixth floor of the School
Book Depository.


The analyses on the Kennedy assassination bullets were performed by neutron activation
analysis. The remainder of this chapter describes this and other techniques currently used to
examine inorganic physical evidence.


The Emission Spectrum of Elements
We have already observed that organic molecules can readily be characterized by their selective
absorption of ultraviolet, visible, or infrared radiation. Equally significant to the analytical
chemist is the knowledge that elements also selectively absorb and emit light. These observations
form the basis of two important analytical techniques designed to determine the elemental com-
position of materials—emission spectroscopy and atomic absorption spectrophotometry.


Types of Spectra
The statement that elements emit light should not come as a total surprise, for one need only
observe the common tungsten incandescent lightbulb or the glow of a neon light to confirm this
observation. When the light emitted from a bulb or from any other light source is passed through
a prism, it is separated into its component colors or frequencies. The resulting display of colors
is called an emission spectrum.


When sunlight or the light from an incandescent bulb is passed through a prism, we have
already observed that a range of rainbow colors is produced. This emission spectrum is called a
continuous spectrum because all the colors merge or blend into one another to form a continu-
ous band. However, not all light sources produce such a spectrum. For example, if the light from
a sodium lamp, a mercury arc lamp, or a neon light were passed through a prism, the resultant
spectrum would consist not of a continuous band but of several individual colored lines separated
by dark spaces. Here, each line represents a definite wavelength or frequency of light that is
separate and distinct from all others present in the spectrum. This type of spectrum is called a
line spectrum. Figure 6–1 shows the line spectra of three elements.
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Hydrogen
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FIGURE 6–1
Some characteristic emission spectra.
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FIGURE 6–2
Parts of a simple carbon arc emission spectrograph.


Heated matter in a solid or liquid state produces a continuous spectrum that is not very in-
dicative of its composition. However, if this same matter is vaporized and “excited” by exposure
to high temperature, each element present emits light composed of select frequencies that are
characteristic of the element. This spectrum is in essence a “fingerprint” of an element and offers
a practical method of identification. Sodium vapor, for example, always shows the same line
spectrum, which differs from the spectrum of all other elements.


Carbon Arc Emission Spectrometry
An emission spectrograph is an instrument used to obtain and record the line spectra of elements. Es-
sentially, this instrument requires a means for vaporizing and exciting the atoms of elements so that
they emit light, a means for separating this light into its component frequencies, and a means of record-
ing the resultant spectrum. A simple carbon arc emission spectrograph is depicted in Figure 6–2.


The specimen under investigation is excited when it is inserted between two carbon electrodes
through which a direct current arc is passed. The arc produces enough heat to vaporize and excite
the specimen’s atoms. The resultant emitted light is collected by a lens and focused onto a prism that
disperses it into component frequencies. The separated frequencies are then directed toward a pho-
tographic plate, where they are recorded as line images. Normally, a specimen consists of numer-
ous elements; hence, the typical emission spectrum contains many lines. Each element present in
the spectrum can be identified when it is compared to a standard chart that shows the position of the
principal spectral lines of all the elements. However, forensic analysis more commonly requires
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FIGURE 6–3
A comparison of paint chips 1 and 2 by emission spectrographic analysis. A line-for-
line comparison shows that the paints have the same elemental composition.
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FIGURE 6–4
The creation of charged particles in the torch of an ICP discharge.


simply a rapid comparison of the elemental composition of two or more specimens. This can read-
ily be accomplished when the emission spectra are matched line for line, an approach illustrated in
Figure 6–3, in which the emission spectra of two paint chips are shown to be comparable.


Inductively Coupled Plasma Emission Spectrometry (ICP)
Carbon arc emission spectrometry has been supplanted by inductively coupled plasma (ICP)
emission spectrometry. Like the former, ICP identifies and measures elements through light en-
ergy emitted by excited atoms. However, instead of using an electrical arc, the atoms are excited
by placing the sample in a hot plasma torch. The torch is designed as three concentric quartz tubes
through which argon gas flows. A radio frequency (RF) coil that carries a current is wrapped
around the tubes. The RF current creates an intense magnetic field.


THE ICP PROCESS The process begins when a high-voltage spark is applied to the argon gas
flowing through the torch. This strips some electrons from their argon atoms. These electrons are
then caught and accelerated in the magnetic field such that they collide with other argon atoms,
stripping off still more electrons. The collision of electrons and argon atoms continues in a chain
reaction, breaking down the gas into argon atoms, argon ions, and electrons and forming an
inductively coupled plasma discharge. The discharge is sustained by RF energy that is continu-
ously transferred to it from the coil. The plasma discharge acts like an intense continuous flame
generating extremely high temperatures in the range of 7,000–10,000°C. The sample, in the form
of an aerosol, is then introduced into the hot plasma, where it collides with the energetic argon
electrons generating charged particles (ions) that emit light of characteristic wavelengths corre-
sponding to the identity of the elements present (see Figure 6–4).


APPLICATIONS OF ICP Two areas of forensic casework in which ICP has been applied are the
identification and characterization of mutilated bullets1 and glass fragments.2 Mutilated bullets often
are not suitable for traditional microscopic comparisons against an exemplar test-fired bullet. In
such situations, ICP has been used to obtain an elemental profile of the questioned bullet fragment


1 R. D. Koons and J. Buscaglia, “Forensic Significance of Bullet Lead Compositions,” Journal of Forensic Sciences
50 (2005): 341.


2 S. Montero, A. L. Hobbs, T. A. French, and J. Almirall, “Elemental Analysis of Glass Fragments by ICP-MS as Evidence
of Association: Analysis of a Case,” Journal of Forensic Sciences 48 (2003): 1101.
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FIGURE 6–5
Parts of a simple flame atomic absorption spectrophotometer.


for comparison against an unfired bullet generally found in the possession of the suspect. For a num-
ber of years forensic scientists have taken advantage of significant compositional differences among
lead sources for the manufacture of lead-based bullets. Compositional differences in the trace ele-
ments that constitute lead bullets are typically reflected in the copper, arsenic, silver, antimony, bis-
muth, cadmium, and tin profiles of lead bullets. When two or more bullets have comparable
elemental compositions, evidence of their similarity may be offered in a court of law.


In this respect, the comparison of lead bullets faces the same quandary as most common types
of class physical evidence—how can a forensic analyst explain to a jury that such a finding has
meaningful consequences to a criminal inquiry without being able to provide statistical or prob-
ability data to support such a contention? Furthermore, the creation of meaningful databases to
statistically define the significance of bullets compared by their elemental profiles is currently an
unrealistic undertaking. Nevertheless, the significant diversity of bullet lead compositions in our
population, like other class evidence such as fibers, hairs, paint, plastics, and glass, makes their
chance occurrence at a crime scene and subsequent link to a defendant a highly unlikely event.
However, care must be taken to avoid giving the trier of fact the impression that elemental pro-
files constitute a definitive match. Given the millions of bullets produced each year, one cannot
conclusively rule out the possibility of a coincidental match with a non-case-related bullet.


Atomic Absorption Spectrophotometry
When an atom is vaporized, it absorbs many of the same frequencies of light that it emits in an
excited state. The selective absorption of light by atoms is the basis for a technique known as
atomic absorption spectrophotometry. A simple atomic absorption spectrophotometer is illus-
trated in Figure 6–5.


The Spectrophotometry Process
In atomic absorption spectrophotometry, the specimen is heated to a temperature that is hot enough
to vaporize its atoms while leaving a substantial number of atoms in an unexcited state. Normally,
the specimen is inserted into an air-acetylene flame to achieve this temperature. The vaporized atoms
are then exposed to radiation emitted from a light source. The technique achieves great specificity by
using as its radiation source a discharge tube made of the same element being analyzed in the speci-
men. When the discharge lamp is turned on, it emits only the frequencies of light that are present in
the emission spectrum of the element. Likewise, the sample absorbs these frequencies only when it
contains the same element. Therefore, to determine the presence of antimony in a specimen, the
atomic absorption spectrophotometer must be fitted with a discharge lamp that is constructed of an-
timony. Under these conditions, the sample will absorb light only when it contains antimony.


Once the radiation has passed through the sample, a monochromator, consisting of a prism
or a diffraction grating and a slit, isolates the desired radiation frequency and transmits it to a
detector. The detector converts the light into an electrical signal, the intensity of which is observed
on a digital recorder. 
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nucleus
The core of an atom containing the
protons and neutrons


electron
A negatively charged particle that
is one of the fundamental structural
units of the atom


proton
A positively charged particle that is
one of the basic structures in the
nucleus of an atom
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The absorption of light by the element of interest is the phenomenon that is being measured in
atomic absorption spectrophotometry. The concentration of the absorbing element is directly pro-
portional to the quantity of the light absorbed. The higher the concentration of the element, the more
light is absorbed. For this reason, atomic absorption spectroscopy is most useful for accurately
determining an element’s concentration in a sample. Furthermore, the technique is sufficiently sen-
sitive to find wide application in detecting and quantitating elements that are present at trace levels.
However, the technique does have one drawback in that the analyst can determine only one element
at a time, each time having to select the proper lamp to match the element under investigation.


Applications of Spectrophotometry
Although atomic absorption spectrophotometry has been used for chemical analysis since 1955, it
has not yet found wide application for solving forensic problems. However, a modification in the
design of the instrument promises to change this situation. By substituting a heated graphite furnace
or a heated strip of metal (tantalum) for the flame, analysts have achieved a more efficient means
of atomic volatilization and as a result have substantially increased the sensitivity of the technique.
Many elements can now be detected at levels that approach one-trillionth of a gram.


The high sensitivity of “flameless” atomic absorption now equals or surpasses that of most
known analytical procedures. Considering the relative simplicity and low cost of the technique,
atomic absorption spectrophotometry has become an attractive method for detecting and meas-
uring the smallest levels of trace elements present in physical evidence.


The Origin of Emission 
and Absorption Spectra
Any proposed theory that attempts to explain the origin of emission and absorption spectra must
relate to the fundamental structure of the element—the atom. Scientists now know that the atom
is composed of even more elementary particles that are collectively known as subatomic parti-
cles. The most important subatomic particles are the proton, electron, and neutron. The masses
of the proton and neutron are each about 1,837 times the mass of an electron. The proton has
a positive electrical charge; the electron has a negative charge equal in magnitude to that of the
proton; and the neutron is a neutral particle having neither a positive nor a negative charge. The
properties of the proton, neutron, and electron are summarized in the following table:


3 Actually, the electrons are moving so rapidly around the nucleus as to best be visualized as being in the form of an
electron cloud spread out over the surface of the atom.


neutron
A particle with no electrical charge
that is one of the basic structures in
the nucleus of an atom


Particle Symbol Relative Mass Electrical Charge


Proton P 1 �1
Neutron n 1 0
Electron e 1/1,837 �1


Atomic Structure
A popular descriptive model of the atom, and the one that will be adopted for the purpose of this
discussion, pictures an atom as consisting of electrons orbiting around a central nucleus—an
image that is analogous to our solar system, in which the planets revolve around the sun.3 The
nucleus of the atom is composed of positively charged protons and neutrons that have no charge.
Because the atom has no net electrical charge, the number of protons must always be equal to the
number of negatively charged electrons in orbit around the nucleus.


With this knowledge, we can now begin to describe the atomic structure of the elements; for
example, hydrogen has a nucleus consisting of one proton and no neutrons, and it has one orbiting
electron. Helium has a nucleus comprising two protons and two neutrons, with two electrons in
orbit around the nucleus (see Figure 6–6).


The behavior and properties that distinguish one element from another must be related to the dif-
ferences in the atomic structure of each element. One such distinction is that each element possesses
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excited state
The state in which an atom absorbs
energy and an electron moves from
a lower to a higher energy level


atomic number
The number of protons in the
nucleus of an atom; each element
has its own unique atomic number
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(a) (b)


FIGURE 6–7
(a) The absorption of light by
an atom, causing an electron
to jump into a higher orbital.
(b) The emission of light by
an atom, caused by an electron
falling back to a lower orbital.


a different number of protons. This number is called the atomic number of the element. As we look
back at the periodic table illustrated in Figure 5–1, we see that the elements are numbered consecu-
tively. Those numbers represent the atomic number or number of protons associated with each ele-
ment. An element is therefore a collection of atoms that all have the same number of protons.
Thus, each atom of hydrogen has one and only one proton, each atom of helium has 2 protons, each
atom of silver has 47 protons, and each atom of lead has 82 protons in its nucleus.


Electron Orbitals
To explain the origin of atomic spectra, our attention must now focus on the electron orbitals of
the atom. As electrons move around the nucleus, they are confined to a path from which they can-
not stray. This orbital path is associated with a definite amount of energy and is therefore called
an energy level. Each element has its own set of characteristic energy levels at varying distances
from the nucleus. Some levels are occupied by electrons; others are empty.


An atom is in its most stable state when all of its electrons are positioned in their lowest possi-
ble energy orbitals in the atom. When an atom absorbs energy, such as heat or light, its electrons are
pushed into higher-energy orbitals. In this condition, the atom is in an excited state. However, be-
cause energy levels have fixed values, only a definite amount of energy can be absorbed in moving
an electron from one level to another. This is a most important observation, for it means that atoms
absorb only a definite value of energy, and all other energy values will be excluded. In atomic ab-
sorption spectrophotometry, a photon of light interacts with an electron, causing it to jump into a
higher orbital, as shown in Figure 6–7(a). A specific frequency of light is required to cause this tran-
sition, and its energy must correspond to the exact energy difference between the two orbitals in-
volved in the transition. This energy difference is expressed by the relationship E � hf, where E
represents the energy difference between the two orbitals, f is the frequency of absorbed light, and
h is a universal constant called Planck’s constant. Any energy value that is more or less than this dif-
ference will not produce the transition. Hence, an element is selective in the frequency of light it
will absorb, and this selectivity is determined by the electron energy levels each element possesses.


In the same manner, if atoms are exposed to intense heat, enough energy is generated to push
electrons into unoccupied higher-energy orbitals. Normally, the electron does not remain in this
excited state for long, and it quickly falls back to its original energy level. As the electron falls
back, it releases energy. An emission spectrum testifies to the fact that this energy loss comes
about in the form of light emission [see Figure 6–7(b)]. The frequency of light emitted is again
determined by the relationship E � hf, where E is the energy difference between the upper and
lower energy levels and f is the frequency of emitted light. Because each element has its own
characteristic set of energy levels, each emits a unique set of frequency values. The emission
spectrum thus provides a “picture” of the energy levels that surround the nucleus of each element.


Thus, we see that as far as atoms are concerned, energy is a two-way street. Energy can be put
into the atom at the same time that energy is given off; what goes in must come out. The chemist can
study the atom using either approach. Atomic absorption spectrophotometry carefully measures the
value and amount of light energy going into the atom; emission spectroscopy collects and measures


1P


Hydrogen


2P
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Helium


FIGURE 6–6
The atomic structures of hydrogen
and helium.


electron orbital
The path of electrons as they move
around the nuclei of atoms; each
orbital is associated with a
particular electronic energy level
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isotope
An atom differing from another
atom of the same element in the
number of neutrons in its nucleus


atomic mass
The sum of the number of protons
and neutrons in the nucleus of an
atom
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the various light energies given off. The result is the same: atoms are identified by the existence of
characteristic energy levels.


Neutron Activation Analysis
Once scientists realized that it was possible to change the number of subatomic particles in the
atom’s nucleus, the unleashing of a new source of energy—nuclear energy—was inevitable. This
energy has proven so awesome in its power that the survival of civilization will depend on our
ability to refrain from using its destructive forces. Of course, this threat does not obscure the fact
that controlled nuclear energy promises to be a source of power capable of relieving our depend-
ency on the earth’s dwindling reserves of fossil fuels. For the chemist, nuclear chemistry provides
a new tool for identifying and quantitating the elements.


Isotopes
Until now, our discussion of subatomic particles has been limited to the proton and electron. How-
ever, to understand the principles of nuclear chemistry, we must look at the other important
subatomic particle, the neutron. Although the atoms of a single element must have the same
number of protons, nothing prevents them from having different numbers of neutrons. The total
number of protons and neutrons in a nucleus is known as the atomic mass number.


Atoms with the same number of protons but differing solely in the number of neutrons are
called isotopes. For example, hydrogen consists of three isotopes; besides ordinary hydrogen,
which has one proton and no neutrons, two other isotopes exist, deuterium and tritium. Deuterium
(or heavy hydrogen) also has one proton but contains one neutron as well. Tritium has one pro-
ton and two neutrons in its nucleus. The atomic structures of these isotopes are shown in Figure 6–8.
Therefore, all the isotopes of hydrogen have an atomic number of 1 but differ in their atomic mass
numbers. Hydrogen has an atomic mass number of 1, deuterium a mass of 2, and tritium a mass
of 3. Ordinary hydrogen makes up 99.98 percent of all the hydrogen atoms found in nature.


Radioactivity
Like hydrogen, most elements are known to have two or more isotopes. Tin, for example, has ten
isotopes. Many of these isotopes are quite stable, and for all intents and purposes, the isotopes of
any one element have indistinguishable properties. Others, however, are not as stable and
decompose with time by a process known as radioactive decay. Radioactivity is the emission of
radiation that accompanies the spontaneous disintegration of unstable nuclei. Radioactivity is
actually composed of three types of radiation: alpha particles, beta particles, and gamma rays.


Alpha particles are positively charged particles, each with a mass approximately four times
that of a hydrogen atom. These particles are helium atoms stripped of their orbiting electrons.
Beta particles are actually electrons, and gamma rays are electromagnetic radiations similar to 
X-rays but of a higher frequency and energy (refer to the electromagnetic spectrum in Figure 5–15).
Fortunately, most naturally occurring isotopes are not radioactive, and those that are—radium,
uranium, and thorium—are found in such small quantities in the earth’s crust that their radioactivity
presents no hazard to human survival.


Because of their large mass, alpha particles do not tend to travel far and are not very pene-
trating; a sheet of paper or your skin easily stops them. However, radioisotopes that emit alpha


gamma ray
A high-energy form of
electromagnetic radiation emitted
by a radioactive element


beta particle
A type of radiation emitted by a
radioactive element; the radiation
consists of electrons


alpha particle
A type of radiation emitted by a
radioactive element; the radiation
is composed of helium atoms
minus their orbiting electrons


radioactivity
The particle and/or gamma-ray
radiation emitted by the unstable
nucleus of some isotopes
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FIGURE 6–8
Isotopes of hydrogen.
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y Death by Radiation Poisoning
In November 2006, Alexander V. Litvinenko lay at death’s door
in a London hospital. He was in excruciating pain and had symp-
toms that included hair loss, the inability to make blood cells, and
gastrointestinal distress. His organs slowly failed as he lingered
for three weeks and then died. British investigators soon con-
firmed that Litvinenko died from the intake of polonium-210, a
radioactive element, in what appeared to be its first use as a
murder weapon (see Figure 1).


Litvinenko’s death almost immediately set off an interna-
tional uproar. Litvinenko, a former KGB operative, had be-
come a vocal critic of the Russian spy agency FSB, the
domestic successor to the KGB. In 2000, he fled to London
where he was granted asylum. Litvinenko continued to voice
his criticisms of the Russian spy agency and also became
highly critical of Russia’s president, Vladimir Putin. Just be-
fore his death, he was believed to have compiled, on behalf of
a British company looking to invest millions in a project in
Russia, an incriminating report regarding the activities of sen-
ior Kremlin officials.


Suspicions immediately fell onto Andrei Lugovoi
and Dmitri Kovtun, business associates of Mr. Litvinenko.
Lugovoi was himself a former KGB officer. On the day he
fell ill, Litvinenko met Lugovoi and Kovtun at the Pine Bar
of the Millennium Hotel in London. At the meeting,
Mr. Litvinenko drank tea out of a teapot later found to be
highly radioactive. British officials have accused Lugovoi of


FIGURE 1
Alexander Litvinenko, former KGB agent, before and after he became sick.
(left) Courtesy AP Wide World Photos (right) Courtesy Getty Images, Inc.-Getty News


poisoning Litvinenko. The precise nature of the evidence
against him has not been made clear, though investigators
have linked him and Mr. Kovtun to a trail of polonium-210
radioactivity stretching from hotel rooms, restaurants, bars,
and offices in London to Hamburg, Germany, and to British
Airways planes that had flown to Moscow. Each man has
denied killing Mr. Litvinenko.


Polonium-210 is highly radioactive and very toxic. By
weight, it is about 250 million times as toxic as cyanide, so a
particle the size of a dust particle could be fatal. It emits a
radioactive ray known as an alpha particle. This form of
radiation cannot penetrate the skin, so polonium-210 is
effective as a poison only if it is swallowed, breathed in, or 
injected. The particles disperse through the body and first 
destroy fast-growing cells, like those in bone marrow, blood,
hair, and the digestive tract. That would be consistent with 
Mr. Litvinenko’s symptoms. There is no antidote for polo-
nium poisoning.


Polonium does have industrial uses and is produced by
commercial or institutional nuclear reactors. Polonium-210
has been found to be ideal for making antistatic devices that
remove dust from film and lenses as well as paper and textile
plants. Its non-body-penetrating rays produce an electric
charge on nearby air. Bits of dust with static attract the charged
air, which neutralizes them. Once free of static, the dust is easy
to blow or brush away. Manufacturers of such antistatic
devices take great pains to make the polonium hard to remove
from their products.
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rays are dangerous when ingested. The radioisotope polonium-210, an emitter of alpha particles,
was recently implicated in the murder of an ex-KGB agent (see the case study below).


The existence of isotopes would be of little importance to the forensic chemist were it not for
the fact that scientists have mastered the techniques for synthesizing radioactive isotopes. If the
only distinction between isotopes of an element is the number of neutrons each possesses, is it not
reasonable to assume that when atoms are bombarded with neutrons, some neutrons will be
captured to make new isotopes? This is exactly what happens in a nuclear reactor. A nuclear
reactor is simply a source of neutrons that can be used to bombard the atoms of a specimen,
thereby creating radioactive isotopes. When the nucleus of an atom captures a neutron, a new iso-
tope with one additional neutron is formed. In this state, the nuclei are said to be activated, and
many immediately begin to decompose by emitting radioactivity.


The Process of Neutron Activation Analysis
To identify the activated isotope, it is necessary to measure the energy of the gamma rays emitted
as radioactivity. The gamma rays of each element can be associated with a characteristic energy
value. Furthermore, once the element has been identified, its concentration can be measured by 
the intensity of its gamma-ray radiation; intensity is directly proportional to the concentration of
the element in a specimen. The technique of bombarding specimens with neutrons and measur-
ing the resultant gamma-ray radioactivity is known as neutron activation analysis. The process is
depicted in Figure 6–9.


The major advantage of neutron activation analysis is that it provides a nondestructive
method for identifying and quantitating trace elements. A median detection sensitivity of one-
billionth of a gram (one nanogram) makes neutron activation analysis one of the most sensitive
methods available for the quantitative detection of many elements. Further, neutron activation
can simultaneously analyze 20 to 30 elements. A major drawback to the technique is its expense
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of the gamma rays
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the element concentration 
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FIGURE 6–9
The neutron activation process requires the capture of a neutron by the nucleus of an
atom. The new atom is now radioactive and emits gamma rays. A detector permits
identification of the radioactive atoms present by measuring the energies and
intensities of the gamma rays emitted.


IS
B


N
 1


-2
56


-3
37


10
-2


, Tenth Edition, by Richard Saferstein. Published by Prentice Hall. Copyright © 2011 by Pearson Education, Inc.


R
O
D
D
Y
,
 
A
N
T
H
O
N
Y
 
I
S
A
A
C
 
3
7
2
7
B
U








158 CHAPTER 6 


TABLE 6–4
Concentration of Trace Elements in Copper Wire


Selenium Gold Antimony Silver


Control Wire


A1 2.4 0.047 0.16 12.7
A2 3.5 0.064 0.27 17.2
A3 2.6 0.050 0.20 13.3
A4 1.9 0.034 0.21 12.6


Suspect Wire


B 2.3 0.042 0.15 13.0


Note: Average concentration measured in parts per million.


Source: R. K. H. Chan, “Identification of Single-Stranded Copper Wires by Nondestructive Neutron Activation
Analysis,” Journal of Forensic Sciences 17 (1972), 93. Reprinted by permission of the American Society for Testing
and Materials, copyright 1972.


and regulatory requirements. Only a handful of crime laboratories worldwide have access to a
nuclear reactor; in addition, sophisticated analyzers are needed to detect and discriminate
gamma-ray emissions.


Applications of Neutron Activation Analysis
As far as forensic analysis is concerned, neutron activation has been used to characterize trace el-
ements present in metals, drugs, paint, soil, gunpowder residues, and hair. A typical illustration of
its application occurred during the investigation of a theft of copper telegraphic wires in Canada.
Four lengths of copper wire (A1, A2, A3, A4) found at the scene of the theft were compared by neu-
tron activation with a length of copper wire (B) seized at a scrap yard and suspected of being stolen.
All were bare, single-strand wire with the same general physical appearance and a diameter of
0.28 centimeter. Prior experiments had revealed that significant variations could be expected in the
concentration levels of the trace elements selenium, gold, antimony, and silver for wires originat-
ing from different sources. A comparison of these elements present in the wire involved in the theft
was undertaken. After exposing the wires to neutrons in a nuclear reactor, neutron activation analysis
revealed a match between A1 and B that was well within experimental error (see Table 6–4). The
findings suggested a common origin of the control and suspect wires.


X-Ray Diffraction
Until now, we have discussed methods for detecting and identifying the elements. Emission spec-
troscopy, atomic absorption, and neutron activation analysis tell us what elements are present in
a particular substance, but they do not provide any information as to how the elements are com-
bined into compounds. One way to elicit this information is to aim a beam of X-rays at a crystal
and study how the X-rays interact with the atoms that compose the substance under investigation.
This technique is known as X-ray diffraction.


X-ray diffraction can be applied only to the study of solid, crystalline materials—that is, solids
with a definite and orderly arrangement of atoms. For example, sodium chloride (common table
salt), pictured in Figure 4–8, is crystalline. Fortunately, many substances, including 95 percent of
all inorganic compounds, are crystalline and thus identifiable by X-ray diffraction analysis. The
atoms in a crystal can be thought of as being composed of a series of parallel planes. As the X-rays
penetrate the crystal, a portion of the beam is reflected by each of the atomic planes. As the
reflected beams leave the crystal’s planes, they combine with one another to form a series of light
and dark bands known as a diffraction pattern. Every compound produces a unique diffraction
pattern, thus giving analysts a means for “fingerprinting” compounds.


A diagram depicting the X-ray diffraction process is illustrated in Figure 6–10. Diffraction
patterns for potassium nitrate and potassium chlorate, two common constituents of homemade
explosives, are shown in Figure 6–11. Comparing a questioned specimen with a known X-ray
pattern is a rapid and specific way to prove chemical identity.


X-ray diffraction
An analytical technique for
identifying crystalline materials
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One drawback to X-ray diffraction is its lack of sensitivity. The technique is suitable for iden-
tifying the major constituents of a mixture, but it often fails to detect the presence of substances
constituting less than 5 percent of a mixture. For this reason, the forensic chemist must use more
sensitive techniques—emission spectroscopy, atomic absorption, and neutron activation analy-
sis—to identify trace elements that may be present.
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Photographic plate


FIGURE 6–10
A beam of X-rays being reflected off the atomic planes of a crystal. The diffraction
patterns that form are recorded on photographic film. These patterns are unique for
each crystalline substance.


(a)


FIGURE 6–11
X-ray diffraction patterns for (a) potassium nitrate and (b) potassium chlorate.


(b)


sampling airborne particles from the country’s
nuclear bomb tests. Nuclear forensics matured as
a science when the Soviet empire disintegrated
and concerns arose over the security of nuclear
materials located in states of the former Soviet
Union. Fears that these materials might fall into
the hands of terrorist organizations engendered
scenarios of dirty nuclear bombs attacks on the
United States and other Western nations.


Nuclear forensics is becoming an increasingly
important tool in the fight against illegal smuggling
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Nuclear Forensics


Nuclear forensics has emerged as a critical pro-
fession on the forefront in the war on terrorism.
Nuclear forensic scientists are responsible for
developing ways to analyze nuclear materials
recovered from either intercepted intact nuclear
materials or postexplosion debris created as a
result of a nuclear explosion. Nuclear forensics
can trace its origin to the cold war era, when U.S.
planes surreptitiously flew over Soviet airspace


(Continued)
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and trafficking of radiological and nuclear materi-
als. These include materials intended for industrial
and medical use, nuclear materials such as those
produced in the nuclear fuel cycle of a nuclear
power plant (see Figure 1), and much more dan-
gerous nuclear materials that can be used in
weapons, such as plutonium and highly enriched
uranium. Since the early 1990s, more than two hun-
dred cases of illicitly trafficked nuclear materials
have been reported.


In the United States, Lawrence Livermore
National Laboratory along with seven other
Department of Energy (DOE) national laboratories
have been tasked by the FBI and the Department
of Homeland Security with developing the nation’s
technical forensics capability for nuclear and
radiological materials. Organizations such as the
European Commission’s Institute for Transuranium
Elements located in Karlsruhe, Germany, have
extend nuclear forensic capabilities onto an inter-
national scale.


A major focus of nuclear forensics is identifying
signatures, which are the physical, chemical, and
isotopic characteristics that distinguish one nuclear
or radiological material from another. Signatures
enable researchers to identify the processes used
to initially create a material, which ultimately may
yield clues as to the origin of the seized material.


Nuclear forensics can be performed on a broad spec-
trum of substances. An example is stolen containers
of uranium diverted during one of the mining,
milling, conversion, enrichment, or fuel fabrication
steps used to convert uranium ore to enriched fuel
for nuclear power plants; uranium varies in isotopic
composition and impurities according to where the
uranium was mined and how it was processed. An-
other example is commercial radioactive materials
used in applications such as medical diagnostics
and food sterilization.


Researchers analyze the material’s chemical
and isotopic composition, which includes measur-
ing the amounts of trace elements as well as the
ratio of parent isotopes to daughter isotopes.
These measurements help determine the source
location and sample’s age. They also examine the
material’s morphological characteristics such as
shape, size, and texture. Analytical methods include
electron microscopy, X-ray diffraction, and mass
spectrometry. In addition, as a sample is moved
from place to place, it picks up trace evidence such
as pollen, hairs, fibers, plant DNA, and fingerprints.
These so-called route materials may provide infor-
mation about who has handled a sample and the
path it has traveled.


When comparing a sample’s signature against
known signatures from uranium mines and fabri-
cation plants, researchers can benefit by assem-
bling a library of nuclear materials of known origin
from around the world. Nuclear scientists have
developed relationships with domestic suppliers
of nuclear materials to assemble such a library.
Contracts with major U.S. uranium fuel suppliers
have provided researchers with samples and
manufacturing data. Forensic scientists are also
seeking to obtain samples of uranium products
worldwide to analyze the products’ isotopic and
trace-element content, grain size, and microstruc-
ture. Nations with nuclear capabilities are begin-
ning to share information about their nuclear fuel
processes and materials. The development of
databases is essential to the nuclear forensic
scientist’s mission of identifying the origin of
nuclear materials intercepted in the black market
or associated with a terrorist event.


Nuclear Forensics (continued)


Figure 1
© Royalty-Free/CORBIS
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review questions


1. The elements ___________ and ___________ make up
75 percent of the weight of the earth’s crust.


2. Only ___________ elements make up about 99 percent
of the weight of the earth’s crust.


3. The presence of ___________ elements in materials pro-
vides useful “invisible” markers when comparing phys-
ical evidence.


4. The knowledge that elements selectively ___________
and ___________ light provides the basis for important
analytical techniques designed to detect the presence of
elements in materials.


5. A(n) ___________ is a display of colors or frequencies
emitted from a light source.


6. True or False: A continuous spectrum consists of a blend-
ing of colors. ___________


7. A(n) ___________ spectrum shows distinct frequencies
or wavelengths of light.


8. A line spectrum of an element (is, is not) characteristic of
the element.


9. True or False: Matter in a solid or liquid state pro-
duces an emission spectrum that is characteristic of its
composition. ___________


10. The ___________ is an instrument used to obtain and
record the line spectrum of elements.


11. Excitation of a specimen can be accomplished when it is
inserted between two ___________ electrodes.


12. The selective absorption of light by atoms is the basis for
a technique known as ___________.


13. The composition of the discharge lamp (does, does
not) have to be taken into consideration when per-
forming an analysis by atomic absorption for a partic-
ular element.


14. True or False: One advantage of atomic absorption
analysis is that it can simultaneously detect 20 to 
30 elements. ___________


15. Three important subatomic particles of the atom are the
___________, ___________, and ___________.


chapter summary


Inorganic substances are encountered by forensic scientists as
tools, explosives, poisons, and metal scrapings as well as trace
components in paints and dyes. Many manufactured products
and even most natural materials contain small quantities of
elements in concentrations of less than 1 percent. For the crim-
inalist, the presence of these trace elements is particularly use-
ful because they provide “invisible” markers that may
establish the source of a material or at least provide additional
points for comparison.


Emission spectroscopy, inductively coupled plasma, and
atomic absorption spectrophotometry are three techniques
available to forensic scientists for determining the elemental
composition of materials. An emission spectrograph vaporizes
and heats samples to a high temperature so that the atoms pres-
ent in the material achieve an “excited” state. Under these cir-
cumstances, the excited atoms emit light. If the light is separated
into its components, one observes a line spectrum. Each element
present in the spectrum can be identified by its characteristic line
frequencies. In inductively coupled plasma, the sample, in the
form of an aerosol, is introduced into a hot plasma, creating
charged particles that emit light of characteristic wavelengths
corresponding to the identity of the elements present.


In atomic absorption spectrophotometry, the specimen is
heated to a temperature that is hot enough to vaporize its atoms
while leaving a substantial number of atoms in an unexcited
state. The vaporized atoms are then exposed to radiation
emitted from a light source specific for a particular element.
If the element is present in the material under investigation,
a portion of the light is absorbed by the substance. In this
manner, many elements can be detected at levels that ap-
proach one-trillionth of a gram. Neutron activation analysis
measures the gamma-ray frequencies of specimens that have
been bombarded with neutrons. This method provides a highly
sensitive and nondestructive analysis for simultaneously iden-
tifying and quantitating 20 to 30 trace elements. Because this
technique requires access to a nuclear reactor, however, it has
limited value to forensic analysis.


X-ray diffraction is used to study solid, crystalline materi-
als. As the X-rays penetrate the crystal, a portion of the beam is
reflected by each atomic plane. As the reflected beams leave the
crystal’s planes, they combine with one another to form a series
of light and dark bands known as a diffraction pattern. Every
compound produces a unique diffraction pattern, thus giving
analysts a means for “fingerprinting” inorganic compounds.
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application and critical thinking


1. A forensic analyst at the local crime lab receives pieces
of a disfigured bullet from a crime scene. He or she then
obtains an exemplar bullet fired by the firearms analyst
from the suspect’s firearm. What is the next step in
analysis?


2. Only a handful of crime laboratories worldwide have ac-
cess to a nuclear reactor to carry out neutron activation
analysis. What are some possible reasons why this is so?


3. If a forensic analyst wanted to analyze a particular sam-
ple for the presence of trace amounts of an inorganic sub-
stance, would X-ray diffraction be a suitable analytical
tool? Why or why not?


further references


Forensic Analysis: Weighing Bullet Lead Evidence.
Washington, D.C.: National Academies Press, 2004.


Guinn, V. P., “The Elemental Comparison of Bullet-Lead
Evidence Specimens,” in S. M. Gerber, ed., Chemistry
and Crime. Washington, D.C.: American Chemical
Society, 1983.


Houck, Max M., ed., Mute Witnesses: Trace Evidence Analy-
sis. Burlington, Mass.: Elsevier Academic Press, 2001.


Houck, Max M., ed., Trace Evidence Analysis—More Cases
in Mute Witnesses. Burlington, Mass.: Elsevier Academic
Press, 2004.


Settle, F. A., ed., Handbook of Instrumental Techniques for
Analytical Chemistry. Upper Saddle River, N.J.: Prentice
Hall, 1998.


16. The proton and electron (are, are not) of approximately
equal mass.


17. A proton imparts the nucleus of an atom with a
___________ charge.


18. The number of protons (is, is not) always equal to the
number of electrons in orbit around the nucleus of an
atom.


19. Each atom of the same element always has the same
number of ___________ in its nucleus.


20. The number of protons in the nucleus of an atom is called
the ___________.


21. True or False: Each element has its own characteristic set
of energy levels. ___________


22. True or False: To move an electron from one energy
level to the next requires a definite amount of energy.
___________


23. As an electron falls from a higher to a lower energy level,
it emits ___________.


24. The total number of protons and neutrons present in a
nucleus is known as the ___________.


25. Atoms differing only in the number of neutrons present
in their nuclei are called ___________.


26. True or False: Deuterium has the greatest number of
protons of all the isotopes of hydrogen. ___________


27. Radioactivity is composed of the following emissions:
___________, ___________, and ___________.


28. Beta particles are identical to ___________.


29. Electromagnetic waves similar to X-rays but of a higher
energy are ___________.


30. A nuclear reactor is a source of ___________.


31. The technique of bombarding specimens with neutrons
and measuring the resultant gamma ray emissions is
known as ___________.


32. As X-rays are reflected off a material’s surface, they form
a series of light and dark bands known as a(n)
___________.


33. X-ray diffraction patterns are obtained from (crystalline,
amorphous) substances.
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The Lindbergh Baby Case


On the evening of March 1, 1932, a kidnapper
crept up his homemade ladder and stole the baby of Charles
and Anne Lindbergh directly from the second-floor nursery
of their house in Hopewell, New Jersey. The only evidence
of his coming was a ransom note, the ladder, a chisel, and
the tragic absence of the infant. A couple of months later,
though the $50,000 ransom had been paid, the baby
turned up dead in the woods a mile away. There was no
additional sign of the killer. Fortunately, when finally
studied by wood technologist Arthur Koehler, the
abandoned ladder yielded some important
investigative clues (see the case study on page 183).


By studying the types of wood used and the
cutter marks on the wood, Koehler ascertained
where the materials might have come from and
what specific equipment was used to create
them. Koehler traced the wood from a South
Carolina mill to a lumberyard in the Bronx,
New York. Unfortunately the trail went cold, as
the lumberyard did not keep sales records of
purchases. The break in the case came in


1934, when Bruno Richard Hauptmann paid for
gasoline with a bill that matched a serial number on the ransom


money. Koehler showed that microscopic markings on the wood were made by
a tool in Hauptmann’s possession. Ultimately, handwriting analysis of the ransom note


clearly showed it to be written by Hauptmann.


headline news
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After studying this chapter you should be able to:
• List and understand the parts of the compound microscope


• Define magnification, field of view, working distance, and
depth of focus


• Contrast the comparison and compound microscopes


• Understand the theory and utility of the stereoscopic
microscope


• Appreciate how a polarizing microscope is designed to
characterize polarized light


• Appreciate how a microspectrophotometer can be used to
examine trace physical evidence


• Compare and contrast the image formation mechanism of
a light microscope to that of a scanning electron microscope


• Outline some forensic applications of the scanning electron
microscope


the microscope


binocular
condenser
depth of focus
eyepiece lens
field of view
microspectro-


photometer
monocular
objective lens
parfocal
plane-polarized light
polarizer
real image
transmitted


illumination
vertical or reflected


illumination
virtual image


KEY TERMS
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eyepiece lens
The lens of a microscope into
which the viewer looks; same as the
ocular lens


objective lens
The lower lens of a microscope,
which is positioned directly over
the specimen


real image
An image formed by the actual
convergence of light rays on a
screen


virtual image
An image that cannot be seen
directly. It can be seen only by a
viewer looking through a lens


166 CHAPTER 7


Basics of the Microscope
A microscope is an optical instrument that uses a lens or a combination of lenses to magnify
and resolve the fine details of an object. The earliest methods for examining physical evi-
dence in crime laboratories relied almost solely on the microscope to study the structure and
composition of matter. Even the advent of modern analytical instrumentation and techniques
has done little to diminish the usefulness of the microscope for forensic analysis. If anything,
the development of the powerful scanning electron microscope promises to add a new
dimension to forensic science heretofore unattainable within the limits of the ordinary light
microscope.


The earliest and simplest microscope was the single lens commonly referred to as a
magnifying glass. The handheld magnifying glass makes things appear larger than they are be-
cause of the way light rays are refracted, or bent, in passing from the air into the glass and back
into the air. The magnified image is observed by looking through the lens, as shown in Figure 7–1.
Such an image is known as a virtual image; it can be seen only by looking through a lens and
cannot be viewed directly. This is distinguished from a real image, which can be seen directly,
like the image that is projected onto a motion picture screen.


The ordinary magnifying glass can achieve a magnification of about 5 to 10 times. Higher
magnifying power is obtainable only with a compound microscope, constructed of two lenses
mounted at each end of a hollow tube. The object to be magnified is placed under the lower lens,
called the objective lens, and the magnified image is viewed through the upper lens, known as
the eyepiece lens. As shown in Figure 7–2, the objective lens forms a real, inverted, magnified
image of the object. The eyepiece, acting just like a simple magnifying glass, further magnifies
this image into a virtual image, which is what is seen by the eye. The combined magnifying power
of both lenses can produce an image magnified up to 1,500 times.


The optical principles of the compound microscope are incorporated into the basic design of
different types of light microscopes. The microscopes most applicable for examining forensic
specimens are as follows:


1. The compound microscope
2. The comparison microscope
3. The stereoscopic microscope
4. The polarizing microscope
5. The microspectrophotometer


After describing these five microscopes, we will talk about a completely different approach to mi-
croscopy, the scanning electron microscope (SEM). This instrument focuses a beam of electrons,
instead of visible light, onto the specimen to produce a magnified image. The principle and de-
sign of this microscope permit magnifying powers as high as 100,000 times.


Virtual
image


Object


Lens Eye


FIGURE 7–1
The passage of light through a lens, showing how magnification is obtained.
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transmitted illumination
Light that passes up from
the condenser and through
the specimen
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Eyepiece


Real image formed by objective


Eye


Object


Objective


Virtual image
seen by eye


Light source


FIGURE 7–2
The principle of the compound microscope. The passage of light through two lenses
forms the virtual image of the object seen by the eye.


The Compound Microscope
The parts of the compound microscope are illustrated in Figure 7–3. Basically, this microscope
consists of a mechanical system, which supports the microscope, and an optical system. The op-
tical system illuminates the object under investigation and passes the light through a series of
lenses to form an image of the specimen on the retina of the eye. The optical path of light through
a compound microscope is shown in Figure 7–4.


Parts of the Compound Microscope
The mechanical system of the compound microscope is composed of six parts:


Base (1). The support on which the instrument rests.
Arm (2). A C-shaped upright structure, hinged to the base, that supports the microscope and acts


as a handle for carrying.
Stage (3). The horizontal plate on which the specimens are placed for study. The specimens are


normally mounted on glass slides that are held firmly in place on the stage by spring clips.
Body tube (4). A cylindrical hollow tube on which the objective and eyepiece lenses are


mounted at opposite ends. This tube merely serves as a corridor through which light passes
from one lens to another.


Coarse adjustment (5). This knob focuses the microscope lenses on the specimen by raising
and lowering the body tube.


Fine adjustment (6). The movements effected by this knob are similar to those of the coarse
adjustment but are of a much smaller magnitude.


The optical system is made up of four parts:


Illuminator (7). Most modern microscopes use artificial light supplied by a lightbulb to illu-
minate the specimen being examined. If the specimen is transparent, the light is directed up
toward and through the specimen stage from an illuminator built into the base of the micro-
scope. This is known as transmitted illumination. When the object is opaque—that is, not
transparent—the light source must be placed above the specimen so that it can reflect off the
specimen’s surface and into the lens system of the microscope. This type of illumination is
known as vertical or reflected illumination.


vertical or reflected
illumination
Illumination of a specimen from
above; in microscopy it is used to
examine opaque specimens
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FIGURE 7–4
Optics of the compound
microscope.
Courtesy Leica Microsystems, Buffalo, N.Y.,
www.leica-microsystems.com


FIGURE 7–3
Parts of the compound microscope: 
(1) base, (2) arm, (3) stage, (4) body tube, 
(5) coarse adjust, (6) fine adjust, 
(7) illuminator, (8) condenser, (9) objective
lens, and (10) eyepiece lens.
Courtesy Leica Microsystems, Buffalo, N.Y., 
www.leica-microsystems.com
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depth of focus
The thickness of a specimen that is
entirely in focus under a
microscope


field of view
The area of the specimen that can
be seen after it is magnified


WEBEXTRA 7.3
Observe the Concept of Depth
of Focus 
www.mycrimekit.com


WEBEXTRA 7.2
Scan a Sample under the Compound
Microscope
www.mycrimekit.com


WEBEXTRA 7.1
Explore the Concept of Magnifica-
tion with a Compound Microscope
www.mycrimekit.com


monocular
Describes a microscope with one
eyepiece
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Condenser (8). The condenser collects light rays from the base illuminator and concentrates
them on the specimen. The simplest condenser is known as the Abbé condenser. It consists
of two lenses held together in a metal mount. The condenser also includes an iris diaphragm
that can be opened or closed to control the amount of light passing into the condenser.


Objective lens (9). This is the lens positioned closest to the specimen. To facilitate changing
from one objective lens to another, several objectives are mounted on a revolving nosepiece
or turret located above the specimen. Most microscopes are parfocal, meaning that when the
microscope is focused with one objective in position, the other objective can be rotated into
place by revolving the nosepiece while the specimen remains very nearly in correct focus.


Eyepiece or ocular lens (10). This is the lens closest to the eye. A microscope with only one
eyepiece is monocular; one constructed with two eyepieces (one for each eye) is binocular.


Properties of the Compound Microscope
Each microscope lens is inscribed with a number signifying its magnifying power. The image
viewed by the microscopist will have a total magnification equal to the product of the magnifying
power of the objective and eyepiece lenses. For example, an eyepiece lens with a magnification of
10 times (10�) used in combination with an objective lens of 10� has a total magnification power
of 100�. Most forensic work requires a 10� eyepiece in combination with either a 4�, 10�, 20�,
or 45� objective. The respective magnifications will be 40�, 100�, 200�, and 450�.


In addition, each objective lens is inscribed with its numerical aperture (N.A.). The ability of
an objective lens to resolve details into separate images instead of one blurred image is directly
proportional to the numerical aperture value of the objective lens. For example, an objective lens
of N.A. 1.30 can separate details at half the distance of a lens with an N.A. of 0.65. The maximum
useful magnification of a compound microscope is approximately 1,000 times the N.A. of the
objective being used. This magnification is sufficient to permit the eye to see all the detail that
can be resolved. Any effort to increase the total magnification beyond this figure will yield no
additional detail and is referred to as empty magnification.


Although a new student of the microscope may be tempted to immediately choose the high-
est magnifying power available to view a specimen, the experienced microscopist weighs a num-
ber of important factors before choosing a magnifying power. A first consideration must be the
size of the specimen area, or the field of view, that the examiner wishes to study. As magnifying
power increases, the field of view decreases. Thus, it is best to first select a low magnification in
which a good general overall view of the specimen is seen and to switch later to a higher power
in which a smaller portion of the specimen can be viewed in more detail.


The depth of focus is also a function of magnifying power. After a focus has been achieved
on a specimen, the depth of focus defines the thickness of that specimen. Areas above and below
this region will be blurred and can be viewed only when the focus is readjusted. Depth of focus
decreases as magnifying power increases.


The Comparison Microscope
Forensic microscopy often requires a side-by-side comparison of specimens. This kind of exami-
nation can best be performed with a comparison microscope, such as the one pictured in Figure 7–5.
Basically, the comparison microscope is two compound microscopes combined into one unit. The
unique feature of its design is that it uses a bridge incorporating a series of mirrors and lenses to join
two independent objective lenses into a single binocular unit. When a viewer looks through the
eyepiece lenses of the comparison microscope, a circular field, equally divided into two parts by a
fine line, is observed. The specimen mounted under the left-hand objective is seen in the left half of
the field, and the specimen under the right-hand objective is observed in the right half of the field.
It is important to closely match the optical characteristics of the objective lenses to ensure that both
specimens are seen at equal magnification and with minimal but identical lens distortions. Com-
parison microscopes designed to compare bullets, cartridges, and other opaque objects are equipped
with vertical or reflected illumination. Comparison microscopes used to compare hairs or fibers use
transmitted illumination.


Figure 7–6 shows the striation markings on two bullets that have been placed under the
objective lenses of a comparison microscope. Modern firearms examination began with the


condenser
The lens system under the
microscope stage that focuses light
onto the specimen


parfocal
Describes a microscope such that
when an image is focused with one
objective in position, the other
objective can be rotated into place
and the field will remain in focus


binocular
Describes a microscope with two
eyepieces
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FIGURE 7–5
The comparison microscope—
two independent objective
lenses joined together by an
optical bridge.
Mikael Karlsson\Arresting Images Royalty
Free.


FIGURE 7–6
Photomicrograph taken through a comparison microscope. On the right are the
striation markings on the test-fired bullet, fired through the suspect weapon. On the left
are the markings of the crime-scene bullet.
Courtesy Getty Images Inc.—Hulton Archive
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FIGURE 7–7
A stereoscopic microscope.
Courtesy of Mikael Karlsson, Arresting
Images


introduction of the comparison microscope, with its ability to give the firearms examiner a side-by-
side magnified view of bullets. Bullets that are fired through the same rifle barrel display com-
parable rifling markings on their surfaces. Matching the majority of striations present on each
bullet justifies a conclusion that both bullets traveled through the same barrel.


The Stereoscopic Microscope
The details that characterize the structures of many types of physical evidence do not always
require examination under very high magnifications. For such specimens, the stereoscopic mi-
croscope has proven quite adequate, providing magnifying powers from 10� to 125�. This
microscope has the advantage of presenting a distinctive three-dimensional image of an
object. Also, whereas the image formed by the compound microscope is inverted and reversed
(upside-down and backward), the stereoscopic microscope is more convenient because of the
prisms in its light path that permit the formation of a right-side-up image. The stereoscopic
microscope, shown in Figure 7–7, is actually two monocular compound microscopes properly
spaced and aligned to present a three-dimensional image of a specimen to the viewer, who
looks through both eyepiece lenses. The light path of a stereoscopic microscope is shown in
Figure 7–8.


The stereoscopic microscope is undoubtedly the most frequently used and versatile micro-
scope found in the crime laboratory. Its wide field of view and great depth of focus make it an
ideal instrument for locating trace evidence in debris, garments, weapons, or tools. Furthermore,
its potentially large working distance (the distance between the objective lens and the specimen)
makes it quite applicable for the microscopic examination of big, bulky items. When fitted with


IS
B


N
 1


-2
56


-3
37


10
-2


, Tenth Edition, by Richard Saferstein. Published by Prentice Hall. Copyright © 2011 by Pearson Education, Inc.


R
O
D
D
Y
,
 
A
N
T
H
O
N
Y
 
I
S
A
A
C
 
3
7
2
7
B
U








polarizer
A device that permits the passage
of light waves vibrating in only one
plane


plane-polarized light
Light confined to a single plane of
vibration
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vertical illumination, the stereoscopic microscope becomes the primary tool for characterizing
physical evidence as diverse as paint, soil, gunpowder residues, and marijuana.


The Polarizing Microscope
Recall from Chapter 5 that light’s wavelike motion in space can be invoked to explain many facets
of its behavior. The polarizing microscope takes advantage of one of these facts—the fact that
light vibrates.


Polarization
The waves that compose a beam of light can be pictured as vibrating in all directions perpendi-
cular to the direction in which the light is traveling. However, when a beam of light passes
through certain types of specially fabricated crystalline substances, it emerges vibrating in only
one plane. Light that is confined to a single plane of vibration is said to be plane-polarized. The
device that polarizes light in this manner is called a polarizer. A common example of this phe-
nomenon is the passage of sunlight through polarized sunglasses. By transmitting light vibrating
in the vertical plane only, these sunglasses eliminate or reduce light glare. Most glare consists of
partially polarized light that has been reflected off horizontal surfaces and thus is vibrating in a
horizontal plane.


Because polarized light appears no different to the eye from ordinary light, special means
must be devised for detecting it. This is accomplished simply by placing a second polarizing crys-
tal, called an analyzer, in the path of the polarized beam. As shown in Figure 7–9, if the polarizer
and analyzer are aligned parallel to each other, the polarized light passes through and is seen by
the eye. If, on the other hand, the polarizer and analyzer are set perpendicular to one another, or
are “crossed,” no light penetrates, and the result is total darkness or extinction.


16


16


66


FIGURE 7–8
Schematic diagram of a stereoscopic
microscope. This microscope is actually two
separate monocular microscopes, each with
its own set of lenses except for the lowest
objective lens, which is common to both
microscopes.
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Light
source


Polarizer


Analyzer
transmits
polarized
light


Analyzer
turned through
90˚ does not
transmit
polarized light


No light


Polarized
light


Polarized
light containing
only vertical
vibrations


Light
containing
all vibrations


FIGURE 7–9
Polarization of light.


In this manner, a compound or stereoscopic microscope can be outfitted with a polarizer and
analyzer to allow the viewer to detect polarized light. Such a microscope is known as a polarizing
microscope. Essentially, the polarizer is placed between the light source and the sample stage to
polarize the light before it passes through the specimen. The polarized light penetrating the
specimen must then pass through an analyzer before it reaches the eyepiece and finally the eye.
Normally, the polarizer and analyzer are “crossed” so that when no specimen is in place, the field
appears dark. However, introducing a specimen that polarizes light reorients the polarized light,
allowing it to pass through the analyzer. This result produces vivid colors and intensity contrasts
that make the specimen readily distinguishable.


Applications of the Polarized Microscope
The most obvious and important applications of this microscope relate to studying materials that
polarize light. For example, as we learned in Chapter 4 (see page 100), many crystalline sub-
stances are birefringent; that is, they split a beam of light into two light-ray components of dif-
ferent refractive index values. What makes this observation particularly relevant to our discussion
of the polarizing microscope is that the light beams are polarized at right angles to each other.
Thus, polarizing microscopy has found wide application for the examination of birefringent
minerals present in soil. By using the immersion method and selecting the proper immersion
liquids, a refractive index corresponding to each plane of polarized light can be determined. Thus,
when a mineral is viewed under polarized light in a liquid that matches one of its refractive
indices, the Becke line will no longer be visible. This information, plus observations on crystal
color, form, and so on, makes it possible for the microscopist to identify the mineral. Similarly,
criminalists use the fact that many synthetic fibers are birefringent to characterize them with a
polarizing microscope.


The Microspectrophotometer
From a practical point of view, few instruments in a crime laboratory can match the versatility of
the microscope. The microscope’s magnifying power is indispensable for finding minute traces
of physical evidence. Many items of physical evidence can be characterized by a microscopic
examination of their morphological features. Likewise, the microscope can be used to study how
light interacts with the material under investigation, or it can be used to observe the effects that
other chemical substances have on such evidence. Each of these features allows an examiner to
better characterize and identify physical evidence. Recently, linking the microscope to a com-
puterized spectrophotometer has added a new dimension to its capability. This combination has
given rise to a new instrument called the microspectrophotometer.


In many respects, this is an ideal marriage from the forensic scientist’s viewpoint. In Chapter 5,
we saw how a chemist can use selective absorption of light by materials to characterize them. 
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In particular, light in the ultraviolet, visible, and infrared regions of the electromagnetic spectrum
is most helpful for this purpose. Unfortunately, in the past, forensic chemists were unable to take
full advantage of the capabilities of spectrophotometry for examining trace evidence because
most spectrophotometers are not well suited for examining the very small particles frequently
encountered as evidence. However, with the development of the microspectrophotometer, a
forensic analyst can now view a particle under a microscope while a beam of light is directed
at the particle in order to obtain its absorption spectrum. Depending on the type of light
employed, an examiner can acquire either a visible or an IR spectral pattern of the substance
being viewed under the microscope. The obvious advantage of this approach is to provide the
forensic scientist with added information that will characterize trace quantities of evidence.
A microspectrophotometer designed to measure the uptake of visible light by materials is
shown in Figure 7–10.


Visual comparison of color is usually one of the first steps in examining paint, fiber, and ink
evidence. Such comparisons are easily obtained using a comparison microscope. Now, with the
use of the microspectrophotometer, not only can the color of materials be compared visually but,
at the same time, an absorption spectrum can be plotted for each item under examination to dis-
play the exact wavelengths at which it absorbs in the visible-light spectrum. Occasionally colors
that appear similar by visual examination show significant differences in their absorption spec-
tra. An example of this approach is shown in Figure 7–11, in which the microspectrophotometer
is used to distinguish counterfeit and authentic currency by comparing the spectral patterns of
inked lines on currency.


Another emerging technique in forensic science is the use of the infrared microspectropho-
tometer to examine fibers and paints. The “fingerprint” IR spectrum (see page 137) is unique for
each chemical substance. Therefore, obtaining such a spectrum from either a fiber or a paint chip
allows the analyst to better identify and compare the type of chemicals from which these materi-
als are manufactured. With a microspectrophotometer, a forensic analyst can view a substance
through the microscope and at the same time have the instrument plot the infrared absorption
spectrum for that material.


FIGURE 7–10
A visible-light microspectrophotometer.
Courtesy CRAIC Technologies Inc., Altadena, CA. www.microspectra.com
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FIGURE 7–11
Two $50 bills are shown at top; one is genuine and the other is counterfeit. Below each bill is a microphotograph of an
inked line present on each bill. Each line was examined under a visible-light microspectrophotometer. As shown, the
visible absorption spectrum of each line is readily differentiated, thus allowing the examiner to distinguish a
counterfeit bill from genuine currency.
Courtesy Peter W. Pfefferli  
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The Scanning Electron Microscope (SEM)
All the microscopes described thus far use light coming off the specimen to produce a magnified
image. The scanning electron microscope is, however, a special case in the family of microscopes
(see Figure 7–12). The image is formed by aiming a beam of electrons onto the specimen and
studying electron emissions on a closed TV circuit. The beam of electrons is emitted from a hot
tungsten filament and is focused by electromagnets onto the surface of the specimen. ThisIS
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primary electron beam causes the emission of electrons, known as secondary electrons, from the
elements that make up the upper layers of the specimen. Also, 20–30 percent of the primary
electrons rebound off the surface. These electrons are known as backscattered electrons. The
emitted electrons (both secondary and backscattered) are collected and the amplified signal is dis-
played on a cathode-ray or TV tube. By scanning the primary electron beam across the specimen’s
surface in synchronization with the cathode-ray tube, it is possible to convert the emitted elec-
trons into an image of the specimen for display on the cathode-ray tube.


The major attractions of the SEM image are its high magnification, high resolution, and great
depth of focus. In its usual mode, the SEM has a magnification that ranges from 10� to
100,000�. Its depth of focus is some 300 times better than optical systems at similar magnifica-
tions, and the resultant picture is almost stereoscopic in appearance. Its great depth of field and
magnification are exemplified by the magnification of cystolithic hair on the marijuana leaf, as
shown in Figure 7–13. An SEM image of a vehicle’s headlight filaments may reveal whether the
headlights were on or off at the time of a collision (see Figures 7–14 and 7–15).


Another facet of scanning electron microscopy has been the use of X-ray production to
determine the elemental composition of a specimen. X-rays are generated when the electron
beam of the scanning electron microscope strikes a target. When the SEM is coupled to an X-ray
analyzer, the emitted X-rays can be sorted according to their energy values and used to build up
a picture of the elemental distribution in the specimen. Because each element emits X-rays of
characteristic energy values, the X-ray analyzer can identify the elements present in a specimen.
Furthermore, the element’s concentration can be determined by measuring the intensity of the
X-ray emission.


FIGURE 7–12
A scanning electron microscope.
Courtesy Jeol USA Inc., Peabody, Mass., www.jeolusa.com
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FIGURE 7–13
The cystolithic hairs of the
marijuana leaf, as viewed with
a scanning electron
microscope (800�)


FIGURE 7–14
The melted ends of a hot
filament break indicate that
the headlights were on when
an accident occurred.
Courtesy Jeol USA Inc., Peabody, Mass.,
www.jeolusa.com


FIGURE 7–15
The sharp ends of a cold
filament break indicate that
the headlights were off when
an accident occurred.
Courtesy Foster and Freeman
Limited, Worchester Shire, UK,
www.fosterfreemanco.uk 
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FIGURE 7–16
A schematic diagram of a
scanning electron
microscope displaying the
image of a gunshot residue
particle. Simultaneously, an
X-ray analyzer detects and
displays X-ray emissions
from the elements 
lead (Pb), antimony (Sb),
and barium (Ba) present 
in the particle.
Courtesy Aerospace Corp., El
Segundo, Calif.
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> > > > > > > > > > > > > > > > > 
Forensic Palynology—Pollen
and Spores as Evidence


Of the many plant species on earth, more than half
a million produce pollen or spores. The pollen or
spores produced by each species has a unique type
of ornamentation and morphology. This means that
pollen or spores can be identified and used to pro-
vide links between a crime scene and a person or
object if examined by a trained analyst. This tech-
nique is called forensic palynology and includes the
collection and examination of pollen and spores
connected with crime scenes, illegal activities, or
terrorism.


In nature, pollen grains are the single-celled
male gametophytes (reproductive cells) of seed-
bearing plants. The pollen grain wall (exine) is
durable because it protects and carries “the
sperms” needed for plant reproduction. Spores
consist of both the male and female gametes of
plants such as algae, fungi, mosses, and ferns.
Pollen-producing plants are either anemophilous
(their pollen is dispersed by wind) or entomophilous
(their pollen is carried and dispersed by insects or
small animals). Fairly precise geographical loca-
tions can often be identified by the presence of dif-
ferent mixtures of airborne pollens produced by
anemophilous plants. For example, it may be pos-
sible to identify a geographical origin by a profile


One application of scanning electron microscopy has been to determine whether a suspect
has recently fired a gun. In this case, an attempt is made to remove any gunshot particles that
remain on a shooter’s hands by lifting them off with a piece of adhesive tape. The tape is then
examined under the SEM for the presence of particles that may have originated from the bullet
primer. These particles can be characterized by their size, shape, and elemental composition.
As shown in Figure 7–16, when the sample of gunshot residue is exposed to a beam of elec-
trons from the scanning electron microscope, X-rays are emitted. These X-rays are passed into
a detector, where they are converted into electrical signals. These signals are sorted and dis-
played according to the energies of the emitted X-rays. Through the use of this technique, the
elements lead, antimony, and barium, frequently found in most primers, can be rapidly detected
and identified.


WEBEXTRA 7.8
Explore the Scanning Electron
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of the pollen samples retrieved from a suspect’s
clothing simply by the type and percentages of air-
borne pollen grains. Entomophilous plants usually
produce a small amount of pollen that is very sticky
in nature. Therefore, this type of pollen is very
rarely deposited on clothing or other objects
except by direct contact with the plant. This infor-
mation is useful when reconstructing the events of
a crime because it indicates that the clothing, a
vehicle, or other objects may have come into direct
contact with plant types found at a crime scene.


Both spores and pollen are microscopic in size
and are produced by the adult plants and dispersed
by the millions, and both can be analyzed using
similar methods and a variety of microscopic tech-
niques. Using a compound light microscope with
magnification capabilities up to 1,000�, pollen and
spores can usually be identified as coming from a
specific plant family or genus, and at times even a
unique species. However, often the pollen or spores
of related species may appear so similar that identi-
fication of the species is possible only with careful
analysis using an SEM (see Figure 1).


Unique shapes, aperture type, and surface or-
namentation are typically used to identify spore
samples. Useful features for characterizing pollen
grains include shape, apertures, and wall and sur-
face sculpturing. Shapes of pollen grains include
spheres, triangles, ellipses, hexagons, pentagons,
and many other geometric variations. Apertures
are the openings on pollen grains from which
the pollen tube grows and carries the sperms to
the egg to complete fertilization. Sculpturing of the
pollen grain refers to the pattern of the pollen
grain surface.


To avoid destruction or contamination, early
collection of forensic pollen samples for analysis is


important and should be completed as soon as
possible at a crime scene by a trained palynologist.
This kind of expert’s first task is to calculate the es-
timated production and dispersal patterns of
spores and pollen (called the pollen rain) for the
crime scene or area of interest, and then using that
information to produce a kind of “pollen finger-
print” of that location.


The information gained from the analysis of
pollen and spore evidence has many possible uses.
It can link a suspect or object to the crime scene or
the victim, prove or disprove a suspect’s alibi, in-
clude or exclude suspects, track the previous
whereabouts of some item or suspect, or indicate
the geographical origin of some item. In the past,
pollen and spore evidence has also helped locate
human remains and concealed burial sites, estab-
lished the season or time of death of a victim,
located the source areas of illegal drugs and fake
pharmaceuticals, imprisoned terrorists, and proven
the perpetration of illegal poaching or the adulter-
ation of commercial foods.


A case exemplifying the application of forensic
palynology to a criminal investigation occurred
when a victim was kidnapped, robbed, and then
murdered in the eastern part of the American
Midwest.1 The victim’s car was stolen, but later
abandoned when it got stuck in mud near a busy
highway. The next night a drifter was arrested in a
nearby town for breaking into a closed store. While
in jail awaiting trial, the drifter told a fellow inmate
about his car being stuck in the mud and that he
would not be in jail but for that mishap. The other
prisoner, hoping to work a deal for a lighter sen-
tence, told this story to the sheriff.


During the investigation of the crime scene,
one of the law enforcement agents noticed that
there was a large field of mature corn (maize, Zea
mays) growing between the dirt road, where the
stolen car had been abandoned in the mud, and
the nearby highway leading to the next town. The
investigator wondered if traces of torn maize leaves
on the suspect’s clothing might link him to the
crime scene. Fortunately, the drifter’s shirt and
pants had been removed and stored in sterile pa-
per bags when he was arrested. As with all prison-
ers in that region, he had been given a pair of
orange overalls to wear while in jail.


The shirt and pants were sent to a botanist who
was asked to search for traces of maize leaves on the


FIGURE 1
Scanning electron micrograph of ragweed pollen
at a magnification of 951�.
Dennis Kunkel\Phototake NYC


1 V. M. Bryant and G. D. Jones, “Forensic Palynology: Current Status
of a Rarely Used Technique in the United States of America,”
Forensic Science International, vol. 163, 2006, pp. 183–197.


> > > > > > > > > > > > > > > > >


(continued )
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clothing. The botanist was also a palynologist, and
thus also collected samples and searched for traces
of pollen. The pollen samples provided the best re-
sults. The samples collected from the suspect’s shirt
revealed that the neck and shoulder region of the
shirt had high concentrations of fresh maize pollen.
The forensic sample collected from the pants also
contained maize pollen, but in a lower percentage.


Forensic Palynology—Pollen and
Spores as Evidence (continued)


The forensic pollen data indicated that the drifter
had recently walked through a maize field similar to
the one between the abandoned car and the high-
way. As he walked through the field, he had brushed
against blooming male tassels on the corn plants
that were about head high. This accounted for the
high amount of maize pollen found on the shoulder
and neck area of the shirt. Lesser amounts of maize
pollen also fell on his pants as he walked through the
field. While the suspect awaited trial, additional evi-
dence and several fingerprints from the victim’s farm
also linked him to the murder.


A microscope is an optical instrument that uses a lens or a
combination of lenses to magnify and resolve the fine de-
tails of an object. Various types of microscopes are used to
analyze forensic specimens. In the basic compound micro-
scope, the object to be magnified is placed under the lower
lens, called the objective lens, and the magnified image is
viewed through the upper lens, known as the eyepiece lens.
Forensic microscopy often requires side-by-side compari-
son of specimens. The comparison microscope consists of
two independent objective lenses joined together by an
optical bridge to a common eyepiece lens. When a viewer
looks through the eyepiece lens of the comparison micro-
scope, the objects under investigation are observed side-
by-side in a circular field that is equally divided into two
parts. Modern firearms examination began with the intro-
duction of the comparison microscope, with its ability to
give the firearms examiner a side-by-side magnified view of
bullets. The stereoscopic microscope is actually two monoc-
ular compound microscopes properly spaced and aligned to
present a three-dimensional image of a specimen to the
viewer, who looks through both eyepiece lenses. Its large


working distance makes it quite applicable for the micro-
scopic examination of big, bulky items.


Light that is confined to a single plane of vibration is said
to be plane-polarized. The examination of the interaction of
plane-polarized light with matter is made possible with the po-
larizing microscope. Polarizing microscopy has found wide
applications for the study of birefringent materials, that is, ma-
terials that have a double refraction. These refractive index
data help identify minerals present in a soil sample or the iden-
tity of a manufactured fiber. The microspectrophotometer is a
spectrophotometer coupled with a light microscope. The ex-
aminer studying a specimen under a microscope can simulta-
neously obtain the visible absorption spectrum or IR spectrum
of the material being observed.


Finally, the scanning electron microscope (SEM)
bombards a specimen with a beam of electrons instead of
light to produce a highly magnified image from 10� to
100,000�. The bombardment of the specimen’s surface
with electrons normally produces X-ray emissions that can
be used to characterize elements present in the material
under investigation.


> > > > > > > > > > >chapter summary


> > > > > > > > > > > > > > > > >
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review questions


1. A microscope uses a combination of ___________ to
magnify an image.


2. A type of image that cannot be viewed directly is called
a(n) ___________ image.


3. A(n) ___________ microscope consists of two lenses
mounted at each end of a hollow tube.


4. The lens closest to the specimen is called the
___________.


5. The lens nearest the viewer’s eye is called the
___________.


6. The image seen through a compound microscope is
(virtual, real).


7. True or False: The coarse and fine adjustments are part
of the microscope’s mechanical system. ___________


8. A transparent specimen is viewed through a microscope
using ___________ light.


9. An opaque object requires ___________ illumination
for viewing with a microscope.


10. A(n) ___________ collects light rays from the base
illuminator and concentrates them on the specimen.


11. A microscope that remains in focus regardless of
which objective lens is rotated into place is
___________.


12. A microscope with only one eyepiece is ___________;
one with two eyepieces is ___________.


13. Each microscope lens is inscribed with a number signi-
fying its ___________.


14. An eyepiece lens of 10� used in combination with an
objective lens of 20� has a total magnification power
of ___________.


15. The ability of an objective lens to resolve details into
separate images is directly proportional to its
___________.


16. The size of the specimen area in view is known as the
___________.


17. As magnification increases, the field of view (in-
creases, decreases).


18. The thickness of a specimen in view is known as the
___________.


19. The depth of focus (increases, decreases) with increas-
ing magnification.


20. A side-by-side view of two specimens is best obtained
with the ___________ microscope.


21. True or False: A bridge is used to join two independent
objective lenses into a single binocular unit to form a
comparison microscope. ___________


22. Two monocular compound microscopes properly spaced
and aligned describe the ___________ microscope.


23. True or False: The stereoscopic microscope is the
least frequently used microscope in a typical crime
laboratory. ___________


24. The stereoscopic microscope offers a large ___________
between the objective lens and the specimen.


25. Light confined to a single plane of vibration is said to be
___________.


26. If a polarizer and analyzer are placed (perpendicular,
parallel) to each other, no light penetrates.


27. The ___________ microscope allows a viewer to detect
polarized light.


28. Crystals that are ___________ produce two planes of
polarized light, each perpendicular to the other.


29. By using the ___________, one can view a particle
under a microscope while a beam of light is di-
rected at the particle in order to obtain its absorption
spectrum.


30. The ___________ microscope focuses a beam of
electrons on a specimen to produce an image.


31. When a beam of electrons strikes a specimen,
___________ are emitted whose energies correspond to
elements present in the specimen.


1. A forensic biologist must examine the outside of a
small leaf and a thin slice of the leaf one cell thick. She
has at her disposal a transmitted light microscope and
a stereomicroscope (vertical illumination). What in-
strument should she use for the analysis of each object
and why?


2. A trace evidence analyst places crystals of an uniden-
tified white powder onto the stage of a polarizing


application and critical thinking


microscope and observes the crystals through the
eyepiece. Under correct focus, some of the crystals
show bright colors while others appear very dark and
hardly distinguishable. What can be concluded about
the contents of the white powder?


3. Numerous red-colored fibers from a sexual assault crime
scene are delivered to the crime lab along with red fibers
from the suspect’s clothing. What instrument should the
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2. How did Koehler determine that a belt-driven planer
had been used to finish the wood? How did this
information help pinpoint the location where the wood
was purchased?


3. The wood used to make the rails was very common
and used widely throughout the United States. Why
did Koehler believe it was milled in the same general
area where the kidnapping occurred? How did this
information help the investigation?


4. What additional discoveries allowed Koehler to link the
wood used in the ladder to Bruno Hauptmann?


case analysis 


trace analyst use to view the fibers and obtain chemical
information that could be used to compare the crime-
scene and clothing samples?


4. Upon arriving at the crime scene of an attempted homi-
cide, police officers observe a man fleeing the scene and


apprehend him. He is suspected to be the shooter in the
attempted homicide, and the police wish to test his hands
for the presence of compounds consistent with gunshot
residue. How should they proceed?


In the 1930s, the Lindbergh kidnapping case became the lat-
est “trial of the century,” marked by sensationalism and contin-
uous media coverage. The key piece of evidence was a
homemade ladder left at the scene by the kidnapper. Forensic
investigation of the ladder by Arthur Koehler, a wood technol-
ogist with the U.S. Forest Products Laboratory, eventually tied
the accused kidnapper, Bruno Hauptmann, to the ladder and
helped secure his conviction for the crime.


1. What aspects of the ladder rail did Koehler note that
helped him determine the source of the wood used to
make it? How did Koehler interpret each of these pieces
of information to arrive at his conclusions?
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. . . Arthur Koehler . . . wood technologist and chief of the division of silvicultural relations at the
U.S. Forest Products Laboratory in Madison, Wisconsin, . . . was born on June 4, 1885, in Mishicot,
Wisconsin. His father was a carpenter and young Koehler grew up on a farm with a love of both wood
and fine tools. This love naturally led him into forestry and he received a B.S. degree in the subject
from the University of Michigan in 1911. . . . Upon graduation he went to work for the U.S. Forest Ser-
vice in Washington, D.C., and three years later obtained a post at the U.S. Forest Products Laboratory
where he served in various capacities until his retirement.


Although his primary responsibilities lay in wood identification and the correlation of microscopic
wood structure and end use, Koehler also began to build a reputation as a wood detective after his suc-
cess in obtaining evidence from wood fragments which were submitted to the laboratory in several
cases of local importance. . . . The case which thrust Koehler into the limelight of international pub-
licity, however, was the Lindbergh kidnapping case in which he, by the most painstaking work, traced
the kidnap ladder back to the lumberyard from which its constituent parts had been purchased.


Sometime between the hours of 8 and 10 P.M. on the night of March 1, 1932, a kidnapper climbed
into the nursery of the newly completed home of Charles and Anne Lindbergh in Hopewell, New Jersey,
and abducted their infant son. The only clues left behind were a few indistinct muddy footprints, a ran-
som note in the nursery, a homemade ladder and a chisel found a short distance from the house. Scarcely
two months later, on May 12, the dead body of the child was found, half buried in the woods, about a
mile from the Lindbergh home. One of the most intensive manhunts in U.S. history ensued, but failed to
uncover any trace of the kidnapper or the ransom money which had been paid.1


Shortly after the news of the kidnapping broke in the press Koehler wrote a letter to Colonel Lindbergh
offering his services to help with the investigation of the ladder. He never received a reply (which was not
surprising considering the flood of mail which arrived at the Lindbergh home in the weeks following the
kidnapping). He was not entirely surprised though when his boss, Carlyle P. Winslow, placed before him
some slivers of the ladder with the request that the wood be accurately identified.2 This Koehler did, not-
ing in his report the presence of golden brown, white and black wool fibers which he speculated might be
from clothing worn by the kidnapper. That was the last he heard about the ladder for almost a year. Dur-
ing this time it was carried around the country (carefully wrapped in a wool blanket) to various experts
including specialists at the National Bureau of Standards.3 However, after a year of investigation the au-
thorities were no closer to arresting a suspect than they were the day after the crime.


It was almost a year after the kidnapping when Koehler was asked by the head of the U.S. Forest
Service, Major Robert Y. Stuart, to travel to Trenton to give the ladder an in-depth examination. Dis-
cussions between Colonel Norman Schwarzkopf, who headed the New Jersey State Police (and the
kidnap investigation), and Major Stuart had convinced Colonel Schwarzkopf that the ladder might still
yield clues about its maker if Koehler were given a chance to examine it thoroughly. Schwarzkopf
wasn’t too certain about Koehler’s ability (“Wasn’t he the one who identified the blanket fibers on the
wood we sent him?” he asked) but felt he had nothing to lose.


For the first time, Koehler saw the ladder (Figure 1). He was immediately struck by the fact that,
although it was cleverly contrived, it was shamefully constructed. Instead of rungs it had cleats, which
had been carelessly mortised with a dull chisel. A dull hand plane had been used needlessly in some
places and a handsaw had been drawn carelessly across some of the boards.


Reprinted in part from The Microscope, vol. 31, no. 1 (1983), pp. 1–14. Copyright 1982 by McCrone
Research Institute, Inc., and reprinted by permission of the copyright owner.


Skip Palenik
Walter C. McCrone Associates Inc.


1 Waller, George. Kidnap: The Story of the Lindbergh Case. Dial Press, New York, 1961.
2 Koehler, Arthur. “Who Made That Ladder?” as told to Boyden Sparkes. The Saturday Evening Post, 297, p. 10,


April 20, 1935.
3 Saylor, Charles Proffer. “Optical Microscopy as Used in Unorthodox Ways,” SPIE, 104, Multi-disciplinary Microscopy,


31–33, 1977.
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4 Koehler, Arthur. The Saturday Evening Post, 297, p. 84, April 20, 1935.
5 Isenberg, Irving. Pulpwoods of the United States and Canada. Institute of


Paper Chemistry, Appleton, Wisc., pp. 19–22, 1951.
6 Christensen, Donna. Wood Technology and the Lindbergh Kidnap Case.


Report, May 1971.
7 Koehler, Arthur. “Techniques Used in Tracing the Lindbergh Kidnapping


Ladder,” Am. J. Police Science, 27, 5 (1937).
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Figure 2 shows the operation of a mill planer in diagrammatic
form. Defects in the cutters allowed the number of knives in
the cutters to be determined by counting cutter marks between
defect marks. Eight cutter heads dressed the wide surface and
six heads the edges. . . .


The lumber went through the planer at a rate of 0.93 inches
per complete revolution of the top and bottom cutter heads and
0.86 inches per revolution of the cutter heads that dressed the
edges. This was determined by the distance of identical cuts
made by a defective knife on each surface. . . .7 Using the fact
that the cutters in mill planers are usually driven at 3600 rev-
olutions per minute it was possible to calculate the speed at
which the wood passed into the planer as 258 feet per minute
for the edge and 279 feet per minute for the board surfaces.
The difference in the speed of the horizontal and vertical heads
indicated that the planer was belt driven.


Alone for four days, Koehler studied the ladder in the police
training school in Wilburtha. He then returned to the Forest Prod-
ucts Laboratory with the ladder and closed himself up in a private
laboratory with the best optical equipment available.4 He began by
completely dissecting the ladder into its component parts. Each
piece was numbered. The cleats were labeled 1 (bottom) through 11
(top). The rails were numbered starting from 12 (bottom left) to 17
(right-hand top). . . . Each mark was noted and indexed. After prob-
ing with microscopes, calipers and a variety of lighting and photo-
graphic techniques, the ladder slowly began to give up its secrets.


The sheer number of observations, facts and deductions
about the origin of the ladder (and its producer) made by
Koehler are truly staggering. We are concerned here only with
those facts and observations which (1) allowed the parts to be
traced and (2) described the carpenter and the previous environ-
ment of the ladder. The results were presented not as the subject
of a single report but of daily letters to the director of the
laboratory. As certain aspects were revealed they were pursued
until the object could be traced no further. The most pertinent
observations and deductions are listed and described below.


1. Microscopical examination showed four types of wood were
used (Table 1). North Carolina pine is a trade name for wood
from the southern yellow pine group which grows in commer-
cial stands in the Southern U.S. along the Gulf of Mexico and
along the Eastern Seaboard up into New Jersey and southern
New York.5 Douglas fir and ponderosa pine grow in the West-
ern U.S. and birch is found throughout the country.6


2. Rails 12 and 13 showed faint marks which gave information
about the planer in the mill where the wood was dressed. . . .


FIGURE 1
The ladder used in the kidnapping of the Lindbergh baby.
© CORBIS. All rights reserved.


TABLE 1
Woods Used in Kidnap Ladder


Cleats


1–10 Ponderosa pine. 1 � 6-inch boards ripped
lengthwise into strips 23⁄4 inches wide to
make cleats.


11 Douglas fir. Grain matched bottom of rail 15.


Side Rails
12, 13 North Carolina pine. Second growth. Cut


from one board originally 14 feet long.
Dressed to 33⁄4 inches in width. Both dressed
on same planer.


14, 15 Douglas fir. Dressed on two different planers.
16 North Carolina pine. Narrowed from a wider


board as indicated by handsaw and hand-
planer marks on edges.


17 Douglas fir. Dressed on different planers
than 14 and 15.


Dowel Pins
Birch


FIGURE 2
Detail of a cutter head illustrating how a defect allowed
the number of knives to be determined. ISB
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3. Rail 16 had four nail holes made by old fashioned square cut 8-
penny nails. The holes had no connection with the construction
of the ladder and therefore indicated prior use. The nail holes
were clean and free from rust indicating inside use. This was
confirmed by the general appearance of the rail which, although
sapwood, showed no sign of exposure to the weather for any
length of time since it was bright and unchecked. Therefore, it
must have been nailed down indoors. Since it was low-grade
lumber it would not have been used for finish purposes, but for
rough construction. The spacing of the nails at 16 and 32 inches
was considered significant and the suggestion was made that the
rail came from the interior of a barn, garage or attic.


After an initial, futile attempt to trace the birch dowels,
Koehler set out to try and trace the North Carolina rails (num-
bers 12 and 13). Although North Carolina pine grew in a large
region it would not be profitable to ship it far, and since the lad-
der had turned up in New Jersey he felt certain that it had been
milled somewhere in the Atlantic States. Using the Southern
Lumberman’s Directory, a list of 1598 planing mills from Al-
abama to New York was compiled. A confidential letter from


Colonel Schwarzkopf and a two-page description written by
Koehler were sent off to all of the mills on the list.


Of all the letters sent, only 25 mills reported having planers
which matched the specifications outlined in the letter. Two were
immediately excluded since they didn’t dress lumber of the req-
uisite size. Samples of 1- � 4-inch wood were requested from
each of the remaining 23 mills. A sample received from the M. G.
and J. J. Dorn mill of McCormick, South Carolina, showed
exactly the marks Koehler was looking for.


A visit to the mill showed that the particular spacing was due
to a pulley which had been purchased in September of 1929. The
records of the mill showed that forty-six carloads of 1�4 had
been shipped north of the Potomac River in the time between the
purchases of the pulley and the kidnapping. . . . After personally
visiting the final destination of each of the shipments, Koehler
and Detective Bornmann finally arrived at a Bronx firm, the
National Lumber and Millwork Company. Although the entire
shipment had long before been sold, the foreman remembered
that some storage bins had been built from some of the wood. The
wood matched that from the ladder perfectly (Figures 3 and 4).
Examination of wood from shipments before and after the Bronx


FIGURE 3
Comparison of knife marks from mill planer on
edges of 1- � 4-inch pine from two shipments
from the Dorn mill and a ladder rail.


FIGURE 4
Comparison of knife marks on
upper surface of ladder rail and
North Carolina pine board
located in shipment to the
National Lumber and Millwork
Company.
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Hauptmann’s garage a variety of tools were found whose mark-
ings could be compared with those from the ladder. Comparative
micrographs of marks made with Hauptmann’s plane and
plane marks on the ladder showed that his plane was used to plane
the cleats (Figure 5). Finally, one of the investigators searching the
attic of the suspect’s home found that a board had been sawed
out of the floor (Figure 6).


Koehler’s examination showed that the nail holes in the floor
joists and the ladder rail (No. 16) aligned perfectly. A detailed
analysis of the grain and wood itself showed that rail 16 and the
section of board remaining in the attic were originally all one
piece (Figure 7 and Figure 8).


Richard Bruno Hauptmann was convicted and sentenced to
death in a sensational trial. Although, in retrospect, there may
have been many errors and a good deal of prejudice in the trial
itself, the professionalism and objectiveness of Arthur Koehler
still stand as an example of science at its best in the service of
the law. . . .


FIGURE 5
Comparison of defect marks in Hauptmann’s hand-plane with marks on cleats (rungs) from the ladder.


FIGURE 6
Rail 16 fitted into its original position in Hauptmann’s attic.


carload showed that the belt on the planer had been changed and
the knife sharpened. This meant that this shipment was the only
one from which the two particular rails from the attic could
have come. Whoever built the ladder had purchased part of the
wood here!


Koehler was unprepared for the foreman’s answer to his
request to see the sales records. They had none. They had started
selling cash and carry sometime before the Dorn shipment arrived
and had no records. Although he had failed to come up with
the carpenter’s name, the authorities at least now knew the
region where the kidnapper lived and bought his wood for the
ladder.


Koehler went back to his laboratory and, undaunted, started
tracing the Douglas fir rails. At the time a suspect was arrested, he
had succeeded in tracing one of the boards to a mill in Bend, Ore-
gon, and another to Spokane, Washington. With the arrest of
Richard Hauptmann on September 19, 1934, . . . his role in the
case changed from an investigative to a comparative one. In
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FIGURE 7
Composite photograph by Koehler showing comparison
of end grain (growth rings) in board from attic and rail 16.


FIGURE 8
Construction by Koehler showing probable grain pattern of missing piece
between attic board and rail 16.
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Pablo Escobar, Drug Lord


In 1989, Forbes magazine listed Pablo
Escobar as the seventh richest man in the
world. Escobar began his climb to wealth as a teenage
car thief in the streets of Medellin, Colombia. He eventually
moved into the cocaine-smuggling business. At the peak
of his power in the mid-1980s, he was shipping as much
as eleven tons of cocaine per flight in jetliners to the
United States. Estimates are that the Medellin cartel
controlled 80 percent of the world’s cocaine market
and was taking in about $25 billion annually. Escobar
ruthlessly ruled by the gun: murdering, assassinating,
and kidnapping. He was responsible for killing three
presidential candidates in Colombia as well as the
storming of the Colombian Supreme Court, which
resulted in the murder of half the justices. All the
while, Escobar curried favor with the Colombian
general public by cultivating a Robin Hood
image and distributing money to the poor. In
1991, hoping to avoid extradition to the
United States, Escobar turned himself in to
the Colombian government and agreed to


be sent to prison. However, the prison compound
could easily be mistaken for a country club. There he continued his


high-flying lifestyle, trafficking by telephone and even murdering a few
associates. When the Colombian government attempted to move Escobar to another jail,


he escaped, again fearing extradition to the United States. Pressured by the U.S. government, Colombia
organized a task force dedicated to apprehending Escobar. The manhunt for Escobar ended on
December 2, 1993, when he was cornered on the roof of one of his hideouts. A shootout ensued and
Escobar was fatally wounded by a bullet behind his ear.


headline news
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After studying this chapter you should be able to:
• Compare and contrast psychological and physical dependence


• Name and classify the commonly abused drugs


• List and define the schedules of the Controlled Substances Act


• Describe the laboratory tests normally used to perform a
routine drug identification analysis


• Explain the testing procedures used for forensic identification
of marijuana


• Understand the proper collection and preservation of drug
evidence


drugs


anabolic steroids
analgesic
confirmation
depressant
hallucinogen
microcrystalline tests
narcotic
physical dependence
psychological


dependence
screening test
stimulant
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physical dependence
Physiological need for a drug that
has been brought about by its
regular use. Dependence is
characterized by withdrawal
sickness when administration of the
drug is abruptly stopped


psychological dependence
Conditioned use of a drug caused
by underlying emotional needs


190 CHAPTER 8


A drug can be defined as a natural or synthetic substance that is used to produce physiological
or psychological effects in humans or other higher-order animals. However, this colorless
clinical definition does not really tell us what drugs are; in their modern context, drugs mean
something different to each person. To some, drugs are a necessity for sustaining and prolong-
ing life; to others, drugs provide an escape from the pressures of life; to still others, they are a
means of ending it.


Considering the wide application and acceptance of drugs in our society, it was perhaps in-
evitable that a segment of our population would abuse them. During the 1960s, successive waves
of hallucinogens, amphetamines, and barbiturates found their way out of laboratories, pharma-
cies, and medicine chests and into the streets. During this decade, marijuana became the most
widely used illicit drug in the United States, and alcohol consumption continued to rise—today
90 million Americans drink alcohol regularly, and 10 million of these are hopelessly addicted or
have severe problems in coping with their drinking habits. In the 1970s, heroin addiction emerged
as a national problem, and today the United States is in the midst of an epidemic of cocaine abuse.


Drug abuse has grown from a problem generally associated with members of the lower end
of the socioeconomic ladder to one that cuts across all social and ethnic classes of society. Today,
approximately 23 million people in the United States use illicit drugs, including about a half
million heroin addicts and nearly six million users of cocaine.


In the United States, more than 75 percent of the evidence evaluated in crime laboratories is
drug related. The deluge of drug specimens has forced the expansion of existing crime laborato-
ries and the creation of new ones. For many concerned forensic scientists, the crime laboratory’s
preoccupation with drug evidence represents a serious distraction from time that could be devoted
to evaluating evidence related to homicides and other types of serious crimes. However, the in-
creasing caseloads associated with drug evidence have justified the expansion of forensic labo-
ratory services. This expansion has increased the overall analytical capabilities of crime
laboratories.


Drug Dependence
In assessing the potential danger of drugs, society has become particularly conscious of their
effects on human behavior. In fact, the first drugs to be regulated by law in the early years of the
twentieth century were those deemed to have “habit-forming” properties. The early laws were
aimed primarily at controlling opium and its derivatives, cocaine, and later marijuana. Today, it
is known that the ability of a drug to induce dependence after repeated use is submerged in a com-
plex array of physiological and social factors.


Dependence on drugs exists in numerous patterns and in all degrees of intensity, depending
on the nature of the drug, the route of administration, the dose, the frequency of administration,
and the individual’s rate of metabolism. Furthermore, nondrug factors play an equally crucial role
in determining the behavioral patterns associated with drug use. The personal characteristics of
the user, his or her expectations about the drug experience, society’s attitudes and possible re-
sponses, and the setting in which the drug is used are all major determinants of drug dependence.


The question of how to define and measure a drug’s influence on the individual and its dan-
ger to society is difficult to assess. To this end, the nature and significance of drug dependence
must be considered from two overlapping points of view: the interaction of the drug with the in-
dividual, and the drug’s impact on society. It will be useful when discussing the nature of the drug
experience to approach the problem from two distinctly different aspects of human behavior—
psychological dependence and physical dependence.


Psychological Dependence
The common denominator that characterizes all types of repeated drug use is the creation of a
psychological dependence for continued use of the drug. It is important to discard the unrealis-
tic image that all drug users are hopeless “addicts” who are social dropouts. Most users present
quite a normal appearance and remain both socially and economically integrated in the life of the
community.


The reasons why some people abstain from drugs while others become moderately or heavily
involved are difficult if not impossible to delineate. Psychological needs arise from numerous
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personal and social factors that stem from the individual’s desire to create a sense of well-being
and to escape from reality. In some cases, the individual may be seeking relief from personal
problems or stressful situations, or he or she may be trying to sustain a physical and emotional
state that permits an improved level of performance. Whatever the reasons, the underlying
psychological needs and the desire to fulfill them create a conditioned pattern of drug abuse.


The intensity of the psychological dependence associated with a drug’s use is difficult to de-
fine and largely depends on the nature of the drug used. For drugs such as alcohol, heroin,
amphetamines, barbiturates, and cocaine, continued use is likely to result in a high degree of
involvement. Other drugs, such as marijuana and codeine, appear to have a considerably lower
potential for the development of psychological dependence. However, this does not imply that
repeated abuse of drugs deemed to have a low potential for psychological dependency is safe or
will always produce low psychological dependence. We have no precise way of measuring or
predicting the impact of drug abuse on the individual. Even if a system could be devised for
controlling the many possible variables affecting a user’s response, the unpredictability of the
human personality would still have to be considered; the personal inadequacies of the drug user
represent the underlying motivation for drug use.


Our general knowledge of alcohol consumption should warn us of the fallacy of generaliz-
ing when attempting to describe the danger of drug abuse. Obviously, not all alcohol drinkers are
psychologically addicted to the drug; most are “social” drinkers who drink in reasonable amounts
and on an irregular basis. Many people have progressed beyond this stage and consider alcohol a
necessary crutch for dealing with life’s stresses and anxieties. However, alcohol abusers exhibit
a wide range of behavioral patterns, and to a large extent the degree of psychological dependency
must be determined individually. Likewise, it would be fallacious to generalize that all users of
marijuana can at worst develop a low degree of dependency on the drug. A wide range of factors
also influence marijuana’s effect, and heavy users of the drug expose themselves to the danger of
developing a high degree of psychological dependency.


Physical Dependence
Whereas emotional well-being is the primary motive leading to repeated and intensive use of a drug,
certain drugs, when taken in sufficient dose and frequency, are capable of producing physiological
changes that encourage their continued use. Once the user abstains from such a drug, severe physi-
cal illness follows. The desire to avoid this withdrawal sickness or abstinence syndrome ultimately
causes physical dependence, or addiction. Hence, for the addict who is accustomed to receiving large
doses of heroin, the thought of abstaining and encountering body chills, vomiting, stomach cramps,
convulsions, insomnia, pain, and hallucinations is a powerful inducement for continued drug use.


Interestingly, some of the more widely abused drugs have little or no potential for creating
physical dependence. Drugs such as marijuana, LSD, and cocaine create strong anxieties when
their repeated use is discontinued; however, no medical evidence attributes these discomforts to
physiological reactions that accompany withdrawal sickness. On the other hand, use of alcohol,
heroin, and barbiturates can result in development of physical dependency.


Physical dependency develops only when the drug user adheres to a regular schedule of drug
intake; that is, the interval between doses must be short enough so that the effects of the drug
never wear off completely. For example, the interval between injections of heroin for the drug ad-
dict probably does not exceed six to eight hours. Beyond this time the addict begins to experience
the uncomfortable symptoms of withdrawal. Many heroin users avoid taking the drug regularly
for fear of becoming physically addicted to its use. Similarly, the risk of developing physical
dependence on alcohol becomes greatest when the consumption is characterized by a continuing
pattern of daily use in large quantities.


Table 8–1 categorizes some of the more commonly abused drugs according to their effect on
the body and summarizes their tendency to produce psychological dependency and to induce
physical dependency with repeated use.


Societal Aspects of Drug Use
The social impact of drug dependence is directly related to the extent to which the user has be-
come preoccupied with the drug. Here, the most important element is the extent to which drug
use has become interwoven in the fabric of the user’s life. The more frequently the drug satisfies
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TABLE 8–1
The Potential of Some Commonly Abused Drugs to Produce Dependency
with Regular Use


Drug
Psychological
Dependence


Physical
Dependence


Narcotics
Morphine High Yes
Heroin High Yes
Methadone High Yes
Codeine Low Yes


Depressants
Barbiturates (short-acting) High Yes
Barbiturates (long-acting) Low Yes
Alcohol High Yes
Methaqualone (Quaalude) High Yes
Meprobamate (Miltown, Equanil) Moderate Yes
Diazepam (Valium) Moderate Yes
Chlordiazepoxide (Librium) Moderate Yes


Stimulants
Amphetamines High ?
Cocaine High No
Caffeine Low No
Nicotine High Yes


Hallucinogens
Marijuana Low No
LSD Low No
Phencyclidine (PCP) High No


the person’s need, the greater the likelihood that he or she will become preoccupied with its use,
with a consequent neglect of individual and social responsibilities. Personal health, economic
relationships, and family obligations may all suffer as the drug-seeking behavior increases in
frequency and intensity and dominates the individual’s life. The extreme of drug dependence may
lead to behavior that has serious implications for the public’s safety, health, and welfare.


Drug dependence in its broadest sense involves much of the world’s population. As a result,
a complex array of individual, social, cultural, legal, and medical factors ultimately influence
society’s decision to prohibit or to impose strict controls on a drug’s distribution and use. In-
variably, society must weigh the beneficial aspects of the drug against the ultimate harm its abuse
will do to the individual and to society as a whole. Obviously, many forms of drug dependence
do not carry sufficient adverse social consequences to warrant their prohibition, as illustrated by
the widespread use of such drug-containing substances as tobacco and coffee. Although heavy
and prolonged use of these drugs may eventually damage body organs and injure an individual’s
health, there is no evidence that they result in antisocial behavior, even with prolonged or exces-
sive use. Hence, society is willing to accept widespread use of these substances.


We are certainly all aware of the disastrous failure in the United States to prohibit the use of
alcohol during the 1920s and the current debate on whether marijuana should be legalized. Each
of these issues emphasizes the delicate balance between individual desires and needs and soci-
ety’s concern with the consequences of drug abuse; moreover, this balance is continuously subject
to change and reevaluation.


Types of Drugs
Narcotic Drugs
The term narcotic is derived from the Greek word narkotikos, which implies a state of lethargy
or sluggishness. Pharmacologists classify narcotic drugs as substances that bring relief from pain
and produce sleep. Unfortunately, “narcotic” has come to be popularly associated with any drug
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that is socially unacceptable. As a consequence of this incorrect usage, many drugs are improp-
erly called narcotics.


Furthermore, this confusion has produced legal definitions that are at variance with the phar-
macological actions of many drugs. For example, until the early 1970s, most drug laws in the
United States incorrectly designated marijuana as a narcotic; even now, many drug-control laws
in the United States, including the federal law, classify cocaine as a narcotic drug. Pharmacolog-
ically, cocaine is actually a powerful central nervous system stimulant, possessing properties op-
posite to those normally associated with the depressant effects of a narcotic.


OPIATES Medical professionals apply the term opiate to most of the drugs properly classi-
fied as narcotics. Narcotic drugs are analgesics—that is, they relieve pain by depressing the
central nervous system. Regular use of a narcotic drug leads to physical dependence, with all
of its dire consequences. The source of most analgesic narcotics is opium, a gummy, milky
juice exuded through a cut made in the unripe pod of the poppy (Papaver somniferium), a plant
grown mostly in parts of Asia. Opium is brownish in color and has a morphine content ranging
from 4 to 21 percent.


Although morphine is readily extracted from opium, for reasons that are not totally known, most
addicts prefer to use one of its derivatives, heroin. Heroin is made rather simply by reacting mor-
phine with acetic anhydride or acetyl chloride (see Figure 8–1). Heroin’s high solubility in water
makes its street preparation for intravenous administration rather simple, for only by injection are
heroin’s effects almost instantaneously felt and with maximum sensitivity. To prepare the drug for
injection, the addict frequently dissolves it in a small quantity of water in a spoon. The process can
be speeded up by heating the spoon over a candle or several matches. The solution is then drawn into
a syringe or eyedropper for injection beneath the skin. Figure 8–2 shows some of the paraphernalia
typically associated with street administration of heroin. Besides being a powerful analgesic, heroin
produces a “high” that is accompanied by drowsiness and a deep sense of well-being; however, the
effect is short, generally lasting only three to four hours. Regular use of heroin—or any other nar-
cotic drug—invariably leads to physical dependence, with all of its dire consequences.


The content of a typical heroin bag is an excellent example of the uncertainty attached to buy-
ing illicit drugs. For many years into the 1960s and early 1970s, the average bag contained 15 to
20 percent heroin. Currently, the average purity of heroin obtained in the illicit U.S. market is


FIGURE 8–1
The opium poppy and its derivatives. Shown are the poppy plant, crude and smoking
opium, codeine, heroin, and morphine.
Courtesy Pearson Education/PH College.
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FIGURE 8–2
Heroin paraphernalia.
Courtesy Drug Enforcement Administration.


approximately 35 percent. The addict rarely knows or cares what comprises the other 65 percent
or so of the material. Traditionally, quinine has been the most common diluent of heroin. Like
heroin, it has a bitter taste and was probably originally used to obscure the actual potency of a
heroin preparation for those who wished to taste-test the material before buying it. Other diluents
commonly added to heroin are starch, lactose, procaine (Novocain), and mannitol.


Codeine is also present in opium, but it is usually prepared synthetically from morphine. It
is commonly used as a cough suppressant in prescription cough syrup. Codeine, only one-sixth
as strong as morphine, is not an attractive street drug for addicts.


SYNTHETIC OPIATES A number of narcotic drugs are not naturally derived from opium. How-
ever, because they have similar physiological effects on the body as the opium narcotics, they are
also commonly referred to as opiates.


In 1995, the U.S. Food and Drug Administration approved for use the pain-killing drug
OxyContin. The active ingredient in OxyContin is oxycodone, a synthetic closely related to mor-
phine and heroin in its chemical structure. OxyContin is an analgesic narcotic that has effects sim-
ilar to those of heroin. It is prescribed to a million patients for treatment of chronic pain, with
doctors writing close to seven million OxyContin prescriptions each year. The drug is com-
pounded with a time-release formulation that the manufacturer initially believed would reduce
the risk of abuse and addiction. This has not turned out to be the case. It is estimated that close to
a quarter of a million individuals abuse the drug.


Because it is a legal drug that is diverted from legitimate sources, OxyContin is obtained dif-
ferently than illegal drugs. Pharmacy robberies, forged prescriptions, and theft from patients with
a legitimate prescription are ways in which abusers access OxyContin. Some abusers visit nu-
merous doctors and receive prescriptions even though their medical condition may not warrant it.


Methadone is another well-known synthetic opiate. In the 1960s, scientists discovered that a
person receiving methadone periodically in oral doses of 80 to 120 milligrams a day would not
get high if he or she then took heroin or morphine. Clearly, although methadone is a narcotic phar-
macologically related to heroin, its administration appears to eliminate the addict’s desire for
heroin while producing minimal side effects. Critics of the controversial methadone maintenance
programs claim that methadone use is just substituting one narcotic drug for another, and
supporters argue that this is the only known treatment for keeping the addict off heroin and
offering some hope for eventual abstention from narcotics.


Physicians are increasingly prescribing methadone for pain relief. Unfortunately, in recent
years, the wide availability of the drug for legitimate medical purposes has led to greater quantities
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of the drug being diverted into the illicit market. Methadone is being abused increasingly and
is causing an alarming number of overdoses and deaths.


Hallucinogens
Hallucinogens are drugs that can cause marked alterations in mood, attitude, thought
processes, and perceptions. Perhaps the most popular and controversial member of this class
of drugs is marijuana.


MARIJUANA Marijuana easily qualifies as the most widely used illicit drug in the United
States today. For instance, more than 43 million Americans have tried marijuana, according to
the latest surveys, and almost half that number may be regular users. Marijuana is a prepara-
tion derived from the plant Cannabis. Most botanists believe there is only one species of the
plant, Cannabis sativa L. The marijuana preparation normally consists of crushed leaves mixed
in varying proportions with the plant’s flower, stem, and seed. See Figure 8–3. The plant
secretes a sticky resin known as hashish. The resinous material can also be extracted from the
plant by soaking in a solvent such as alcohol. On the illicit-drug market, hashish usually appears
in the form of compressed vegetation containing a high percentage of resin. See Figure 8–4.
A potent form of marijuana is known as sinsemilla. This is made from the unfertilized flower-
ing tops of the female Cannabis plants, attained by removing all male plants from the growing
field at the first sign of their appearance. It follows that the production of sinsemilla requires a
great deal of attention and care, and the plant is therefore cultivated on small plots.


History of Marijuana Use Marijuana and its related products have been in use legally and
illegally for almost three thousand years. The first reference to the medical use of marijuana
is in a pharmacy book written about 2737 B.C. by the Chinese emperor Shen Nung, who rec-
ommended it for “female weakness, gout, rheumatism, malaria, beriberi, constipation and
absent-mindedness.” In China, at that time and even today, the marijuana or hemp plant was
also a major source of fiber for the production of rope. Marijuana’s mood-altering powers
probably did not receive wide attention until about 1000 B.C., when it became an integral part
of Hindu culture in India. After A.D. 500, marijuana began creeping westward, and references
to it began to appear in Persian and Arabian literature.


FIGURE 8–3
Several rolled marijuana cigarettes lie on a pile of crushed dried marijuana leaves next
to a tobacco cigarette.
Courtesy U.S. Department of Justice, Drug Enforcement Administration.


FIGURE 8–4
Blocks of hashish in front of
leaves and flowering tops of
the marijuana plant.
Courtesy James King-Holmes, Photo
Researchers, Inc.


IS
B


N
 1


-2
56


-3
37


10
-2


, Tenth Edition, by Richard Saferstein. Published by Prentice Hall. Copyright © 2011 by Pearson Education, Inc.


R
O
D
D
Y
,
 
A
N
T
H
O
N
Y
 
I
S
A
A
C
 
3
7
2
7
B
U








196 CHAPTER 8


The plant was probably brought to Europe by Napoleon’s soldiers when they returned
from Egypt in the early years of the 19th century. In Europe, the drug excited the interest of
many physicians who foresaw its application for the treatment of a wide range of ailments.
At this time, it also found some use as a painkiller and mild sedative. In later years, these
applications were either forgotten or ignored.


Marijuana was first introduced into the United States around 1920. The weed was smug-
gled by Mexican laborers across the border into Texas. American soldiers also brought the
plant in from the ports of Havana, Tampico, and Veracruz. Although its use was confined to a
small segment of the population, its popularity quickly spread from the border and Gulf states
into most of the major U.S. cities. By 1937, the federal government and 46 states had laws pro-
hibiting the use or possession of marijuana. Under most of these laws, marijuana was subject
to the same rigorous penalties applicable to morphine, heroin, and cocaine and was often
erroneously designated a “narcotic.”


Physical and Pharmacological Characteristics Marijuana is a weed that grows wild under
most climatic conditions. The plant grows to a height of 5 to 15 feet and is characterized by
an odd number of leaflets on each leaf. Normally, each leaf contains five to nine leaflets, all
having serrated or sawtooth edges, as shown in Figure 8–5.


In 1964, scientists isolated the chemical substance largely responsible for the hallucino-
genic properties of marijuana. This substance is known as tetrahydrocannabinol, or THC. Its
discovery has allowed researchers to measure the potency of marijuana preparations and has
permitted studies related to measuring the effect of marijuana’s potency on individuals. The
THC content of Cannabis varies in different parts of the plant, generally decreasing in the


following sequence: resin, flowers, and leaves. Little THC is found in the stem, roots, or seeds.
The potency and resulting effect of the drug fluctuate, depending on the relative proportion of these
plant parts in the marijuana mixture.


The potency of marijuana depends on its form. Marijuana in the form of loose vegetation has
an average THC content of about 3–4.5 percent. The more potent sinsemilla form averages about
6–12 percent in THC content, whereas hashish preparations average about 2–8 percent. Another
form of hashish is known as liquid hashish or hashish oil. Hashish in this form is normally a vis-
cous substance, dark green with a tarry consistency. Liquid hashish is produced by efficiently
extracting the THC-rich resin from the marijuana plant with an appropriate solvent. Liquid
hashish typically varies between 8 and 20 percent in THC content. Because of its extraordinary
potency, one drop of the material can produce a “high.” Ordinarily a drop is placed on a regular
cigarette or on a marijuana cigarette before smoking.


Any study that relates to marijuana’s effect on humans must consider the potency of the
marijuana preparation. An interesting insight into the relationship between dosage level and
marijuana’s pharmacological effect was presented in the first report of the National Commission
of Marijuana and Drug Abuse:


At low, usual “social” doses the user may experience an increased sense of well-being; ini-
tial restlessness and hilarity followed by a dreamy, carefree state of relaxation; alteration of
sensory perceptions including expansion of space and time; and a more vivid sense of
touch, sight, smell, taste and sound; a feeling of hunger, especially a craving for sweets;
and subtle changes in thought formation and expression. To an unknowing observer, an
individual in this state of consciousness would not appear noticeably different from his
normal state.


At higher, moderate doses these same reactions are intensified but the changes in the
individual would still be scarcely noticeable to an observer. . . . At very high doses, psy-
chotomimetic phenomena may be experienced. These include distortion of body image,
loss of personal identity, sensory and mental illusions, fantasies and hallucinations.1


Effects of Use No current evidence suggests that experimental or intermittent use causes physical
or psychological harm. Marijuana does not cause physical dependency. However, the risk of harm
lies instead in heavy, long-term use of the drug, particularly of the more potent preparations. Heavy
users can develop a strong psychological dependence on the drug. Some effects of marijuana use


FIGURE 8–5
The marijuana leaf.
SPL\Photo Researchers, Inc.


1 Marijuana—A Signal of Misunderstanding (Washington, D.C.: U.S. Government Printing Office, 1972), p. 56.
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include increased heart rate, dry mouth, reddened eyes, impaired motor skills and concentration,
and frequently hunger and an increased desire for sweets. Long-term chronic marijuana use is as-
sociated with amotivational syndrome characterized by apathy; impairment of judgment, memory,
and concentration; and loss of interest in personal appearance and the pursuit of conventional
goals. Accumulating evidence suggests that marijuana has potential medical uses. Two promising
areas of research are marijuana’s reduction of excessive eye pressure in glaucoma and lessening of
nausea caused by powerful anticancer drugs. Marijuana may also be useful as a muscle relaxant.


OTHER HALLUCINOGENS A substantial number of substances of widely varying chemical
compositions have become part of the drug culture because of their hallucinogenic properties.
These include lysergic acid diethylamide (LSD), mescaline, phencyclidine (PCP), psilocybin,
and methylenedioxymethamphetamine, also known as MDMA or Ecstasy.


LSD is synthesized from lysergic acid, a substance derived from ergot, which is a type of fun-
gus that attacks certain grasses and grains. Its hallucinogenic effects were first described by the
Swiss chemist Albert Hofmann after he accidentally ingested some of the material in his laboratory
in 1943. The drug is very potent; as little as 25 micrograms is enough to start vivid visual halluci-
nations that can last for about 12 hours. The drug also produces marked changes in mood, leading
to laughing or crying at the slightest provocation. Feelings of anxiety and tension almost always
accompany LSD use. Although physical dependence does not develop with continued use, the in-
dividual user may be prone to flashbacks and psychotic reactions even after use is discontinued.


In recent years, abuse of phencyclidine, commonly called PCP, has grown to alarming pro-
portions. Because this drug can be synthesized by rather simple chemical processes, it is manu-
factured surreptitiously for the illicit market in so-called clandestine laboratories (see Figure 8–6).
These laboratories range from large, sophisticated operations to small labs located in a bathroom.
Small-time operators normally have little or no training in chemistry and employ “cookbook”
methods to synthesize the drug. Some of the more knowledgeable and experienced operators have
been able to achieve clandestine production levels that approach a commercial level of operation.


Phencyclidine is often mixed with other drugs, such as LSD or amphetamine, and is sold
as a powder (“angel dust”), capsule, or tablet, or as a liquid sprayed on plant leaves. The drug
is smoked, ingested, or sniffed. Following oral intake of moderate doses (1–6 milligrams), the
user first experiences feelings of strength and invulnerability, along with a dreamy sense of de-
tachment. However, the user soon becomes unresponsive, confused, and agitated. Depression,


FIGURE 8–6
Scene from a clandestine drug laboratory.
Courtesy Drug Enforcement Administration.
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irritability, feelings of isolation, audio and visual hallucinations, and sometimes paranoia
accompany PCP use. Severe depression, tendencies toward violence, and suicide accompany
long-term daily use of the drug. In some cases, the PCP user experiences sudden schizophrenic
behavior days after the drug has been taken.


Depressants
Depressants are drugs that slow down, or depress, the central nervous system. Several types of
drugs fall under this category, including the most widely used drug in the United States—alcohol.


ALCOHOL (ETHYL ALCOHOL) Many people overlook the fact that alcohol is a drug; its major
behavioral effects derive from its depressant action on the central nervous system. In the United
States, the alcohol industry annually produces more than one billion gallons of spirits, wine, and
beer for which 90 million consumers pay nearly $40 billion. Unquestionably, these and other sta-
tistics support the fact that alcohol is the most widely used and abused drug.


The behavioral patterns of alcohol intoxication vary and depend in part on such factors as
social setting, amount consumed, and the personal expectation of the individual with regard to
alcohol. When alcohol enters the body’s bloodstream, it quickly travels to the brain, where it
suppresses the brain’s control of thought processes and muscle coordination.


Low doses of alcohol tend to inhibit the mental processes of judgment, memory, and con-
centration. The drinker’s personality becomes expansive, and he or she exudes confidence.
When taken in moderate doses, alcohol reduces coordination substantially, inhibits orderly
thought processes and speech patterns, and slows reaction times. Under these conditions, the
ability to walk or drive becomes noticeably impaired. In the next chapter, we examine in
greater detail the relationship between alcohol blood levels and driving ability. Higher doses
of alcohol may cause the user to become highly irritable and emotional; displays of anger and
crying are not uncommon. Extremely high doses may cause an individual to lapse into uncon-
sciousness or even a comatose state that may precede a fatal depression of circulatory and
respiratory functions.


BARBITURATES Barbiturates are commonly referred to as “downers” because they relax, create a
feeling of well-being, and produce sleep. Like alcohol, barbiturates suppress the vital functions of
the central nervous system. Collectively, barbiturates can be described as derivatives of barbituric
acid, which was first synthesized by a German chemist,Adolf von Bayer, more than a hundred years
ago. Twenty-five barbiturate derivatives are currently used in medical practice in the United States;
however, five—amobarbital, secobarbital, phenobarbital, pentobarbital, and butabarbital—tend to
be used for most medical applications. Slang terms for “barbs” usually stem from the color of the
capsule or tablet (for example, “yellow jackets,” “blue devils,” and “reds”).


Normally, barbiturate users take these drugs orally. The average sedative dose is about
10–70 milligrams. When taken in this fashion, the drug enters the blood through the walls of
the small intestine. Some barbiturates, such as phenobarbital, are absorbed more slowly than
others and are therefore classified as long-acting barbiturates. Undoubtedly, the slow action of
phenobarbital accounts for its low incidence of abuse. Apparently, barbiturate abusers prefer
the faster-acting ones—secobarbital, pentobarbital, and amobarbital. When taken in prescribed
amounts, barbiturates are relatively safe, but in instances of extensive and prolonged use, phys-
ical dependence can develop. Since the early 1970s, a nonbarbiturate depressant, methaqualone
(Quaalude), has appeared on the illicit-drug scene. Methaqualone is a powerful sedative and
muscle relaxant that possesses many of the depressant properties of barbiturates.


ANTIPSYCHOTICS AND ANTIANXIETY DRUGS Although antipsychotics and antianxiety drugs
can be considered depressants, they differ from barbiturates in the extent of their actions on the
central nervous system. Generally, these drugs produce a relaxing tranquillity without impairing
high-thinking faculties or inducing sleep. Antipsychotics such as reserpine and chlorpromazine
have been used to reduce the anxieties and tensions of mental patients.


A group of antianxiety drugs is commonly prescribed to deal with the everyday tensions of
many healthy people. These drugs include meprobamate (Miltown), chlordiazepoxide (Librium),
diazepam (Valium), and Xanax. In the past 45 years, the use of tranquilizers has grown dramatically.
Medical evidence shows that these drugs produce psychological and physical dependency with
repeated and high levels of usage. For this reason, widespread prescribing of these substances as
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a means of overcoming the pressures and tensions of life has worried many who fear the creation of
a legalized drug culture.


“HUFFING” Since the early 1960s, “huffing,” the practice of sniffing materials containing
volatile solvents (airplane glue or model cement, for example) has grown in popularity. Within
recent years, another dimension has been added to the problem with the increasing number of in-
cidents involving the sniffing of aerosol gas propellants such as freon. All materials used in sniff-
ing contain volatile or gaseous substances that are primarily central nervous system depressants.
Although toluene seems to be the most popular solvent to sniff, others can produce comparable
physiological effects. These chemicals include naphtha, methyl ethyl ketone (antifreeze), gaso-
line, and trichloroethylene (dry-cleaning solvent).


The usual immediate effects of sniffing are a feeling of exhilaration and euphoria combined
with slurred speech, impaired judgment, and double vision. Finally, the user may experience
drowsiness and stupor, with these depressant effects slowly wearing off as the user returns to a
normal state. Most experts believe that users become physiologically dependent on the effects
achieved by sniffing. There is, however, little evidence to suggest that solvent inhalation is ad-
dictive. But sniffers expose themselves to the danger of liver, heart, and brain damage from the
chemicals they have inhaled. Even worse, sniffing of some solvents, particularly halogenated
hydrocarbons, is accompanied by a significant risk of death.


Stimulants
The term stimulant refers to a range of drugs that stimulate, or speed up, the central nervous
system.


AMPHETAMINES Amphetamines are a group of synthetic drugs that stimulate the central ner-
vous system. They are commonly referred to in the terminology of the drug culture as “uppers”
or “speed.” Ordinary therapeutic doses of 5–20 milligrams per day, taken orally, provide a
feeling of well-being and increased alertness that is followed by a decrease in fatigue and a
loss of appetite. However, these apparent benefits of the drug are accompanied by restless-
ness and instability or apprehension, and once the stimulant effect wears off, depression may
set in.


In the United States, the most serious form of amphetamine abuse stems from the
intravenous injection of amphetamine or its chemical derivative, methamphetamine
(see Figure 8–7). The desire for a more intense amphetamine experience is the primary mo-
tive for this route of administration. The initial sensation of a “flash” or “rush,” followed by
an intense feeling of pleasure, constitutes the principal appeal of the intravenous route for
the “speed freak.” During a “speed binge,” the individual may inject 500–1,000 milligrams
of amphetamines every two to three hours. Users have reported experiencing a euphoria that
produces hyperactivity, with a feeling of clarity of vision as well as hallucinations. As the
effect of the amphetamines wears off, the individual lapses into a period of exhaustion and
may sleep continuously for one or two days. Following this, the user often experiences a
prolonged period of severe depression, lasting from days to weeks.


A new smokable form of methamphetamine known as “ice” is reportedly in heavy
demand in some areas of the United States. Ice is prepared by slow evaporation of a metham-
phetamine solution to produce large, crystal-clear “rocks.” Like crack cocaine (discussed
next), ice is smoked and produces effects similar to those of crack cocaine, but the effects
last for a longer period of time. Once the effects of ice wear off, users often become depressed
and may sleep for days. Chronic users exhibit violent destructive behavior and acute
psychosis similar to paranoid schizophrenia. Repeated use of amphetamines leads to a strong
psychological dependency, which encourages their continued administration.


COCAINE Between 1884 and 1887, Sigmund Freud created something of a sensation in
European medical circles by describing his experiments with a new drug. He reported a sub-
stance of seemingly limitless potential as a source of “exhilaration and lasting euphoria” that
permitted “intensive mental or physical work [to be] performed without fatigue. . . . It is as
though the need for food and sleep was completely banished.”


The object of Freud’s enthusiasm was cocaine, a drug stimulant extracted from the leaves
of Erythroxylon coca, a plant grown in tropical Asia and the Andes mountains of South America


stimulant
A substance taken to increase
alertness or activity


FIGURE 8–7
Granular amphetamine
beside a razor blade.
Courtesy Cordelia Molloy, Photo
Researchers, Inc.
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(see Figure 8–8). At one time, cocaine had wide medical application as a local painkiller or anes-
thetic. However, this function has now been largely replaced by other drugs, primarily procaine
and lidocaine. Cocaine is also a powerful stimulant to the central nervous system, and its effects
resemble those caused by the amphetamines—namely, increased alertness and vigor, accompa-
nied by the suppression of hunger, fatigue, and boredom. Most commonly, cocaine is sniffed or
“snorted” and is absorbed into the body through the mucous membranes of the nose.


Crack One form of cocaine that has gained widespread popularity in the drug culture is
known as crack. The process used to make crack is simple. Ordinary cocaine is mixed with
baking soda and water into a solution that is then heated in a pot. This material is then dried
and broken into tiny chunks that dealers sell as crack rocks. Crack is freebase cocaine and
is sufficiently volatile to be smoked, usually in glass pipes. Crack, like cocaine that is
snorted, produces a feeling of euphoria by stimulating a pleasure center in the base of the
brain, in an area connected to nerves that are responsible for emotions. Cocaine stimulates
this pleasure center to a far greater degree than it would ever normally be stimulated. The
result is euphoria—a feeling of increased energy, of being mentally more alert, of feeling
really good. The faster the cocaine level rises in the brain, the greater the euphoria, and the
surest way to obtain a fast rise in the brain’s cocaine level is to smoke crack. Inhaling the
cocaine vapor gets a large wallop of the drug to the brain in less than fifteen seconds—
about as fast as injecting it and much faster than snorting it. The dark side of crack, how-
ever, is that the euphoria fades quickly as cocaine levels drop, leaving the user feeling
depressed, anxious, pleasureless. The desire to return to a euphoric feeling is so intense
that crack users quickly develop a habit for the drug that is almost impossible to overcome.
Only a small percentage of crack abusers will ever be cured of this drug habit.


Effects of Use In the United States, cocaine abuse is on the rise. Cocaine generates confidence
and produces increased alertness, giving a false illusion that one is doing well at an assigned task.
However, some regular users of cocaine report accompanying feelings of restlessness, irritabil-
ity, and anxiety. Cocaine used chronically or at high doses can have toxic effects. Cocaine-related
deaths are a result of cardiac arrest or seizures followed by respiratory arrest. Many people are
apparently using cocaine to improve their ability to work and to keep going when tired. Although
there is no evidence of physical dependency accompanying cocaine’s repeated use, abstention
from cocaine after prolonged use brings on severe bouts of mental depression, which produce a
strong compulsion to resume using the drug. In fact, laboratory experiments with animals have
demonstrated that of all the commonly abused drugs, cocaine produces the strongest psycholog-
ical compulsions for continued use.


The United States spends millions of dollars annually in attempting to control cultivation of
the coca leaf in various South American countries and to prevent cocaine trafficking into the
United States. Three-quarters of the cocaine smuggled into the United States is refined in clan-
destine laboratories in Colombia. The profits are astronomical. Peruvian farmers may be paid
$200 for enough coca leaves to make one pound of cocaine. The refined cocaine is worth $1,000
when it leaves Colombia and sells at retail in the United States for up to $20,000.


Club Drugs
The term club drugs refers to synthetic drugs that are used at nightclubs, bars, and raves (all-night
dance parties). Substances that are often used as club drugs include, but are not limited to, MDMA
(Ecstasy), GHB (gamma hydroxybutyrate), Rohypnol (“Roofies”), ketamine, and methampheta-
mine. These drugs have become popular at the dance scene to stimulate the rave experience.
A high incidence of use has been found among teens and young adults.


The rave scene supports this type of drug use. Tablets can be easily hidden in various con-
tainers, such as Pez dispensers and other items not usually thought of as drug paraphernalia. The
rave scene is often depicted as a room filled with people jumping and bouncing in unison for
hours to loud rhythmic, trancelike music. The stimulatory effects of some of the club drugs allow
for the users to be active for hours.


GHB and Rohypnol are central nervous system depressants that are often connected with
drug-facilitated sexual assault, rape, and robbery. Effects accompanying the use of GHB include
dizziness, sedation, headache, and nausea. Recreational users have reported euphoria, relaxation,


FIGURE 8–8
Coca leaves and illicit forms
of cocaine.
Courtesy Drug Enforcement
Administration.
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disinhibition, and increased libido. Rohypnol causes muscle relaxation, loss of consciousness, and an
inability to remember what happened during the hours after ingesting the drug. This is particularly a
concern in a sexual assault because victims are physically unable to resist the attack. Unsuspecting
victims become drowsy or dizzy. Effects are even stronger when the drug is combined with alcohol
because the user experiences memory loss, blackouts, and disinhibition. Law enforcement agencies
have warned multitudes of partygoers that drugs such as Rohypnol and GHB are odorless, colorless,
and tasteless and so will remain undetected when slipped into a drink.


Methylenedioxymethamphetamine, also known as MDMA or Ecstasy, is the most popular
drug at rave club scenes. Ecstasy is a synthetic, mind-altering drug that exhibits many hallucino-
genic and amphetamine-like effects. Ecstasy was originally patented as an appetite suppressant
and was later discovered to induce feelings of happiness and relaxation. Recreational drug users
find that Ecstasy enhances self-awareness and decreases inhibitions. However, seizures, muscle
breakdown, stroke, kidney failure, and cardiovascular system failure often accompany chronic
use of Ecstasy. In addition, chronic use of Ecstasy leads to serious damage to the areas of the brain
responsible for thought and memory. Ecstasy increases the heart rate and blood pressure; pro-
duces muscle tension, teeth grinding, and nausea; and causes psychological difficulties such as
confusion, severe anxiety, and paranoia episodes. The drug can cause significant increases in
body temperature from the combination of the drug’s stimulant effect with the often hot, crowded
atmosphere of a rave club.


Ketamine is primarily used in veterinary medicine as an animal anesthetic. When used by
humans, the drug can cause euphoria and feelings of unreality accompanied by visual hallucina-
tions. Ketamine can also cause impaired motor function, high blood pressure, amnesia, and mild
respiratory depression.


Anabolic Steroids
Anabolic steroids are synthetic compounds that are chemically related to the male sex hormone
testosterone. Testosterone has two different effects on the body. It promotes the development of
secondary male characteristics (androgen effects), and it accelerates muscle growth (anabolic ef-
fects). Efforts to promote muscle growth and to minimize the hormone’s androgenic effects have
led to the synthesis of numerous anabolic steroids. However, a steroid free of the accompanying
harmful side effects of an androgen drug has not yet been developed.


Incidence of steroid abuse first received widespread public attention when both amateur and
professional athletes were discovered using these substances to enhance their performance (see
Figure 8–9). Interestingly, current research on male athletes given anabolic steroids has generally
found little or, at best, marginal evidence of enhanced strength or performance. Although the full
extent of anabolic steroid abuse by the general public is not fully known, the U.S. government is
sufficiently concerned to regulate the availability of these drugs to the general population and to


anabolic steroids
Steroids that promote muscle
growth


FIGURE 8–9
Anabolic steroids: a vial of testosterone and a syringe. Testosterone, the male sex
hormone, is sometimes abused by athletes for its protein-building (anabolic) effect.
SPL\Photo Researchers, Inc.IS
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severely punish individuals for illegal possession and distribution of anabolic steroids. In 1991,
anabolic steroids were classified as controlled dangerous substances, and the Drug Enforcement
Administration was given enforcement power to prevent their illegal use and distribution.


Anabolic steroids are usually taken by individuals who are unfamiliar with the harmful med-
ical side effects. Liver cancer and other liver malfunctions have been linked to steroid use. These
drugs also cause masculinizing effects in females, infertility, and diminished sex drive in males.
For teenagers, anabolic steroids result in premature halting of bone growth. Anabolic steroids can
also cause unpredictable effects on mood and personality, leading to unprovoked acts of anger
and destructive behavior. Depression is also a frequent side effect of anabolic steroid abuse.


Drug-Control Laws
Although the previous sections have attempted to classify drugs according to their physiological
effects on the body, for practical purposes of law enforcement, the legal community requires a
thorough knowledge of drug classification and definitions as they are delineated by drug laws.
The medical and legal definitions or classifications of a drug often bear little resemblance. The
provisions of drug laws are of particular interest to the criminalist because they may impose
specific analytical requirements on drug analysis. For example, the severity of a penalty associ-
ated with the manufacture, distribution, possession, and use of a drug may depend on the weight
of the drug or its concentration in a mixture. In such cases, the chemist’s report must contain all
information that is needed to properly charge a suspect under the provisions of the existing law.


The provisions of any drug-control law are an outgrowth of national and local law enforcement
requirements and customs, as well as the result of moral and political philosophies. These factors have
produced a wide spectrum of national and local drug-control laws. Although their detailed discussion
is beyond the intended scope of this book, a brief description of the U.S. federal law known as the
Controlled Substances Act will illustrate a legal drug classification system that has been created to
prevent and control drug abuse. Many states have modeled their own drug-control laws after this act,
an important step in establishing uniform drug-control laws throughout the United States.


Controlled Substances Act
The federal law establishes five schedules of classification (as outlined next) for controlled dan-
gerous substances on the basis of a drug’s potential for abuse, potential for physical and psycho-
logical dependence, and medical value. This classification system is extremely flexible in that the
U.S. attorney general has the authority to add, delete, or reschedule a drug as more information


TABLE 8–2
Control Mechanisms of the Controlled Substances Act


Schedule Registration
Record 
Keeping


Manufacturing
Quotas


Distribution
Restrictions


Dispensing
Limits


I Required Separate Yes Order forms Research use only
II Required Separate Yes Order forms Rx: written; no refills
III Required Readily


retrievable
No, but some 
drugs limited by
schedule II quotas


Records required Rx: written or oral; with
medical authorization refills
up to five times in
six months


IV Required Readily
retrievable


No, but some 
drugs limited by
schedule II quotas


Records required Rx: written or oral; with
medical authorization refills
up to five times in six
months


V Required Readily
retrievable


No, but some 
drugs limited by
schedule II quotas


Records required Over-the-counter (Rx drugs
limited to MD’s order; refills
up to five times)


Source: Drug Enforcement Administration, Washington, D.C.
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becomes available. In addition, controlled dangerous substances listed in schedules I and II are
subject to manufacturing quotas set by the attorney general. For example, eight billion doses of
amphetamines were manufactured in the United States in 1971. In 1972, production quotas
reduced amphetamine production approximately 80 percent below 1971 levels.


CONTROL MECHANISMS AND PENALTIES The criminal penalties for unauthorized manufacture,
sale, or possession of controlled dangerous substances are related to the schedules as well. The most
severe penalties are associated with drugs listed in schedules I and II. For example, for drugs in-
cluded in schedules I and II, a first offense is punishable by up to 20 years in prison and/or a fine of
up to $1 million for an individual or up to $5 million for other than individuals. Table 8–2 summa-
rizes the control mechanisms and penalties for each schedule of the Controlled Substances Act.


Schedule I. Schedule I drugs are deemed to have a high potential for abuse, have no currently
accepted medical use in the United States, and/or lack accepted safety for use in treatment
under medical supervision. Drugs controlled under this schedule include heroin, marijuana,
methaqualone, and LSD.


Schedule II. Schedule II drugs have a high potential for abuse, a currently accepted medical use or
a medical use with severe restrictions, and a potential for severe psychological or physical
dependence. Schedule II drugs include opium and its derivatives not listed in schedule I; cocaine;
methadone; phencyclidine (PCP); most amphetamine preparations; and most barbiturate pre-
parations containing amobarbital, secobarbital, and pentobarbital. Dronabinol, the synthetic
equivalent of the active ingredient in marijuana, has been placed in schedule II in recognition of
its growing medical uses in treating glaucoma and chemotherapy patients.


Schedule III. Schedule III drugs have less potential for abuse than those in schedules I and II,
a currently accepted medical use in the United States, and a potential for low or moderate
physical dependence or high psychological dependence. Schedule III controls, among other
substances, all barbiturate preparations (except phenobarbital) not covered under schedule II
and certain codeine preparations. Anabolic steroids were added to this schedule in 1991.


Schedule IV. Schedule IV drugs have a low potential for abuse relative to schedule III drugs and
have a current medical use in the United States; their abuse may lead to limited dependence
relative to schedule III drugs. Drugs controlled in this schedule include propoxyphene (Dar-
von); phenobarbital; and tranquilizers such as meprobamate (Miltown), diazepam (Valium),
and chlordiazepoxide (Librium).


Schedule V. Schedule V drugs must show low abuse potential, have medical use in the United
States, and have less potential for producing dependence than schedule IV drugs. Schedule V
controls certain opiate drug mixtures that contain nonnarcotic medicinal ingredients.


Import–Export


Narcotic Nonnarcotic Security


Manufacturer/
Distributor Reports 
to Drug Enforcement
Administration


Criminal Penalties for
Individual Trafficking 
(First Offense)


Permit Permit Vault/safe Yes 0–20 years/$1 million
Permit Permit Vault/safe Yes 0–20 years/$1 million
Permit Declaration Secure 


storage area
Yes, narcotic
No, nonnarcotic


0–5years/$250,000


Permit Declaration Secure 
storage area


Manufacturer only, narcotic
No, nonnarcotic


0–3 years/$250,000


Permit to import;
declaration to export


Declaration Secure 
storage area


Manufacturer only, narcotic
No, nonnarcotic


0–1 year/$100,000
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Other Provisions of the Act
The Controlled Substances Act stipulates that an offense involving a controlled substance analog,
a chemical substance substantially similar in chemical structure to a controlled substance, shall
trigger penalties as if it were a controlled substance listed in schedule I. This section is designed
to combat the proliferation of so-called designer drugs. Designer drugs are substances that are
chemically related to some controlled drugs and are pharmacologically potent. These substances
are manufactured by skilled individuals in clandestine laboratories, with the knowledge that their
products will not be covered by the schedules of the Controlled Substances Act. For instance, fen-
tanyl is a powerful narcotic that is commercially marketed for medical use and is also listed as a
controlled dangerous substance. This drug is about 100 times as potent as morphine. Currently, a
number of substances chemically related to fentanyl have been synthesized by underground
chemists and sold on the street. The first such substance encountered was sold under the street
name “China White.” These drugs have been responsible for more than a hundred overdose
deaths in California and nearly 20 deaths in western Pennsylvania. As designer drugs, such as
China White, are identified and linked to drug abuse, they are placed in appropriate schedules.


The Controlled Substances Act also reflects an effort to decrease the prevalence of clandes-
tine drug laboratories designed to manufacture controlled substances. The act regulates the man-
ufacture and distribution of precursors, the chemical compounds used by clandestine drug
laboratories to synthesize drugs of abuse. Targeted precursor chemicals are listed in the definition
section of the Controlled Substances Act. Severe penalties are provided for a person who pos-
sesses a listed precursor chemical with the intent to manufacture a controlled substance or who
possesses or distributes a listed chemical knowing, or having reasonable cause to believe, that the
listed chemical will be used to manufacture a controlled substance. In addition, precursors to PCP,
amphetamines, and methamphetamines are enumerated specifically in schedule II, making them
subject to regulation in the same manner as other schedule II substances.


Drug Identification
One only has to look into the evidence vaults of crime laboratories to appreciate the assortment of
drug specimens that confront the criminalist. The presence of a huge array of powders, tablets,
capsules, vegetable matter, liquids, pipes, cigarettes, cookers, and syringes is testimony to the
vitality and sophistication of the illicit-drug market. If outward appearance is not evidence enough
of the difficult analytical chore facing the forensic chemist, consider the complexity of the drug
preparations themselves. Usually these contain active drug ingredients of unknown origin and
identity, as well as additives—for example, sugar, starch, and quinine—that dilute their potency
and stretch their value on the illicit-drug market. Do not forget that illicit-drug dealers are not
hampered by governmental regulations that ensure the quality and consistency of a product.


When a forensic chemist picks up a drug specimen for analysis, he or she can expect to find
just about anything, so all contingencies must be prepared for. The analysis must leave no room
for error because its results will have a direct bearing on the process of determining the guilt or
innocence of a defendant. There is no middle ground in drug identification—either the specimen
is a specific drug or it is not—and once a positive conclusion is drawn, the chemist must be pre-
pared to support and defend the validity of the results in a court of law.


The Analytical Process
The challenge or difficulty of forensic drug identification comes in selecting analytical proce-
dures that will ensure a specific identification of a drug. Presented with a substance of unknown
origin and composition, the forensic chemist must develop a plan of action that will ultimately
yield the drug’s identity. This plan, or scheme of analysis, is divided into two phases.


SCREENING First, faced with the prospect that the unknown substance may be any one of a
thousand or more commonly encountered drugs, the analyst must employ screening tests to re-
duce these possibilities to a small and manageable number. This objective is often accomplished
by subjecting the material to a series of color tests that produce characteristic colors for the more
commonly encountered illicit drugs. Even if these tests produce negative results, their value lies
in having excluded certain drugs from further consideration.


screening test
A test that is nonspecific and
preliminary in nature
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CONFIRMATION Once the number of possibilities has been substantially reduced, the second
phase of the analysis is devoted to pinpointing and confirming the drug’s identity. In an era in
which crime laboratories receive voluminous quantities of drug evidence, it is impractical to
subject a drug to all of the chemical and instrumental tests available. Indeed, it is more realistic
to view these techniques as a large analytical arsenal. The chemist, aided by training and experi-
ence, must choose tests that will most conveniently furnish the identity of a particular drug.


Forensic chemists often use a specific test (such as infrared spectrophotometry or mass spec-
trometry) to identify a drug substance to the exclusion of all other known chemical substances. A sin-
gle test that identifies a substance is known as a confirmation. The analytical scheme sometimes
consists of a series of nonspecific or presumptive tests. Each test in itself is insufficient to prove the
drug’s identity; however, the proper analytical scheme encompasses a combination of test results that
characterize one and only one chemical substance—the drug under investigation. Furthermore,
experimental evidence must confirm that the probability of any other substance responding in an
identical manner to the scheme selected is so small as to be beyond any reasonable scientific certainty.


QUANTITATIVE VS. QUALITATIVE DETERMINATION Another consideration in selecting an
analytical technique is the need for either a qualitative or a quantitative determination. The for-
mer relates just to the identity of the material, whereas the latter refers to the percentage combi-
nation of the components of a mixture. Hence, a qualitative identification of a powder may reveal
the presence of heroin and quinine, whereas a quantitative analysis may conclude the presence of
10 percent heroin and 90 percent quinine.


Obviously, a qualitative identification must precede any attempt at quantitation, for little
value is served by attempting to quantitate a material without first determining its identity.
Essentially, a qualitative analysis of a material requires the determination of numerous properties
using a variety of analytical techniques. On the other hand, a quantitative measurement is usually
accomplished by precise measurement of a single property of the material.


Forensic chemists normally rely on several tests for a routine drug-identification scheme:
color tests, microcrystalline tests, chromatography, spectrophotometry, and mass spectrometry.


Color Tests
Many drugs yield characteristic colors when brought into contact with specific chemical reagents.
Not only do these tests provide a useful indicator of a drug’s presence, but they are also used by
investigators in the field to examine materials suspected of containing a drug (see Figure 8–10).2


However, color tests are useful for screening purposes only and are never taken as conclusive
identification of unknown drugs.


Five primary color test reagents are as follows:


1. Marquis (2 percent formaldehyde in sulfuric acid). The reagent turns purple in the pres-
ence of heroin and morphine and most opium derivatives. Marquis also becomes orange-
brown when mixed with amphetamines and methamphetamines.


2. Dillie-Koppanyi (1 percent cobalt acetate in methanol is first added to the suspect material,
followed by 5 percent isopropylamine in methanol). This is a valuable screening test for bar-
biturates, in whose presence the reagent turns violet-blue in color.


3. Duquenois-Levine (solution A is a mixture of 2 percent vanillin and 1 percent acetaldehyde
in ethyl alcohol; solution B is concentrated hydrochloric acid; solution C is chloroform). This
is a valuable color test for marijuana, performed by adding solutionsA, B, and C, respectively,
to the suspect vegetation. A positive result is shown by a purple color in the chloroform layer.


4. Van Urk (1 percent solution of p-dimethylaminobenzaldehyde in 10 percent concentrated
hydrochloric acid and ethyl alcohol). The reagent turns blue-purple in the presence of LSD.
However, owing to the extremely small quantities of LSD in illicit preparations, this test is
difficult to conduct under field conditions.


5. Scott Test (solution A is 2 percent cobalt thiocyanate dissolved in water and glycerine [1:1];
solution B is concentrated hydrochloric acid; solution C is chloroform). This is a color test
for cocaine. A powder containing cocaine turns solution A blue. Upon addition of B, the blue
color is transformed to a clear pink color. Upon addition of C, if cocaine is present, the blue
color reappears in the chloroform layer.


confirmation
A single test that specifically
identifies a substance


2 Field-color test kits for drugs can be purchased from various commercial manufacturers.
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Microcrystalline Tests
A technique considerably more specific than color tests is the microcrystalline test. A drop of a
chemical reagent is added to a small quantity of the drug on a microscopic slide. After a short
time, a chemical reaction ensues, producing a crystalline precipitate. The size and shape of the
crystals, under microscope examination, are highly characteristic of the drug. Crystal tests for
cocaine and methamphetamine are illustrated in Figure 8–11.


Over the years, analysts have developed hundreds of crystal tests to characterize the most
commonly abused drugs. These tests are rapid and often do not require the isolation of a drug from
its diluents; however, because diluents can sometimes alter or modify the shape of the crystal, the
examiner must develop experience in interpreting the results of the test.


Most color and crystal tests are largely empirical—that is, scientists do not fully understand
why they produce the results that they do. From the forensic chemist’s point of view, this is not
important. When the tests are properly chosen and are used in proper combination, their results
constitute an analytical scheme that is characteristic for one and only one drug.


(a)


FIGURE 8–11
(a) A photomicrograph of a cocaine crystal formed in platinum chloride (400�).
(b) A photomicrograph of a methamphetamine crystal formed in gold chloride (400�).
Courtesy San Bernardino County Sheriff’s Department.


(b)


microcrystalline tests
Tests to identify specific substances
by the color and morphology of
the crystals formed when the
substance is mixed with specific
reagents


FIGURE 8–10
A field color test kit for cocaine. The suspect drug is placed in the plastic pouch. Tubes
containing chemicals are broken open and the color of the chemical reaction is
observed.
Courtesy Tri-Tech, Inc., Southport, N.C., www.tritechusa.com.
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Chromatography
Thin-layer and gas chromatography are especially well suited to the needs of the drug analyst
because they separate drugs from their diluents while providing for their tentative identification.
The basic principles of these techniques have already been described in Chapter 5.


Because chromatography requires a comparison of either Rf or retention-time values
between questioned and known drugs, the analyst must have some clue to the identity of the illicit
material before using these techniques. Hence, in a typical drug analysis, chromatography
accompanies and complements color and crystal tests.


Spectrophotometry
Selective absorption of UV and IR light by drugs provides a valuable technique for characteriz-
ing drugs. The ultraviolet spectrum is not conclusive for positive identification of a drug because
other materials may produce an indistinguishable spectrum. Nevertheless, UV spectrophotome-
try is often a useful technique for establishing the probable identity of a drug. For example, if an
unknown substance yields a UV spectrum that resembles that of amphetamine (see Figure 8–12),
thousands of substances are immediately eliminated from consideration, and the analyst can
begin to identify the material from a relatively small number of possibilities. A comprehensive
collection of UV drug spectra provides a ready index that can rapidly be searched in order to
tentatively identify a drug or, failing that, at least to exclude certain drugs from consideration.


Infrared spectrophotometry is one of the few analytical techniques that can specifically identify
a substance. The pattern of an infrared spectrum is unique for each compound and can thus serve as
a “fingerprint” of the compound. The combination of preliminary screening tests with a final verifi-
cation by infrared spectrophotometry offers an ideal approach to drug identification. Unfortunately,
the technique does present some problems because the substance to be identified must be as pure as
possible. This requirement often necessitates lengthy purification steps to prepare the sample for IR
analysis. The IR spectra of heroin and secobarbital were shown in Figure 5–19.


Mass Spectrometry
The technique of chromatography is particularly suited for analyzing illicit drugs because it can
readily separate a drug from other substances that may be present in the drug preparation.
Chromatography does, however, have the drawback of not being able to provide a specific iden-
tification of the material under investigation. This deficiency has been overcome by linking the
gas chromatograph to a mass spectrometer (see the discussion on pages 138–140) to yield a very
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FIGURE 8–12
Ultraviolet spectrum of
amphetamine.
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powerful combination known as gas chromatography/mass spectrometry (GC/MS). As a sample
emerges from the gas chromatograph, it immediately enters the mass spectrometer. Here, the
sample is exposed to high-energy electrons, which cause the sample molecules to fragment or
break apart. With few exceptions, no two substances fragment in the same fashion; hence, this
fragmentation pattern serves as a “fingerprint” of a chemical substance. The fragmentation
patterns of heroin and cocaine were shown in Figure 5–21.


With data obtained from a GC/MS determination, a forensic analyst can, with one instru-
ment, separate the components of a complex drug mixture and then unequivocally identify each
substance present in the mixture (see Figure 5–20).


The Identification of Marijuana
Enforcement of laws prohibiting the sale and use of marijuana accounts for a high percentage of
drug arrests in the United States. Any trial or hearing involving a seizure of marijuana requires
identification of the material before the issue of guilt or innocence can be decided.


Unlike most other drugs received by the crime laboratory, marijuana (Cannabis sativa L.)
possesses botanical features that impart identifiable characteristics. Because most marijuana spec-
imens consist of small leaf fragments, their identification must be partially based on botanical
features observed under the microscope by a trained expert. This approach is further augmented
with a chemical test that will independently confirm the findings of the botanical examination.


The identification of marijuana by microscopic methods depends largely on observing short
hairs shaped like “bear claws” on the upper side of the leaf (see the SEM photo in Figure 7–13).
These hairs are known as cystolithic hairs. Further verification of the identity of marijuana is
confirmed by the presence of longer, nonglandular hairs on the opposite side of the leaf.


The Duquenois-Levine color test, described earlier in this chapter, is a highly but not totally
specific test for marijuana. However, when used in combination with a botanical examination, the
results constitute a specific identification of marijuana. In addition, the analyst may be unable to
obtain a microscopic identification of the marijuana leaf, as in the case of hashish or hashish oil.
Here, the color test has to be supplemented by another examination, preferably thin-layer chro-
matography. This method involves separating chemical constituents found in the suspect resin on
a thin-layer plate. The separated components are compared on the same plate to those obtained
from a known marijuana extract, as shown in Figure 5–10. In this manner, a positive TLC com-
parison, used in conjunction with the Duquenois-Levine color test, constitutes a specific identi-
fication for marijuana.


Collection and Preservation 
of Drug Evidence
Preparation of drug evidence for submission to the crime laboratory is normally a relatively
simple task, accomplished with minimal precautions in the field. The field investigator is re-
sponsible for ensuring that the evidence is properly packaged and labeled for delivery to the lab-
oratory. Considering the countless forms and varieties of drug evidence seized, it is not practical
to prescribe any single packaging procedure for fulfilling these requirements. Generally, common
sense is the best guide in such situations, keeping in mind that the package must prevent the loss
and/or cross-contamination of the contents. Often, the original container in which the drug was
seized will suffice to meet these requirements. Specimens suspected of containing volatile
solvents, such as those involved in glue-sniffing cases, must be packaged in an airtight container
to prevent evaporation of the solvent.


All packages must be marked with sufficient information to ensure identification by the
officer in future legal proceedings and to establish the chain of custody.


To aid the drug analyst, the investigator should supply any background information that may
relate to a drug’s identity. Analysis time can be markedly reduced when this information is at the
disposal of the chemist. For the same reason, the results of drug-screening tests used in the field
must also be transmitted to the laboratory. Although these tests may indicate the presence of a
drug and may help the officer establish probable cause to search and arrest a suspect, they do not
offer conclusive evidence of a drug’s identity.


Virtual Forensics Lab


Drug Identification
To perform a virtual drug
identification lab, go to www
.pearsoncustom.com/us/vlm/.
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A drug can be defined as a natural or synthetic substance that
is used to produce physiological or psychological effects in
humans or other higher-order animals.


Narcotic drugs are analgesics, meaning they relieve pain
by depressing the central nervous system. Regular use of a
narcotic drug leads to physical dependence. The most com-
mon source of narcotic drugs is opium. Morphine is readily
extracted from opium and is used to synthesize heroin. Opi-
ates, which include methadone and OxyContin (oxycodone),
are not derived from opium or morphine, but they have the
same physiological effects on the body as do opium narcotics.
Another class of drugs is hallucinogens; marijuana is the most
well-known member of this class. Hallucinogens cause
marked changes in mood, attitude, thought processes, and per-
ceptions. Marijuana is the most controversial drug in this class
because its long-term effects on health are still largely un-
known. Other hallucinogens include LSD, mescaline, PCP,
psilocybin, and MDMA (Ecstasy).


Depressants are another class of drugs. These include al-
cohol (ethanol), barbiturates, tranquilizers, and various sub-
stances that can be sniffed, such as airplane glue and model
cement. Stimulants include amphetamines, sometimes known
as “uppers” or “speed,” and cocaine, which in its freebase form
is known as crack. The term club drugs refers to synthetic drugs


that are used at nightclubs, bars, and raves (all-night dance par-
ties). Substances that are often used as club drugs include, but
are not limited to, MDMA (Ecstasy), GHB (gamma hydroxy-
butyrate), Rohypnol (“Roofies”), ketamine, and methampheta-
mine. Yet another category of drugs is anabolic steroids, which
are synthetic compounds that are chemically related to the male
sex hormone testosterone. Anabolic steroids are often abused
by individuals who want to accelerate muscle growth. Federal
law establishes five schedules of classification for controlled
dangerous substances on the basis of a drug’s potential for
abuse, potential for physical and psychological dependence,
and medical value.


Faced with the prospect that the unknown substance may
be any one of a thousand or more commonly encountered
drugs, the analyst must employ screening tests to reduce these
possibilities to a small and manageable number. This objective
is often accomplished by subjecting the material to a series of
color tests that produce characteristic colors for the more com-
monly encountered illicit drugs. Once this preliminary analy-
sis is completed, a confirmation is pursued. Forensic chemists
use a specific test to identify a drug substance to the exclusion
of all other known chemical substances. Typically infrared
spectrophotometry or mass spectrometry is used to specifi-
cally identify a drug substance.


> > > > > > > > > > >chapter summary


1. True or False: Underlying emotional factors are the pri-
mary motives leading to the repeated use of a drug.
___________


2. Drugs such as alcohol, heroin, amphetamines, barbitu-
rates, and cocaine can lead to a (high, low) degree of psy-
chological dependence with repeated use.


3. The development of (psychological, physical) depend-
ence on a drug is shown by withdrawal symptoms such
as convulsions when the user stops taking the drug.


4. True or False: Abuse of barbiturates can lead to physical
dependency. ___________


5. True or False: Repeated use of LSD leads to physical
dependency. ___________


6. Physical dependency develops only when the drug user
adheres to a(n) ___________ schedule of drug intake.


7. Narcotic drugs are ___________ that ___________ the
central nervous system.


8. ___________ is a gummy, milky juice exuded through
a cut made in the unripe pod of the opium poppy.


9. The primary constituent of opium is ___________.


10. ___________ is a chemical derivative of morphine made
by reacting morphine with acetic anhydride.


11. A legally manufactured drug that is chemically related to
heroin and heavily abused is ___________.


12. True or False: Methadone is classified as a narcotic drug,
even though it is not derived from opium or morphine.
___________


13. Drugs that cause marked alterations in mood, attitude,
thought processes, and perceptions, are called
___________.


14. ___________ is the sticky resin extracted from the mar-
ijuana plant.


15. The active ingredient of marijuana largely responsible
for its hallucinogenic properties is ___________.
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16. True or False: The potency of a marijuana preparation
depends on the proportion of the various plant parts in
the mixture. ___________


17. The marijuana preparation with the highest THC content
is ___________.


18. LSD is a chemical derivative of ___________, a chemi-
cal obtained from the ergot fungus that grows on certain
grasses and grains.


19. The drug phencyclidine is often manufactured for the
illicit-drug market in ___________ laboratories.


20. Alcohol (stimulates, depresses) the central nervous
system.


21. ___________ are called “downers” because they depress
the central nervous system.


22. Phenobarbital is an example of a (short-, long-) acting
barbiturate.


23. ___________ is a powerful sedative and muscle relaxant
that possesses many of the depressant properties of
barbiturates.


24. ___________ are drugs used to relieve anxiety and ten-
sion without inducing sleep.


25. True or False: Glue sniffing stimulates the central ner-
vous system. ___________


26. ___________ are a group of synthetic drugs that stimu-
late the central nervous system.


27. The most severe form of amphetamine abuse stems from
its (oral, intravenous) administration.


28. An increasing percentage of amphetamines available on
the illicit-drug market originate from ___________ drug
laboratories.


29. ___________ is extracted from the leaf of the coca plant.


30. Traditionally, cocaine is ___________ into the nostrils.


31. True or False: Cocaine is a powerful central nervous sys-
tem depressant. ___________


32. The two drugs usually associated with drug-facilitated
sexual assaults are ___________ and ___________.


33. ___________ steroids are designed to promote muscle
growth but have harmful side effects.


34. The federal drug-control law is known as ___________.


35. Federal law establishes ___________ schedules of clas-
sification for the control of dangerous drugs.


36. Drugs that have no accepted medical use are placed in
schedule ___________.


37. Librium and Valium are listed in schedule ___________.


38. True or False: Color tests are used to identify drugs
conclusively. ___________


39. The ___________ color test reagent turns purple in the
presence of heroin.


40. The ___________ color test reagent turns orange-brown
in the presence of amphetamines.


41. The Duquenois-Levine test is a valuable color test for
___________.


42. The ___________ test is a widely used color test for
cocaine.


43. ___________ tests tentatively identify drugs by the size
and shape of crystals formed when the drug is mixed
with specific reagents.


44. A(n)___________ provides a means of separating
drugs from their diluents while making a tentative
identification.


45. The pattern of a(n) ___________ absorption spectrum is
unique for each drug and thus is a specific test for
identification.


46. The gas chromatograph, in combination with the
___________, can separate the components of a drug
mixture and then unequivocally identify each substance
present in the mixture.


47. Microscopic identification of marijuana largely depends
on observing short hairs on the leaf known as
___________ hairs.


48. All packages containing drugs must be marked for iden-
tification by the police officer before being sent to the
laboratory in order to maintain the ___________.


1. An individual who has been using a drug for an extended
period of time suddenly finds himself unable to secure
more of the drug. He acts nervous and irritable and is
hyperactive. He seems almost desperate to find more of the
drug, but experiences no sickness, pain, or other outward
physical discomfort. Based on his behavior, what drugs
might he possibly have been using? Explain your answer.


2. Following are descriptions of behavior that are charac-
teristic among users of certain classes of drugs. For
each description, indicate the class of drug (narcotics,
stimulants, and so on) for which the behavior is most


application and critical thinking


characteristic. For each description, also name at least
one drug that produces the described effects.


a. Slurred speech, slow reaction time, impaired judg-
ment, reduced coordination


b. Intense emotional responses, anxiety, altered sensory
perceptions


c. Alertness, feelings of strength and confidence, rapid
speech and movement, decreased appetite


d. Drowsiness, intense feeling of well-being, relief
from pain
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3. Following are descriptions of four hypothetical drugs.
According to the Controlled Substances Act, under which
drug schedule would each substance be classified?


a. This drug has a high potential for psychological de-
pendence, it currently has accepted medical uses in
the United States, and the distributor is not required to
report to the U.S. Drug Enforcement Administration.


b. This drug has medical use in the United States, is not
limited by manufacturing quotas, and may be
exported without a permit.


c. This drug must be stored in a vault or safe, requires
separate record keeping, and may be distributed with
a prescription.


d. This drug may not be imported or exported without
a permit, is subject to manufacturing quotas, and
currently has no medical use in the United States.


4. A police officer stops a motorist who is driving errati-
cally and notices a bag of white powder on the front
seat of the car that he suspects contains heroin. The
officer brings the bag to you, a forensic scientist in the
local crime lab. Name one screening test that you
might perform to determine the presence of heroin.
Assuming the powder tests positive for heroin, what
should you do next?


Bono, J. P., “Criminalistics—Introduction to Controlled Sub-
stances,” in S. B. Karch, ed., Drug Abuse Handbook, 2nd
ed. Boca Raton, Fla.: Taylor & Francis, 2007.


Christian, D. R., Jr., “Analysis of Controlled Substances,” in
S. H. James and J. J. Nordby, eds., Forensic Science: An
Introduction to Scientific and Investigative Techniques,
3rd ed. Boca Raton, Fla.: Taylor & Francis, 2009.


Siegel, J. A., “Forensic Identification of Controlled Sub-
stances,” in R. Saferstein, ed., Forensic Science Hand-
book, vol. 2, 2nd ed. Upper Saddle River, N.J.: Prentice
Hall, 2005.


Smith, F., and J. A. Siegel, eds., Handbook of Forensic Drug
Analysis. Boca Raton, Fla.: Taylor & Francis, 2005.
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