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LESSON ONE

The Basic Tasks in Analytical Chemistry

Analytical chemistry has bounds which are amongst the widest of any technological
discipline. An analyst must be able to design, carry out, and interpret his measurements within
the context of the fundamental technological problem with which he is presented. The
selection and utilization of suitable chemical procedures requires a wide knowledge of
chemistry, whilst familiarity with and the ability to operate a varied range of instruments is
essential. Finally, an analyst must have a sound knowledge of the statistical treatment of
experiment data to enable him to gauge the meaning and reliability of the results that he
obtains.

When an examination is restricted to the identification of one or more constituents of a
sample, it is known as qualitative analysis, while an examination to determine how much of a
particular species is present constitutes a quantitative analysis. Sometimes information
concerning the spatial arrangement of atoms in a molecule or crystalline compound is required
or confirmation of the presence or position of certain organic functional groups is sought'.
Such examinations are described as structural analysis and they may be considered as more
detailed forms of analysis. Any species that are the subjects of either qualitative and
quantitative analysis are known as analytes.

There is 'much in common between the techniques and methods used in qualitative and
quantitative analysis. In both cases, a sample is prepared for some analysis by physical and
chemical ‘conditioning’, and then a measurement of some property related to the analyte is
made. It is in the degree of control over the relation between a measurement and the amount of
analyte present that the major difference lies’. For a qualitative analysis it is sufficient to be
able to apply a test which has a known sensitivity limit so that negative and positive results
may be seen in the right perspective. Where a quantitative analysis is made, however, the
relation between measurement and analyte must obey a strict and measurable proportionality;
only then can the amount of analyte in the sample be derived from the measurement. To
maintain this proportionality it is generally essential that all reactions used in the preparation
of a sample for measurement are controlled and reproducible and that the conditions of
measurement remain constant for all similar measurements’. A premium is also placed upon
careful calibration of the methods used in a quantitative analysis®. These aspects of chemical
analysis are a major preoccupation of the analyst.

Chemical analysis is an indispensable servant of modern technology whilst it partly
depends on that modemn technology for its operation. The two have in fact developed hand in
hand. From the earliest days of quantitative chemistry in the latter part of the eighteenth
century, chemical analysis has provided an important basis for chemical development®. For
example, the combustion studies of La Voisier and atomic theory proposed by Dalton had their
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bases in quantitative analytical evidence. The transistor provides a more recent example of an
invention which would have been almost impossible to develop without sensitive and accurate
chemical analysis. This example is particularly interesting as it illustrates the synergic
development that is so frequently observed in differing fields. Having underpinned the
development of the transistor, analytical instrumentation now makes extremely wide use of it.
In modemn technology, it is impossible to overestimate the importance of analysis. Some of the
major areas of application are listed below.

(a) Fundamental Research

The fist steps in unravelling the details of an unknown system frequently involve the
identification of its constituents by quantitative chemical analysis. Follow up investigations
usually require structural information and quantitative measurements. This pattern appears in
such diverse areas as the formulation of new drugs, the examination of meteorites, and studies
on the results of heavy ion bombardment by nuclear physicists.

(b) Product Development

The design and development of a new product will often depend upon establishing a link
between its chemical composition and its physical properties or performance. Typical
examples are the development of alloys and of polymer composites.

(c) Product Quality Control

Most manufacturing industries require a uniform product quality. To ensure that this
requirement is met, both raw materials and finished products are subjected to extensive
chemical analysis. On the one hand, the necessary constituents must be kept at the optimum
levels, while on the other impurities such as poisons in foodstuffs must be kept below the
maximum allowed by law. '

(d) Monitoring and Control of Pollutants

Residual heavy metals and organo-chlorine pesticides represent two well known pollution
problems. Sensitive and accurate analysis is required to enable the distribution and level of a
pollutant in the environment to be assessed and routine chemical analysis is important in the
control of industrial effluents.

(e) Assay

In commercial dealings with raw materials ores, the value of the ore is set by its metal
content. Large amounts of material are often involved, so that taken overall small differences
in concentration can be of considerable commercial significance. Accurate and reliable
chemical analysis is thus essential.

(f) Medical and Clinical Studies

The level of various elements and compounds in body fluids are important indicators of
physiological disorders. A high sugar content in urine indicating a diabetic condition and lead
in blood are probably the most well-known examples.

Words and Vocabulary

1. amongst prep. 7E---Hd]; surrounded by; in the middle of
2. gauge vt. }§# 7T &, measure accurately
3. qualitative a. SETEH; relating to quality



4. quantitative
5. calibration

6. synergic

7. fundamental
8. meteorite

9. bombardment
10. polymer

11. optimum
12. pollutant
13. assess

14. significance
15. physiologic

16. diabetic

Notes

LESSON ONE

a. 5E&E[1; relating to quantity

n. f&IE; action of calibrating, the act of checking or adjusting
BER), B F1A; cooperative, to work in coordination with
FA ), EAHEI; of a foundation, serving as a starting point

. B fallen meteor, meteoric stone

. ¥%JE, 3%ih,; attacking with shells from big guns

. A %; 2 compound whose chemical part built up from a number
of simple ones of the same kind.

n. JEBRHE)BER, BIUK; best or most favorable

n. ¥5444); a substance or thing that pollutes

v. ¥¥5E, PPt decide or fix the amount of...

n. B X, EEZ%; meaning, importance

a. AEHEN, JUI)3N 4B 2, of science of the normal functions
of living things, esp. animals

a. BEIRHAM; of diabetes

&

BB B

1. Sometimes the analysts need acquire the information about the spatial arrangement of
atoms in a molecule or crystalline, or try to confirm whether certain organic functional groups
exit and what’s their position.

2. The major difference between qualitative and quantitative analysis lies in the degree of
control over the relation between a measurement and the amount of analyte present.

3. In order to keep this proportionality, all reactions used in the preparation of a sample
for measurement must be controlled and can be reproduced, and the conditions of
measurement must not change when similar measurements are made.

4. The acquisition of optimal value also depends on the careful adjustment of the methods
which are used in a quantitative analysis.

5. Quantitative chemistry began in the latter part of the 18th century, and from then on,
chemical analysis has played a very important and basic role in chemical development.

Exercises

A. Answer the following questions according to the passage.
1. Please try to explain qualitative analysis, quantitative analysis, and structural

analysis.

2. What are the common points between the techniques and methods used in qualitative
and quantitative analysis? '

3. What’s the major difference between qualitative analysis and quantitative analysis?

4. What major aspects of analytical chemistry are the focuses of an analyst based on the

text?

5. Please talk about the applications of analytical chemistry in some major areas listed in

the text.
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B. Choose the best answer for each of the following.
1. According to the passage, which of the following analytical methods belongs to the
analytical chemistry?____
A. Commercial analysis
B. Digital analysis
C. Scattchard analysis
D. Structural analysis
2. Which of the following statements is NOT mentioned in the passage?
A. An analyst must be able to design and carry out experiment independently
B. Analytical chemistry consists of chemistry analytical and instrument analytical
C. Analytical chemistry could be used for production of medicine and monitering of
pollutants
D. When operating the similar measurements, the conditions of measurement must
remain constant
3. As an analyst, how can he obtain the correct and credible experimental results?
A. He must possess a sound knowledge of the statistical treatment of experiment data
B. He must familiarize himself with various instruments and be capable of operating them
C. He must possess a sound knowledge of analytical chemistry
D. He must have the ability to apply the methods of sensitive and accurate analysis
4. The author takes transistor as example to show that_____.
A. Modern technology promotes the development of analytical chemistry
B. The development of modern technology and analytical chemistry mutually reinforce
each other
C. The development of modern technology depends upon analytical chemistry
D. Modern technology is the basis of analytical chemistry
5. According to the passage, which of the following statements is NOT true?_____
A. Poisonous substances in food must be kept below the maximum allowed by law
B. Structural analysis can be considered as more detailed forms of analysis
C. measurement and analyte must follow a strict proportion in a qualitative analysis
D. Chemical analysis plays an important role in the control of industrial effluents
6. According to the passage, which of the following options does NOT belong to the
application of analytical Chemistry?
A. Detection of physiological indicators
B. Structural Health Monitoring
C. Heavy ion bombardment
D. Food quality control

'Reading Material
The Origins of Chemistry

The word “chemistry” comes from “alchemy”. Two different sources have been
proposed for the latter term: (1) the Greek cheo, meaning “I pour” or “I cast”, referring to

4



LESSON ONE

an activity of metal workers who were the originators of alchemy; (2) khem, the ancient
name for Egypt, thus reflecting the Egyptian origin of alchemy. During the Arabic period
the prefix a/ was added. When chemistry later developed into an independent science, the
prefix was dropped.

The origins of alchemy are indefinite, but took place in Egypt and Middle East, and
probably also in China and India independently. It developed among artisans such as metal
workers, who wanted to record their knowledge without revealing trade secrets. Hence early
alchemical writings were a confusing mixture of practical observations mysticism, and are
clouded in symbolism and allegory. Alchemy began to be a formal subject in the first century
A.D. at the hands of Greek scholars in Alexandria. -~

Earlier Greek philosophers naturally dabbled in the subject. Because they scorned
manual labor they did no experimentation, but they speculated freely. (Does not this make
them forerunners of today’s theoretical chemists?) Democritus will be mentioned when the
Kinetic Theory is discussed. Aristotle (384—322 B.C.) suggested that all things are made
of the four elements: air, fire, water and earth. He also proposed that all elements can be
interchanged with one another, and from this came the idea that base metals can be
transmuted into gold.

After the rise of Islam the Arabs spread alchemy to western Europe in the 12th century
through Spain and Italy. To the four elements of Aristotle they added three principals: mercury,
sulfur, and salt. In Europe during the late Middle Ages alchemy concentrated on two goals: to
turn base metals into gold, and later to find the philosopher’s stone. This stone would
accomplish the transmutation of the elements, and was also the elixir of life. We know now
that these goals were hopeless, but alchemy left an important heritage. One aspect was a
collection of techniques and instruments: furnaces, stills, flasks, water baths, and beakers. The
most symbolic to us are the retort and the alembic. Alchemical signs are also part of this
inheritance.

Another interesting residue is term “hermetically sealed.” The Egyptian god Thoth
was the god of magic and science. The Greeks identified him as their god Hermes, and
called him Hermes Trismegistos (“Hermes thrice greatest”). Alchemists adopted the latter
as patron, and frequently placed a seal bearing a likeness of Hermes on containers of
samples they had prepared. From this came the term “hermetically sealed,” which we now
use to mean airtight.

A few famous alchemists will be mentioned. Avicenna (980—1037) was born in what is
now Iraq. He was an infant prodigy who could recite the entire Koran by age ten. Avicenna
became a noted Persian physician who also wrote on alchemy. He was one of the few
alchemists who thought transmutation impossible.

Albertus Magnus (1193—1280) was a German scholar whose real name was Albert,
Count von Bollstadt, but who was later called Albert the Great because of his learning. He
was particularly interested in botany, but did much more, including alchemy. For example he
used nitric acid to separate gold from silver. He insisted on the value of personal observation.
Arsenic was described so clearly that he is sometimes given credit for its discovery, although it
was probably known to earlier alchemists, at least in impure form. He also compiled a list of
hundreds of minerals. Pope Pius XI canonized him in 1931.

Paracelsus(1493—1541) was a Swiss physician and alchemist. His real name was the
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wonderful Theophrastus Bombast von Hohenheim, but he modestly took the name Paracelsus,
meaning “better than Celsus.” (Celsus was a Roman physician whose translated writings hand
recently appeared and excited much interest.) Paracelsus was eccentric and quarrelsome and
made many enemies. However he initiated the beginning of the transition from alchemy to
chemistry. He decided that the purpose of alchemy was not to transmute metals, but to prepare
medicines. He thus founded iatrochemistry, the chemistry of medicines. He was particularly
interested in the medicinal use of minerals and metallic compounds, and unfortunately
prescribed the use of mercury and arsenic derivatives for his patients even after they were
known to be toxic. He was the first to use tincture of opium in medicine, and called it
laudanum. He was also the first to describe zinc, although its use was known long before in the
alloy brass. -

Georgius Agricola (1494—1555) was originally Georg Bauer, but Latinized his name as
was then the fashion. (Both Bauer and Agricola mean “farmer.”) He was a German physician
who became interested in mining and minerals, and who became wealthy from shrewd mining
investments. His chief work was the famous book “De Re Metallica,” which was published a
year after his death. Hebert Hoover, later President of the United States, and his wife made a
notable translation of it from the Latin in 1912. Agricola’s book was one of the first treatises
on applied chemistry. In it he summarized the practical knowledge of the Saxon miners, using
clear writing and numerous excellent illustration. It earned him the designation “father of
mineralogy.” ‘

Robert Boyle (1627 —1691) believed in transmutation into gold, but was more
instrumental in transmuting alchemy into chemistry. In 1661 he published “The Sceptical
Chemist.” In it he insisted on the need for experimental observation rather than intuition; he
defined elements in their modern sense; and he removed chemistry from medicine and made it
a separate science. He was a remarkable man and did much more, including playing a key role
in founding the Royal Society. His tombstone in Dublin bears the inscription “Father of
Chemistry and Uncle of the Earl of Cork.”

Hermann Boerhaave (1668—1738) was a Dutch teacher at the University of Leiden
who worked primarily in medicine, but also in chemistry and biology. Because students
published notes from his lectures on chemistry without his permission, he wrote “Elemente
Chemiae’ in 1732. It was translated into English, French, German, and Russian, and
became the most influential of the early textbooks on chemistry. Boerhaave believed in the
possibility of transmutation. He was also a man of exceptional patience and persistence,
for he kept some mercury heated for fifteen years to see whether any change would occur!
He distilled another sample of mercury over 500 times to see whether its volatility would

alter.

Words and Vocabulary

1. alchemy n. A &K; chemistry of the Middle Ages, the chief aim of which was
to discover how to change ordinary metals into gold

2. allegory ~ n. B F; story or description in which ideas such as patience, purity and

truth are symbolized by persons who are characters in the story



3. dabbile in (at)
4. forerunner
5. elixir

6. alembic

7. residue

8. prodigy

9. eccentric

10. quarrelsome
11. tincture

12. intuition

13. persistence

14. volatility
15. alter

v. WL, kR PEHIBTFT; engage in, study as a hobby, not professionally
n. 58, 5cIK; person who foretells and prepares for the coming of another
n. (PR AT B, KAAZE; proparation by medieval
scientists hoped to change metals into gold to prolong life indefinitely
n, AR

n. $|434; that which remains after a part is taken or used

n. ARLZ A, K7; person who has unusual or remarkable abilities
a. (FE NEH25Eh) AR (of a person, or his behavior) peculiar, not normal
a. SBN, E$H; quick-tempered, fond of quarrels

n. B37; medical substance dissolved in alcohol 4

n. HE; (power of) the immediate understanding of something without
conscious reasoning or study

n. "B, Eh, FrLE; refusing to make any change in (what one is doing,
one’s beliefs, etc.)

n. ¥R ( of liquid) character that easily changes into gas or vapour
vt. B(%; change

Further Discussion

1. Please talk about the origin of chemistry in China, and its position in the world

chemical history.

2. What are the contributions of ancient Chinese chemists to social development?
3. What are the contributions of alchemy which are of referential value to the metallurgy

of other metals?

LESSON TWO

Problems and Solution in Analytical Chemistry

The solutions of all analytical problems, both qualitative and quantitative, follow the

LESSON TWO

same basic pattern. This may be described under six general headings.

Choice of Method

The selection of the method of analysis is a vital step in the solution of an analytical
problem. A choice cannot be made until the overall problem is defined, and where
possible a decision should be taken by the client and the analyst in consultation'.
Inevitably, in the method selected, a compromise has to be reached between the
sensitivity, precision and accuracy desired of the results and the costs involved. For

7
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example, X-ray fluorescence spectrometry may provide rapid but rather imprecise
quantitative results in a trace element problem. Atomic absorption spectrophotometry, on
the other hand, will supply more precise data, but at the expense of more time consuming
chemical manipulations.

Sampling

Correct sampling is the cornerstone of reliable analysis. The analyst must decide in
conjunction with his technological colleagues how, where, and when a saniple should be taken
so as to be truly representative of the parameter that is to be measured.”

Preliminary Sample Treatment

For quantitative analysis, the amount of sample taken is usually measured by mass or
volume. Where a homogeneous sample already exists, it may be subdivided without further
treatment. With many solids such as ores, however, crushing and mixing are a prior
requirement. The sample often needs additional preparation for analysis, such as drying,
ignition and dissolution.

Separations

A large proportion of analytical measurements are subject interference from other
constituents of the sample. Newer methods increasingly employ instrumental techniques to
distinguish between analyte and interference signals. However, such distinction is not always
possible and sometimes a selective chemical reaction can be used to mask the interference. If
this approach fails, the separation of the analyte from the interfering component will become
necessary. Where quantitative measurements are to be made, separations must also be
quantitative or give a known recovery of the analyte’.

Final Measurement

This step is often the quickest and easiest of the six but can only be as reliable as the
preceding stages. The fundamental necessity is a known proportionality between the
magnitude of the measurement and the amount of analyte present. A wide variety of
parameters may be measured (Table 2.1).

Table 2.1 A general classification of important analytical methods

GROUP . PROPERTY MEASURED
gravimetric weight of pure analyte or of a stoichiometric compound containing it
volumetric volume of standard reagent solution reacting with the analyte
spectrometric intensity of electromagnetic radiation emitted or absorbed by the analyte
electrochemical electrical properties of analyte solutions
radiochemical intensity of nuclear radiations emitted by the analyte
mass spectrometric abundance of molecular fragments derived from the analyte
chromatographic physico-chemical properties of individual analytes after separation

The Assessment of Results

Results obtained from ar analysis must be assessed by the appropriate statistical methods
and their meaning considered in the light of the original problem.

It is common to find analytical methods classified as classical or instrumental, the
former comprising ‘wet chiemical’ methods such as gravimetry and titrimetry. Such a
classification is historically derived and largely artificial as there is no fundamental
difference between the methods in the two groups®. All involve the correlation of a
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physical measurement with the analyte concentration. Indeed, very few analytical methods
are entirely instrumental, and most involve chemical manipulations prior to the
instrumental measurement. A more satisfactory general classification is achieved in terms
of the physical parameter that is measured (Table 2.1).

There is constant development and change in the techniques and methods of analytical
chemistry. Better instrument design and a fuller understanding of the mechanics of analytical
processes enable steady improvements to be made in sensitivity, precision, and accuracy.
These same changes contribute to more economic analysis as they frequently lead to the
elimination of time-consuming separation steps. The ultimate development in this direction is
a non-destructive method, which not only saves time but leaves the sample unchanged for
further examination or processing. _

The automation of analysis, sometimes with the aid of laboratory robots, has become
increasingly important, For example, it enables a series of bench analyses to be carried out
more rapidly and efficiently, and with better precision, while in the cases continuous
monitoring of an analyte in a production process is possible. Two of the most important
developments in recent years have been the incorporation of microprocessor control into
analytical instruments and their interfacing with micro- and minicomputers. The
microprocessor has brought improved instrument control, performance and, through the ability
to monitor the condition of component parts, easier routine maintenance. Operation by
relatively inexperienced personnel can be facilitated by simple interactive keypad dialogues
including the storage and re-call of standard methods, report generation and diagnostic testing
of the system. Microcomputers with sophisticated data handling and graphics software
packages have likewise made a considerable impact on the collection, storage, processing,
enhancement and interpretation of analytical data®. Laboratory Information and Management
Systems (LIMS), for the automatic logging of large numbers of samples, Chemometrics,
which involve computerized and often sophisticated statistical analysis of data, and Expert
Systems, which provide interactive computerized guidance and assessments in the solving of
analytical problems, have all become important in optimizing chemical analysis and
maximizing the information it provides.

Analytical problems continue to arise in new forms. Demands for analysis at ‘long
range’ by instrument packages steadily increase. Space probes, ‘borehole logging’ and
deep sea studies exemplify these requirements. In other fields, such as environmental and
clinical studies, there is increasing recognition of the importance of the exact chemical
form of an element in a sample rather than the mere level of its presence®. Two
well-known examples are the much greater toxicity of organo-lead and organo-mercury
compounds compared with their inorganic counterparts. An identification and
determination of the element in a specific chemical form presents the analysis with some
of his more difficult problems.

Words and Vocabulary

1. fluorescence n. %6 (#); property that a substance has of emitting light while
being exposed to light or some other radiation of a shorter
wavelength.

2. manipulation n. #4E, #¥Y\; operation, handling, with skill
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3. cornerstone

4. reliable

5. homogeneous

6. ignition

7. constituent
8. distinction
9. component

10. stoichiometric

11. appropriate

12. gravimetry
13. titrimetry

14. derive
15. elimination
16. facilitate

ENGLISH for ANALYTICAL CHEMISTRY

n. &A, (b)) ERl: stone that forms a corner of the foundation
of a building, (fig.) foundation

. ATEERY, W{E#REG; that may be depended upon

2. R, BHEA: of the same kind

. Bk, B%E setting on fire

R4, ¢R&; component part

ARz A, EHZAL; point of difference

T4 part

{23t 2 0, FEARRD HE Y concerned with, involving, or having
the exact proportions for a particular chemical reaction

a. &iEM; right or suitable

n. EEAH (#); the measurement of specific gravity

n. WEHT (); measurement or analysis by titration, titration
is the process of gradually adjusting the dose of a medication until
the desired effect is achieved.

vt. #2J8, JH: have as a starting point, or origin

n. 4K, B, #@IK; removing, taking away, getting rid of

vt. &5, whiZ2--HH#: make easy, lessen the difficulty of

]
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17. dialogue n. Xi%; conversation or talk

18. sophisticate a. H#:M; complicated

19. assessment n. VE{h; assessing

20. toxicity n. FEME; quality or degree of being toxic
Notes -

1. The choice of method of analysis can only be taken when the whole problem is clearly
shown and that where it is possible to make a decision by the client and the analyst in
consultation is known.

2. In order to truly represent the parameter that is to be measured, the analyst must
decide, together with his technological colleagues, how, where, and when a sample
should be taken.

3. In some cases where quantitative measurements are to be made, separations must also
be quantitative, or a known recovery of an analyte must be given.

4. The classification between classical and instrumental methods gradually forms in the
history and is artificial to a large extent, therefore there’s no essential difference between the
two methods in the two groups.

5. Microcomputers which have complex data processing and graphics software packages
are also important to the collection, storage, processing, enhancement and interpretation of
analytical data.

6. In other fields, such as environmental and clinical studies, the importance of the exact
chemical form of an element in a sample, not the mere level of its presence, has gained
increasing recognition.



