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Preliminary Steps to an Analysis
A chemical analysis is ordinarily preceded by
steps that are necessary if the analytical data are
to have significance. These steps include (1)
sampling, (2) production of a homogeneous
mixture for analysis, and (3) drying the sample
or, alteratively determining its moisture content.
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Sampling
Generally, a chemical analysis is preformed on a
fraction of the material whose composition is of
onterest. It is evident that the composition of this
fraction must reflect as closely as possible the
average composition of the bulk of the material if
the analysis is to be of any value. The process by
which a representative fraction is ecquired is
termed sampling. Often, sampling is the most
difficult step in the entire analytical process. This
statement is particularly applicable when the
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material to be sampled is an item of commerce
weighing several tons or several hundreds of
tons.
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Sampling homogemeous solutions of liquids
and gases. For solution of liquids or gases, the
gross sample can be relatively small, since
ordinarily nonhomogeneity first occurs at the
molecular level, and even small volumes of
smaple will contain a tremendous number of
particles. Whenever possible the material to be
analyzed should be well stirred prior to removal
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of the sample to make sure that homogeneity
does indeed exist With large volumes of
solutions mixing may be impossible; it bottle that
can be opened and filled at any desired location
in the solution. This type of sampling, for
example, is important in determining the
constituents of liquids exposed to the
atmosphere. Thus the oxygen content of lake
water may very by a factor as larger as 1000 over
a depth difference of a few feet.
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Sampling metals and alloys. Sample of metals
and alloys are obtained by sawing, milling, or
drilling. In general it is not safe to assume that
chips of the metal removed from the surface will
be representative of the entire bulk; sampling
billets or ingots of metal, a representative sample
can be obtained by awing across the piece at
regularly spaced intervals and collecting the
“sawdust” as the sample. Alternatively the
specimen may be drilled, again at various
regularly spaced intervals, and the drillings
collected as the sample; the drill should pass
entirely through the block or halfway through
from opposite sides. The drillings can then be
briken up and mixed or melted together in a
graphite crucible. A granular sample can often
then be produced the melt into distilled water.
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Production of alaboratory Sample
For nonhomogeneous materials, the gross sample
may weigh several hundred pounds or more.

Here, a considerable decrease in size is desirable
before the sample is brought into the laboratory,
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where a few pounds at most are all that can be
conveniently handled. The process of reducing
the sample volume by a factor of 100 or more is
orfinarily — multistage, involving repeated
grinding, mixing, and dividing. Diminution in
particle size is essential as the weight of sample
is decreased to assure that the sample
composition continues to be representative of the
original material.
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Determination of Water

Drying Procedures

Without question, oven drying is the most
common method for determining the water
content of samples. The amount evolved from a
known weight of sample is established either
from the loss in weight of the sample or by the
gain in weight of an absorbent for water. The
great virtue of the procedure is its simplicity
unfortunately this simplicity does not necessarily
extend to the interpretation of the water may also
occur during the heating. Thus one may also
encounter volatilization of other components,
decomposition of one or more of the constituents
to give gaseous products, or oerhaps air
oxidation of a component in the sample. The first
two of these effects will cause a decrease in
sample weight, oxidation will cause an increase
if the products of the reaction are nonvolatile and
a decrease if they are volatile. Superimposed on
these difficulties is the uncertainty with respect
to the temperature required to cause complete
evolution of water. Heating at 105°C will
accomplish removal of adsorbed moisture and, in
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some instances, essential water as well. On the
other hand, removal of sorbed and occluded
water is often quite incomplete at this
temperature. Many minerals, as well as such
substances as alumina and silica, require

temperatures of 1000 °C or more.
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Decomposing and Dissolving the Sample
Most analyses are completed performing
measurements on a solution (usually aqueous) of
the analyte. Often, converting an analyte to a
solube form rewuires powerful reagents and
strenuous  treatment. For example, the
determination of halogens or nitrogen on an
organic compound requires vigorous treatment of
the sample to rupture the strong bonds between

these elements and carbon. Similarly, drastic
conditions are usually required to destroy the
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silicate structure of a siliceous mineral, thus
rendering its carions free for analysis.
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Analytical Separations
The physical and chemical properties upon
which analytical methods are based are seldom,
if ever, entirely specific. Instead, these properties
are shared by numerous species as a
consequence, the elimination of interences is

more often the rule than the exception in a
quantitative analysis.

VY
Melika Milkara

www.takbook.com



Glossary of practical terms in analytical
chemistry:english-persian

il sbglelas
Slaberd 5 (Sid Plx e 2l slaghs,
shls 55 b5 wiloyespn JulS Sy 3 b0 a5 widl o
Sbass o 3 el nl Bes W (Shy e
D) LW (oS o iod jo dx s conl S i saxis
S o o | o2 le plaat (slicul 8 lge jo
Two general methods are available for coping
with substances that interfere in an analytical
measurement. The first involves alteration of the
system to immobilize the potential interference
and thereby prevent its participation in the
measurement step, clearly the alteration must not
affect the species being  determined.
Immobilization is frequently accomplished by
introducing a complexing agent that reacts
selectively with the interfering substance. For
example, in the iodometric determination of
copper, iron (Il1) can be rendered unreactive
toward idide by complexation with fluoride or
phosphate ion, neither anion inhibits the
oxidation of iodide by copper (l1).
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The introduction of a reagent to eliminate an
interference is called masking.
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An Introduction to Chromatograpjic
Separations
Without question, the most widely used means of

performing analytical separations is
chromatography, a procedure that finds
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application to all branches of science.
Chromatography was invented and named by the
Russian botanist Mikhail Tswett shortly after the
turn of the century, He employed the technique
to separate various plant pigments such as
chlorophylls and xanthophylls by passing a
solution of these compounds through a glass
column packed with finely divided calcium
carbonate. The separated species appeared as
colored bands on the column, which accounts for
the name he chose for the method.
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The applications of chromatography have grown
explosively in the last four decades, owing not
only to the development of several new types of
chromatographic techniques but also to the
growing need by scientists for better methods for
separating complex mixtures. The tremendous
impact of these methods on science is attested by
the 1952 Nobel prize that was awarded to A.J.P.
Martin and R.L.M. Synge for their discoveries in
the field.
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General Description of Chromatography
Chromatography encompasses a diverse and
important group of separation methods that
permit the scientist to separate, isolate, and
identify closely related components of complex
mixtures, many of these separations are
impossible by other means.

The term “chromatography” is difficult to define
rigorously owing to the variety of systems and
techniques to which it has been applied All of
these methods, however, make use of a
stationary phase and a mobile phase.
Components of a mixture are carried through the
stationary phase by the flow of the mobile one,
separations are based on differences in migration
rates among the sample components.
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Types of Stationary Phases
For successful chromatography, the components
to be separated must be soluble in the mobile
phase. Thy must also be capable of interacting
with the stationary phase either by dissolving in
it, being adsorbed by it, or reacting chemically
with it. As a consequence, during the separations,
the components become distributed between the
two phases.
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Column chromatography refers to methods in
which the stationary phase is contained in a
narrow glass or metal tube. The mobile phase,
which may be a kiquid or a gas, is then forced
through the solid under pressure or allowed to
percolate through it by gravity. In planar
chromatography the stationary phase is supports
on a flat glass or plastic plate; here the mobile
phase moves through the solid either by capillary
action or under the influence of gravity. In either
type of chromatography the stationary phase may
be a finely divided solid or may consist of an
immobilized liquid that is immiscible with the
mobile phase. Several procedures are employed
fo fix the stationary liquid in place. For example
a finely divided solid coated with a thin layer of
liguid may be held in a glass or metal tube
through which the mobile phase flows or
percolates. Ordinarily, the solid plays no direct
part in the separation functioning only to hold the
stationary, liquid phase in place by adsorption.
Alternatively the inner walls of a capillary tube
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can be coated with a thin layer of liquid, a
gaseous mobile phase is then caused to flow
though the tube. Finally, the stationary liquid
phase can be held in place on the fibers of paper
or on the surface of finely ground particals held
on a glass plate.
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An Introduction to Electrochenistry
Many important analytical methods are based
upon oxidation reduction equilibria that occur
rather within a homogeneous solution or at the

surface of the electrodes making up an
electrochemical cell.
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Oxidation — Reduction Processes
In an oxidation — reduction (or redox) reaction,
one of the reacting species is converted to a
higher oxidation state and as a consequence is
oxidized, the other reactant suffers a decrease in
oxidation state and is thus reduced.
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Ocidizing and Reducing Agents
Oxidizing agents or oxidants possess a strong
tendency to cause oxidation of other species.
Reducing agents or reductants, on the other hand,
tend to cause reductuions to occur and in the
process are themselves oxidized.
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Electrochemical Cells

Electrochemical cells can be conveniently
classified as galvanic if they produce electrical
energy and electrolytic if their operation requires
electrical energy from an external source. Both
types find use in analytical chemistry. It is
important to appreciate that many cells can be
operated in either a galvanic or an electrolytic
mode by modification of experimental
conditions.

An electrochemical cell consists of two
conductors called electrodes, each immersed in a
suitable electrolyte solution. For electricity to
flow it is necessary (1) that the electrodes be
connected externally by means of a mertal
conductor and (2) that the two electrolyte
solutions be in contact to permit movement of
ions from one to the other. The fitted glass disk
is porous, so that Zn®*, Cu®* , HSO, SO, and
other ions as well as HO molecules can move
across the juvtion between the two electrolyte
solution the reaction between the elemental zinc
and copper ions.
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Anod and cathode By definition the cathode of
an electrochemical cell is the electrode at which
reduction occurs while the anode is the electrode
where oxidation takes place. These definitions
apply to both galvanic and electrolytic cells.
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Nature of Electrode Potentials
At the outset, it should be emphasized that there
is no way of determining an absolute value for
the potential of a single electrode, since all
voltage-measuring  devices determine only
differences in potential. One conductor from
such a device is connected to the electrode in
question, in order to measure a potential
difference, however, the second conductor most
be brought in contact with the electrolyte
solution of the half-cell in question. This latter
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contact inevitably involves a soid-solution
interface and hence acts as a second half-cell at
which a chemical reaction must also take place if
electricity is to flow. A potential will be
associated with this second reaction. Thus, an
absolute value for the desired half-cell at which a
chemical reaction must also take place if
electricity is to flow. A potential will be
associated with this second reaction. Thus, an
absolute value for the desired half-cell potential
is not realized, instead. What is measured is a
combination of the potential of interest and the
half-cell potential for the second contact between
the voltage-measuring device and the solution.
Our inability to measure absolute potentials for
half-cell processes turn out not to be a serious
handicap, because relative half-cell potentials,
measured against some reproducible reference
half-cell, are just as useful. These relative
potentials can be combined to give cell
potentials, in addition they are useful for
calculating equilibrium constants for oxidation-
reduction processes.
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To be useful, relative electrode potentials must
all be related to a common reference half-cell.
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Oxidation-Reduction Indicators
We have seen that equivalence point in an
oxidation- reduction titration is characterized by
a marked change in the electrode potential of the
system. Several methods exist for detecting such

a change these can serve to signal the end point
in the titration.
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Potentiometric Methods
The potential of an electrode is determined by
the concentration (or, more correctly, the
activity) of one or more species in a solution.
The equipment required for a potentiometer
measurement includes a reference electrode, an
indicator electrode and a potential measuring
device.
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Indicator Electrodes
Indicator  electrodes  for potentiometer
measurements are of two basic types, namely,

metallic and membrane. The latter are also
referred to as specific or selective ion electrodes.
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Metallic Indicator Electrodes
Frist-order electrodes for cations. A frist-order
electrode serves to determine the concentration
of the cation derived from the electrode metal.
Several metals, such as silver, copper, mercury,
lead, and cadmium, exhibit reversible half-
reactions with their ions and are satisfactory as
frist-order.
electrodes. In contrast, other metals are less
suitable because thwy tend to develop
nonreproducible potentials that are influenced by
strains or crystal deformations in their structures
and by oxide coatings on their surfaces. Metals
in this category include iron, nickel, cobalt,
tungsten, and chromium.
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Electrogravimetric and Coulometric Methods
Three related electroanalytical methods, namely,
electrogravimetric analysis, constant-potential
coulometry, and coulometric titrations, are
discussed in this chapter. Each involves an
electrolysis that is carried on for a sufficient
length of time to assure quantitative oxidation or
reduction of the analyte. In electrogravimetric
methods, the product of the electrolysis is
weighed as a deposit on of the electrodes (the
working electrode). In ths two coulometric
procedures, on the other hand, the quantity of
electricity needed to complete the electrolysis
serves as a measure of the amount of analyte
present.
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The three methods have moderate sensitivity and
speed for many applications they are among the
most precise and accurate methods available to
the chemist, with attainable uncertainties, of the
order of a few tenths percent. In common with
gravimetric methods, but in contrast to all other
methods discussed in this test, these procedures
require no calibration against standards, that is,
the functional relationship between the quantity
measured and the weight of analyte can be
derived from theory.

T (195 9 (39 95N e by,
(5339958 432 G ob 4 bgrye (Setdlly xSl g, 4
29 o WgS Glagganl g g Cob il jo e gS
Jolos b bg; cnl Sl plaS 0 83528 oo )18 (s 2 9590 b
oS 2alS b LS5 JelS licabl b a8 ol cdISE, SO
Sy Joame (53995580 gla by, 50 il o dslol c Ul
38 G 2958l 0 (o0 g, oo Sl (S e oS
g SN e (i 95T (B9, 99 50 S0 Bk jlogd e
S Sl ooliie Glgie 4 C3E ol S sl 5L 99

Sgd o 03,5 4 g g0 Ul lade

Y
Melika Milkara

www.takbook.com



Glossary of practical terms in analytical
chemistry:english-persian

Sl 5o g aijls plie ey 5 Colis j5e By A
&S aes ooy, nireee 5 (P38 o)y O ylS
Sgd> ,0 ng}"j) kJ"‘ M:.x.la.ﬁ pis ‘wtmub w B0 I
(T 039 S, wiles o g, pl ol wo s pas v
& ol ol o S Ko laghs, el WSepn Js
O bl (o Wl g3l ol blas js gaias o
@ gk b a4 Wl e cdbT 399 00l (5 pSojlal S
Al e
Electrogravimetric Methods of Analysis
Electrolytic precipitation has been used for over
a century for thw gravimetric determination of
metals. In most applications, the metal is
deposited on a weighed platinum cathode, and
the increase in weight is determined. Important
exceptions to this procedure include the anodic
depositions of lead as lead diocide on platinum
and chloride as silver chloride on silver.
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Coulometric Methods of Analysis
Coulometry encompasses a group of methods
which invole measuring the quantity of
electricity (in coulombs) needed to convert the
analyte quantitatively to a different oxidation
state. In common with gravimetric methods,
coulometer offers the advantage that the
proportionality constant between coulombs and
the weight of analyte can be derived from known
physical constants; thus, a calibration or
standardization step is not ordinarily required.
Coulometric methods are often as accurate as
gravimetric or volumetric procedures, they are
usually faster and more convenient than the
former. Finally, coulmetric procedures are
readily adapted to automation.
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Ploarographic Apparatus
For palaeography, as well as the other
voltametric techniques, the working electrode at
which the analyte rects must be small typically,
its surface area will range from 1 to 10 mm?®. In
addition the electrode must be chemically inert.
Thus, microelectrodes are fabricated of
conducting materials such as mercury, platinum,
gold, silver, and graphite. With the exception of
mercury, the electrodes usually are fine wires or
disks that are sealed into glass tubing.
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The most important microelectrode for
voltammetery, and the one used in Heyrovsk’s
early work; is the dropping mercury electrode.
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Inorganic Polarographic Analysis
The polarographic method is generally
applicable to the analysis of inorganic
substances. Most metallic cations, for example,

are reduced at the dropping electrode to form a
metal amalgam or an ion of lower oxidation
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state. Even the alkali-and alkaline-earth methods
are reducible, provided the supporting electrolyte
used does not decompose at the high potentials
required. The tetraalkyl ammonium halides serve
this function well.
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Properties of Electromagnetic Radiation
Electromagnetic radiation is a type of energy that
is transmitted through space at enormous
velocity. Many of the properties of
electromagnetic radiation are conveniently
described by means of a classical wave model
that employs such parameters as wavelength,

frequency, velocity, and amplitude. In contrast to
other wave phenomena, such as sound,
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electromagnetic radiation requires no supporting
medium for its transmission, thus, it readily
passes through a vacuum.

Phenomena associated with the absorption or
emission of eadiant energy cannot be explained
adequately by treating eadiation as waves, here,
it is necessary to view electromagmnetic
radiation as a stream of discrete particles of
energy called photons with energies that are
particles and waves are not mutually exclusive.
Indeed, the duality is found to apply to the
behavior of streams of electrons and other
elementary particles as well and is rationalized
by wave mechanics.
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Wave Properties

For many purposes electromagnetic radiation is
conveniently treated as an oscillating electrical
force field in space; associated with the electrical
field and right angles o ti is a magnetic force
field.

The electrical and magnetic fieds associated with
radiation are vector quantities; at any instant,
they can be represented by an arrow whose
length is proportional to the magnitude of the
force and whose direction is parallel to that of
the force. A graphic representation of a beam of

radiation can be obtained by plotting one of these
vector quantities as a function of time as the
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radiation passes a fixed point in space.
Altematively the vector can be plotted as a
function of distance, with time held constant.
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Line and Band Emission Spectra
Radiation form a source is conveniently

characterized by means of an emission spectrum,
which usually takes the form of a plot of relative
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power of the radiation as a function of
wavelength or frequency. Three types of spectra
can be distinguished, namely, line, bamd, and
continuous. All are of importance in analytical
chemistry.
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Continuous Emission Spectra
Truly continuous radiation is produced when
solids are heated to incandescence. Thermal
radiation of this kind, which is called black-body
radiation is more characteristic of the
temperature of the emitting surface than the
material of which that surface is composed.
Black-body radiation is produced solid by the
innumerable atomic and molecular oscillations
excied in the condensed solid by the thermal
energy.
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Theortical treatment of black-body radiation
leads to the following conclusions: (1) the
radiation exhibits a maximum emission at a
wavelength that varies inversely with the
absolute temperature, (2) the total energy by a
black body (per unit of time and area) varies as
the fourth power of temperature, and (3) the
emissive power at a given temperature varies
inversely as the fifth power of wavelength.
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Fluorescence and Phosphorescence
Fluorescene and phosphorescence analytically
important emission processes in which atoms or
molecules are excited by absorption of a beam of
electromagnetic radiation, radiant emission then
occurs as the excited species return to the ground
stste. The resulting emission spectrum serves as
the basis for analysis.
Fluorescence differs from phosphorescence in
the respect that it occurs much more rapidly and
is generally complete after about 10™ s (or less)
from the time of excitation. Phosphorescence
emission takes place over periods longer than 10
s and may indeed continue for minutes or even
hours after irradiation has ceased. Geberally,
fluorescence and phosphorescence are observed
at a 90-deg angle to the excitation beam. Of the
two, fluorescence has found much more
widespread application.

Y
Melika Milkara

www.takbook.com



Glossary of practical terms in analytical
chemistry:english-persian

il piand g (il 939l

Gris sranl B Glazs Bld 5l Guiluyhnd 5 il gislé
S5l b G g oo a5y (qbliniog 5SU 25 95
Dige oo E8y A GRU Bl b 4 s Sy sleaisS
29550 ) @ a e sl Al Glye @ Jol> 685 ik
by Pgls o Cel cnl o il jind b Gle sl glis
399> Sloj alold b Ysano 5 Sis o0 E585 4 S sl

_ -5
i dgden JolS ot a5 Sily e (RS L) Ve 7S

s £33 % VoS 5l S5 slaple; 5o Sloyind
ehad 5l ey celo wiz S b aids wiz dly )0 cenl (Sea
il siand 5 il gisld (S jsboa S Ty aslol 15 A6
odnlice 0uLS SO ,o0 WDy Aiwd A Cod 450 Vo aygly o
Sl iombiyind balie o ile el g e
el 48l (6 00y
Opticak Spectroscopic Instruments
The first spectroscopic instruments were

developed for use in the visible region and were
thus called optical instruments. This term has by
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now been extended to include instruments
designed for use in the ultraviolet and infrared
regions as well, while not strictly correct, the
terminology is nevertheless useful in that it
emphasizes the many features that are common
to the instruments used for studies in these three
important spectral regions.
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Spectroscopic  instruments  contain  five
components including: (1) stable source of
radiant energy, (2) a wavelength selector that
permits isolation of a restricted wavelength
region (3) a transparent container for holding the

sampke, (4) a radiation detector or transducer
that converts radiant energy to a usable signal
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(usually electrical), and (5) a signal processor
and readout.
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Absorption of Ultraviolet and Visibie
Radiation by Organic Compounds
The electrons responsible for absorption of
ultraviolet and visible radiation by organic
molecules are of two types: (1) those that
participate directly in bond formation and are
thus associated with more than one atom and (2)
unshared outer electrons that are largely
localized about such atoms as oxygen the
halogens sulfur and nitrogen.
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Absorption of Infrrared Radiation

The relative positions of atoms in a molecule are
not fixed, instead, they fluctuate continuously as
a consequence of a ultitiude of different types of
vibrations.

These vibrations are quantized in the sense that
their frequencies can assume only certain values.
Vibrational absorption requires that radiation
frequency exactly match the vibrational
absorption requires that the radiation frequency
exactly match the vibrational frequency of a
bond. Thus, infrared absorption typically consists
of narrow peaks, each one of which corresponds
to a vibration typically consists of narrow peaks,
each one of wjicj corresponds to a vibrational
frequency of a bond in the molecule. The energy
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transferred to the bond by the absorption of the
radiation increases the amplitude of the
vibration.
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Instruments for Atomic Absorption
Spectroscopy
Instruments for atomic absorption work are
offered by numerous manufacturers; both single-
and double-beam designs are available. The
range of sophisitication and cost (upward from a
few thousand dollars) is sunstantial.
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In general, the instrument must be capable of
providing a sufficiently narrow bandwidth to
isolate the line chosen for the measurement from
other lines that may interfere with or diminish
the sensitivity of the analysis, A glass filter
suffices for some of the alkali metals. Which
have only a few widely spaced resonane lines in
the visible region An instrument equipped with
readily interchangeable interference filters is
available commercially.
A separate filter (and light source) is used for
each element. Salisfactory results for the analysis
of 22 metal are claimed. Most instruments,
jowever, incorporate a good-quality ultravio;et
and visible monochromator.
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