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Elecrtonegativity
Electro negativity is a measure of the relative ability of an atom in a

molecule to attract electrons to itself. These values can be used to
rate the reactivities of metals and nometals and to make predictions

concerning the nature of the bounding in a compound.
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Bonding Molecular Orbital
A molecular orbital in which electron density is high in the

internuclear region. The two electrons in a bonding molecular
orbital have lower energies than they would if they were in the
atomic orbital from which the bonding molecular orbital was

desived.
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Bonding Pair Of Electrons
A pair of electrons used to from a covalent bond between two

atoms,
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Avogadro’s principle Equal volumes of all gases at the same

temperature and pressure contain the same number of molecules.
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Molecular Crystals.

Moleculs occupy positions in crystals of covalent compounds. The
intermolecular forces hat hold the molecules in the crystal structure
are not nearly so strong as the electrostatic forces that bold ionic
crystals together. Molecular crystals, therefore, are soft and have
low melting points, usually below 300°c.

Indicators are weak acids or weak bases. Since they are intensely
colores, only a few drops of a dilute solution of an indicator need be
employed in any determination. Hence, the acidity of the solution in
question is not significantly altered by the addition of the indicator.
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The common-ion effect is used to repress the ionization of weak
electrolytes. The extent of the dissociation of a weak acid or a weak
base in a solution is reduced if a compound that contains an ion in
common with the weak electrolyte is added to the solution.
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Industrial Uses of Hydrogen
The principal industrial uses of hydrogen are

1. Production of ammonia from N, and H, by the Haber process.
2. Production of hydrogen chloride from ci, and H,.
3. Synthesis of methyl alcohol from CO and H,.

4. Refining of petroleum.

5. Hydrogenation of edible oils (corn. Cotton seed, soy bean,
peanut, and others) to produce shortening and other foods.

6. Reduction of oxide ores to produce certain metals.

7. As a rocket fuel.

8. As a fule in oxyhydrogen welding, atomic hydrogen wekding,
annealing furnaces, and electronic component fabrication.
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Industrial Uses of Oxygen
Most of the commercial uses of oxygen stem from its ability to

support combustion and sustain life, In many applications, the use
of oxygen or oxygen-enriched air thereby lowers costs and
improves yields. The principal uses of oxygen are:

1- Production steel.

2- Processing and fabrication of metals.

3 - Production of oxygen-containing compounds such as sodium
peroxide and organic compounds.

4 - Oxidizer for rocket fuels.

5 - The oxyacetylene torch.

6 - Biological treatment of waste water.
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7 - Life support in medicine, in air and space travel, and in

submarines.
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Periococity of the Elements
For chemists working with several elements the periodic chart of

the elements is so indispensable that one is apt to forget that, far
from being divinely inspires, it resulted from the hard work of
countless chemists. True, there is a quantum-mechanical basis for
the periodicity of the elements, as we shall see shortly. But the

inspiration of such scientists as Mendeleev and the perspiration of a

www.takbook.com



host of nineteenth-century chemists provided the chemist with the
benefits of the periodic table about half a century before the
existence of the electron was proved! The confidence that
Mendeleev had in his chart and his predictions based on it should

make fascinating reading for any chemist.
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Properties of Ionic Substances
Several properties distinguish ionic compounds from covalent
compounds. These may be related rather simply to the crystal
structure of ionic compounds, namely, a lattic composed of positive
and negative ions in such a way that the attractive forces between
oppositely charged ions are maximized and the repulsive forces
between ions of the same charge are minimized. Before discussing

some of the possible geometries, a few simple properties of ionic
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compounds may be mentioned.
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1. lonic compounds tend to have very low electrical conductivities
as solids, but cinduct electricity quite well when molten. This
conductivity is attributed to the presence of ions, atoms charged
either positively or negatively, which are free to move under the
influence of an electric field. In the solid, the ions are bound tightly
in the lattice and are not free to migrate and carry electrical current.
It should be noted that we have no absolute proof of the existence
of ions in solid chloride, for example.
The fact that ions are found when sodium chloride is melted or
dissolved in water does not prove that they existed in the solid
crystal. Jowever, their existence in the solid is usually assumed,

since the properties of these materials may readily be interpreted in

terms of electrostatic attractions.
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2. lonic compounds tend to have high melting points. lonic bons
usually are quite strong and they are omnidirectional. The second
point is quite important, since ignoring it could lead one to conclude
that ionic bonding was much stronger than covalent bonding-which
Is not the case. We shall see that substances containing strong,
multidirectional covalent bonds, such as diamond, also have very
high melting points. The high melting point of sodium chloride, for
example, results from the strong electerostatic attractions between
the sodium chloride, for example, results from the strong
electrostatic attractions between the sodium cations and the chloride
anions.
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3. lonic compounds usually are very hard but brittle substances. The
hardness of ionic substance follows naturally from the argument
presents above, except in this case we are relating the multivalent
attractions between the ions with mechanical separation rather than
separation through thermal energy. The tendency toward brittleness
results from the nature of ionic bonding If one can apply sufficient
force to displace the ions slightly (e.g, the length of one-half of the
unit cell in NaCl), the formerly attractive forces.

bl Sgp plor! (e lostiS Jy s jlomy (obiz] Ygamo (G0 S 5 -F
(59 plaz! S8t 050 10 A pl f> 4 WS co S Wiloays I Al )Lﬁ as Yo
Loy il @il ]y bog O Sl vz sbadly pop Gl &S Gl gl @
2 P Vg Soale ) Gad anuSh 4 bled eees oo LLET (S (g 4 oS
Jsb hai o3l 4 Sie) by 0,5 Lrale sl BT 9, Oy amiliz 03,5 o
0358 L 093 5 09T b 09l O 45 0l (e 4 00,5 35 (0,5 s 0l s
sk S g WS (o0 o axdly 4 (LS e lagys ogd ol ules

K e

4. lonic compounds are often soluble in polar solvents with high
permittivities (dielectric constants) The energy of intraction of two
charged particles is given by.

Occurrence of Ionic Bonding
Simple ionic compounds from only between very active metallic
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elements and very active nometals, Two important requisites are
that the ionization to form the cation and the electron affinity to
from the anion must be energetically favorable. This does not mean
that these two reactions must be exothermic but means, rather, that
they must not cost too much energy, Thus the requirements for
ionic bonding are: (1) The atoms of one element must be able to
lose one or two (rarely three) electrons without undue energy input
and (2) the atoms of the other element must be able to accept one or
two electrons (almost never three) without undue energy input. This
restricts ionic bonding to compounds between the most active
metals-Groups IA, A, part of 111A and some lower oxidation states
of the transition metals (forming cations) — and thw most active
nonmetals-Groups VIIA, VIA, and nitrogen (forming anions). All
ionization energies are endothermic, but for the metals named
above they are not prophbitively so. Electron affinities are
exothermic only for the halogens but are not excessively

endothermic for chalcogens and nitrogen.
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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 measyremsnt 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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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 from a metal amalgam or on
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jon of lower oxidation state. Even the alkali-and alkaline-earth
methods are reducible, provided the supporting elevtrolyte 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 cnormous 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, electromagnetic radiation requires no
supporting medium for its transmission, thus, it readily passes
through a vacuum.

Phenomena associated with the absorption or emission of radiant
energy cannot be explained adequately by treating radiation as
waves, here, it is necessary to view electromagnetic radiation as a

stream of discrete particles of energy called photons with energies
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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 forecc field in space; associated
with the electrical field and right angles to ti is a magnetic force
field.
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The electrical and magnetic fieds associated with radiation are
vector quantities; at any instant, they can be represented by an
arrow whose kength 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 radiation
passes a fixed point in space. Alternatively the vector can be plotted

as a function of distance, with time held constant.
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The Microscopic World
At the center of an atom lies the nucleus. Almost the whole of the

mass of the atom is concentrated there even though it accounts for

only a minute proportion of the atom’s total volume. Around the

www.takbook.com



(SO (I § (ot (ST (35 VD

nucleus cluster the electrons. They contribute very Kittle to the total
mass of the atom but occupy an sppreciable volume, and are

responsible for the atom’s bulk.
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The Stetes of Matter
Casual inspection of the familiar word indicates the existence of

three states of matter: solids, liquids, and gases. Closer inspection
shows that some solids can exist in different crystal forms (e.g.
diamond and graphite)

The term phase is applied to each of these different forms Then we
can talk of the solid, liquid, and gas phases of a substance, and also
of its various solid phases. In rare instances even the liquid state of
a material may be divided into different phases with sharply distinct
properties.
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The solid state. Pure solids may exist as crystals or as glasses. Fine

amorphous (‘formless’) dusts also coour but in many cases these are

nothing more than finely ground crystals.
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The ordered structure of the solid may not be wholly lost. In the
case of water, for example, the liquid can be pictured as a collection

of ice-like regions separated by structureless zomes. These
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structures are continuially forming and dispersing, and at one
moment a water molecule may be in an ice-like environment, and at
another in a structureless zone.

The gaseous state. The sord “gas” is derived from “chaos” We
picture a gas as a swarm of molecules in constant, chaotic motion.
Each particle travels in a straight line at high speed until it reaches
another, when it is deflected: or until it collides with the wall of the
vessel, when it might ricochet back into the bulk or stick until
dislodged by the vibration of the wall or the impact of another

molecule.
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Elements Of Chemical Thermodynamics
Thermodynamics is the study of the energy changes that

accompany physical and chemical changes. An important aspect of
the laws of chemical thermodynamics is that they enable us to
predict whether a particular chemical reaction is theoretically
possible under a given set of conditions. A reaction that has a

natural tendency to occur of its own accord is said to be
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spontaneous. Thermodynamic principles can also be used to
determine the extent of a spontaneous reaction the position of
equilibrium.
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First Law of Thermodynamics
Many scientists of the late-eighteenth and early-nineteenth centuries

studied the relationship between work and heat. Thermodynamics
had its origins in these studies. By the 1840s it became clear that.

1. Work and jeat are both forms of a larger classification called
energy.

2. One form of energy can be converted into another form.

3. Energy cannot be created or desyroyed.

The first law of thermodynamics is the law of conservation of
energy: energy can be converted from one form into another but it
cannot be created or destroyed. In other words, the total energy
universe is a constant.

In applying thermodynamic concepts, we frequently confine our

attention to the changes that occur within definite boundaries. The
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portion of nature that is included that occur within definite
boundaries is called a system. The remainder is called the
surroundings. A mixture of chemical compounds, for example, can
constitute a system. The container and everything else around the

system make up what is called the surroundings.
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Second Law of Thermodynamics
The first law of thermodynamics puts only one restriction on
chemical or physical changes-energy must be conserved. The first
Law, however, provides no basis for determining whether a
proposed change will be spontaneous. The second law of
thermodynamics establishes criteria for making this important
prediction.
The thermodynamic function entropy, S, is central to the second
law. Entropy may be interpreted as a measure of the randomness, or
disorder, of a system. A highly disordered system is said to have a
high entropy. Since a disordered condition is more probable than an
ordered one, entropy may be regarded as a probability function,
One statement of the second law of thermodynamics is: every
spontaneous change is accompanied by an increase in entropy.
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Standared Free Energies
A standard free energy change, ehich is given the symbol AGe°, is

the free-energy change for a process at 1 atm in which the reactants
In their standard states are convertes to the products in their
standard states. The value of AGe for a reaction can be derived from
standard free energies of formation in the same way that AH° values
can be calculated from standard enthalpies of formation. Tabulated
data usually consists of values measured at 25°C.
The standard free energy of formation of a compound, AGe;, is
defined as the change in standard free energies when 1 mol of the
compound is formed from its constituent in their standard.
According to this definition, the standard free energy of formation
of any element in its standard state is zero. The Value of aGe for a
reaction is equal to the sum of the standard free energies of
formation of the products minus the sum of the standard free
energies of formation of the reactants.
Stereochemistry and Stereoisomerisms

16 309 2199yl 9 (oot gh i
The science of organic chemistry, we said, is based on the
relationship between molecular structre and properties. That part of
the science which deals with structure in three dimensions is called

stereochemistry. (Greek: stereos, solid).
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One aspect of stereochemistry is stereoisomerisms. Isomers, we
recall, are different compounds that have the same molecular
formula. The particular kind of isomers that are different from each
other only in the way the atoms are oriented in space (but are like
one another with respect to which atoms are joined to which other

atoms) are called stereosiomerisms.
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Unsaturated Hydrocarbons
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The alkenes, which contain less hydrogen, carbon for carbon, than
the alkanes, and which can be converted into alkanes by addition of
hydrogen. The alkenes were further described as being obtaines

from alkanes by loss of hydrogen in the cracking process.
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Reactions of Alkenes
The characteristic feature of the alkene structure, we have said, is

the carbon-carbon double bond. It ios thus the functional group of
alkenes and, as the functional group, it determines the characteristic

reactions that alkenes underoge.
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These reactions are two kinds. (a) First, there are those that take
place at the double bond itself and on doing this destroy the double
bond.
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Alkynes
The carbon-carbon single bond is of low reactivity its main function

IS to act as the principal cement holding most organic compounds
together.

The carbon-carbon double bond is unsaturated and hence highly
reactive toward a wide variety of reagents, as a substituebt it can

exert remarkable effects on the rest of the molecule.
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Determination of Structure: Spectroscopic Methods

At every stage structure determination-from the isolation and
purification of the unknown substance to its final comparison with
an authentic sample-the use of instruments has, since World War 11.
Revolutionized organic chemical practice. Instruments not only
help an organic chemist to do what he does faster but, more
important, let him do what could not be done at all before: to
analyze complicated mixtures of closely related compoundsl to
describe the structure of molecules in detail never imagined before;
to detect, identify, and measure the concentration of short-lived

intermediates whose very existence wasm not so long ago, only

speculation.
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The Mass Spectrum
In the mass spectrometer, molecules are bombarded with a beam of

energetic electrons. The molecules are ionized and broken up into
many fragments, some of which are positive ions. Each kind of ion
has a particular ratio of mass to charge, or m/e value. For most ions,

the charge is 1, so that m/e is simply the mass of the ion.
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The Nuclear Magnetic Resonance (NMR) Spectrum
Like electrons, the nuclei of certain atoms are considered to spin.

The spinning of these charged particles-the circukation of charge-
generates a magnetic moment along the axis of spin, so that these
nuclei act like tiny bar magnets. One such nucleus-and the one we
shall be mostly concerned with-is the proton, the nucleus of
ordinary hydrogen, 'H.
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Occu, rence and Composition of Fats
Biochemists have found it convenient to define one of

biomolecules, the lipids, as substances, insoluble in water, thst can
be extracted from cells by organic splvents of low polarity like
ether or chloroform. This is a catch-all sort of definition, and lipids
include compounds of many different kinds. Steroids for example,
and terpenes Of the lipids, we shall take up only the fats and certain
closely related compounds. These are not the only important
lipidindeed every compound in an organism seems to play an
important role, if only as an unavoidable waste product of

metabolism-but they are the most abundant.
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Carbohydrates

Introduction

In the leaf of a plant, the simple compounds carbon dioxide and
water are combined to form the sugar (+) —glucose. This process,
known as photosynthesis, requires catalysis by the green coloring
matter chlorophyll, and requires energy in the form of light.
Thousands of (+) —glucose molecules can then be combined to form
the much larger molecules of cellulose, which constitutes the
supporting framework of the plant. (+) —Glucose molecules can also
be combined in a somewhat different way, to from the large
molecules of starch, which is then stored in the seeds to serve as
food for a new growing plant.
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Definition and Classification
Carbohydrates are polyhdroxy aldehydes, polyhdroxy ketones, or

compounds that can be hydrolyzed to them. A carbohydrate that
cannot be hydrolyzed to simpler compounds is called a
monosaccharide. A carbohydrate that can be hydrate hat can be
hydrolyzed to many Monosaccharide molecules is called a
polysaccharide.

(b g G lai
S SLeS i b g aiien bpgS (S panh 5 basall uSgjue L bolaeg S
Selgsien s ool oS 5 @ Wil oS Sl jamg ST Ss e S g ae el 4wl e
S 39 o 9 Blagie g0 4 dilgh 45 (Sliaamg S 090 sa 0l oy B luogie w09
sldslse 51l & Wlgh a5 Shaws S S gl oael W luss

PV QU I VI LY Wl PR VR YOy PRV SV L WO

Proteins
The name protein is taken from the Greek proteios, which means

first. This name is well cjosen. Of all chemical compounds, proteins
must almost certainly be ranked first, for they are the substance of
life.
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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 material to be sampled is an item of commerce

weighing several tons or several hundreds of tons.

www.takbook.com



Vo  oomh owidgo g oowd paass (4b)

1610 paigod

ol 4265 3550 (] (s oS 5 a5 00le | (6 S (59) » (pleend A3 (S jebas
Wl oSl S5 A Sl oy 3l 55 L s a5 T sl st el
PP L;o;ﬂjé Al ul:}.iLo)’] 3,90 oole S 5 (s00g awgie oS 5 UL jgadall oo
S pigad el 09 o 0apeli (51 paiged 03,5 oo gt eanled 8 S ol (sabis
oole 45 A5 oo oo (g ohg s leal b el 4 pos an T8 IS (sl e o 5 JSite

Bl o iz b 8 Ak s 4 )l YIS G (5510 pdiged 090

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 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,
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.
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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 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
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.
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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 (111) can be rendered unreactive toward idide by complexation
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with fluoride or phosphate ion, neither anion inhibits the oxidation
of iodide by copper (I1).

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
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
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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.

1w gl gl
Db gl oz el 3 a8 gloaijl slizl il jelciibse B ,Sgileg S a5 onl sl
7 oSl 5B b S emy olsn Sl ol iz oal L asaly o BB S e 56 50
Ngd o Qi ol aliwg 4 b g > ol o b oS s 5 o il jlo e
5B 90w onijle sl lagslulas (b jo 4l jo aims oleewd 23Sl T LG

Ngdsr 8259
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

www.takbook.com



(SO (I g (oo amasd by FY

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
liquid 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 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
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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 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
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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.

To be useful, relative electrode potentials must all be related to a

common reference half-cell.
39 55 Joilly apile
39580 Sy Jily llae e (55 03luil sl (8], gan oS 35 05T Wb bl 5
O 1y Jedly OS] Ladd Ly (5 S eslail laoliiws plod 15 o)l 042
Sy SIS e aiiS o Jeog Hhai 050 09 xSl 1) aSws iz 5l g0l G aS e
ool Hlis 90 Jobo o Zodg iSUl Joloa b pgo (gole S5 ¢ Jenily SWS (5,501l
Sl 5 ol el Sy o Sy Jult ol @ 3l ol S e Sl
Se 09h )l wlgt e 5SI L 2 aSnl Sl S oo Jes Jobups S Ol
il 55 pgd STy (pl b 0,8 Syso Jolupss cnl 50 Wl 5 bt (1S
4 g & el Camsay a3 90 Jolwnas ey (sl Bl Jlaie S cplplo el o o
Jobsd Sy 5 5120050 Jonidlly 51 (oS5 05000 (S 0jlil &5 (552 )] sl
Lol Jolowe g 5Ly (6 S oslail olKiws o pgo Jlail

oz JSal S sk o slasil b sllae slo il s xS oslail )0 Lo bl pae

www.takbook.com



(SO (0 g (o amas by FY

23S sladshars 5l pan Jlis )0 a5 b Jobups (oo Slademsly 1) s
Ol 1) o o sl pl aiosie ojlal Gles 4 55 Wisd o 5 S o3Il x> ye
obre gl b sty cpl odleas 0,50 cans 4 1) ook il 5 8,5 oS

Adphe Grals-ioluST glaasl s Jolas glacol
o S S o] plad ol il sde Loy piSUl s gl il a5l (sl

W5 &SI S o @y Jho

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
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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.

The three methods have moderate sensitivity and speed for many
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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.
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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
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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.

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 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
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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, 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.

b lidon 25Ul iU (olg
S o 300 Lad Sl gloslall 55 e p b a5 el (65,3l o9 qmmblineg 2SI 2l
S SN (e Jdo Galiws & Ol o0 |y (guablineg xSl 26 ol I (6 L
ooy Sl 4 @S 0 )5 1) aels g ey (uilS B zge Jobo aiile ol sl
b 4y gundliseg 5SS 0l jee dao aile (2ge gloossy plo S5 05

S oo j9es S Jemla ey cpa oyla g5l ol

www.takbook.com



(SO (e § (o S b5 O

@ Wb G5 B 0 b plgeed | el 5 s L @da b BLS s gleensny
S Sygo 4 Wb 1y ceablieg iUl 2ol o] 48 @S a8 YalS zlgel &g
A Sl cesline il ulS 3 L LT 551 45 588 pb @ 655 lime s ]

(@Sly 3 axinns (5 Lasdl Mlite zlgel 5 &l,5 S g a2l Al es oBays ()l w2 5

D9 g0 alhxMo (ool )5 ple (rizmes g s Sl Slapl 2 L3, 0 (SlSgs
23,5 oo 4l (S SLle gl @
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 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 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
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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.

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
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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.
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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 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 (usually
electrical), and (5) a signal processor and readout.

www.takbook.com



Fo (oo owdio g (o (panadt o)

SR Gl ol ae (V) rsloads LSis 55 (goilo s3> a3l el sloolSiws
(1) oluise pdy oSl 1) (sog0mme 5o Jsb gl slulaz a5 (35 z5e Jsb (V)
&5l 4 Gl pugranadli b 5Ly ISaT (F) lalesl 050 (saiged (ogamme Blad G)L
5 coodle [K3l05 (©) 5 S o oo (Ko Ygano) pody 0,105 codle 4y ) ol

ONlg2 pia

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.
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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
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
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dollars) is sunstantial.

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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water

limewater
hydrogen peroxide
sea water

heavy water

salt hydrates
hydration
tempering
aquation
hydrometer
electroplating
hydrolysis
bromothymol blue
thymol blue
atmosphere
adrenaline

co — ordination arrangements

ardenates
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arsenides
arsenic, As
argon
aromatic
azobenzene
azurite
aspartic acid
aspirin
actinides
actinium, A.c
acrylic acid
albumins
aldehydes
alkaloids
alkanols
alkanes
alkenes
alkyl

alkynes
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alumina
aluminum. Al
organic

alloy

aluminum alloys
bismuth alloys
tungsten alloys
titanium alloys
tin alloys

cobalt alloys
magnesium alloys
nickel alloys
amphetamine
ammonia
ammonium
compounding
amides

amyl, secondary

amyl, teriary
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amylose s9keel
amino giol
amino — acetic - acid Sl Seciulgiel
amino - acids laewlgine]
aminophenols lo g8 ginal
amines (PN
anabolism ) 2T
anatase 5GLT
anation 591
analysis 5JUT
amino acid analysis KWHRONEN(H]
avtivation analysis Sibudlad b 3G
ultimate analysis & raie 5JU]
quantitative analysis S U1
qualitative analysis RGN
gas analysis a8 5G]
thermal analysis 2l ,S 5L
Differential thermal analysis Sholis b8 LT
gravimetric analysis 39 36T
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anthrance ool ]
anthracite Casl 51
anthranol Jgil
anethole Jgs
antioxidants Ly lownsT 5T
antibiotic Seg ]
antiferromagnetism ombolieg 9
anti - cathode spls sl
antimony derivatives b giion ¢yl gous]
enzymes Lo 331
anode |
anils b LT
aniline o]
anion O]
lime Sal
quicklime (0053) Sl
iron, Fe ool
Iron oxides and hydrixides PRV SR PRV (I
iron carbides laau, S yal

www.takbook.com



superconductivity
silk

cell dimensions
molecular diameters
ebonite

epoxy

ethane

ethanal

ethanol
ethanolamines
ether

ethers

gram atom

atom

ethene

autoclave

ethyl

ethyl alcohol
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ethylene

ethylene glycol
ethyne

inductive effect
isotope effect
transs effect
Faraday effect
common — ion effect
ketone bodeis
occlusion

orbital

atomic orbital

d orbitals

bonding orbitals
antibonding orbitals
molecular orbitals
degenerate orbitals
carbon value

calorific value
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electron spin 955 sl
nuclear spin dds ]
acetates sl
acetaldehyde RWSV(CoW
extraction zle!
leaching D> L zlyzel
Liquid — liquid extraction sl — ol 7l
extract e
spray ponds slaulzsl sla el
Electrophilic substitiution (S g g xSl Bl
nucleophilic substitiution Cangd Aands Bl
osterone 59y
steroid laauss !
esters Lo ool
esterification 50,5 6yl
stoichiometry S yio5aS ]
stoichiometric S 028 gl
acetone Oy
acetone alcohol JSII g
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estearic acid
stearine
styrene
acetic acid
acetylene
acetylides
acetins
scandium, Sc
0SMOsIs
Teverse 0smosis
acid
dibasic acid
tribasic acid
fatty acids
exclusion principle
Pauli exclusion principle
:Heisenberg uncertainty principle
Le Chatelier principle

oxidative addition
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2- octanol

octanes

Oxidation
electrolytic Oxidation
oxytocin

oxide

gold oxides

oxygen, O

oxalic acid

elastin

asymmetric induction
electro - osmosis
electrode

standard electrode
glass electrode
reference electrode
hydrogen electrode
carbon electrodes

electrodialysis
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electrokinetics
electrochemistry
electrophoresis
electrochromatology
electrolyte
amphoteric electrolyte
electrolysis

electron

electron affinity
electronegativity
optical electrons
valency electrons
alcohol
alcoholometry
diamond

allotrope

emulsion

de - emulsification

emulsification
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emulsifier
demulsibility
demulsification
enthalpy (H)
entropy (S)
electronic transition
atomic energy
bond energy
internal energy
surface energy
lattice energy
activation energy
ionization energies
insulin

anhydro

anhydride
uranium, U

urea

auric
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uric acid
ozone
ozonolysis
oleum
iridium, Ir
isobutane
isotropic
isotope
isotones
isomerases
imides

imines

nickel accumulator
lead acid batteries
gunpowder

baryta

barium, Ba

barium peroxide
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barium sulphate Sl v,k
barium sulphide KVEI JUMPUR T
base 5b
lewis base o9l 5k
conjugate base z955e 5L
inhibitor 02,lo3L
total reflux JelS Slg 50
back bonding Ngwr (55wl
blow -off oYL
steam ol by
absorption tower iz
deactivating collision 0oisS Jid ué 5,95 1
brass =
beryllium, Be ok 2
frequency ol
convergence frequency =25 dolus
atactic polymer - Y I o
polymerization e
ethane polymers Ol sl )b
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butane polymers S sl
isotactic polymers He el
isotactic polymers oyl S5 sle b

syntactic polymers Syl oo sla s

crystal e
homopolar crystal b ye> el
liquid crystals sl sla sl
bomb calorimeter ke 5 o
benzene O
benzine R
radical Ol
butane b
borone, B )8
borates (PG
borax S|
burette e
asymmetry o
amorphous I
bismuth, Bi e
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bicarbonates

biosynthesis

para
paraformakdehyde
paraffin

paraffin wax

liquid paraffin
pasteurization
palladium, Pd
palladium black
hydrofining
caustic potash
potassium, K
potassium bromide
electrode potential
surface potenial
chemical potential

ionization potential
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light scattering
critical phemomena
Low energy electron diffraction (LEED)
electron diffraction
radioactivity
radioactivity artificial
gamma rays
proton
protonation
hysteresis
wool
salt bridge
plutonium, Pu
polyamides
polyamines
polyethers
polyacetaldehdye
polyacetals

ployformaldehyde
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vaccum pump NEN
pyrex oS
pyrites oo e
pyridine Ry
predissociation S
pyknometer PSSy
concentration cell ble o
batteries AT )
continuity of state A Swgn
bond Nge
electrovalent bond s=5Y1g9,5Sd Aiga
pi-bonding s o
homopolar bond hd e Wi
multiple bonding SHURCESRY
multicenter bond S35 o Nz Vg
double bond Al g0 g
single bond ool Lo
triple bond &l5 aw Kigw
sigma bond LoSs g
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covalent bond
co-ordinate bond
semi-polar bond
hydrogen bond
single bond
delta bonding

metal-metal bonds

Electromagnetic radiation
ultra-violet light
supercooling
densitometer

electron exchange

base exchange

ion exchange

evaporation

evaporator

catforming

converting
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crystallization s5ks
fractional crystallization Az ks
recrystallization Sdzme oS
association ]
mobility, ionic SR S,
fermentation pros
balance 53l
thermobalance ECT TSN
trans ol
turpentine Ol 5
organoelement compounds Sraie Jl bS5
Organophosphorus compounds S ymd TS 5
Organometallic compounds sl JTols s
electron - deficient compounds 09I 0geS b Sl 5
graphite compounds bl oleS
lanthanide compounds sy olus s
equikibrium, metastable Sl ad Jolbws
membrane equilibrium elae Jobs
isothermal change bodod s
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lability
dissociation
teflon
rectification
distillation
molecular distillation
monomer

tincture of iodine

chemical shift

sessile dislocation
adsorbent

parting

dense media separation
matrix isolation
magnetic separation
segregation

periodic table

absorption
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adsorption

adsorbate
adsorption, chemical
activated adsorption
adsorption , physical
negative adsorption
van der Waals' adsorption
gas absorption
chemisorption
ultra-violet absorbers
absorption of light
absorptiometer
active mass
molecule, mass of
relative atomic mass
coupling

ionic atmosphere
decoctions

spirit of salt
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regioselectivity

mercury, Hg

initiators

cast iron

fats

urea cycle
adhesive
adhesives
electron density
vapour dansity
multiplet
polymorphism
closo

wood

Solubility product

ionic product
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standard state s bl el
oxidation state slaST e
excited state a5l Il
crystalline state Sk >
ground state ab ol
vitreous state Class el
singlet state 2L e
gram molecular volume 05— Js:ge o
Brownian movement Sylp S >
photosensitization )9 4 ke wles
Spectral sensitization b 50,5 el
spectral sensitizers b slaoaS wlus
desensitization 2yl
solvent D>
polar solvent ks Pl
solvolysis c8ls Pl
Solvation s
lyophilic 25 D>
non-aqueous solvents 2l sla P>
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cyclic

earth
activated clay
wood flour
china clay
black ash
active earths
rare earths
grinding
desiccant
auto-catalysis
auto-oxidation

corrosion

elutriation
granulation

degree of hydrolysis
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degree of freedom

optical purity
macromolecule

still

size reduction equipment
crystal systems

coagulation

end point, final boiling point
ignition temperature
transition temperature
critical solution temperature
decomposition point
sublimation point temperature
boiling point

wet-bulb temperature

dry point

melting point

absolute temperature

inversion temperature
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dendrite KRR
doublet =g
deuterium, D PO
carbon black 0393
acetylene balck ool (g0890
lamp black > sodg0
gem NEPR
dolomit Cooglgd
nitrogen - donors S595m HFaxes
donors RS
diethyl ether Sl sl o
diethylamine ol ol g0
dialysis 5Jbs
dipentene Rt
diterpene o P s
Diphosphopyridine nucleotide, DPN 35 9ilS g5 oy g (60
diketones la 955" (g0
dynamite ool
divinyl ether A g 0
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diorite Cayged
dioxin S 20
d
dep fat 27 (SO
elementary particles ol ol
alpha particle W (g0,
beta particle Ly 0,3
J
radon, Rn 99l
free radicals Sl sla JSGal,
radium, Ra w0l
spextroxhemical series 2 lonig Sl s,
resonance obss,
electron spin resonance 955 el ilis,
magmetic resonance emaboliie il
acetal resin Jeud o,
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