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Basics of Chemistry

Section -1 THE FOUNDATIONS OF CHEMISTRY

Introduction

Chemidgtry isanintegrated subject i.e. it hasvariousfacetsand dimensonsand these variousfacetsand dimensions
of chemistry cannot be studied inisolation from oneanother. For example; enecannot study chemical equilibrium
without asound foundation of thermodynamics. And smilarly, studying organic chemistry without studying reaction
mechanisms (whichareanintegra part of chemical kinetics) would net take ustoo far in our endeavour to study
theorganic chemisgtry.

So, thekey to studying and devel oping asound understanding of chemistry liesinreaising thisintegrated nature of
thevariousaspectsof chemistry and planning our study of ehemistry accordingly. We can compare chemistry toa
necklace of beadsinthisregard. Just asathread connectsall thebeads of anecklacetogether, certain fundamentals
of chemistry make the various aspects of chemistry.anintegrated subject. Our approach inthe L ocus Study
Material for chemistry hasbeen to givethisintegrated approach aparamount importance and thisunit on basic
chemistry isapart of our endeavour in that direction.

Weintend to understand some basi c tenets of chemistry in thisunit which will help usunderstand various aspects
of chemistry inanintegrated way. Although, the basics covered here are not exhaustivein content, they arequite
comprehensiveto set thebal rolling on our way to understanding chemistry in anintegrated way.

Thereafter, aswe moveon from unit to unit;thisintegrated approach woul d remain asan undercurrent and would
befurther strengthened.

Content

Although the contents of this unitact asapreludeto the chemistry asawhole, they are particularly helpful in
enhancing our understanding of Physical and Inorganic Chemistry. But aswe have pointed out above, this
approach of “ connectedness’ will be maintai ned throughout and asa part of thisapproach, wewill provideyou
with unitson General Inorganic Chemistry and General Organic Chemistry covering the basic fundamentals
that will be used to'enhance our understanding of the respective topics of chemistry in the above mentioned
“Integrated way”

The tree of Chemistry

Chemistry touches almost every aspect of our lives, our cultureand our environment. Itsscope encompassesthe
air we bregthe, thefood we eat, our clothing, our dwellings, transportation, fuel suppliesand much more.

In brief, we can say that chemistry isthe science that describes matter-itschemical and physical properties, the
chemical and physical changesit undergoes, and the energy changesthat accompany those processes. (Wewill
describeall thesein brief aswemoveon.)
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Having such awide scope, quite obvioudly chemistry isavast subject. And to ssmplify the study of such avast
subject arough division of chemistry isgeneraly followed. Thisdivisonisexplainedinthisfigure:

| CHEMISTRY |

l v l
[ ORGANIC | [INORGANIC]

Figurel: Thetreeof chemistry

Thesedivisionsshould not be seen asabsol ute divis onsbut asbeing complementary to each other and overlapping
many atimes. Thebassonwhichthisdivisonismadeareasfollows:

. Carbonisvery versatileinitsbonding and behaviour and isakey € ement in many substancesthat are
essentid tolife. All living matter containscarbon combined with hydrogen. The number of these compounds
issohugeand so versdtile, that it becomesimperativeto study theseasanintegrated whole. Thisintegrated
wholeiswhat hasbeentermed asOr ganic Chemistry, whiehisnothing but the chemistry of compounds

of carbon and hydrogen.

. The study of compounds that do not contain carbon ecombined with hydrogen is called I norganic
Chemidgtry.

. Physical Chemistry appliesthe mathematical theories and methods of physics to the properties of

matter and to the study of chemical processesand the accompanying energy changes.

Besides these there are various sub-divisions like analytical chemistry and bio chemistry. But for now, the
understanding of theaboveis sufficient and thesetwe termswill bedealt with in respective chapters.

Finally, it should be noted that in the early daysef chemistry, itswas believed that living matter and inanimate
meatter wereentirely different. Thestudy of theformer wastermed asorganic and of thelatter asinorganic. But we
now know that many of the compoundsfoundindiving matter can be madefrom non-living or “inorganic” sources.
S0, now, organic chemistry doesnot meanstudy of living matter only. Thus, theterms* organic” and“inorganic”
have different meaningsthan they did ariginaly. Their contemporary meaningsare explained above.

Matter and Energy
L etsusethissubsection to recapitulate our understanding of Matter and Energy.

Matter isany thing that hasmassand occupies space. Massisameasure of the quantity of matter in sample of
any material. Themoremassivean object is, themoreforceisrequired to putitin motion. Ener gy isdefined asthe
capacity to dowork or totransfer heat. Wearefamiliar with many formsof energy, including mechanical energy,
light energy, electrical energy and heat energy. Light energy from the sunisused by plantsasthey grow; eectrical
energy allowsustelight aroom by flicking aswitch; and heat energy cooks our food and warms our homes.
Energy can be classifiedinto two principa types: kinetic energy and potentia energy.

A detailed discussion of energy will be dealt with inthe unit on thermodynamics. Asof now itissufficient to
understand what iswritten above.

Energydsanimportant concept because all chemical processes are accompanied by energy changes. Assome
processes occur, energy is released to the surroundings, usually as heat energy. We call such processes
exathermic. Any combustion (burning) reactionisexothermic.

However, some chemical reactionsand physical changesareendother mic. i.e. they absorb energy fromtheir
surroundings. An exampleof aphysica changethat isendothermicisthemelting of ice.
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The law of conservation of matter

When we burn asample of metallic magnesiumintheair, the magnesium combineswith oxygen framtheair to
form magnesium oxide, awhite powder. Thischemical reactionisaccompanied by therel ease of largeamaounts of
heat energy and light energy. When wewei gh the product of the reaction, magnesium oxide, wefindthat itis
heavier thantheoriginal piece of magnesum. Theincreasein massof the solid isdueto the combination of oxygen
with magnesium to form magnesium oxide. Many experiments have shown that the mass of the magnesium oxide
isexactly the sum of the masses of magnesium and oxygen that combined toformit. Similar statementscan be
madefor all chemica reactions. These observationsare summarisedinthe L aw of Conservation of M atter :

There is no observable change in the quantity of matter during a chemical reaction or
during a physical change.

(pleasenotethat anuclear reaction isnot achemical reaction and the above holdsanly for chemical reactionsand
physica changes.)

The law of Conservation of Energy

Inexothermic chemicd reactions, chemica energy isusualy convertedinto heet energy. Someexathermic processes
involve other kindsof energy changes. For example, someliberatelight energy without heat, and others produce
electrical energy without heat or light. In endothermic reactions;heat energy, light energy, or electrical energy is
converted into chemical energy. Although chemical changes alwaysinvolve energy changes, some energy
transformationsdo not involvechemical changesat al. For example, heat energy may be convertedinto eectrical
energy or into mechanica energy without any s multaneouschemica changes. Many experimentshave demondrated
that al of the energy involvedin any chemical or physical.change appearsin someform after the change. These
observationsare summarised intheL aw of Conservation of Energy:

Energy cannot be created or destroyed.in a chemical reaction or in a physical change. It
can only be converted from one formto another.

(Wewill seesomeexamplesof thislaw intheunit on thermodynamics.)

The law of conservation of matter and energy

Now, notethat both thelawsabovearevalid only for achemical or physical changeand not for anuclear reaction.
Actudly in nuclear reactionsneither matter nor energy are conserved absol utely. With the dawn of thenuclear age
inthe 1940s, scientists, and then the world, became aware that matter can be converted into energy. In nuclear
reactionsmetter istransformedinto energy. Therelationship between matter and energy isgiven by Albert Eingein’'s
now famousequation
E=mc?

Thisequation tellsusthat theamount of energy rel eased when matter istransformed into energy isthe product of
themass of matter transformed and the speed of light squared. Now that the equival ence of matter and energy is
recognised, the L aw.of Conservation of M atter and Ener gy can be stated in asingle sentence:

| The combined amount of matter and energy in the universe s fixed. |

States of Matter

Youhave studied the three states of matter in earlier classes. Here, we will briefly discussthem. A detailed
discussionwill betaken up in the units on gaseous state and solid state. Matter can be classified into three states.
Inthesolid State, substancesarerigid and have definite shapes. Volumes of solidsdo not vary much with changes
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intemperatureand pressure. Inmany solids, called crystaline solids, theindividud particlesthat make upthesolid
occupy definite positionsinthe crystal structure. (Wewill discussthecrystal structurein detail inthe solid state.)
Thestrengthsof interactions between theindividua particlesdetermine how hard and how strong thecrystalsare.
Intheliquid state, theindividua particlesare confined to agiven volume. A liquid flowsand assumesthe shape of
itscontainer up to thevolume of theliquid. Liquidsarevery hard to compress. Gasesare much |essdenser than
liquidsand solids. They occupy al partsof any vessel inwhichthey are confined. Gasesare capable of infinite
expans on and are compressed easily. We concludethat they consist primarily of empty space; i.e., theindividual
particlesarequitefar apart.

Chemical and physical properties

How do we differentiate between two persons so asto who iswho? Of course by the height, weight, sex, skin,
hair colour and the many subtlefeaturesthat constitutethat person’sgeneral appearance. Thesearethe* properties
" of that person. Similarly to distinguish among samplesof different kinds of matter, we determineand compare
thelir proper ties. We recognise different kinds of matter by their properties, which are broadly classifiedinto
chemicd propertiesand physica properties. Chemical propertiesare propertiesexhibited by matter asit undergoes
changesin composition. These properties of substances are relatedto thekinds of chemical changesthat the
substancesundergo. For instance, we have a ready described the combination of metallic magnesiumwith gaseous
oxygentoform magnesium oxide, awhite powder. A chemical property of magnesiumisthat it can combinewith
oxygen, releasing energy intheprocess. A chemical property of oxygenisthat it can combinewith magnesium.

All substancesa so exhibit physical proper tiesthat can be observed in the absence of any changein composition.
Colour, dengty, hardness, melting point, boiling point, and € ectrica and therma conductivitiesarephysica properties.
Some physical properties of asubstance depend on the conditions, such astemperature and pressure, under
whichthey aremeasured. For instance, water isasolid(ice) atlow temperaturesbut isaliquid at higher temperatures.
At il higher temperatures, itisagas(steam). Aswater isconverted from one state to another, itscompositionis
constant. Itschemical propertieschangevery little.On the other hand, the physical propertiesof ice, liquid water,
and steam aredifferent (seefigurebelow:)
=
G
i

=%

Iceissolid H,O « Liquid H,O Steam is gaseous H,O

S

5/ /S
Property S/ /S

Q‘g §$
Rigidity Rigid Flows and assumes  Fills the container 4
shape of container  completely Melting

Expansion Slight Slight Expands infinitely _ -
on heating Salid Freezing
Compressibility . Slight Slight Easily compressed

(@ (b)

Figure: 2 (a) A comparison of some properties of the three states of matter (for water) (b) Physical changes that occur among the
three states of matter. Sublimation isthe conversion of asolid directly to agas without passing through the liquid state;
thereverse of that processis called deposition. The changes shown in italics are endothermic (absorb heat); those shown
in bold are exothermic(release heat).
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Propertiesof matter can befurther classified according to whether or not they depend on theamount of substance
present. Thevolume and the mass of asample depend on, and aredirectly proportional to, theamount.of matter
in that sample. Such properties, which depend on the amount of material examined, are called extensive
properties. By contrast, the colour and the melting point of asubstance arethe samefor asmall sampleand for
alarge one. Properties such asthese, which areindependent of the amount of material examined, are called
intensiveproperties. All chemical propertiesareintensive properties. Wewill discussabout variousintensive
and extensive propertiesin much moredetail intheunit onthermodynamics.

Chemical and physical changes

We described thereaction of magnesium asit burnsin theoxygen of theair earlier inthischapter. Thisreactionis
achemical change. Inany chemical change,(1) one or more substancesare used up (at least partialy), (2) one
or more new substancesareformed, and (3) energy isabsorbed or rel eased. Assubstances undergo chemical
changesthey demonstrate their chemical properties. A physical change, onthe other hand, occurswith no
changein chemical composition. Physicd propertiesareusually altered significantly asmatter undergoesphysical
changes(Figure2b).

Energy isalwaysrel eased or absorbed when chemical or physical'changes occur. Energy isrequired to meltice,
and energy isrequired to boil water. Conversaly, the condensation of steamto form liquid water alwaysliberates
energy, asdoesthefreezing of liquid water toformice. At apressure of oneatmosphere, iceawaysmeltsat the
sametemperature (0°C) and purewater always boils at the sametemperature (100°C).

(Please notethat apressure of 1 atmosphereisthe averageatmospheric pressureat sealevel.)

Mixtures, substances, compounds, and elements

Mixturesare combinations of two or more puresubstancesin which each substanceretainsitsown composition
and properties. Almost every sampleof matterthat weordinarily encounter isamixture. Themost easily recognised
type of mixtureisoneinwhich different portions of the sample have recongisably different properties. Sucha
mixture, whichisnot uniformthroughout, iscalled heter ogeneous. Examplesinclude mixturesof salt and charcod

(inwhichtwo componentswith different colours can be distingui shed reedily from oneanother by sight), foggy air
(which includes asuspended mistof water droplets), and vegetable soup. Another kind of mixture hasuniform
propertiesthroughout; such amixtureisdescribed asahomogeneous mixture and isalso called asolution.

Examplesinclude saltwater; someall oys, which are homogeneous mixturesof metalsinthe solid state; and air
(freeof particulate matter ormists). Airisamixtureof gases. Itismainly nitrogen, oxygen, argon, carbon dioxide,
and water vapour. Thereareonly trace amounts of other substancesin the atmosphere.

Animportant characteristicof al mixturesisthat they can have variable composition. (For instance, we can make
aninfinite number of different mixturesof sat and sugar by varying therel ative amounts of the two components
used). Consequently, repeating the same experiment on mixtures from different sources may give
different results. IMixtures can be separated by physical means because each component retainsits properties
(Figure 3). Forexample, amixture of salt and water can be separated by evaporating the water and leaving the
solid sdt behind. To separate amixture of sand and salt, we could treat it with water to dissolvethe sdlt, collect the
sand by filtration, and then evaporatethe water to reclaimthe solid salt. Very fineiron powder can be mixed with
powdered sulphur to give what appearsto the naked eye to be homogeneous mixture of the two. However,
separationof the componentsof thismixtureiseasy. Theiron may beremoved by amagnet, or the sulfur may be
dissolved in carbon disulfide, which doesnot dissolveiron.
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MATTER
Everything that has mass

MIXTURES PURE SUBSTANCES

» Variable composition » Fixed composition

» Components retain their characteristic » Cannot be separated into simpler
properties P | substances by physical methods

» May be separated into pure substances [~ - 7| » Can only be changed in identity and
by physical methods properties bychemical methods

» Mixtures of different compositions may changes » Properties do not vary
have widely different properties

HOMOGENEOUSMIXTURES HETEROGENEOUS COMPOUNDS ELEMENTS
« Have same composition throughout « MIXTURES « Can be decomposed into « Cannot be decomposed
» Components are indistinguishable Do not have same simpler substances by, < »| into simpler substances by
composition throughout chemical changes, aways| ( Chemical chemical changes
« Components are at constant composition changes
distinguishable

Figure 3: A schemefor classification of matter. Arrowsindicate the general
means by which matter can be separated

Now, imaginethat we have asampleof muddy river water (aheterogeneous mixture). Wemight first separatethe
suspended dirt fromtheliquid by filtration. Thenwe couldremovethedissolved air by warming thewater. Dissolved
solidsmight beremoved by cooling the sampleuntil.someof it freezes, pouring off theliquid, and then melting the
ice. Other dissolved components might be separated by ditillation or other methods. Eventually, wewould obtain
asampleof purewater that could not befurther.separated by any physical separation methods. No matter what
the original source of theimpurewater —the Bay of Bengal, the Gangariver, acan of tomato juice, and so on—
water samplesobtained by purification al haveidentical composition and under identical conditions, they al have
identical properties. Any such sampleiscalled asubstance, or sometimesapure substance.

| A substance cannot be further broken down or purified by physical means. |

Now, suppose we decomposesome water by passing electricity throughit. (Thisprocess of bringing about a
decomposition using el ectricity iscaled e ectrolyss.) Wefind that thewater isconverted to two s mple substances,
hydrogen and oxygen, moresignificantly, hydrogen and oxygen areaways present inthe sameratio by mass, 11.1
% 10 88.9%. These observationsallow usto identify water asacompound.

A compound isa substance that can be decomposed by chemical means into simpler
substances; always in the same ratio by mass.

Aswe continue thisprocess, starting with any substance, we eventualy reach astage at which the new substances
formed cannot e further broken down by chemical means. The substances at the end of thischain arecalled
eements.

An element is a substance that cannot be decomposed into simpler substances
by chemical changes.
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For instance, neither of thetwo gasesobtained by the el ectrolysi s of water—hydrogen and oxygen—can befurther
decomposed; sothey areelements.

Ananother illustration (see Figure4), pure cal cium carbonate (awhite solid present in limestoneandseashdls) can
be broken down by heating to give another whitesolid (call it A) and agas(cal it B) inthemassratio 56:44. This
observationtellsusthat calcium carbonateisacompound. Thewhitesolid A obtained from cacium carbonate can
befurther broken down into asolid and agasin adefiniteratio by mass, 71.5:28.5. But neither of these can be
further decomposed, so they must be elements. Thegasisidentica to the oxygen obtained from the e ectrolysis of
water; thesolidisametallic dement called cacium. Similarly, thegasB, originaly obtained from calcium carbonete,
can be decomposed into two elements, carbon and oxygen infixed massratio, 27.3:72:7. Thissequenceillustrates
that acompound can be broken apart into s mpler substancesat fixed massratio; thoses mpler substancesmay be
elther e ementsor smpler compounds.

Figure4: Diagram of the decomposition of calcium
carbonateto give awhite solid A (56.0% by mass) and
agas B(44.0% by mass). This decomposition into

| pure calcium carbonate |

56.0% by mass l 44.0% by mass simpler substances at fixed ratio provesthat calcium
l carbonate is acompound. Thewhite solid A further
white solid A gasB decomposesto give the elements calcium (71.5% by
715% | 28.5% 203% | 72.7% mass) and oxygen (28.5% by mass). This proves that
by mass | by mass by mass | by mass thewhitesolid A isacompound; itisknown ascalcium
A v oxide. The gas B also can be broken down to give the
l 1 elements carbon (27.3% by mass) and oxygen (72.7%
| calcium | | oxygen | | carbon | | oxygen | by mass). Thisestablishesthat gas B isacompound; it

isknown as carbon dioxide.

Further, we may say that a compound is a pure substance consisting of two or more different elementsina
fixed ratio. Water is 11.1% hydrogen and 88.9% oxygen by mass. Similarly, carbon dioxideis 27.3% carbon
and 72.7% oxygen by mass, and cal cium axide (thewhite solid A above) is71.5% calcium and 28.5% oxygen by
mass. We could al so combine the numbersinthe previous paragraph to show that calcium carbonateis40.1%
calcium, 12.0% carbon, and 47.9% oxygenby mass. Observationssuch asthese oninnumerable pure compounds
led to the statement of the L aw of Definite Propor tions (also known asthe L aw of Constant Composition):

Different samples of any pure compound contain the same e ementsin the
same proportions by mass.

The physica and chemical propertiesof acompound aredifferent from the propertiesof itsconstituent el ements.
Sodium chlorideisawhite solid that weordinarily useastable sat. Thiscompound isproduced by the combination
of the element sodium and the element chlorine.

Recall that el ementsare substancesthat cannot be decomposed into simpler substances by chemical changes.
Nitrogen, silver,auminum, copper, gold, and sulphur are other examples of el ements.

We use aset of symbol sto represent the elements. These symbols can bewritten more quickly than names, and
they oceupy less space. The symbolsfor thefirst 103 elementsconsist of either acapital letter or acapital |etter
and alowercaseletter, such as C (carbon) or Ca(calcium). Symbolsfor e ementsbeyond number 103 consist of
threeletters. A list of theknown eementsand their symbolsisgivenin theunit on periodicity.
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A short list of symbolsof common elementsisgivenin Table 1. Learning thislist will be helpful. Many.symbols
consist of thefirst oneor two | etters of the el ement’s English name. Some are derived from the element’sLatin
name (indicated in parenthesesin Table-1 and one, W for tungsten, isfrom the German Wolfram. Namesand
symbolsfor additional e ementsshould belearned asthey areencountered.

Most of theearth’'scrustismade up of ardatively small number of e ements. Only 10 of the 88 naturally occuring
elements make up more than 99% by mass of the earth’s crust, oceans, and atmosphere (Table 2). Oxygen
accountsfor roughly haf. Relatively few elements, approximeately onefourth of the naturally @ccurring ones, occur
innature asfreeelements. Therest areawaysfound chemically combined with other elements.

Only avery smdl amount of thematter in theearth’scrust, oceans, and atmosphereisinvolvedin living matter. The
main element in living matter iscarbon, but only atiny fraction of the carbonin theenvironment occursinliving
organisms. Morethan aquarter of the total mass of the earth’s crust, oceans, and atmosphere is made up of
glicon, yetit hasamost nobiological role.

Table1:
Some Common Elements and TheirSymbols
Symbol | Element Symbol | Element Symbol | Element
Ag Silver F Fluorine Ni Nickel
(argentum) Fe Iron (ferrum) @) Oxygen
Al Aluminum H Hydrogen P Phosphorus
Au Gold (aurum) He Helium Pb Lead (plumbum)
B Boron Hg Mercury Pt Platinum
Ba Barium I lodine S Sulphur
Bi Bismuth K Potassium(kalium) Sb Antimony(stibium)
Br Bromine Kr Krypton S Silicon
C Carbon Li Lithium Sn Tin (stannum)
Ca Calcium Mg Magnesium Sr Strontium
Cd Cadmium Mn Manganese Ti Titanium
Cl Chlorine N Nitrogen U Uranium
Co Cobalt Na | Sodium (natrium) w Tungsten (Wolfrom)
Cr Chromium Ne Neon Zn Zinc
Cu Copper (cuprum)
Table2:
Abundance of Elements in the Earth’s Crust, Oceans, and Atmosphere
Element |Symbol | % by Mass Element Symbol | % by Mass
Oxygen O 49.5%) Chlorine cl 0.19%)
Silicon Si 25.7 Phosphorus P 0.12
Aluminum_| Al 7.5 Manganese Mn 0.09
[ron Fe 4.7 Carbon C 0.08
Caleium Ca 34 Sulfur S 0.06 0
Sodium = | Na | 26 [992% | Baium Ba 0.04 [07%
Potassum | K 2.4 Chromium Cr 0.033
Magnesium| Mg 1.9 Nitrogen N 0.030
Hydrogen | H 0.87 Fluorine F 0.027
Titanium Ti 0.58 Zirconium Zr 0.023 )
All others combined ~0.1%
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Measurements in Chemistry

Table3:

The seven Fundamental Units of measurement

Measurementsin the scientific world are usually expressed in the units of the metric system or its mederni sed
successor, the international system of units (SI). [The abbreviation SI comes from the French le systeme
International.] The Sl isbased on the seven fundamental unitslistedinthefollowingtable:

Physical property Name of Unit Symbol
Length meter m
Mass kilogram kg
Time second S
Electric Current ampere A
Temperature kelvin K
Luminous Intensity candela cd
Amount of substance mole mol

Common Prefixes

table should bememorised.

Table-4:

A lot many measurementsin chemistry arevery largeor very smal numbers. In order to smplify their representation,
we use certain prefixes. We enlist the common prefixesused inthe Sl and metric systemsintable4 below. This

Common Prefixes Used inthe S and metric systems

discussit here.

Prefix Abbreviation Measure Example

Mega- M 10° 1 megameter (Mm)
=1x10°m

Kilo- K 10° 1 kilometer (km)
=1x10°m

Deci- d 10 1 decimeter (dm)
=01m

Centi- c 107? 1 centimeter (cm)
=0.01 m

Milli- m 107 1 milligram (mg)
=0.001g

Micro- H(mew) 10°° 1 microgram (mg)
=1x10°g

Nano- n 10°° 1 nanogram (ng)
=1x107g

Pico: p 1072 1 picogram (pg)
=1x10%¢g

Volume

Onecommon physical quantity the unit of which, though simple, isconfusing to studentsisthat of volume. We
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Volumesaremeasuredin litersor millilitersinthemetric system. 1 litre (1 L) isone cubic decimeter (1.dmé) or
1000 cubic centimeters (1000 cm?). 1 mL is1 cms. What thismeansisthat if wetake acube, thesideof whichis
1 cmand pile up 1000 such cubes, then the resulting volume of those 1000 cubestaken together iswhat iscalled
asllitre(1L).

Unit Factor Method For Calculations in Physical Chemistry

Unit factor method isthe method of cal culation in which one carriesalong the unitsfor quantities. Wewill be
following thismethod for most of the solved problemsin L ocusstudy material for physical chemistry. You are
requested to imbibe this approach when you do your cal culationswhile solving aproblem, asit hasvarious
advantagesattachedtoit.

Thekey to using unit factor method isthe correct use of conversion factorsto change one unit into another. A
conver sion factor isafraction whose numerator and denominator arethe samequantity expressedin different
units. For example, 2.54 cmand 1inch arethesamelengthi.e. 2.54 cm=1 inch: Thisrelationship alowsusto
writetwo conversionfactors:

2.54cm linch
: an
linch 2.54 cm

Thefirst of thesefactorsis used when we want to convert inchesto centimeters. For example, thelengthin
centimtersof anobject that is8.50incheslongisgivenby :

desired
2. 54C‘ I unit

Number of centimeters= (8.50inetes)x =21.6cm

il

Given
unit

Notethat the units of inchesin the denominator of the conversion factor cancel the unitsof inchesinthedatawe
weregiven (8.50inches). The centimetersinthe numerator of the conversion factor becometheunitsof thefinal
answe.

Ingenera theunitsmultiply and divideasfollows:

Giverrunit x m = desired unit.
| Al

If thedesired units are not.obtained in acalcul ation, then an error must have been made somewhere. A careful
Ingpection of unitsoftenreveal sthe source of error.

We can use morethan one conversion factor in the solution of aproblem. For example, supposewewant to know
thelengthininchesof an 8 metrerod. However, therel ationshi p between inchesand metresisnot givenin any of
the standarditables. But rel ationship between cmsand inchesisgiven and we al so know that 100 cms=1m. Thus,
we can convertfirst from metersto centimeters, and then from centimeterstoinches:

. . [factor converting [Ofactor converting
Length in inches = (length in metres) x X7 _ -
Emetre -~ cm [cm - inch
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Therelationship between metersand centimetersgivesusthefirst conversion factor. Becausewe need to cance
meters, wewrite metersin the denominator :

100 cm
1m

Wethen usetherelationship 2.54 cm = 1 inch to write the second conversion factor withithedesired units,
inches, inthenumerator :

1linch
2.54 cm

Thus, wehave

Number of inches = (8.00 m) (100 cm( 1 inch D: 315 inches
H1m H254cm

Theconversonfactorsabove convert fromlength tolength or, more generally, from one unit of agiven measureto
another unit of the same measure. We a so have conversion factorsthat convert from one measureto adifferent
one. Thedensity of asubstance, for example, can betreated asaconversion factor between massand volume.
Supposethat wewant to know the massin gramsof two cubicinehes (2.00 inch®) of gold, which hasadensity of
19.3g/cm?. Thedensity givesusthefollowingfactors:

19.3 grams 1cm’
an

1cm® 19.3 grams
Becausetheanswer wewant isamassin grams, we can seethat we will usethefirst of thesefactors, which has
massin gramsinthenumerator. To usethisfactor, however wemust first relate cubic centimetersto cubicinches.

Weknow thefactor for converting from inchesto centimeters, and the cube of thisgivesusthedesired conversion
factor :

(2,54 cmd _ (2.54)° o 16,39 cm®
Hiinch 0~ @%inch® " Linch®

Noticethat both the numbers and the units are cubed. Applying our conversion factors, we can now solvethe

problem:
0 [l
Massin grams = (2.00 jnetes ) 639 ;2r3ﬁ jt 93 grims =633 grams.
1j 1 crf

Summary of the unitfactor method
Inusing thismethodto doour cal culations, wewill waysask three questions:

1 What dataaregiven inthe problem ?
2. What quantity do wewish to obtaininthe problem ?
3. What conversion factorsdo we have avail ableto take usfrom the given quantity to thedesired one ?

Answering these questions properly will leave uswith all the necessary datato do our calculation easily and
efficiently using theunit factor method .
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Advantages of unit factor method
1. It makesthe cal cul ations aone step process, no matter how many conversion of unitsareinvolved.

2. Theunitsfor theanswer will comeout of thecalculations. If youmakean error in arranging factorsinthe
caculations(for example, if you usethewrong formula), thiswill become apparent becausethefind units
will benonsense.

Specific Gravity
The specific gravity of asubstanceistheratio of itsdensity to the density of water, both at the sametemperature.

Specific gravity = Daipsence (D heredenotesdensity)
water
Thedensity of water is1.000 g/mL at 3.98°C, thetemperature at which the density of water isgreatest. However,
variationsinthe density of water with changesintemperature are small enough that wemay use 1.00 g/mL upto
25°C without introducing significant errorsinto our calculations.

» Thedensity of tablesaltis2.16 g/mL at 20°C. What isitsspecific gravity ?

Solution: Weusethe definition of specific gravity given above, Thenumerator and denominator havethe same
units, sotheresultisdimensionless.

Specific Gravity = st =2100/mL _
Dyae 1.00g/mL
Thisexamplea so demonstratesthat the density and specific gravity of asubstance are numerically equal near
room temperatureif density isexpresseding/mL (g, cmé).
Generally, weare given specific gravities of certainsubstancesand their percentage by massin asolution. From
thisinformationstheamount of substance presentinagiven volumeof solution can becd culated. Weillugtratethis
inExample8.

2.16

Heat and Temperature

Earlier youlearned that heat isoneform of energy. You havealsolearned in earlier classes different forms of
energy can beinterconverted and thatin chemical processes, chemical energy isconverted to heat energy or vice
versa. Theamount of heat aprocessuses (endothermic) or givesoff (exothermic) can tell usagreat deal about
that process. For thisreasonitisimportant for usto be ableto measureintensity of hest.

Temper atur e measurestheintensity of heat, the* hotness’ or “ coldness’ of abody. A pieceof metal at 100°C
feelshot to thetouch, whileanice cubeat 0°C feelscold. Why? Because the temperature of themetal ishigher,
and that of theice cubelower, than body temperature. Heat isaform of energy that alwaysflows spontaneoudy
froma hotter bodyto a colder body—never inthereversedirection:

There are three/scales on which the temperature can be measured. These are celsius (or centigrade) (°C)
Fahrenheit (°F) and kelvin (K) scales. They arerelated to each other according to thefollowing equations.

(i) ©F=1.8°C+32° (i) K=°C+273.15°

Please notethat any temperature change hasthe same numerica val uewhether expressed onthe Celsiusscaleor
on the Kelvin scale. For example, achange from 25°C to 59°C represents a change of 34 Celsius degrees.
Converting theseto the Kelving scale, the same changeisexpressed as (273 + 25) = 298 K to (59 + 273) = 332
K, orachange of 34 kelvins.
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Comparing the Fahrenheit and Celsius scal es, wefind that theinterval sbetween the samereference pointsare 180
Fahrenheit degrees and 100 Celsius degrees, respectively. ThusaFahrenheit degree must be smaller than a
Celsiusdegree. It takes 180 Fahrenheit degreesto cover the sametemperatureinterval as 100 Celsiusdegrees.
From thisinformation, we can construct the conversion factorsfor temperature changes:

180°F 1.8°F 100°C 1.0°C
or and or
100°C 1.0°C 180°F 1.8°F

But the starting points of the two scales are different, so we cannot convert atemperature on one scaleto a
temperature on the other just by multiplying by the conversion factor. In converting from °F to °C, we must
subtract 32 Fahrenheit degreesto reach the zero point onthecelsiusscale

*F = ﬁx%:xl's F§+32°F and 2°C =i'g°§

(X°F —32°F)

o

Weillustratethese conversionin Examples.

Heat Transfer and the measurement of heat

Chemical reactionsand physica changesoccur with either the s multanesusevol ution of heat (exothermic process)
or theabsorption of heat (endothermic processes). Theamount of heet transferred in aprocessisusualy expressed
injoulesorincalories.

The Sl unit of energy and work isthejoule (J), which isdefined as 1 kg . n?/s?. Thekinetic energy (KE) of a
body of mass m moving at speed v is given by 1 mv2. A 2-kg object moving at one meter per second has
KE =5 (2kg)(1m/s)? =1kg.n?/s*= 1joule. Youmay find it more convenient to think in terms of theamount
of heat required to rai se the temperature of onegramof water from 14.5°Cto 15.5°C, whichis4.184 Joules.

Onecalorieisdefined asexactly 4.184 joules. Weshall do most calculationsinjoules.

The specific heat of asubstance istheamount of heat required to raise the temperature of one gram of the
substance one degree C (al so one kel vin)with no changein phase. Changesin phase (physical state) absorb or
liberaterdatively large amountsof energy. The specific heat of each substance, aphysical property, isdifferent for
thesolid, liquid, and gaseous phases of the substance. For example, the specific heat of iceis2.09 Jg. °C near
0°C: for liquid water itis4.18 Jg. °C:iand for steamitis2.03 Jg. °C near 100°C. The specific heat for water is
quitehigh.

(amount of hesat in J)

specific heat = - .
(mass of substancein g)(temperature changein °C)

Theheat capacity.of abody istheamount of heat required toraiseitstemperature by 1°C. Theheat capacity of
abody isitsmassingramstimesitsspecific hedt.

Please study Examples 10 and 11 to understand the concept of specific heat more comprehensively.
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A NOTE ON SOLVED EXAMPLES IN PHYSICAL CHEMISTRY

Tobringyoursdf totheleve of 11 T-JEE itisimperativethat you start thinking with conceptson your own. One of
the best waysto devel op thiskind of thinking isto approach asolved example by only reading and understanding
the question first. Then one should think about the approach he/shewoul d taketo solve that particular problem.
Then attempt the problem by your method. Only then seethe sol ution tathe problem and compareit to your own
approach. Thisway youwill beentirely involved inyour learning process and will be ableto seeclearly (if you
were going wrong), so asto where exactly you were going wrong. [t may even bethat your solution and the
solution giveninthemateria aredifferent but both are correct. Inthatease you would have ended up finding an
dternativesolution!

Hereinyour materia for physica chemistry we have gone astep beyond to help you in your endeavour to study
“critically” asexplained above. A critical thinking box isput up in almost every solved problem asabridge
between the question and itssolution. It contains at times detailed step by step procedurefor approaching the
problem and at timesonly ahint required to sol ve the problem. However, although varying in content itsfocus
remainsthesamei.e, to helpyouthink critically. Tomake use of it comprehensively itissuggested that you think
about the approach you would take to solve theproblem. Only then study thecritical thinking box and compare
your gpproach to theapproach given. Thiskindof study will ensurethat any errorsin your approach arerectified
and a so help you to devel op your ownthinking process. You should thentry to attempt the problem yourself and
only then, seeitsdetailed solution,
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Example — 1

A materia isbelieved to beacompound. Supposeyou have several samplesof themateria obtained fromvarious
placesaround theworld. Comment on what you would expect to find upon observing the melting point and colour
for each sample. What would you expect to find upon determining the elemental compositionfor each sample?

Critical thinking

What isa compound? Does property of 2 samples of the same compound vary? If theydo vary, under what
conditions can they vary? If they do not vary, then consider what conditions? (Hint:‘the sample may be
pureor impure)

Solution:  If thematerial isapurecompound, al samples should have the samemelting point, the same colour,
and thesamedementa composition. If itisamixture, thereshould beadifferenceinthese properties
depending on the composition.

Example — 2

Youareworkingintheofficeof apreciousmetal buyer. A minerbringsyou anugget of metd that heclamsisgold.
You suspect that themetal isaformof “fool’sgold” called marcasite, whichiscompaosed of iron and sulphur. Inthe
back of your office, you have achunk of pure gold. What ssmple experiments could you perform to decide
whether or not theminer’snuggetisgold?

Critical thinking

Goldisa very unreactive substance, so comparingphysical propertiesisprobably your best option. However,
color is a physical property that you cannetirely‘on in this case to get your answer. What are the other
physical properties that you can use to.make the distinction clearer?

Solution:  Oneexperiment that you could perform isto determinethe densities of the metal and the chunk of
gold. You could measurethe mass of the nugget on aba ance and the volume of the nugget by water
displacement. Using thisinformation, you could cal culate the density of the nugget. Repeat the
experiment and caleul ationsfor the sampleof gold. If thenugget isgold, thetwo densities should be
equal and be 19.3g/cmé.

Also, you coul d'determine the melting points of the metal and of the chunk of puregold. Thetwo
melting points should be the same (1338K) if themetal isgold.

Example — 3

Congder thefollowingcompoundsand their densities.

Substance Density (g/mL) Substance Density (g/mL)
isopropy! acohol 0.785 toluene 0.866
n=buty! acohol 0.810 ethyleneglycol 1.114

Youereateacolumn of theliquidsin aglasscylinder with themost dense material on thebottom layer and theleast
denseonthetop. You do not alow theliquidsto mix.
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(@ First you drop aplastic bead that has adensity of 0.24 g/cm? into the column. What do you expect to
observe?

(b)  Nextyoudrop adifferent plastic bead that hasavolume of 0.043 mL and amassof 3.92x 10-2? ginto
the column. What would you expect to observein this case?

(© You drop another bead into the column and observethat it makesit all the way t0 the bottom of the
column. What can you conclude about the density of thisbead?

Critical thinking
A cock floats on water because its density is less than the water. Apply this'same fundamental in the

various cases of this problem.

Solution: (&) Sincethebeadislessdensethan any of theliquidsin the container, the bead will float ontop of dl
theliquids.

(b) First, determinethedensity of the plastic bead. Since density ismassdivided by volume, you get

-2
d=1=-3921070 411 g/m =0.92g7mL

Thus, the glassbead will passthrough thetop threelayersand float onthe ethyleneglycol layer,
whichismoredense.

(c) Sincethe bead sinksall theway to thebottom, it must be more densethan 1.114 g/mL.

Example — 4

Express1.47 milesininches

(Critical thinking A
First we write down the units of what we wish to know. Then we set it equal to whatever we are given:
no. of inches= 1.47 miles

Then we choose unit facters to convert the given units (miles) to the desired units (inches):

\_ miles _, feet _ inches )

5280 i
Solution:  no. of inches =1.47 s x _/f{xlzlnChS
1 prite 1ft

Notethat both milesand feet cancel, leaving only inches, the desired unit. Thus, thereisno ambiguity
asto how theunit factors should bewritten.

=9.31x10% inches

(Note: Conversionfactor isalso called unit factor)
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Example — 5

Oneliter isexactly 1000 cubic centimeters. How many cubicinchesaretherein 1000 cubic centimeters?

Critical thinking

linch
54 cm

We would multiply by the unit factor to convert cmto inch. Here we require the cube of this unit

factor.

] . 3
XD 1|nCh %F :1000 Cm3 xm :610 (inCh)3

ion- no. of (inch)? =1000 cm®
Solution: ( ) cmpj 16.4cm

Example — 6

A common unit of energy istheerg. Convert 3.74 x 102 erg tothe Sl unitsof energy, joulesand kilojoules. One
ergisexactly 1x 10~ joule,

Critical thinking
Thedefinition that relates ergs and joulesis used to gener ate the needed unit factor. The second conversion
uses a unit factor that is based on the definition of the prefix kilo-.

—7

Solution:  no, of J =3.74x107 erg PO 3745097
leg

L0 374072

no. of kJ =374x107° j %
1000 J

Example — 7

A 47.3 ml sampleof ethyl aleohal (ethanol) hasmassof 37.32 g. What isitsdensity?1f 103 g of ethanol isneeded
for achemical reaction,whatvolume of liquid would you use?

\

Critical thinking )

We use the definition of density i.e. Density = mass
volume

of ethanol. So,"we know values of D and min the relationship

. Thereafter we are given the mass, m, of a sample

-m

=
We'rearrange this relationship to solve for V, put in the known values, and carry out the calculation.
@Iternatively, we can use the unit factor method to solve the problem. )
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Solution: p = m _37.329 =0.789 g/ mL -

Thedensity of ethanol is0.789 g/mL

now, D= m
V
o w1089 _ o0
D 0.789g/mL
Alternatively,
no of L =103x i =130 L.
7399

Example — 8

Battery acidis40.0 % sulfuric acid H,SO,, and 60.0% water by:mass. Its specific gravity is1.31. Calculatethe
massof pureH,SO, in 100.0 mL of battery acid.

\

Critical thinking N

The percentages are given on a mass basis, so we mustfir st convert the 100.0 mL of acid solution to mass.

To do this, we need a value for the density. We have demonstrated that density and specific gravity are

numerically equal at 20°C because the density of water is 1.00 g/mL. We can use the density as a unit

factor to convert the given volume of solution tosmass of solution. Then we use the percentage by mass to

\convert the mass of solution to mass of acid. )
Solution:  Fromthegivenvauefor specificgravity, wemay write

density=1.31g/mL

Thesolutionis40.0% H,SO, and 60.0 % H,O by mass. From thisinformationwe may construct the
desired unit factor:

40.0gH,S0O, o because 1009 of solution
1009 soln ~ contains 40.0g of H,SO,

We can now.solvethe problem:

1.31gsoln ,40.0g H,SO,

grams.of H,SO, =100.0 mL soln x
1 misoln 100gsoln

=52.4 ¢ H,S0,

Example — 9

When the absolutetemperatureis400 K, what isthe Fahrenheit temperature?
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Critical thinking
We first use therelationship °C = K —273° to convert from kelvins to degrees Celsius; then we carry out
the further conversion from degrees Celsius to degrees Fahrenheit.

1.0°C

Solution:  no. of 0c::(400K—273K)10K =127°C

0
18 F§+32°F = 261°F

no. of °F = Em%x

1.0°C

Example — 10

How much hest, injoules, isrequired to raise the temperature of 205g of water from 21.2°Ct091.4°C?

(Critical thinking )
The specific heat of a substanceis the amount of heat requiredto raise the temperature of 1 g of substance
by 1°C.

(amountof heatinJ)
(massof substance ing ) (temperaturechange in°C)

specific heat =

Wk can rearrange the equation so that

(amount of heat) = (mass of substance) (specific heat) (temperature change)

@Iter natively, we can use the unit factor @pproeach.

Solution:  amount of heat = (205 g) (4.28 J/g +°C) (70.2°C) = 6.02 x 10*J
By theunit factor approach.

amount of heat =(2059) 5‘;‘%%(70.200) =6.02x10*J or 60.2 kJ
O

All unitsexceptjoulescancel. To cool 205 g of water from 91.4°C to 21.2°C, it would be
necessary to remove exactly the sameamount of heat, 60.2 kJ.

Example — 11

How much heet, inca ories, kilocalories, joules, and kil ojoules, isrequired to rai sethe temperature of 205 g of
iron from 294.2 K to 364.4K"? The specific heat of ironis0.106 cal/g.°C, or 0.444 Jg . K.

Critical_thinking

First werecall that a temperature change expressed in kelvins has the same numerical value expressed in
degrees Celsius. Remembering that specific heat is in terms of temperature change, we can write the
specific heat of iron as0.106 cal/g.K or 0.444 J/g.K. Then we can solve this problemwith the temperature
change expressed in kelvins, and avoid the work of converting temperature to °C.

Chemistry / Basics of Chemistry www.locuseducation.org




[Locus 21

Solution: temperature change=364.4K —294.2K =70.2K
no. of cal = (205 g) (0.106 cal/geK) (70.2K) =1.52 x 10°cal or 1.52 kcal
no. of J= (205 g) (0.444 Jg*K) (70.2K) =6.39 x 10 J or 6.39 kJ

Note: The specific heet of ironismuch smaller than the specific heat of water:

specificheatof iron _ 0.444 J/g[K
specificheat of water  4.18 J/g[K

=0.106

Asaresult, theamount of heat required to raise thetemperature of 205 g of iron by 70.2 K (70.2°C)
islessthan that required to do the samefor 205 g of water by the sameratio.

amount heat foriron _ 6.39kJ

= =0.106
amount heat for water  60.2kJ
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Q.1

Q.2

Q.3

WhenH, and O, ismixed inproportion 2:1 by volume at constant temperature and pressure; what do
weget, acompound or mixture, if

(a) Thefina composition shows propertiesof O,.
(b) Thefinal composition doesn’t show propertiesof O,.

Thespecificgravity of silver is10.5 () What isthevolume, incm?, of aningot of silver with mass
0.765 kg?(b) If thissampleof silver isacube, how long iseach edgein em?(c) How longistheedge
of thiscubeininches?

Vinegar hasdensity of 1.0056 g/cm?®. What isthe massof two litersof vinegar?

You are requested to attempt the following basic problems (Q. 410Q.6) to master the unit factor method:

Q.4

Q.5

Q.6

Q.8

Thedensity of air at ordinary atmospheric pressureand 25°Cis1.19 gramg/litre. What isthe mass, in
kilograms, of theair inaroom that measures 12.5x15.5%8.0 feet ?

A certain printed page has an average of 25 words per squareinch of paper. The average length of the
wordsis5.3letters. What isthe average number of letters per square centimeter of paper ?

Thetotal amount of fresh water on earthisestimatedto be 3.73x108 km®. What isthisvolumeiscubic
meters?Inliters?

Thespecific heat of duminiumis0.895 Jg.°C.Cd cul atetheamount of heet required toraisethetemperature
of 22.1 gramsof auminum from 27.0°Ct044.3°C.

Theletha dose of potassium cyanide(KCN) taken orally is 1.6 milligramsper kilogram of body weight.
Calculatethelethal dose of potassiumcyanidetaken orally by a 165-pound person.
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TRY YOURSELF - |

Ans. 1
Ans. 2
Ans. 3
Ans. 4
Ans.5

Ans. 6

Ans. 7
Ans. 8

ANSWERS
(&) mixture (b) compound
(@) 72.9cm? (b)4.18cm
2.0112 kg
52kilograms.
21 letters/cm?

3.73x10" m®; 3.73x10%liters.
342 Joules
120 mg KCN

(c) 1.65inches
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