
States of Matter

INTRODUCTION

Matter normally exists in one of the three states - solid, liquid or gas. However, there is no sharp
demarcation between the various states and in most cases a substance may be made to exist in any
of the three states. The factors which usually determine the state in which matter exists are the
intensity of intermolecular forces, the temperature and pressure. Solids have the strongest
intermolecular forces and the gases have the weakest. As the temperature ofa solid is increased, the
molecules acquire sufficient energy to break the ordered structure and pass into the liquid form. On
further increasing the temperature, the liquid changes to the gaseous state. Under certain conditions,
a substance may be able to co-exist in all the three states, simultaneously. For example, solid ice,
liquid water and water vapour, all co-exist at the freezing point ofwater.

THE GASEOUS STATE

The physical behaviour of gases is independent of chemical nature of the molecules. Therefore,
almost all gases respond in an identical way to the variations in pressure, temperature and volume.
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Fig. 1.1. States of Matter.
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Since the molecules in a gas are always in a state of vigorous and rapid motion, these travel in
random paths, collide with one another and with the wall of the container in which they are confined.
These tendto occupy completely all the space (volume) available in the container and exerta pressure
on the wall of the container.

Ideal and Non-ideal Gases

The generalbehaviour of an ideal gas with variations of pressure, volume and temperature can be
givenby the ideal gas equation.

PV = nRT for 'n' moles of ideal gas.

whereP is the pressure, V is the volume, n is the numberof moles of gas, R is a gas constant and T
is the absolute temperature.

The ideal gas law has been derived by combiningthe gas laws formulated by Gay-Lussac, Boyle, .
Charlesand Avadardro (Fig. 1.2)

Fromthe ideal gas law, it is clear that the volumeof a gas is directly proportionalto the number
of molesof the gas and to the absolute temperature, and is inverselyproportional to the pressure.

R (gas constant) has a value of 0.821 lit.atm.mole-1deg-1 when P and V are expressed in
atmosphere and litres respectively. The value ofR is 8.3214 x 107 ergs.mole-1deg-1when P and V
are expressed in dynes/em- and ern- respectively

Ideal gas molecules are assumed to exhibit no intermolecular forces of attraction. Real and

Law of Gay-Lussac Boyle's Law

P1 / 111 = P2/T2 P 1V1 = P 2V2

Charle's Law Avagadro's Law

V1/T1 =V2/T2 V1/ n1 =V2 / n2

Fig. 1.2. Various gas laws combined for deriving the ideal gas law.
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actual gases usually deviate from ideal behaviour as the molecules tend to attract one another. The
deviation from the idealbehaviour becomes significant whenthe pressure becomes veryhighandthe
temperature very low. At ordinarytemperature and pressure, these gases obey the law sufficiently
accurately.

Departure of real gasesfrom ideality can be demonstrated bymeansof plots suchas that shown
in Fig. 1.3 where PV/RT is plottedas a function of pressure for 1 moleof each gas. Fromthe ideal
gasequation, the valueofPV/RTshouldbe a constantand shouldyielda straightlineparallel to the
x-axis at a given temperature T. As can be seen from Fig. 1.3, real gases do not actuallyyield a
straight line.

A betterapproximation to the real behaviour maybe obtainedby the use of the van der Waal's
equation:

(
an

2
)p + y2 (Y - nb) = nRI

where a and b arc constants for a particulargas. a/V2 accounts for the internal pressure per mole
resulting from the intermolecular forces of attraction between the molecules.

THE LIQUID STATE

Theliquid statemaybe considered as an intermediate stateas mattergoesfromthe solidstateto the
gaseous state. Liquids can beconsidered as highlycompressed gasesor slightlyreleasedsolids. The
molecules ofa gasare ina stateofconstant motion owing to theirkinetic energy which isproportional
totheabsolute temperature of the gas.When thegasiscooled, itskinetic energyisgradually reduced.
As the temperature is being reduced, a stage is reached where the molecules almost loose their
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Fig. 1.3. Plot demonstrating the deviation of real gases from ideal behaviour.
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kinetic energyand are not able to overcome the forces of attraction. As a result, the gas molecules
comecloserand ultimatelythe gas getsconvertedintothe liquidstate. Liquifactionof a gascan also
be broughtabout by increasingthe pressureon the gas. Howeverpressure is effectiveonly belowa
certain temperature. This temperature is called Critical temperature and can be defined as the
temperature abovewhicha gas' cannotbe liquefied evenifvery highpressureis applied. TheCritical
pressure is the pressurerequiredto liquifya gas at its critical temperature.The critical temperature
of water is 374°Cor 647°K and its critical pressure is 218 atmospheres.

THE SOLID STATE

Themost important propertyof the solid state is the high degreeof order in which solid substances
exist. Their structuremaybe crystallineand lattice-like or noncrystalline suchas glasswhicharenot
lattice-like oronlypartlylattice-like. However, eventhe non-crystalline solidshavemuchmoreorder
than liquids and' gases. The moleculesof a solid are held together by strong bonds which imparta
highmeltingpoint to these substances. In orderof their decreasingstrengths,these includemetallic
bonds, ionicbonds,valencebondsand molecularbonds.

Crystalline Solids

Thestructural unitsofcrystalline solidsarearranged infixed geometric patterns or lattices. Crystalline
solids generally exhibita definite shapeandan orderlyarrangement of units.Thesegenerallyhavea
sharpmeltingpoint.The variouscrystallinesolidshavebeendivided into sevendistinct forms(Fig.
1.4). These includecubic form (e.g., sodiumchloride),tetragonalform (e.g., urea), hexagonal form
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Fig. 1.4. The seven crystal systems.
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(e.g., iodoform), orthorhombic form (e.g.,iodine), monoclinic form (e.g.,sucrose) trigonal form (e.g.,
calamine) andtriclinicform(e..g., boricacid).

Amorphous Solids

Unlike crystalline solids,the structural units in amorphous solidsare arranged in a random manner.
Amorphous solidsmaybeconsidered as supercooled liquids.Examples of amorphous solidsinclude
glass, woods, plastics, etc.Amorphous solidsdonothavea sharpmelting pointandmeltwithinsome
narrow rangeof temperatures. Theseare in general moresolublethan crystallinesolids.

Polymorphism

Many substances mayexist in morethan one crystalline or amorphous form. Thisphenomenon
where compounds exist in more than one crystalline and/or amorphous forms is termed as
polymorphism and the different crystalline/amorphous forms are known as polymorphs (or
modifications)orpolymorphic forms. Thevarious polymorphic forms usuallyarisethroughpacking
ofthemolecules indifferent arrays within thecrystal orbydifferences intheorientation orconformation
of the molecules at latticesites.

Different polymorphic forms of a substance usually exhibit different melting points, X-ray
diffraction patterns, solubilities, dissolution behaviour, stability andbiological activity. A number of
pharmacologically active substances suchaschloramphenicol, novobiocin, furosemide, indomethacin,
sulphonamides, barbiturates, steroidssuch as cortisone, testosterone, prednisolone, etc. havebeen
shown to exhibit a number of polymorphic forms differing in their solubilities, stability and
pharmacological activity. In general, the crystal form that has the lowest free energy is the most
stable polymorph. Polymorphs that are metastable mayconvertto a more stable form over time.

Polymorphism can affect the mechanical properties of drug particles and can therefore affect
the manufacturability and physical attributes of dosage forms like tablets. For example, different
polymorphic forms of drugs like paracetamol, carbamazepine, phenobarbitone and sulfamerazine
have exihibited different mechanical properties suchascompressibility, flowability, hardness, bonding
strength, etc. Manyorganic substances such astristearin andtheobroma oilalsoexhibit polymorphism.
Theobroma oil (cocoa butter) exhibits four differentpolymorphic forms viz., o, f3, f3' and y forms
differing intheir respective meltingpoints. A change inthe crystalform mayalsocauseproblems in
manufacturing the product. Forexample, a change incrystal structure of thedrugmaycausecracking
ina tabletorevenpreventa granulation to becompressed intoa tablet requiring reformulation of the
product.

Polymorphism hasbeendemonstrated to-impact significantly thedissolution rate,absorption and
hence, bioavailability of a number of drugs such as chloramphenicol palmitate, oxytetracycline,
carbamazepine, mefenamic acid,phenylbutazone, etc.Chloramphenicol palmitate polymorph Bhas
significantly greaterabsorption thanpolymorph A inhumans. Similarly, the threepolymorphic forms
ofterfenadine differ inthe solubility andtherefore bioavailability inhumans.
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LIQUID CRYSTALS

In addition to the three states of matter, some asymmetric molecules often exhibit a fourth state
known as the liquidcrystalline state or mesophase. Liquidcrystals possess someofthe propertiesof
liquids and someof solids.For example, liquidcrystalspossessthe propertyof mobilityand rotation
and thus can be considered to have the flow properties of liquids. On the other hand, these also
possess the property of birefringence, a property oftenassociated with solidcrystals.In birefringence,
the light passing through a material is divided into two components with different velocities and
hencedifferent refractive index.

The two main types of structure of liquid crystals are the smectic (soap or grease like) and
nematic (thread like). In the smectic state, the molecules are mobile in two directions and show
rotation about one axis. In the nematic state, the molecules are mobile in three dimensions. A third
type known as the cholesteric crystals exist but may be considered as a special case of the nematic
type (Fig. 1.5).

The liquid crystalline state is fcund widespread in nature - in nerve, brain tissue and blood
vessels. Atherosclerosis is thought to result fromthe depositionof lipid in the liquidcrystallinestate
on the walls of blood vessels. The three components of bile, the cholesterol, the bile salts and water
whenpresent in a definite proportioncan result in the formation of smecticcrystalsand thesemaybe
involved in the formation of gall stones. Certain smectic crystals are believed to be involved in the
stabilisation of emulsionand have been usedfor the solubilisationof water insolublematerials.

THE GLASSY STATE

Although glass is considered to be a nonconducting transparent solid, it is actually a type of solid
matter. It can neitherbe consideredas a typicalsolid nora typical liquid.The atomsand molecules in
mostsolidsarearranged inan orderlymannerwhereas inglassymaterials theseare highlydisordered.
Glassymaterials however, have some short-range order as in the case of polymers.Glassy materials
alsodo nothavea specific melting point but these slowlyand gradually liquifyon heating.

Structurally glassymaterials can beconsidered to bemadeupof a random selectionof polyhedral
molecules linked togetherat their corners.Certainmaterialscan easily be convertedto a glassystate

Smectic Nematic

Fig. 1.5. Liquid crystalline phase.

Cholesteric
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while otherposegreatdifficultyandcertainmaterials cannotbe convertedat all. Although thetheory
behind this behaviour is not very clear, it has been shownthat materialswhich can be converted to
glassy state have a very high viscosity at their melting point which inhibits the formation of an
ordered structure.

Although the most common materials which can be converted to glassy state are the metal
oxides, even materialssuch as steel can be converted to the glassy state if it is cooled very quickly.
Thistechnique producesglassessince the material solidifiesevenbefore it gets a chanceto develop
a crystalline structure.

CHANGE IN THE STATE OF MATTER

Themolecules, atoms or ionsina solidarestrongly heldinclose proximity by intermolecular, interatomic
or ionicforces respectively. The particlesof the solidcan oscillateonlyabout fixed positions. Asthe
temperature of a solid substance is raised, the particles acquire sufficient energy to disrupt the
ordered arrangement andpassintothe liquid state. Onfurther increasing thetemperature, themolecules
passinto thegaseous state.Ingaseous state,the intermolecular forces are reduced to almostnegligible.
Sometimes, a changeof state occurs directly from solid state to the gaseousstate and this is termed
assublimation.

As solid changes to a liquid state and then to gaseous state, heat is absorbed and the enthalpy
(heatcontent)of the material increases. Thus, the enthalpyof a liquid is greater than that of a solid
and theenthalpy ofa gas isgreater thanthatofthe liquid. Theentropy (degree of molecular randomness)
of the material also increasesas it goes from a solid to a liquid and to gas.

Latent Heat

When a change in the state of a materialoccurs, the temperature usually remains constant but heat
is absorbed. This heat which results in the change of matter without increasing the temperature is
calledthe latentheat.Whenthis heat results inthe changeof statefroma solidto a liquid,it is known
as the latent heat offusion. For example, the heat required to change ice to water at O°C is the
latent heat offusion. Likewisethe latent heat of vaporisation is the quantity of heat absorbedwhen
a change of statefromliquidto vapouroccursat itsboilingpointwithoutchangingthe temperature of
the material. For example,the heat requiredto changewater to vapourat 100°C is the latentheatof
vaporisation.

Vapour Pressure

When a liquidis kept ina closedevacuatedcontainer, molecules from its surfacecontinuously leave
and go into the free space above it. This is knownas the process of vaporisation. Some molecules
however return to the surface depending on their concentration in the vapour (the process of
condensation). Eventually, a condition of equilibrium gets established when the rate of escape of
molecules becomes equal to the rate of return. The vapour is then said to be saturated and the
pressure exerted by the vapour at equilibrium is known as the Vapour pressure.



8 Physical Pharmacy

The vapour pressure ofa liquid depends on the temperatureand not on the amount of liquidor
vapour as longas bothliquidandvapourarepresent andequilibrium ismaintained. As thetemperature
is raised, more of the liquid goes into the vapour state and the vapour pressure increases. As the
temperature is raised further, the density of the vapour increases while that of liquid decreases.
Eventually, the densitiesof boththe phasesbecome equaland the two phasescannotbedistinguished.
The temperature at which this happens is known as the Critical temperature and above this
temperature, there is no liquid phase.

Relative Humidity

Relative Humidity may be defined as the ratio of amount of water vapor in the air at a specific
temperature to the maximum amount that the air could hold at that temperature, expressed as a
percentage. In other words, it is the ratio of the actual water vapour pressure to the saturationwater
vapour pressureat the prevailing temperature.

Actual water vapour pressure
Relative humidity = x 100%

Saturated water vapour pressure

The amount of water vapour the air can hold increases with temperature. Relative humidity
therefore decreases with increasing temperature if the actual amount of water vapour stays the
same.

Boiling Point

When a liquidis heated inan open vessel,the vapourpressureabove it increases.On furtherheating,
its vapour pressure becomes equal to the atmospheric pressure. The temperature at which the
vapourpressureof a liquidequals the externalor atmospheric pressure is knownas its boilingpoint.
At the boilingpoint all the absorbed heat is usedto changethe liquidto the vapour state and there is
norise inthetemperature of the liquiduntil it iscompletely vaporised. Differentliquidshavedifferent
boiling point.

If the external pressure above the surfaceof a liquid is decreasedor increased, the boilingpoint
of the liquid is also decreased or increased.

Melting point and Freezing Point

Thetemperature at which a solid passes into liquidstate underatmosphericpressure is knownas its
melting point. Themeltingpoint is referredto as freezing point if the liquidpasses intothe solidstate.
The melting or freezingpointof a crystallinesubstanceisactuallythe temperatureat whichthe pure
liquid and solid co-exist in equilibrium. In practice, this point is taken as the temperature of the
equilibrium mixtureat an external pressureof 1atm.

Vapour Pressure of a mixture of liquids

In the case of miscible liquids (solution of a liquid in liquid),the partial vapour pressure exerted by
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each component is proportional to its molarconcentration in the mixture solution. Thetotalvapour
pressure P isgiven by :

where,
XA and XB are molefractions of components A and B respectively.

PA°and paoare the vapourpressures exertedby the pure components A and B respectively.
PAandPa are the partialvapourpressures exerted byAandB respectively inthe liquid mixture.

In the case of a mixture containing two immiscible liquids each liquid exerts its own vapour
pressure independently of the other. The total vapourpressure P is then givenby :

P = PAc + Pao

SUblimation

Sublimation is defined as the process of transformation of solids directly into the vapour phase
without passing into theintermediate liquid phase. Anumber ofsubstances including camphor, menthol,
naphthalene, etc., exhibitthe phenomenon of sublimation. Othersubstances"Such. as icecanalsobe
forced toexhibit thephenomenon of sublimation byvarying thetemperature andpressure; theprocess
being adopted duringfreeze drying of heat labile substances.

Principle

Let us consider the phasediagram for a substance as shown in Fig. 1.6.

The curve AO represents the melting point of the solid phase of the substance at different
pressures. AlongthecurveAf), the solidexistsinequilibrium withits liquidphase. Tothe leftof the

A B

Triple point

c

Temperature

Fig. 1.6. Phase diagram illustrating the principle of sublimation.



10 Physical Pharmacy

curve, the substance exists in the solid statewhileto the right, it is in the liquidstate.BO represents
thevapourpressureof the liquidformof the substance at varioustemperatures. Thiscurve isknown
as thevapourpressurecurveof the liquid. Above this curve,the materialexists in the formof liquid
while below it,onlythe vapourform exists. ThecurveCOrepresents thevapourpressure of the solid
at various temperatures and is also known as the sublimation curve. To the left of the curve, only
solidexistswhile to the right, only the vapour form is stable. However, there exists one point (0)
where all the three phasesof the material are in equilibrium witheach other andthis is known as the
Triple Point. For pure water this corresponds to a pressure of 610 N/m2 and a temperature of
O.0075°C.

Nowletusconsidera point 'X' belowthe triple pointwherethe substanceispresentin the form
of a solid. If heat is appliedto the substance at this point, it will pass directly into the vapourphase
without passingthroughthe liquidstate.This is the processof sublimation.

Eutectic Mixtures

Certain substances such menthol, thymol, camphor, phenol, salol, etc. when mixed in a particular
proportion tendto liquify dueto reduction intheirrespective melting points. Mixtures ofsuchsubstances
are known as eutectic mixtures. (Greekmeaning: Eutectic- Easy melting)

Principle

Letusconsidertwo substances A and B. In Fig. 1.7,the pointsA and B representthe melting points
of the two components. As increasing quantities of B are added to A, the freezingpoint of A falls
alongthe curveAC. Similarly, as increasing quantities of A are addedto B, the freezing pointofB
falls alongthe curveBC. At a particularcomposition C, known as the eutecticPoint, the mixture of
thetwosubstances hasthe lowestmeltingpoint. Thiscomposition of the two substances is known as

A

Solid A
+ solution

. Liquid

SolidS
+ solution

S

~utectic point

100% A

Solid A + Solid B

Eutectic composition

Composition

Fig. 1.7. Phase diagram showing a Eutectic System

100% B
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the eutecticmixture. Below the eutectic temperature the mixtureof the two substanceswill exist as
solidwhileaboveit, the mixturewill convertintoa liquid.

In pharmaceutical practice, eutectic mixtures are difficult to dispense in the form of a powder..
In order to incorporate such materials in a powder, it is essential to first mix each ingredient
separately withan inertdiluentsuchas lightmagnesium oxide,magnesium carbonate,starch, kaolin,
etc., followed by gentle blending of the differentportions. Alternatively, the eutectic materialscan
firstbetriturated togetherinorderto forcethemto liquify. The liquidcan then be adsorbed on an inert
diluent.

Thephenomenon of eutecticformation hasalso beenused inpharmaceutical practiceto improve
the dissolution behaviourof certain drugs. For exampleeutecticmixture of aspirin-acetaminophen
(37% and 63% respectively), urea-acetaminophen (46% and 54% respectively) and griseofulvin-
succinic acid(55%and 45% respectively) dissolvemorerapidlythan the drugsaloneor their simple
mixtures.

Aerosols

Valve

Fig. 1.8. An aerosol system.

~
Solution of propellant

and active ingredients

Liquefaction of a gascan be achievedbyapplyingpressureon it and keepingthe temperature below
the criticaltemperature. Whenthe pressure is reduced, the moleculesexpand and the liquidreverts
backto the gaseous state. Aerosols are based on this principle of reversible change of state on the
application and release of pressure. In pharmaceutical
aerosols, a drug is dissolved or suspendedin a propellant, a
material which existsas a liquidunderthepressure conditions
prevalent inside the container but gets converted to a gas
under normal atmospheric conditions. The container is
designed in such a manner that on depressinga valve, some
ofthedrug-propellant mixture isexpelled outduetotheexcess
pressure insidethe container (Fig. 1.8).The propellantused
in such products are generally fluorinated hydrocarbons
although gasessuch as nitrogenand carbondioxideand also
beingused.

The aerosol containers are filled either by cooling the.
propellant anddrugto a lowtemperature within thecontainer
which isthen sealedwith the valve. Alternatively, the drug is
sealedinthe containerat roomtemperatureand the required
quantity of propellant is forced into the container under
pressure. In both the cases, when the container is at room
temperature, partof the propellantis in the gaseousstateand
exerts pressure necessary to extrude the drug while the
remaining is in the liquid state and provides a solution or
suspension vehiclefor the drug.
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REVISION EXERCISES

I. Long answer type questions:

1. Discuss in detail the properties of the various states of matter. How does transition take
place from one state of matter to the other?

2. What do you understand by polymorphism? Giving suitable examples give its importance
in pharmacy.

3. Write notes on :

(a) Liquid Crystals

(b) Eutectic mixtures

(c) Triplepoint

4. Define sublimation giving examples ofmaterials which exhibit sublimation.

S. With the use ofphase diagram, illustrate the principle ofsublimation.

6. Discuss the principles underlying formation ofaerosols.

II. Short answer type questions:
1. What is an ideal gas? Why do real gases differ in their behaviour from an ideal gas?

2. What are liquid crystals? Give examples.

3. What do you understand by latent heat ofvaporisation and latent heat of fusion?

4. Define boiling point, melting point and freezing point.

S. With the help ofa neat phase diagram, explain the principle ofsublimation.

III. Multiple choice questions:

1. Which of the following describes the gaseous state of matter?

a) A gas has both a definite shape and volume.

b) A gas has a definite shape but not a definite volume.

c) A gas has a definite volume but not a definite shape.

d) A gas has neither a definite shape nor volume.

Correct option: d)
2. One of the assumptions of the ideal gas law is that:

a) Molecules have no attraction to one another

b) Gas particles move very slowly

c) Molecules move in curved paths

d) None of the above

Correct option: a)
3. The phenomenon in which a substance exists in more than one crystalline forms is known

as:

a) Polymorphism
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b) Crystallinity

c) Anisotropy

d) Polycrystallinity

Correct option: a)

4. A vapor is:

a) A very dense gas

b) A gas with weak Vander Waal forces

c) A gas that is normallya liquid

d) A liquid that is normallya gas

Correct option: c)

5. Polymorphism refers to compounds having:

a) Different stereochemistry

b) Different crystal structure

c) Differentcomposition

d) all of the above

Correct option: b)

6. The maximum temperature at which the two phase region exists in a mixture of two
partially miscible liquids isknown as:

a) Upper consolute temperature

b) Lower consolute temperature

c) Critical temperature

d) Kraft point

Correct option: a)

7. Amorphous form of a drug dissolves than the crystalline form

a) Slower

b) Faster

c) Equalto
d) Does not dissolve

Correct option: b)

8. Whichof the followingare propertiesor examplesof amorphoussolids?
a) No crystal structure
b) No definitemeltingpoint
c) Glassy
d) All of the above

Correct option: d)
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9. Mesomorphic substances:

a) Are in between solids and liquids

b) Are nematic

c) Are smectic

d) Have different properties in different directions

Correct option: a)

10. What kind of Iiquid crystal consists ofparallel molecules in layers?

a) Cholesteric

b) Nematic

c) Smectic

d) All of the above

Correct option: c)

11. The change of state from a solid directly to a gas is known as:

a) Fusion

b) Boiling

c) Sublimation

d) Evaporation

Correct option: c)

12. Which of the following characteristics are NOT shared by liquids and gases?

a) Ability to diffuse

b) Indefinite volume

c) Indefinite shape

d) Fluidity

Correct option: b)

13. The process of converting ice to water by the application of heat proceeds with:

a) An increase in energy and a decrease in entropy

b) An increase in energy and an increase in entropy

c) A decrease in energy and a decrease in entropy

d) A decrease in energy and an increase in entropy

Correct option: b)

14. Which of the following properties are NOT shared by crystalline solids and amorphous
solids?

a) Definite shape

b) Definite volume
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c) Incompressibility

d) Definite melting point

Correct option: d)

15. When ice ismelting to form waterat constant pressure, which of the following holdgood?
a) The entropy of the system decreases
b) The density decreases

c) The temperature of the system remains constant

d) The temperature of the system increases

Correct option: c)

16. How does vapor pressure react to increased temperature?
a) The vapour pressure is decreased
b) The vapourpressure' is increased

c) The vapour pressure does not change unless the atmospheric pressurechanges
d) The vapour pressure first decreases and then increases

Correct option: b)

17. The quantityof heat absorbed whena changeof state from liquidto vapouroccursat its
boilingpointwithoutchanging the temperature of the material is known as:

a) Latent heat of fusion
b) Latentheatof vapourisation

c) Latentheatof sublimation

d) Latentheat of condensation

Correct option: b)

18. A eutectic is:
a) A mixture oftwo compounds witha sharpmelting pointhigherthanthoseof either

component
b) A mixtureof two compounds witha sharpmeltingpoint lowerthan those of either

component
c) A mixture of two compounds with a sharp melting point equal to that of either

component
d) A mixtureof two compounds with a density lowerthan those of either component

Correct option: b)

19. Triplepointof watercorresponds to
a) Pressure600~/m2 and temperature ofO.0075°C
b) Pressure610 N/m2and temperature ofO.0075°C
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c) Pressure605 N/m2 and temperature of 0.0075°C

d) Pressure 610 N/m2 and temperature of 0.0070°C
Correct option: b)

20. The critical pointof a pure substance is:

a) The highest temperature and pressure for which liquidand vapourcan coexist

b) The point at which the saturated liquidand saturatedvapour curvesmeet

c) The point wherevapourpressure has its largestpossiblevalue

d) All of the above

Correct option: d)


