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CHAPTER11-DISTILLATION

Distillationreferstotheselectiveboilingandsubsequentcondensationofa
componentinaliquidmixture.Itisaseparationtechniquethatcanbeused
toeitherincreasetheconcentrationofaparticularcomponentinthe
mixtureortoobtain(almost)purecomponentsfrom themixture.The
processofdistillationexploitsthedifferenceintheboilingpointsofthe
componentsintheliquidmixturebyforcingoneofthemintoagaseous
state.

Itisimportanttonotethatdistillationisnota chemicalreaction butitcanbe
consideredasaphysicalseparationprocess.Anillustrationdescribingthe
laboratorysetupthatisgenerallyusedtoexecutethisprocessisprovided
below.

Thedistillationperformedonalaboratoryscaleoftenusesbatchesofthe
liquid mixture whereas industrialdistillation processes are generally
continuous,requiring a constantcomposition ofthe mixture to be
maintained.



TypesofDistillation

Someimportanttypesofdistillationinclude:

 Simpledistillation

 Fractionaldistillation

 Steamdistillation

 Vacuumdistillation

 Air-sensitivevacuumdistillation

 Shortpathdistillation

 Zonedistillation

SimpleDistillation

 Simpledistillationinvolvesheatingtheliquidmixturetotheboiling
pointandimmediatelycondensingtheresultingvapors.

 Thismethodisonlyeffectiveformixtureswhereintheboilingpointsof
theliquidsareconsiderablydifferent(aminimumdifferenceof25oC).

 Thepurityofthedistillate(thepurifiedliquid)isgovernedbyRaoult’s
law.

FractionalDistillation

Fractionaldistillationisoftenusedtoseparatemixturesofliquidsthathave
similarboilingpoints.Itinvolvesseveralvaporization-condensationsteps
(whichtakesplaceinafractioningcolumn).Thisprocessisalsoknownas
rectification.Theapparatusrequiredtoperforma fractionaldistillation ona
mixtureislistedbelow.

 Round-bottomflaskordistillingflask

 Asourceofheat,whichcanbeafireorahotbath.



 Receivingflasktocollectthecondensedvapors

 Fractioningcolumn

 Thermometertomeasurethetemperatureinthedistillingflask

 Condenser

 StandardGlassware.

Whenheated,theliquidmixtureisconvertedintovaporsthatriseintothe
fractioningcolumn.Thevaporsnowcoolandcondenseonthewallsofthe
condenser.Thehotvaporsemanatingfromthedistillingflasknowheatthe
condensedvapor,creatingnewvapors.

Manysuchvaporization-condensationcyclestakeplaceandthepurityof
thedistillateimproveswitheverycycle.Anillustrationdepictingafractional
distillationsetupisprovidedbelow.

CommonlyusedcondensersinlaboratoriesincludeLiebigcondensersand
Grahamcondensers.

SteamDistillation

 Steam distillation is often used to separate heat-sensitive
componentsinamixture.

 Thisisdonebypassingsteamthroughthemixture(whichisslightly
heated)tovaporizesomeofit.Theprocessestablishesahighheat-
transferratewithouttheneedforhightemperatures.

 Theresultingvaporiscondensedtoaffordtherequireddistillate.

 Theprocessofsteamdistillationisusedtoobtainessentialoilsand
herbaldistillatesfromseveralaromaticflowers/herbs.

VacuumDistillation

 Vacuumdistillationisidealforseparatingmixturesofliquidswithvery
highboilingpoints.

 Inordertoboilthesecompounds,heatingtohightemperaturesisan
inefficientmethod.Therefore,thepressureofthesurroundingsis



loweredinstead.

 Theloweringofthepressureenablesthecomponenttoboilatlower
temperatures.Oncethevaporpressureofthecomponentisequalto
thesurroundingpressure,itisconvertedintoavapor.

 Thesevaporsarethencondensedandcollectedasthedistillate.The
vacuumdistillationmethodisalsousedtoobtainhigh-puritysamples
ofcompoundsthatdecomposeathightemperatures.

ImportantApplications

 Distillation plays an importantrole in many waterpurification
techniques.Manydesalinationplantsincorporatethismethodinorder
toobtaindrinkingwaterfromseawater.

 Distilledwaterhasnumerousapplications,suchasinlead-acid
batteriesandlow-volumehumidifiers.

 Manyfermentedproductssuchasalcoholicbeveragesarepurified
withthehelpofthismethod.

 Manyperfumesandfoodflavoringsareobtainedfrom herbsand
plantsviadistillation.

 Oilstabilizationisanimportanttypeofdistillationthatreducesthe
vaporpressure ofthe crude oil,enabling safe storage and
transportation.

 Aircanbeseparatedintonitrogen,oxygen,andargonbyemploying
theprocessofcryogenicdistillation.

 Distillationisalsoemployedonanindustrialscaletopurifytheliquid
productsobtainedfromchemicalsynthesis.
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CHAPTER10:EVAPORATION

Evaporationisknownastheprocessofwaterchangingfrom liquid
togasorvapor.Asinitoccursonthesurfaceofaliquidwhenitturnsinto
thegaseousphase.Itisanendothermicprocesswhentheheatis
absorbed.
 
EXAMPLE:

EVAPORATIONPAN:

Theevaporationpanofthisstandardsetismadeofstainlesssteelandhas
thedimensionsofa“classA“evaporationpan,namely54mm (10inches)
inheightand1206mm (47.5inches)indiameter.Theevaporationpanis
installedonthewoodensupport,whichissetandlevelledonthegroundin
agrassylocation,awayfrom bushes,treesandotherobstacleswhich
obstructanaturalairflowaroundthepan,thusrepresentingopenwaterin
anopenarea.Dailytheresultofevaporationandprecipitationismeasured
withinthestillwell,bymeansofahighqualityevaporationmicrometerwith
ameasuringrangeof100mm andanaccuracyof0.02mm.Thisaccuracy
canbeobtainedbecausethestillwellpreventsripplingofthewatersurface.
Theamountofevaporationisafunctionoftemperature,humidity,windand
otherambientconditions.Inordertorelatetheevaporationtowindcurrent
orexpectedconditions,themaximum andminimum temperatureaswellas
theamountofairpassedarerecordedwiththeevaporation.Foramore
exactuseoftheevaporationpanitisrecommendedtouseanadditional
windpathmeter.Forautomaticmeasurementoftheevaporationusecan
bemadeofalevelsensor.Thelevelsensorconsistsofasensitivepressure
transducerbuiltinastainlesssteelhousing.Thesensorhasapressure
rangeof0-20mbar,accuracy0,25%.Outputsignal0-20mA,powersupply
voltage8-28V.Thesensorissuppliedwith5m cable.Thesensorisread-
outwithadatalogger.Toconfigureandread-outthedataloggerandto
processthemeasuringdata,useismadeoftheevaporationpan
software.MeasuringprincipleAnevaporationpanprovidesameasurement
ofthecombinedeffectoftemperature,humidity,windspeedandsunshine



onthereferencecropevapotranspirationETo.

Theprincipleoftheevaporationpanisthefollowing:thepanisinstalledin
thefield.thepanisfilledwithaknownquantityofwater(thesurfacearea
ofthepanisknownandthewaterdepthismeasured).thewaterisallowed
toevaporateduringacertainperiodoftime(usually24hours).Forexample,
eachmorningat7o’clockameasurementistaken.Therainfall,ifany,is

measuredsimultaneouslyafter24hours,theremainingquantityofwater

(i.e.waterdepth)ismeasuredtheamountofevaporationpertimeunit
(thedifferencebetweenthetwomeasuredwaterdepths)iscalculated;this

isthepanevaporation:Epan(inmm/24hours)theEpanismultipliedby
apancoefficient,Kpan,toobtaintheETo.Formula:ETo=Kpan×Epan
with:ETo:referencecropevapotranspirationKpan:pancoefficientEpan:
panevaporationIfthewaterdepthinthepandropstoomuch(duetolack
ofrain),waterisaddedandthewaterdepthismeasuredbeforeandafter
thewaterisadded.Ifthewaterlevelrisestoomuch(duetorain)wateris
takenoutofthepanandthewaterdepthsbeforeandafteraremeasured.

Factorsinfluencingtherateofevaporation

Note:Airusedhereisacommonexample;however,thevaporphasecan
beothergases.

Concentration ofthesubstanceevaporatingintheair

Iftheairalreadyhasahighconcentrationofthesubstance
evaporating,thenthegivensubstancewillevaporatemoreslowly.

Flowrateofair

Thisisinpartrelatedtotheconcentrationpointsabove.If"fresh"air
(i.e.,airwhichisneitheralreadysaturatedwiththesubstancenorwith
othersubstances)ismovingoverthesubstanceallthetime,thenthe
concentrationofthesubstanceintheairislesslikelytogoupwith
time,thusencouragingfasterevaporation.Thisistheresultof
the boundarylayer attheevaporationsurfacedecreasingwithflow
velocity,decreasingthediffusiondistanceinthestagnantlayer.

Inter-molecularforces

Thestrongertheforceskeepingthemoleculestogetherintheliquid
state,themoreenergyonemustgettoescape.Thisischaracterized



bythe enthalpyofvaporization.

Pressure

Evaporationhappensfasterifthereislessexertiononthesurface
keepingthemoleculesfrom launchingthemselves.

Surfacearea

Asubstancethathasalargersurfaceareawillevaporatefaster,as
therearemoresurfacemoleculesperunitofvolumethatare
potentiallyabletoescape.

Temperature ofthesubstance

thehigherthetemperatureofthesubstancethegreaterthekinetic
energyofthemoleculesatitssurfaceandthereforethefasterthe
rateoftheirevaporation.

Applications

 Industrialapplicationsincludemany printing and coating processes;
recoveringsaltsfrom solutions;anddryingavarietyofmaterialssuch
aslumber,paper,clothandchemicals.

 Theuseofevaporationtodryorconcentratesamplesisacommon
preparatorystepformanylaboratoryanalysessuch
as spectroscopy and chromatography.Systemsusedforthispurpose
include rotaryevaporators and centrifugalevaporators.

 Whenclothesarehungonalaundryline,eventhoughtheambient
temperatureisbelowtheboilingpointofwater,waterevaporates.This
isacceleratedbyfactorssuchaslow humidity,heat(from thesun),and
wind.Ina clothesdryer,hotairisblownthroughtheclothes,allowing
watertoevaporateveryrapidly.

 The Matki/Matka,atraditionalIndianporousclaycontainerusedfor
storingandcoolingwaterandotherliquids.

 The botijo,atraditionalSpanishporousclaycontainerdesignedtocool
thecontainedwaterbyevaporation.

 Evaporativecoolers,whichcansignificantlycoolabuildingbysimply



blowingdryairoverafiltersaturatedwithwater.
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16.STUDYOFIMMUNOLOGICALPRODUCTSLIKESERA,VACCINETOXOIDS

ANDTHEIRPREPARATIONS

 VACCINESTOXOIDS:

A vaccine isabiologicalpreparationthatprovidesactive acquiredimmunity toa

particular infectiousdisease.Avaccinetypicallycontainsanagentthatresemblesa

disease-causingmicroorganismandisoftenmadefromweakenedorkilledformsof

themicrobe,itstoxins,oroneofitssurfaceproteins.Theagentstimulatesthe

body's immunesystem torecognizetheagentasathreat,destroyit,andtofurther

recognizeanddestroyanyofthemicroorganismsassociatedwiththatagentthatitmay

encounterinthefuture.

TOXOID

Toxoid vaccinesaremadefrominactivatedtoxiccompoundsthatcauseillness
ratherthanthemicro-organism.[37] Examplesoftoxoid-basedvaccinesinclude
 tetanus and diphtheria.Toxoidvaccinesareknownfortheirefficacy. Notalltoxoidsare
formicro-organisms;forexample, Crotalusatrox toxoidisusedtovaccinatedogs
against rattlesnake bites.

PREPARATION:

Twoworkersmakeopeningsinchickeneggsinpreparationforproductionofmeasles

vaccine.

Vaccineproductionhasseveralstages.First,theantigenitselfisgenerated.
Virusesaregrowneitheronprimarycellssuchas chickeneggs (e.g.,forinfluenza)or
oncontinuouscelllinessuchasculturedhumancells(e.g.,for hepatitisA).[88] Bacteria
aregrownin bioreactors (e.g., Haemophilusinfluenzae typeb).Likewise,arecombinant
proteinderivedfromthevirusesorbacteriacanbegeneratedinyeast,bacteria,orcell
cultures.Aftertheantigenisgenerated,itisisolatedfromthecellsusedtogenerateit.A
virusmayneedtobeinactivated,possiblywithnofurtherpurificationrequired.
Recombinantproteinsneedmanyoperationsinvolvingultrafiltrationandcolumn
chromatography.Finally,thevaccineisformulatedbyaddingadjuvant,stabilizers,and



preservativesasneeded.Theadjuvantenhancestheimmuneresponseoftheantigen,
stabilizersincreasethestoragelife,andpreservativesallowtheuseofmultidose
vials. Combinationvaccinesarehardertodevelopandproduce,becauseofpotential
incompatibilitiesandinteractionsamongtheantigensandotheringredientsinvolved.

Vaccineproductiontechniquesareevolving.Culturedmammaliancellsare
expectedtobecomeincreasinglyimportant,comparedtoconventionaloptionssuchas
chickeneggs,duetogreaterproductivityandlowincidenceofproblemswith
contamination.Recombinationtechnologythatproducesgeneticallydetoxifiedvaccine
isexpectedtogrowinpopularityfortheproductionofbacterialvaccinesthatusetoxoids.
Combinationvaccinesareexpectedtoreducethequantitiesofantigenstheycontain,
andtherebydecreaseundesirableinteractions,byusing pathogen-associatedmolecular
patterns.[91]

In2010,Indiaproduced60percentoftheworld'svaccineworthabout$900million
(€670million).

EXCIPIENTS

Besidetheactivevaccineitself,thefollowing excipients andresidual
manufacturingcompoundsarepresentormaybepresentinvaccinepreparations.
Aluminum saltsorgelsareaddedas adjuvants.Adjuvantsareaddedtopromotean
earlier,morepotentresponse,andmorepersistentimmuneresponsetothevaccine;
theyallowforalowervaccinedosage.

 Antibiotics areaddedtosomevaccinestopreventthegrowthofbacteriaduring
productionandstorageofthevaccine.

 Egg protein ispresentininfluenzaandyellowfevervaccinesastheyareprepared
usingchickeneggs.Otherproteinsmaybepresent.

 Formaldehyde isusedtoinactivatebacterialproductsfortoxoidvaccines.
Formaldehydeisalsousedtoinactivateunwantedvirusesandkillbacteriathat
mightcontaminatethevaccineduringproduction.

 Monosodiumglutamate (MSG)and2-phenoxyethanol areusedasstabilizersina
fewvaccinestohelpthevaccineremainunchangedwhenthevaccineisexposedto
heat,light,acidity,orhumidity.

 Thimerosal isamercury-containingantimicrobialthatisaddedtovialsofvaccine
thatcontainmorethanonedosetopreventcontaminationandgrowthofpotentially
harmfulbacteria.Duetothecontroversysurroundingthimerosalithasbeen
removedfrommostvaccinesexceptmulti-useinfluenza,whereitwasreducedto
levelssothatasingledosecontainedlessthan1microgramofmercury,alevel
similartoeating10 gofcannedtuna.



ROLEOFPRESERVATIVES

Manyvaccinesneedpreservativestopreventseriousadverseeffectssuch
as Staphylococcus infection,whichinone1928incidentkilled12of21children
inoculatedwitha diphtheria vaccinethatlackedapreservative.[95] Severalpreservatives
areavailable,including thiomersal, phenoxyethanol,and formaldehyde.Thiomersalis
moreeffectiveagainstbacteria,hasabettershelf-life,andimprovesvaccinestability,
potency,andsafety;but,intheU.S.,the EuropeanUnion,andafewotheraffluent
countries,itisnolongerusedasapreservativeinchildhoodvaccines,asa
precautionarymeasureduetoits mercury content. Although controversialclaims have
beenmadethatthiomersalcontributesto autism,noconvincingscientificevidence
supportstheseclaims. Furthermore,a10–11yearstudyof657,461childrenfoundthat
theMMRvaccinedoesnotcauseautismandactuallyreducedtheriskofautismby7
percent.

Vaccinedevelopmenthasseveraltrends:

 Untilrecently, mostvaccineswereaimedatinfantsandchildren,butadolescents
andadultsareincreasinglybeingtargeted.

 Combinationsofvaccinesarebecomingmorecommon; vaccinescontainingfiveor
morecomponents areusedinmanypartsoftheworld.

 Newmethodsofadministeringvaccinesarebeingdeveloped, suchasskinpatches,
aerosolsviainhalationdevices,andeatinggeneticallyengineeredplants.

 Vaccinesarebeingdesignedtostimulateinnateimmuneresponses,aswellas
adaptive.

 Attemptsarebeingmadetodevelopvaccinestohelpcurechronicinfections,as
opposedtopreventingdisease.

 Vaccinesarebeingdevelopedtodefendagainstbioterroristattackssuchasanthrax,
plague,andsmallpox.

 Appreciationforsexandpregnancydifferencesinvaccineresponses"mightchange
thestrategiesusedbypublichealthofficials".

 Scientistsarenowtryingtodevelopsyntheticvaccinesbyreconstructingtheoutside
structureofa virus,thiswillhelppreventvaccineresistance

 SERAANDIT’SPREPARATION:



Antiserum ishumanornonhuman bloodserum containingmonoclonalor
polyclonal antibodies thatisusedtospread passiveimmunity tomanydiseases
via blooddonation (plasmaphoresis).Forexample,convalescentserum,passive
antibodytransfusionfromaprevioushumansurvivor,usedtobetheonlyknown
effectivetreatmentfor ebola infectionwithahighsuccessrateof7out8patients
surviving.

Antiseraarewidelyusedindiagnostic virology laboratories.Themostcommon
useofantiseruminhumansisas antitoxin or antivenom totreat envenomation.

Serumtherapy,alsoknownasserotherapy,describesthetreatmentofinfectious
diseaseusingtheserumofanimalsthathavebeenimmunizedagainstthespecific
organismsortheirproduct,towhichthediseaseissupposedlyreferable.

Bothantiseraandantitoxinsaremeansofproactivelycombatinginfections.The
introductionofcompoundstowhichthe immunesystem respondsisanattempttobuild
upprotectionagainst microorganisms ortheirtoxinsbeforethemicrobesactuallyinvade
thebody.

Theuseofantiserumandantitoxinpreparationsisnowastandardavenue
of infectioncontrol .Thebeginningsofthestrategiesdatestothetimeof Edward
Jenner inthelateeighteenthcentury.Then,Jennerusedaninoculum
of cowpox materialtoelicitprotectionagainstthe smallpox virus.

Jenner'sstrategyofusingaliveorganismtoelicitan antibody responseledtoa"third-
party"strategy,wherebyserumisobtainedfromananimalthathasbeenexposedto
an antigen ortothemicroorganismthatcontainstheantigen.Thisso-calledantiserum
isinjectedintothehumantointroducetheprotectiveantibodiesdirectly,ratherthan
havingthemmanufacturedbytheperson'sownimmunesystem.

Thesamestrategyproducesantitoxin.Inthiscase,thematerialinjectedintotheanimal
wouldconsistofactivetoxin,butinverylowquantities.Theintentofthelatteristo
stimulateantibodyproductionagainstatoxinthathasnotbeenchangedbythe
proceduresusedtoinactivatetoxinactivity.

Theuseofantitoxinhasbeenlargelysupplantedbytheinjectionofacrippledformof
thetoxinofinterest(alsoknownasatoxoid)oraparticularlyvitalfragmentofthetoxin
thatisneededfortoxicactivity.Theriskoftheuseofatoxoidorafragmentoftoxinis
thattheantibodythatisproducedissufficientlydifferentfromthatproducedagainstthe
realtargetsoastobeineffectiveinaperson.

SincethetimeofJenner,amyriadofanti-seraandantitoxinshavebeenproduced
againstbacterial,viralandprotozoandiseases.Theresultsoftheirusecanbedramatic.
Forexample,eveninthe1930s,theformof influenza causedbythe
bacterium Hemophilusinfluenzae wasalmostalwayslethaltoinfantsandchildren.Then,



ElizabethHattie,apediatricianandmicrobiologist,introducedananti-influenzal
antiserumproducedinrabbits.Theuseofthisantiserumreduced Hemophilus
influenzae influenza-relatedmortalitytolessthantwentypercent.

Antiserumcancontainjustonetypeofantibody,whichistargetedatasingleantigen.
Thisisknownasmonovalentantiserum.Or,theantiserumcancontainmultiple
antibodies,whicharedirectedatdifferentantibodytargets.Thisisknownaspolyvalent
antiserum.

Theindirectprotectiveeffectofantiserumandantitoxinispassive immunity.Thatis,a
protectiveresponseisproducedinsomeonewhohasnotbeenimmunizedbydirect
exposuretotheorganism.Passiveimmunityprovidesimmediatebuttemporary
protection.

Antiserumandantitoxinareobtainedfromthebloodofthetestanimal.Thebloodis
obtainedatapre-determinedtimefollowingtheinjectionoftheantigen,microorganism,
ortoxoid.Theantiserumconstitutespartoftheplasma,theclearcomponentofthe
bloodthatisobtainedwhentheheavierbloodcellsareseparatedbyspinningtheblood
inamachinecalledacentrifuge.

Examplesofanti-seraarethoseagainst tetanus and rabies.Typically,theseanti-sera
areadministeredifsomeonehasbeenexposedtoanenvironmentor,inthecaseof
rabies,ananimal,whichmakesthethreatofacquiringthediseasereal.Theanti-sera
canboostthechancesofsuccessfullycombatingtheinfectiousorganism.Afterthe
threatofdiseaseisgone,theprotectiveeffectisnolongerrequired.

Theadventof antibiotics haslargelyreplacedsometypesofantiserum.Thishasbeena
positivedevelopment,forantiserumcancauseallergicreactionsthatinsomepeople
arefatal.Theallergicnatureofantiserum,whichisalsoknownasserumshock,arises
fromthenatureofitsorigin.Becauseitisderivedfromananimal,theremaybe
componentsoftheanimalpresentintheantiserum.Whenintroducedintoahuman,the
animalproteinsarethemselvesforeign,andsowillproduceanimmuneresponse.For
thisreasonantiserumisusedcautiouslytoday,asintheaboveexamples.Theriskof
theuseofantiserumorantitoxinismorethancompensatedforbytheriskofacquiringa
life-threateningmaladyiftreatmentisnotundertaken.

Serumsickness isahypersensitiveimmunereactiontoacontaminatinganimalprotein
intheantiserum.Theantibodiesthatareproducedbindtotheantigentomakelarger
particlescalledimmunecomplexes.Thecomplexescanbecomedepositedinvarious
tissues,causingavarietyofsymptoms.Thesymptomstypicallydonotappearforafew
weeksaftertheantiserumorantitoxinhasbeenadministered.

Withthedevelopmentofsophisticatedtechniquestoexaminethegeneticmaterialof
microorganismsandidentifygenesthatareresponsiblefortheaspectsofdisease,the
useofantiserumandantitoxinmayenteranewphaseofuse.Forexample,thegenetic
sequencesthatareresponsiblefortheproteintoxinsofthe anthrax bacteriumarenow
known.Fromthesesequencestheproteinstheyencodecanbemanufacturedinpure



quantities.Thesepureproteinscanthenformthebasisofanantitoxin.Theantibodies
producedinanimalscanbeobtainedinverypureformaswell,freeofcontaminating
animalproteins.Theseantibodieswillblockthebindingofthetoxintohosttissue,which
blocksthetoxiceffect.Inthisandothercases,suchasanantitoxinbeingdeveloped
to Escherichiacoli,theuseofantitoxinissuperiorstrategytotheuseofantibiotics.
Antibioticsarecapableofkillingtheanthraxbacterium.Theyhavenoeffect,however,
onactionofthetoxinthatisreleasedbythe bacteria.


