Basic Laboratory Equipment

x Chemistryis the sciencethat deals with the composition and
propertiesof substancesndvariouselementaryforms of matter.

x Chemistryasareall sciencesis a disciplinebasedon observation

x Inlecture,youwill learnthe principlesandtheoriesthat, to date, best
explainthe observationghat haveaccumulated

x Theproblemis that, if all you haveis lecture, then it is all too easyto
forget that thesetheoriesapplyto the & NBvorlfl.£

x Thelaboratoryexperienceis, by design,your opportunity to seethese
principlesandtheoriesin practice
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Abeakeris a simplecontainerfor stirring, mixingand
heatingliquidscommonlyusedin manylaboratories

Beakersare generallycylindricalin shape,with a flat
bottom. Most alsohave a smallspout (or "beak") to
aidpouring

Beakersare availablein a wide rangeof sizes from 5
milliliter up to 2 liter.

Beakers are commonly made of glass (usually
borosilicateglass pyrext), but canalsobe in metal or
certainplastics

Borosilicateglassmainly constitute from silica and
boronoxide

Borosilicateglassesare known for having very low
coefficients of thermal expansion making them
resistantto thermal shock

Beaker x Beakersare often graduated,that is, marked on
the side with lines indicating the volume
contained

x Thesemarks are not intended for obtaining a
precise measurementof volume but rather an
estimation

x Do not measurevolume or prepare solutions at
definite concentrationsusinga beaker!

x The presenceof a lip means that the beaker
cannothaveallid.

x Howeverwhenin use,beakersmaybe coveredby
a watch glassto prevent contaminationor lossof
the contents,but allowingventingviathe spout

x Alternatively a beakermay be coveredwith using
apieceof parafilm

Erlenmeyer

flask
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An Erlenmeyeiflask,alsoknownasa conicalflask,
is a widely used type of laboratory flask which
features a flat bottom, a conical body, and a
cylindricalneck

It is named after the German chemist Emil
Erlenmeyerwho createdit in 1860

The Erlenmeyeris usually marked on the side
(graduated)to indicate the approximatevolume
of contents

Do not measurevolume or prepare solutions at
definite concentrationsusingan erlenmeyerflask!

The opening usually has a slight rounded lip so
that the Erlenmeyercanbe easilystopperedusing
apieceof cotton wool, rubber bungor similar
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Erlenmeyerflasks are extremely useful in the lab
setting for stirring the contents by hand by swirling
the flask

Erlenmeyersare usedin chemistrylabsfor titration,
asthey canbe held and the contents mixed single
handedleavingthe other handfree to addreagent

Titration, also known as titrimetry, volumetry, is a
common laboratory method of quantitative
chemical analysisthat is used to determine the
unknownconcentrationof anidentified analyte

A reagent, called the titrant is prepared as a
standard solution. A known concentration and
volumeof titrant reactswith a solution of analytein
the presence of indicator to determine
concentration

Erlenmeyersare also used in microbiologyfor the
preparationof microbialcultures

Volumetric
flask

X

A volumetric flask (measuringflask or graduated
flask) is a piece of laboratory glasswarea type of
laboratory flask, calibrated to contain a precise
volumeat a particulartemperature

Volumetricflasksare usedfor precisedilutions and
preparationof standardsolutions

Theseflasks are usually pearshaped, with a flat
bottom, andmadeof glassor plastic

Solutionswith definite concentrationsonly usedin
volumetricflasks

The neck of the volumetric flasksis elongatedand
narrow with an etchedring graduationmarking The
marking indicates the volume of liquid contained
whenfilled up to that point.

Donot heatanyvolumetricequipment!

Graduated
cylinder

x A graduated cylinder, measuring cylinder or
mixing cylinder is a piece of laboratory
equipment used to measurethe volume of a
liquid.

X

Graduatedcylindersare generallymore accurate
and precisethan laboratory flasksand beakers
However, they are less accurate and precise
than volumetricglasswaresuchasa volumetric
flaskor volumetricpipette.

X

For these reasons,graduated cylinders should
not be usedto performvolumetricanalysis

X

A traditional graduated cylinder is usually
narrow and high (soasto increasethe accuracy
and precisionof volume measurementjand has
a plasticor glasshottom and a "spout” for easy
pouringfrom the measurediquid.

X

Donot heatanyvolumetricequipment

Graduated
cylinder
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Graduated
pipettes
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Graduatedpipettes are a type of macropipette
consisting of a long tube with a series of
graduations, as on a graduated cylinder or
burette, to indicatedifferent calibratedvolumes

They also require a source of vacuum in the
early daysof chemistryand biology, the mouth
was used Graduatedpipettes commonly come
in 1, 2, 5, 10 and 25 mL volumesand they are

highlyaccurate

To avoid accidental ingestion of potentially
harmful substances,a variety of propipetters
havebeendeveloped,both entirely manualand
electricallyassisted

Graduated
pipettes
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Pipettes are made of borosilicate glass
disposablggraduatedpipettesare often madeof
polystyrene

Graduatedpipettes are often graduatedin one
of two ways

Mohr, backwardor drain-out pipettes havea 0
mLmarkjust abovethe endof the pipette.

Serologica) forward or blow-out pipettes have
no Oml mark as that correspondsto an empty
pipette.

Do not use graduated pippetes for measuring
hot solutionsor do not heatthem!

Volumetric
pipettes
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Volumetric pipettes or bulb pipette allow the
userto measurea volumeof solution extremely
accurately(accuracyof four significantfigures.

Thesepipettes have a large bulb with a long
narrow portion above with a single graduation
markasit is calibratedfor a singlevolume (like a
volumetricflask)

Typicalolumesare 10, 25, and50 mL
Volumetricpipettesare commonlyusedto make

laboratorysolutionsfrom a basestockaswell as
preparesolutionsfor titration.

Burette
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A burette (also buret) is a device used in
analytical chemistry for the dispensing of
variable, measured amounts of a chemical
solution

A burette is distinguishedfrom a pipette by the
fact that the quantity deliveredis variable Thus
in a titration, one solution is dispensedwith a
pipette, and anothersolutionis addedto it from
aburette in aliquotsof varyingsize

Burettes may be designated for use at a
particular temperature If used at another
temperature they should be subject to
calibration

Donot heatvolumetricequipment!
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Retort Stand *
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Aretort stand,sometimescalleda ring stand, is
a pieceof scientificequipment,to which clamps
can be attached to hold test tubes and other
equipment such as burettes which are most
often usedin titration experiments

It isalsousedin filtering, andextraction

The stands are usually made of a chemically
impervious metal and may be covered with
aluminium foil to further protect the base,on
which may sit a hot plate, magnetic stirrer,
heatingmantle,or someother apparatus

Burette C|ampx A buret clamp is chemical or biological
laboratoryequipment

x |t is usedfor firmly holding test-tubes, burettes
and other glasswarein place when performing
experimentssuchastitration.

x There are usually of two types, a single buret
clampandadoubleburet clamp

X

Iron ring and
clamp

X
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An iron ring, sometimescalled an iron support
ring, is usedin chemistrylabsto stabilizeflasks
mountedto aring stand

Someiron rings include a clamp, while others
requirea utility clampto attachto aring stand

Atest tube clampis usedfor holdingatest tube

x A test tube, also known as a culture tube or
Test tubes and sampletube, is a common piece of laboratory
Test tube rack  glasswareconsistingof a fingerlike length of
glassor clear plastic tubing, open at the top,

usuallywith aroundedU-shapedbottom.

x Testtubesare availablein a multitude of lengths
and widths, typically from 10 to 20 mm wide
and50to 200mm long.

x A test tube has either a flat bottom, a round
bottom, or a conicalbottom.

x Sometest tubes are made to accepta ground
glassstopperor ascrewcap

x Testtubes are widely usedby chemiststo hold,
mix, or heat small quantities of solid or liquid
chemicalsgspeciallyfor qualitative experiments
andassays
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Mortar and Pestle *

Themortar is a bowl, typically made of hard
wood, ceramicor stone

Thepestleis a heavyclub-shapedobject, the
end of which is used for crushing and
grinding

The substanceto be groundis placedin the
mortar and ground, crushed or mixed with
the pestle

Crucible

X

A crucibleis a container that can withstand
very hightemperaturesandis usedfor metal,
glass,and pigment production as well as a
numberof modernlaboratoryprocesses

While crucibles historically were usually
made from clay they can be made from any
material that withstands temperatures high
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enough to melt or otherwise alter its

contents

x An evaporatingdish is a piece of laboratory
glassware used for the evaporation of
solutions and supernatant liquids, and
sometimesto their melting point.

x Cruciblesare usefor calcination

x The calcination processinvolves heating a
substancen a crucibleor overanopenflame
x Most are made of porcelain or borosilicate until it isreducedto ashes

glass

Bunsen burner

x A Bunsenburner, named after Robert Bunsen,is a
commonpiece of laboratory equipmentthat produces
a single open gas flame, which is used for heating,
sterilization,andcombustion

Bunsen burner

3.1.4.0 Bunsen burner flame
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colourless flame

blue or pale violet flame

The device in use today safely burns a continuous oxidizing region

streamof a flammablegassuchasnatural gas(whichis
principallymethane)or a liquefied petroleum gassuch
aspropane,butane,or a mixture of both.

burner tube

| intense hlue flame

hottest part of flame
pale blue flame
reducing region

x The amount of air mixed with the gas stream affects
the completenes®f the combustionreaction

unburnt gas.

X

Lessair yieldsan incompleteand thus cooler reaction,
while a gasstreamwell mixedwith air providesoxygen
in an equimolar amount and thus a complete and
hotter reaction




Pipeclay triangle

A pipeclay triangle (or ceramictriangle) is a
piece of laboratory apparatusthat is used to
support items being heated by a Bunsen
burneror other heatsource

It is made of wires strung in an equilateral
triangle on which are strunghollow catlinite or
ceramictubes

Thetriangleis usuallysupportedon a tripod or
iron ring.

Unlike wire gauze,which primarily supports
glassware such as beakers, flasks, or
evaporatingdishesand providesindirect heat
transferto the glasswarethe pipeclaytriangle
normally supports a crucible and allows the
flameto heatthe crucibledirectly.

Wire Gauze
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There are two types of wire gauzeused in
chemistry a normally woven wire gauze,and
onewith awhite circleimprintedoniit.

Thelatter hasa ceramiccompositeintendedto
aidin the dispersain heat

The normal setup is a ring stand which a
support ring attachedto it. The wire gauzeis
centeredon the ring standasto allowthe open
flame to be in contact with it to a certain
extent, dependingon the desiredheat

In the context of laboratory experimentation,
the combination of the wire gauzeplus the
added ceramic composite greatly aids in the
evendispersabf heat

Laboratory Tripod
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Laboratorytripod is a three-leggedequipment,
generallyusedasa platform of somesort.

Theword is derived from Greekword tripous,
meaning'three feet".

A tripod stand has three legs and is widely
used in laboratories to conduct various
experiments

Thislab equipmentis usedto supportandhold
various flasks, beakersand other glassware
whennot in useandalsoduringexperiments

Thestandsare speciallyconstructedusinglight
metalsfor light weightandeaseof carrying

Watch Glass

X

A watch glassis a circular, slightly convex
concavepiece of glassusedin chemistryas a
surfaceto evaporate a liquid, to hold solids
while beingweighed,or asa coverfor abeaker

The latter use is generallyapplied to prevent
dustor other particlesenteringthe beaker the
watch glass does not completely seal the
beakerandsogasexchangestill occur

Whenusedasan evaporationsurface,a watch
glassallows closerobservationof precipitates
or crystallisation, and can be placed on a
surface of contrasting colour to improve the
visibility overall
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Tongs and Testx Tongsare usedfor grippingandlifting tools, of
which there are many forms adaptedto their
Tube Holder specificuse

Crucible Tongs

Ground glass joint
A x Groundglassjoints are usedin laboratoriesto
& quickly and easily fit leaktight apparatus
" togetherfrom commonlyavailableparts.

Funnel x Afunnelis a pipe with a wide mouth, goodfor
feeding, often conical mouth and a narrow
stem.

x Laboratoryfunnelsare funnelsthat havebeen
madefor usein the chemicalaboratory

x Thereare manydifferent kinds of funnelsthat
have been adapted for these specialized
applications

x Filter funnels, thistle funnels (shaped like
thistle flowers), and have stopcocks which
allowthe fluidsto be addedto a flaskslowly.

Sepera’[o ry Funnei| A separatoryfunnel, alsoknown as separation
funnel, separatingfunnel, or colloquially sep

funnel, is a pieceof laboratory glasswareused
in liquid-liquid extractions to separate
(partition) the componentsof a mixture into
two immiscible solvent phases of different
densities

X

Typically,one of the phaseswill be aqueous,
and the other a non-polar lipophilic organic
solventsuchasether, MTBE dichloromethane,
chloroform,or ethyl acetate
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Spatula and Glass
Rod

— - X A spatulais a smallimplement with a broad,
flat, flexible blade usedto mix, spreadand lift
materials

x Spatulas usedfor weighingchemicals

x Glasgods (or stirring rods)are usedasstirrers
in laboratoryenvironments

x Likemost laboratory glass,stir rods are made
of borosilicate(commonlyknownaspyrex)

x Forcepsor forcipes are a handheld, hinged
instrument used for grasping and holding
objects

Forceps

x Forcepsare usedwhen fingersare too largeto
graspsmallobjectsor when manyobjectsneed
to be held at one time while the hands are
usedto performatask

Wash BOtﬂé( Awashbottle is a squeezebottle with a nozzle,used
to rinse variouspiecesof laboratory glasswaresuch
astest tubesandround bottom flasks

Washbottles are sealedwith a screwtop lid. When
hand pressureis applied to the bottle, the liquid
inside becomespressurizedand is forced out of the
nozzleinto a narrow streamof liquid.

Most wash bottles are made up of polyethylene,
which is a flexible solventresistantpetroleumbased
plastic Most bottles contain an internal dip tube
allowinguprightuse

Washbottles may be filled with a rangeof common
laboratory solventsand reagents,accordingto the
work carriedout in that lab.

Theseinclude deionizedwater, detergentsolutions
and rinse solventssuch as acetone, isopropanolor
ethanol

X

Condenser

A condenseiis a pieceof laboratoryglasswaraisedto cool hot vaporsor
liquids

A condenserusually consistsof a large glasstube containinga smaller
glasgtube runningits entire length,within whichthe hot fluidspass

Theendsof the inner glassube are usuallyfitted with groundglasgoints
whichare easilyfitted with other glasswareDuringreflux, the upperend
is usuallyleft opento the atmosphereor ventedthrough a bubbleror a
dryingtube to preventthe ingressof water or oxygen

The outer glasstube usuallyhastwo hose connections,and a coolant
(usuallytap water or chilledwater/anti-freezemixture)is passedhrough
it. For maximum efficiency, and to maintain a smooth and correctly
directed thermal gradientso asto minimisethe risk of thermal shockto
adjacentglasswarethe coolantusuallyentersthrough the lower fitting,
andexitsthroughthe higherfitting.
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Condenser

Liebig Alihn Vigreux Graham
Condenser Condenser Column Condenser

Round and Flat *
bottom flask

Roundbottom flasksare typesof flaskshaving
spherical bottoms wused as laboratory
glasswaremostly for chemicalor biochemical
work.

They are usually made of heatresistant
borosilicateglass

Thereis at leastone tubular sectionknown as
the neckwith an openingat the tip. Two or
three-neckedflasksare commonaswell.

Reagentflasks are usually a flat-bottomed
flask, which can thus be convenientlyplaced
onthe tableor in acabinet

These flasks cannot withstand too much
pressureor temperature differences,due to
the stresseswvhicharisein aflat bottom, these
flasksare usuallymade of weakerglassthan
reactionflasks

Desiccator

x Desiccatorsare sealable enclosures containing desiccants used for
preservingmoisture-sensitive items such as cobalt chloride paper for
anotheruse

x A common use for desiccatorsis to protect chemicalswhich are
hygroscopicor which react with water from humidity. Desiccatorsare
sometimesusedto removetracesof water from analmostdry sample

Round and Flat bottom flask
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A . NOK fa$éldis a piece of laboratory
equipmentusedin filtration.

It is traditionally made of porcelain,but glass
andplasticfunnelsare alsoavailable

On top of the funnelshapedpart there is a

cylinderwith a perforated plate separatingit
from the funnel.

L - ‘

N

Filter Paper
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x Filter paperis a semipermeablepaperbarrier

placedperpendicularo aliquid or air flow.

It is usedto separatefine solidsfrom liquids
orair.

Filter paper comesin various porosities and
grades depending on the applicationsit is
meantfor. Theimportant parametersare wet
strength, porosity, particle retention, flow
rate, compatibility,efficiencyand capacity

Thereare two mechanismsof filtration with
paper, volume and surface By volume
filtration the particlesare caughtin the bulk of
the filter paper By surface filtration the
particles are caught on the paper surface
Filter paper is mostly used becauseeven a
small piece of filter paper will absorb a
significantvolumeof liquid

Pasteur Pipette

X

Pasteurpipettes, also known as droppers or
eye droppers, are used to transfer small
quantitiesof liquids

They are usually glass tubes tapered to a
narrow point, and fitted with a rubberbulb at
the top.

The combination of the Pasteurpipette and
rubberbulb hasalsobeenreferredto asateat
pipette.
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