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11.2.1Recording Data

Qualitative & Quantitative data

= Whenrecordingresults of experiment, both quantitative and qualitative datashould be
obtained

= Quantitative datais obtained from measurements whereas qualitative datais non-numerical
informationthatcomes fromobservations

= Quantitative datais always associated withrandom errors/uncertainties,determined by the
apparatus, and by human limitations such as reactiontime

= Where there are severalitems of datayoushould record yourdatain atable with appropriate
headings and units:

DataTable showing headings and units
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Uncertainties

= Uncertainties are the same asrandomerrors
= Uncertainties express the confidence to which the measurement can be taken
= Treatmentofuncertainties depends onthe type of instrument used

Using analogueinstruments

= Anyinstruments that have ananalogue scale, the uncertaintyis taken as half the smallest division
onthescale
= Forexample,
= Athermometerthatreads to 1°C, the uncertaintywould be +0.5°C
= Aburette thatreads to 0.10 mL, the uncertaintywould be +0.05 mL

Using digitalinstruments

= Anyinstruments that have adigitalscale, the uncertaintyis taken as the smallest divisionon the
scale
= Forexample,
= Anelectronic balance thatreads to 0.01g,the uncertaintywould be +0.01g

Otheruncertainties

= Othersources ofuncertaintycanarise where the judgement of the experimenteris needed to
determine achanging property
= Forexample,
= Judgingthe end point of atitrationbylooking atthe colourof the indicator
= Controllingastopwatchinarate ofreactionexperiment
= Decidingwhento extinguishthe flame inanenthalpy of combustionexperiment

= Theseuncertainties are very difficult to quantify, but they should be commented onas asource
of errorinanevaluation

O Exam Tip

Notice that whenrecording the measurement you should always record it to the same level of
precisionas the uncertainty. The measurement cannot be anymore orless precise thanthe
uncertainty. Eventhoughaburettereads to O.1mL,it mustberecorded as 0.10 mL, so the last digit
isalwaysaOorab
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11.2.2 Processing Errors

Types of Errors

= Anerroris the difference betweenavalue orquantityobtained inan experiment and anaccepted

orliterature value foran experiment

= There are two types of errors inexperiments,randomerrors and systematic errors

RandomErrors

Whenyouarereading aninstrument and estimate the final digit, there is an equal chance that you
mayread it slightlytoo high orslightlytoo low
= Thisisarandomerror

Randomerrors are canbe affected by:
= How easilytheinstrumentorscaleistoread
= The personreadingthe scale poorly
= Changesinthe environment,forexample
= fluctuationsinthe temperature of the lab
= aircurrentsintheroom

Randomerrors will pull aresult awayfrom anaccepted value in eitherdirection (eithertoo highor
too low)

Systematic Errors

Systematic errors are errors thatoccuras aresult of afaultyorpoorlydesigned experimental
procedure
Systematic errors will always pull the result away fromthe accepted value in the same direction
(always too highoralways too low)
Forexample,
= |fyouforgettozero anelectronic balance (usingthe tare button) the mass weighings will
always be higherthan theyshould be
= |fyoudon'tread the volumeinaburette ateye level, the volumes will always be smallerthan
theyshould be due to aparallaxerror
= |fyoufailto keepacaponaspiritburnerinacalorimetryexperiment, the alcoholwill
evaporate and give youalargermassloss
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Systematic errors
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Propagation of Errors

= Propagationof errors means the processingof errors so theyare reflected appropriatelyina

final calculationbased onexperiment results
= There are anumberofrules and processes to follow, beginning with percentage uncertainty

Percentage Uncertainties

= Percentage uncertainties are awayto compare the significance of anabsolute uncertainty on

ameasurement

= Thisisnotto be confused withpercentage error,whichis acomparisonofaresultto aliterature
value

= Theformulaforcalculating percentage uncertaintyis as follows:

absolute uncertainty

percentage uncertainty = x 100%
measured value

= Some examples of percentage uncertainty calculations forcommonlaboratory apparatus:
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Calculating Percentage Uncertainty

Adding or subtracting measurements

Whenyou are adding orsubtractingtwo measurements thenyouadd togetherthe absolute
measurementuncertainties
Forexample,

= Usingabalance to measure theinitialand final mass of acontainer

= Usingathermometerforthe measurement of the temperature at the start and the end

= Usingaburette to find theinitialreading and finalreading

Inallthese examples you have to read the instrument twice to obtain the quantity
If eachyoutime youread the instrument the measurementis 'out' by the stated uncertainty, then
yourfinal quantityis potentially 'out' by twice the uncertainty

Multiplying or dividing measurements
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= Whenyoumultiplyordivide experimental measurements thenyouadd togetherthe percentage
uncertainties

= Youcanthencalculate the absolute uncertainty fromthe sumof the percentage uncertainties

O Exam Tip

If you are multiplying ordividing datayoushould quote the answerto the same numberof
significant figures as the least precise data.

Whenyouadd orsubtractdatayoushould use the same numberof decimalplaces as the least
precise datavalue
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11.2.3 Reducing the Impact of Errors

Reducing Errors

= Randomerrors canbereduced byrepeated trials and measurements
= Multiple measurements when averaged willreduce the impact of arandomerror on the average
= The morereadings you have the lowerthe possibility that arandomerror will skew the results

= |fyouspotarandomerrorinadatatable thenyoucanomititinthe calculationofanaverage
= Forexample,inatitrationyoucanleave outresults thatare not concordant when finding the
average titre:

Calculating the average volume delivered in a titration should not include non-concordant volumes. Run
3 (and the Rough run) is omitted from the calculation of the average volume delivered

= Systematic errors cannotbereduced byrepetition
= Systematic errors canonlybereduced bychangingthe procedure and making sure you are using
the instruments correctly
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If youcannotactivelyreduce systematic errors youmust still tryto identifythem and comment
ontheminyourevaluation

Impact of Errors

Askillthatis veryimportantindata processingis the abilityto discuss the impact of different
types of errors onanexperimental conclusion
Thisis anintegral part of the Internal Assessment, but it canalso be examined in the written exam
papers
Youshould always evaluate randomerrors and systematic errors inaninvestigation
Thisincludes assessing the relative impact of errors, forexample:

= Whetheraparticularerrorhas amajororminoreffect onthe finalresult

= Whicherrors produce the largestimpact onafinal result

You should be able to state what the impact would be of not using a draught shield in a simple
combustion calorimetry experiment
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Accuracy & Precision

= Accuracyishowcloseyouareto anaccepted value
Precisionis ameasure of how manydecimal places you canexpress yourresults to

Imagine you are shooting at atarget:the followingresults show the difference betweenthese
concepts

Accuracy and precisionin target shooting

Inpracticalchemistryterms, if you have aliterature value forafinal calculation, thenitis veryeasy
to compare how close yougotto the literature value,inotherwords how accurate youwere

= Forexampleinenthalpyof combustionexperiments,did yougetclose to the DataBook
value?

= Sometimesyoucancontrolprecisionbychanginginstrument

= Forexampleif youchange fromatwo decimal place to three decimal place balance,youare
makingyourmeasurements more precise

@ Worked example

Whichof the following procedures could be used to reduce the randomuncertainty while
performing a titration?

A.Changingthe burette

B.Readingthe burette at eye level to the meniscus

C.Repeating the titration

D.Changingthe indicatorforthe titration

Answer

The correctoptionis C.

Randomerrors canbereduced byrepetition. Allthe otherprocedures would only affect
systematic errors.
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11.2.4 Percentage Error

Percentage Error

= Percentage erroris used to express the difference betweenafinal calculated answerand an
accepted orliterature value

= |tis calculated usingthe following formula

accepted value - experimental value
percentage error = x 100%

accepted value

= Youshould be ableto comment onanydifferences betweenthe experimental and literature
values

@ Worked example

1.023 gof propan-1-ol (M=60.11gmol™) was burned in a spirit burnerand used to heat 200 g of
waterinacoppercalorimeter. The temperature of the waterrose by 30 °C.

1.Calculate the enthalpy of combustion of propan-1-olusing this data.

2.The literature value for this enthalpychange is -2021kJ mol™. Calculate the percentage error
and commentonyourfindings

Answer :
Step 1. Calculate g
g=mxCXxAT
g=200gx4.18Jg'K'x30K=-25080)
Step 2:Calculate the amount of propan-1-olburned
moles =mass +molarmass =1.023 g+ 60.1lgmol"=0.01702mol
Step 3:Calculate AH
AH=qg+n=-25080)+0.01702mol=-1473560)=-1474k) =-1.5x10%kJ
Answer 2:

Using the formula
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accepted value - experimental value

percentage error = x 100%
accepted value

2021 -1500

t = ————— x 100% = 259
percentage error 2L > o %o

Heatlosses are likelyto be the largest source of errorin this experiment
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11.2.5 Drawing Graphs

Drawing Graphs

Generalguidance ondrawing graphs

= Graphs needto have:

Cleartitle
Labelled axes
Units onthe axes
Appropriate linearscales without anyjumps
= This means the plotted graph mustoccupyatleasthalf ormore of the sheet orgrid
= Aroughrule of thumbis thatif youcandouble the scale and still fit all the points on, then
yourscaleis notappropriate

Clearlyshowndatapoints
= The mostcommonconventionis to use smallcrosses to show the datapoints

Graph of concentration versus time
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Graphs must shows appropriate scales, labelling and units. The independent variable usually
goes onthe x-axis and the dependent variable onthe y -axis

= Rememberthe independent variable is the one you controlormanipulate and the dependent
variable is the one that changes as aresult of your manipulation
= Always draw data pointsinpencil asit makes iteasierto make corrections and adjustments
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Best Fit Lines

= Students oftenconfuse the termlines of best fit with straight lines
= Lines of best fit canbe straightlines orcurves (justlike the example above) and:
= Theyshowthe trend of the data
= |tdoesnothave to go throughallthe points, but shows the generaltrend

= Theymust go through the majority of the points
= Where the datais scattered the points should be evenlydistributed oneitherside of the
best fit line

= Sometimes the best fit line has to be extended to find avalue froma graph
= Thisis called extrapolationas this example shows from atemperature correctiongraphina
calorimetryinvestigationwhere the cooling sectionis extrapolated to find the maximum
temperaturerise:

Extrapolation on a temperature correction graph

= Interpolationis the termused to describe the process of assumingatrend line applies between
two points as this example below shows:
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The difference between extrapolation and interpolation on a graph

O ExamTip

Youwillhave to decideif the origin,point (0,0) should be included as adatapointlfitdoes, it will
be agoodplaceto anchorthe graphas it will be the mostaccurate datapoint
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