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11.2.1 Recording Data

Qualitative & Quantitative data

When reco rding results o f experiment, bo th quantitative  and  qualitative  data sho uld be

o btained

Quantitative data is o btained fro m measurements whereas qualitative data is no n-numerical

info rmatio n that co mes fro m o bservatio ns

Quantitative data is always asso ciated with rando m erro rs/uncertainties, determined by the

apparatus, and by human limitatio ns such as reactio n time

Where there are several items o f data yo u sho uld reco rd yo ur data in a table with appro priate

headings  and units:

Data Table sho wing headings and units
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Uncertainties

Uncertainties  are the same as rando m erro rs

Uncertainties  express the co n�dence to  which the measurement can be taken

Treatment o f uncertainties  depends o n the type o f instrument used

Using analogue inst rument s

Any instruments that have an analo gue scale, the uncertainty is taken as half  the smallest divisio n

o n the scale

Fo r example,

A thermo meter that reads to  1 C, the uncertainty wo uld be +0.5 C

A burette that reads to  0.10 mL, the uncertainty wo uld be +0.05 mL

Using digit al inst rument s

Any instruments that have a digital scale, the uncertainty is taken as the smallest divisio n o n the

scale

Fo r example,

An electro nic balance that reads to  0.01 g, the uncertainty wo uld be +0.01 g

Ot her uncert aint ies

Other so urces o f uncertainty can arise where the judgement o f the experimenter is needed to

determine a changing pro perty

Fo r example,

Judging the end po int o f a t itratio n by lo o king at the co lo ur o f the indicato r

Co ntro lling a sto pwatch in a rate o f reactio n experiment

Deciding when to  extinguish the �ame in an enthalpy o f  co mbustio n experiment

These uncertainties are very di�cult to  quantify, but they sho uld be co mmented o n as a so urce

o f erro r in an evaluatio n

Exam T ip

No tice that when reco rding the measurement yo u sho uld always reco rd it to  the same level o f

precisio n as the uncertainty. The measurement canno t be any mo re o r less precise than the

uncertainty. Even tho ugh a burette reads to  0.1 mL, it must be reco rded as 0.10 mL, so  the last digit

is always a 0 o r a 5

o o 
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11.2.2 Processing Errors

Types of Errors

An erro r is the di�erence between a value o r quantity o btained in an experiment and an accepted

o r literature value fo r an experiment

There are two  types o f erro rs in experiments, rando m erro rs  and  systematic erro rs

Random Errors

When yo u are reading an instrument and estimate the �nal digit, there is an equal chance that yo u

may read it slightly to o  high o r slightly to o  lo w

This is a rando m erro r

Rando m erro rs  are can be a�ected by:

Ho w easily the instrument o r scale is to  read

The perso n reading the scale po o rly

Changes in the enviro nment, fo r example

�uctuatio ns in the temperature o f the lab

air currents in the ro o m

Rando m erro rs  will pull a result away fro m an accepted value in either directio n (either to o  high o r

to o  lo w)

Syst emat ic Errors

Systematic erro rs  are erro rs that o ccur as a result o f a faulty o r po o rly designed experimental

pro cedure

Systematic erro rs  will always pull the result away fro m the accepted value in the same  directio n

(always to o  high o r always to o  lo w)

Fo r example,

If yo u fo rget to  z ero  an electro nic balance (using the tare butto n) the mass weighings will

always be higher than they sho uld be

If yo u do n't read the vo lume in a burette at eye level, the vo lumes will always be smaller than

they sho uld be due to  a parallax erro r

If yo u fail to  keep a cap o n a spirit burner in a calo rimetry experiment, the alco ho l will

evapo rate and give yo u a larger mass lo ss
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Systematic errors
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Propagation of Errors

Pro pagatio n o f  erro rs  means the pro cessing o f erro rs so  they are re�ected appro priately in a

�nal calculatio n based o n experiment results

There are a number o f rules and pro cesses to  fo llo w, beginning with percentage uncertainty

Percent age Uncert aint ies

Percentage uncertainties  are a way to  co mpare the signi�cance o f an abso lute uncertainty  o n

a measurement

This is no t to  be co nfused with percentage erro r, which is a co mpariso n o f a result to  a literature

value

The fo rmula fo r calculating percentage uncertainty is as fo llo ws:

So me examples o f percentage uncertainty calculatio ns fo r co mmo n labo rato ry apparatus:
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Calculating Percentage Uncertainty

Adding o r subtracting measurements

When yo u are adding o r subtracting two  measurements then yo u add to gether the abso lute

measurement uncertainties

Fo r example,

Using a balance to  measure the initial and �nal mass o f a co ntainer

Using a thermo meter fo r the measurement o f the temperature at the start and the end

Using a burette to  �nd the initial reading and �nal reading

In all these examples yo u have to  read the instrument twice  to  o btain the quantity

If each yo u time yo u read the instrument the measurement is 'o ut' by the stated uncertainty, then

yo ur �nal quantity is po tentially 'o ut' by twice  the uncertainty

Multiplying o r dividing measurements
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When yo u multiply o r divide experimental measurements then yo u add  to gether the percentage

uncertainties

Yo u can then calculate the abso lute uncertainty  fro m the sum o f the percentage uncertainties

Exam T ip

If yo u are multiplying o r dividing data yo u sho uld quo te the answer to  the same number o f

signi�cant �gures as the least precise data.

When yo u add o r subtract data yo u sho uld use the same number o f decimal places as the least

precise data value
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11.2.3 Reducing the Impact of Errors

Reducing Errors

Rando m erro rs  can be reduced by repeated trials and measurements

Multiple measurements when averaged will reduce the impact o f a rando m erro r o n the average

The mo re readings yo u have the lo wer the po ssibility that a rando m erro r will skew the results

If yo u spo t a rando m erro r in a data table then yo u can o mit it in the calculatio n o f an average

Fo r example, in a titratio n yo u can leave o ut results that are no t co nco rdant when �nding the

average t itre:

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 erro rs  canno t be reduced by repetitio n

Systematic erro rs  can o nly be reduced by changing the pro cedure and making sure yo u are using

the instruments co rrectly
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If yo u canno t actively reduce systematic erro rs  yo u must still try to  identify them and co mment

o n them in yo ur evaluatio n

Impact of Errors

A skill that is very impo rtant in data pro cessing is the ability to  discuss the impact  o f di�erent

types o f erro rs o n an experimental co nclusio n

This is an integral part o f the Internal Assessment , but it can also  be examined in the written exam

papers

Yo u sho uld always evaluate rando m erro rs  and systematic erro rs  in an investigatio n

This includes assessing the relative impact o f erro rs, fo r example:

Whether a particular erro r has a majo r o r mino r e�ect o n the �nal result

Which erro rs pro duce the largest impact o n a �nal 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

Accuracy  is ho w clo se yo u are to  an accepted value

Precisio n is a measure o f ho w many decimal places yo u can express yo ur results to

Imagine yo u are sho o ting at a target: the fo llo wing results sho w the di�erence between these

co ncepts

Accuracy and precision in target shooting

In practical chemistry terms, if yo u have a literature value fo r a �nal calculatio n, then it is very easy

to  co mpare ho w clo se yo u go t to  the literature value, in o ther wo rds ho w accurate  yo u were

Fo r example in enthalpy o f co mbustio n experiments, did yo u get clo se to  the Data Bo o k

value?

So metimes yo u can co ntro l precisio n by changing instrument

Fo r example if yo u change fro m a two  decimal place to  three decimal place balance, yo u are

making yo ur measurements mo re precise

Worked example

Which o f the fo llo wing pro cedures co uld be used to  reduce the rando m uncertainty while

perfo rming a titratio n?

A. Changing the burette

B. Reading the burette at eye level to  the meniscus

C. Repeating the titratio n

 D. Changing the indicato r fo r the titratio n

Answer

The co rrect o ptio n is C.

Rando m erro rs can be reduced by repetitio n. All the o ther pro cedures wo uld o nly a�ect

systematic erro rs.
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11.2.4 Percentage Error

Percentage Error

Percentage erro r is used to  express the di�erence between a �nal calculated answer and an

accepted o r literature value

It is calculated using the fo llo wing fo rmula

Yo u sho uld be able to  co mment o n any di�erences between the experimental and literature

values

Worked example

1.023 g o f pro pan-1−o l (M = 60.11 g mo l ) was burned in a spirit burner and used to  heat 200 g o f

water in a co pper calo rimeter. The temperature o f the water ro se by 30  C.

�. Calculate the enthalpy o f co mbustio n o f pro pan-1−o l using this data.

�. The literature value fo r this enthalpy change is -2021 kJ mo l . Calculate the percentage erro r

and co mment o n yo ur �ndings

Answer 1:

Step 1: Calculate q

q = m x c x ΔT

q = 200 g x 4.18 J g K  x 30 K = – 25 080 J

Step 2: Calculate the amo unt o f pro pan-1−o l burned

mo les = mass ÷ mo lar mass = 1.023 g ÷  60.11 g mo l  = 0.01702 mo l

Step 3: Calculate ΔH

ΔH = q ÷ n =  -25 080 J ÷ 0.01702 mo l = – 1 473 560 J = -1 474 kJ = -1.5 x 10  kJ

Answer 2:

Using the fo rmula

-1

o

-1

-1  -1

-1

3
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Heat lo sses are likely to  be the largest so urce o f erro r in this experiment
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11.2.5 Drawing Graphs

Drawing Graphs

General guidance on drawing graphs

Graphs need to  have:

Clear title

Labelled axes

Units o n the axes

Appro priate linear scales witho ut any jumps

This means the plo tted graph must o ccupy at least half o r mo re o f the sheet o r grid

A ro ugh rule o f thumb is that if yo u can do uble the scale and still fit all the po ints o n, then

yo ur scale is no t appro priate

Clearly sho wn data po ints

The mo st co mmo n co nventio n is to  use small cro sses to  sho w the data po ints

Graph of concentration versus time
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Graphs must sho ws appro priate scales, labelling and units. T he independent variable usually

go es o n the x-axis and the dependent variable o n the y-axis

Remember the independent variable  is the o ne yo u co ntro l o r manipulate and the dependent

variable  is the o ne that changes as a result o f yo ur manipulatio n

Always draw data po ints in pencil as it  makes it easier to  make co rrectio ns and adjustments
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Best Fit Lines

Students o ften co nfuse the term lines o f  best fit  with straight lines

Lines o f  best fit  can be straight lines o r curves ( just like the example abo ve) and:

They sho w the trend o f the data

It do es no t have to  go  thro ugh all the po ints, but sho ws the general trend

They must go  thro ugh the majo rity o f the po ints

Where the data is scattered the po ints sho uld be evenly distributed o n either side o f the

best fit line

So metimes the best fit line  has to  be extended to  find a value fro m a graph

This is called extrapo latio n as this example sho ws fro m a temperature co rrectio n graph in a

calo rimetry investigatio n where the co o ling sectio n is extrapo lated to  find the maximum

temperature rise:

Extrapolation on a temperature correction graph

Interpo latio n is the term used to  describe the pro cess o f assuming a trend line applies between

two  po ints as this example belo w sho ws:
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The difference between extrapolation and interpolation on a graph

Exam T ip

Yo u will have to  decide if the o rigin, po int (0,0) sho uld be included as a data po intIf it do es, it will

be a go o d place to  ancho r the graph as it will be the mo st accurate data po int
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