1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

€ DPIB Chemistry: SL 4

Your notes
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11.2.1Recording Data

Qualitative & Quantitative data

= Whenrecording results of experiment, both quantitative and qualitative data should be obtained

= Quantitative datais obtained from measurements whereas qualitative datais non-numerical
information that comes from observations

= Quantitative datais always associated with random errors/uncertainties, determined by the
apparatus, and by human limitations such as reaction time

= Where there are several items of data you should record your data in a table with appropriate headings

and units:

Data Table showing headings and units

Initial rate of

[CaCO,1 [Cl7] [H™] reaction
Measurement (moldm=3) (moldm™) (moldm=3) (mol dm3s-1)
1 0.0250 25 0.0125 4.38 x10°°
2 0.0375 0.0125 0.0125 6.63 x107°
3 0.00625 0.0250 0.0250 2.19 x107°
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Uncertainties

= Uncertainties are the same as random errors
= Uncertainties express the confidence to which the measurement can be taken
= Treatment of uncertainties depends on the type of instrument used

Using analogue instruments

= Anyinstruments that have an analogue scale, the uncertainty is taken as half the smallest division on
the scale

= Forexample,
= Athermometerthatreads to1°C, the uncertainty wouldbe +0.5°C
= Aburette thatreadsto 0.10 mL, the uncertainty would be +0.05 mL

Using digital instruments

= Anyinstruments that have a digital scale, the uncertainty is taken as the smallest division on the scale
= Forexample,

= Anelectronic balance thatreads to 0.01g, the uncertainty would be +0.01g
Otheruncertainties

= Othersources of uncertainty can arise where the judgement of the experimenteris needed to
determine a changing property
= Forexample,
= Judging the end point of a titration by looking at the colour of the indicator
= Controlling a stopwatchin arate of reaction experiment
= Deciding when to extinguish the flame in an enthalpy of combustion experiment

= These uncertainties are very difficult to quantify, but they should be commented on as a source of error
in an evaluation

O Examiner Tip

Notice that when recording the measurement you should always record it to the same level of
precision as the uncertainty. The measurement cannot be any more or less precise than the
uncertainty. Even though a burette reads to O.1mL, it must be recorded as 0.10 mL, so the last digitis
alwaysaOorab
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11.2.2 Processing Errors /

Your notes

Types of Errors

= Anerroristhe difference between a value or quantity obtained in an experiment and an accepted or
literature value for an experiment
= There are two types of errors in experiments, random errors and systematic errors

Random Errors

= Whenyou arereading aninstrument and estimate the final digit, there is an equal chance that you may
read it slightly too high or slightly too low
= Thisisarandom error

= Random errors are can be affected by:
= How easily theinstrument or scaleis toread
= Thepersonreading the scale poorly
= Changesinthe environment, forexample
= fluctuationsinthe temperature of the lab
= aircurrentsintheroom

= Random errors will pull a result away from an accepted value in either direction (either too high or too
low)

Systematic Errors

= Systematic errors are errors that occur as a result of a faulty or poorly designed experimental
procedure
= Systematic errors will always pull the result away from the accepted value in the same direction
(always too high or always too low)
= Forexample,
= |fyouforgettozeroanelectronic balance (using the tare button) the mass weighings will always be
higher than they should be
= |fyoudon'treadthe volumeinaburette at eye level, the volumes will always be smaller than they
should be due to a parallax error
= |[fyoufailto keep acap ona spiritburnerin a calorimetry experiment, the alcohol will evaporate and
giveyou alargermassloss
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Propagation of Errors /
Your notes
= Propagation of errors means the processing of errors so they are reflected appropriately in a final

calculation based on experiment results
= There are anumber of rules and processes to follow, beginning with percentage uncertainty

Percentage Uncertainties

= Percentage uncertainties are a way to compare the significance of an absolute uncertainty ona

measurement
= Thisisnotto be confused with percentage error, whichis acomparison of aresult to a literature value

= Theformulaforcalculating percentage uncertainty is as follows:

absolute uncertainty

percentage uncertainty = x 100%
measured value

= Some examples of percentage uncertainty calculations forcommon laboratory apparatus:

ANALOGUE

PIPETTES WILL USUALLY
HAVE THE UNCERTAINTY
PRINTED ON THEM

202
x3
(T

A VOLUMETRIC PIPETTE

Z UNCERTAINTY =

+0.08 _
5500 100 =0.32%
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BURETTE %—\_S

i DIGITAL
STAND %7 .
E ANALOGUE
0
0
56.00 o
Z UNCERTAINTY = Z UNCERTAINTY =
+0.05 _ £0.01 :
ST 100 =0.26 % = 100 = 0.02 %

Calculating Percentage Uncertainty

Adding or subtracting measurements

When you are adding or subtracting two measurements then you add together the absolute
measurement uncertainties
Forexample,

= Using abalance to measure theinitial and final mass of a container

= Using athermometer forthe measurement of the temperature at the start and the end

= Using aburette to find the initial reading and final reading

In allthese examples you have to read the instrument twice to obtain the quantity
If each you time you read the instrument the measurement is 'out’ by the stated uncertainty, then your
final quantity is potentially 'out' by twice the uncertainty

Multiplying or dividing measurements

When you multiply or divide experimental measurements then you add together the percentage
uncertainties
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= You canthen calculate the absolute uncertainty from the sum of the percentage uncertainties ,

Your notes
O Examiner Tip

If you are multiplying or dividing data you should quote the answer to the same number of significant
figures as the least precise data.

When you add or subtract data you should use the same number of decimal places as the least precise
datavalue
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11.2.3 Reducing the Impact of Errors

Reducing Errors

= Random errors can bereduced by repeated trials and measurements

= Multiple measurements when averaged will reduce the impact of arandom error on the average
= The more readings you have the lower the possibility that arandom error will skew the results

= |fyouspotarandom errorin adatatable thenyou canomititin the calculation of an average
= Forexample,ina titration you canleave out results that are not concordant when finding the average

titre:
ALL RESULTS ARE RECORDED
o TO 2 DECIMAL PLACES
INCLUDING ZERO READINGS
THE FINAL
N DIGIT 1S
Initial burette
reading + 0.05 ml O OR 5
Final burette 23.75 | 45.95 | 23.00 | 46.10
reading = 0.05 ml
Volume delivered | (23.75) | 22.80 | 22.80 [(23.10)
J J (THIS RESULT
7 IS DISCARDED
DOUBLE THE THE ROUGH RESULT AS IT IS TOO
UNCERTAINTY IS USUALLY FAR HIGH

OVER THE END—POINT

v/ = CONCORDANT RESULTS

-

USED TO CALCULATE
THE AVERAGE

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 cannot be reduced by repetition
= Systematic errors can only be reduced by changing the procedure and making sure you are using the

instruments correctly
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= |fyoucannotactively reduce systematic errors you must still try to identify them and comment on ,

themin your evaluation
Your notes

Impact of Errors

= Askillthatis veryimportantin data processingis the ability to discuss the impact of different types of
errors on an experimental conclusion
= Thisisanintegral part of the Internal Assessment, but it can also be examined in the written exam
papers
= Youshould always evaluate random errors and systematic errors in aninvestigation
= Thisincludes assessing the relative impact of errors, for example:
= Whethera particular error has a major or minor effect on the final result
= Whicherrors produce the largestimpact on a final result

INSULATING
LID

| { THERMOMETER

Vo
// DRAUGHT
WATER o} —{ = [ SHIELD

COPPER
CAN

'Y

LY

SPIRIT
BURNER

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

= Accuracyishow close you are to anacceptedvalue
= Precisionis a measure of how many decimal places you can express your results to
= |Imagine you are shooting at a target: the following results show the difference between these

concepts
ACCURATE ACCURATE BUT PRECISE BUT NEITHER ACCURATE
AND PRECISE NOT PRECISE NOT ACCURATE NOR PRECISE

Accuracy and precision in target shooting

= |npractical chemistry terms, if you have a literature value for a final calculation, thenitis very easy to
compare how close you got to the literature value, in other words how accurate you were
= Forexample in enthalpy of combustion experiments, did you get close to the Data Book value?

= Sometimes you can control precision by changing instrument

= Forexample if you change from a two decimal place to three decimal place balance, you are
making your measurements more precise

@ Worked example

Which of the following procedures could be used to reduce the random uncertainty while performing
atitration?

A. Changing the burette
B. Reading the burette at eye level to the meniscus
C. Repeating the titration

D. Changing the indicator for the titration
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Answer ,

The correct optionis C. Your notes

Random errors can be reduced by repetition. All the other procedures would only affect systematic
errors.
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11.2.4 Percentage Error 4

Your notes
Percentage Error

Percentage erroris used to express the difference between a final calculated answer and an accepted
orliterature value

= |tis calculated using the following formula

accepted value - experimental value

percentage error = x 100%

accepted value

= Youshould be able to comment on any differences between the experimental and literature values

@ Worked example

1.023 g of propan-1-ol (M = 60.11g mol~') was burned in a spirit burner and used to heat 200 g of water
in a copper calorimeter. The temperature of the waterrose by 30 °C.,

1. Calculate the enthalpy of combustion of propan-1-ol using this data.

2.The literature value for this enthalpy change is -2021kJ mol™'. Calculate the percentage error and
comment onyour findings

Answer1:
Step 1: Calculate g
g=mxcxAT
g=200gx4.18Jg'K'x30K=-25080)
Step 2: Calculate the amount of propan-1-ol burned

moles = mass + molarmass =1.023 g+ 60.11gmol™' = 0.01702 mol

Step 3: Calculate AH

AH=g+n=-25080J+0.01702mol =-1473560 ) =-1474k) = -1.5x10%kJ

Answer 2:

Using the formula
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accepted value - experimental value ,

percentage error = X 100% Your notes
accepted value

2021 -1500

t = —— x 100% = 259
percentage error 2021 X o o

Heatlosses are likely to be the largest source of errorin this experiment
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11.2.5 Drawing Graphs 4

Your notes

Drawing Graphs

General guidance on drawing graphs

= Graphsneedtohave:

Cleartitle
Labelled axes
Units onthe axes
Appropriate linear scales without any jumps
= This means the plotted graph must occupy at least half or more of the sheet or grid
= Aroughrule of thumbis thatif you can double the scale and still fit all the points on, then your
scaleisnot appropriate

Clearly shown data points
= The mostcommon conventionis to use small crosses to show the data points

Graph of concentration versus time
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/ V4

1600 Your notes
1500
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T T T T T T T T T T T T
O 05 1 15 2 25 3 35 4 45 5 55 6
TIME (s)

Graphs must shows appropriate scales, labelling and units. The independent variable usually goes on
the x-axis and the dependent variable on the y-axis

= Rememberthe independent variable is the one you control or manipulate and the dependent variable
is the one that changes as a result of your manipulation
= Always draw data pointsin pencil as it makesit easier to make corrections and adjustments
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Best Fit Lines /

] . S Your notes
= Students often confuse the termlines of best fit with straight lines

= Lines of best fit can be straight lines or curves (just like the example above) and:
= Theyshow the trend of the data
= |tdoesnothave to go through all the points, but shows the general trend

= They must go through the majority of the points
= Where the datais scattered the points should be evenly distributed on either side of the best fit
line

= Sometimes the best fitline has to be extended to find a value from a graph
= Thisis called extrapolation as this example shows from a temperature correction graphina
calorimetry investigation where the cooling sectionis extrapolated to find the maximum
temperaturerise:

T, f---------x l
S A | COOLING
W X SECTION
e |
2 7 !
\:(' | al
o |
w |
o - |
= ;
L - |
= !
] :
] ! TIME WHEN THE SECOND

\
Ty X X X REACTANT WAS ADDED

— T T T T T T T T T T 1
TIME (mins)

Extrapolation on a temperature correction graph

= Interpolationis the term used to describe the process of assuming a trend line applies between two
points as this example below shows:
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BEST FIT LINE CAN BE
8 EXTENDED IN ORDER TO BE
USED FOR EXTRAPOLATION

RATE (ARBITRARY UNITS)
~

3 PORTION OF BEST
+ FIT LINE THAT CAN

2 |- BE USED FOR

| INTERPOLATION
1 ! T

| 1

| 1

| | ~.

—>
0" 4 2 3 4 5 6 78 9 10 M 12 13
SUBSTRATE CONCENTRATION (ARBITRARY UNITS)

The difference between extrapolation and interpolation on a graph

O ExaminerTip

You will have to decide if the origin, point (0,0) should be included as a data pointlf it does, it willbe a
good place to anchor the graph as it will be the most accurate data point
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11.2.6 Analysing Graphs

Analysing Graphs

= The gradient of a graph can be found by:
= Inthe case of astraightline graph: using a triangle and the equation for a straightline
= |nthe case of acurve: drawing a tangent to the graph

= Thetriangle should be aslarge as possible to minimise precision errors
= Theequationforastraightlineisy = mx + ¢, where:

= y=dependent variable

= X = independent variable

= m=slope
= c=Yy-intercept

= The gradient orslopeis therefore : m = Ay/Ax
= This example from Kinetics illustrates the calculation of rates from a curve

2 POINT 1

-
N
7

]
[4

(mol dm™3)
o
B

=

o
|
/

/

0.8

[CYCLOPROPANE]
o
>

RATE AT CONCENTRATION = 1.5 mol dm=3

1.5 _3
—_— -3q—1
IS 55 %60 1.00x 10 “mol dm—3s

\ N
TANGENT YL
AT POINT 1 AN D
N

RATE AT CONCENTRATION = 1.0 mol dm3

1.4 _4
= % -3g-1
IS 3560 6.67x 10 "mol dm=3s
POINT 2

RATE AT CONCENTRATION =0.5 moldm™3
1.04

— = 4 ~35-1
IS 52 5x60 3.30x 10 "mol dm-3s

POINT 3

0.4+ TANGENT
. \ ~< AT POINT 3
0.2 TANGENT I N TN o~
] AT POINT 2 \ N ‘\\\
O TTTT I TTTT | TTTT I TTTT | TTT I\I TTTT | TTT I\I TTTT | rrri I rrri I | I
0] 10 20 30 40 50

TIME  (min)

The gradient can be found at different points on a curve. Here it has been multiplied by 60 to convert it

from minutes~' to seconds™’
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= |Inthe case of curvesyou willneed aruler to line up against the curve at the point you want to measure
Your notes

the gradient:

100 — T —

VOLUME OF PRODUCT RELEASED (cm?®)

~
-

| |
20 40 60 80 100 120
TIME /s

PLACE RULER SO IT IS AN EQUAL DISTANCE
FROM THE CURVE AT BOTH SIDES OF WHERE
IT IS TOUCHING THE CURVE

Lining up a ruler against the curve is essential to drawing a tangent accurately

O Examiner Tip

Be careful that you process the units correctly when finding the gradient. The gradient unitis the y-unit
divided by the x-unit, so in the example above the gradient of the curve is measured incm?3s™!
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Sketched Graphs /

o . Your notes
= Sketched graphs are a way to represent qualitative trends where the variables shown are often

proportional orinversely proportional
= Sketched graphs do nothave scales ordata points, but they must have labels as these examples from
the Gas Laws show:

Ll
2
« @ 5
7 2 -
[VE}
o i 2
o o (%]
w
Ll
o
o
1 VOLUME PRESSURE
VOLUME

Sketched graphs show relationships between variables
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Graphical Relationships

= |nthe first sketch graph above you can see that the relationship is a straight line going through the
origin

= This means as you double one variable the othervariable also doubles so we say the independent
variable is directly proportional to the dependent variable

= The second sketched graph shows a shallow curve which s the characteristic shape when two
variables have an inversely proportional relationship

= The third sketched graph shows a straight horizontal line, meaning as the independent variable (x-axis)
increases the dependent variable does not change oris constant

@ Worked example

Which graph shows the correct relationship between the number of moles of a gas, n, and the
temperature, T, at constant pressure and volume?

/\ /\

\%
\%

V
V

Answer:

The correct optionisD
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= Theldeal Gas Equationis PV=nRT. ,

= |[fP,VandRare constant then PV/R=nT = a constant

= nmustbeinversely proportional to T, which gives graph D Your notes
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