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0.3.1. Laboratory equipment

Practical work is a key aspect in the work of a chemist.
To help you plan effective practical work it is important that you are familiar with the common
laboratory equipment available to you.

1. For each of the pieces of glassware shown in the images below, state their name and give a
possible volume(s).

a. ) Name: b. — Name:
[ Possible volume(s) Possible volume(s):

c Name d. Name
Possible volume(s) Possible volume(s):

e Name f. L Name

- (6 marks)

2. Name the common laboratory equipment in the images below. (4 marks)

a. b. C.
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0.3.2. Recording results

STARTER FOR 10,

1. A student is looking at endothermic processes. He adds 2.0 g of ammonium nitrate to 50 cm?
of water and measures the temperature change. He repeats the experiment three times.

His results are shown in the table below.

Temperature | Temperature | Temperature
at start at end change
Run 1 21.0 -11 221
Run 2 20 -2 22
Run 3 20.2 2 18.2
Mean 22.05

Annotate the table to suggest five ways in which the table layout and the recording and
analysis of his results could be improved. (5 marks)

2. For each of the experiments described below, design a table to record the results.

Experiment 1: Simon is investigating mass changes during chemical reactions. He
investigates the change in mass when magnesium ribbon is oxidised to form magnesium
oxide:

magnesium + oxygen — magnesium oxide

He records the mass of an empty crucible. He places a 10 cm strip of magnesium ribbon
in the crucible and records the new mass of the crucible. He heats the crucible strongly
until all the magnesium ribbon has reacted to form magnesium oxide. He allows the
crucible to cool before recording the mass of the crucible and magnesium oxide.

Experiment 2: Nadiya is investigating how the rate of a reaction is affected by concentration.
She investigates the reaction between magnesium ribbon and hydrochloric acid.

magnesium + hydrochloric acid — magnesium chloride + hydrogen

She places 25 cm?® of hydrochloric acid with a concentration of 0.5 mol dm= into a conical flask
and fits a gas syringe. She adds a 3.0 cm strip of magnesium ribbon and measures the
volume of hydrogen gas produced every 20 s for 3 minutes.

She repeats the experiment with hydrochloric acid with concentrations of 1.0 mol dm=2 and
then 1.5 mol dm=3.

‘ (5 marks)
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0.3.3. Drawing scatter graphs

When you want to find a correlation between two variables it is helpful to draw a scatter graph.
Key points to remember when drawing scatter graphs include:

e The independent variable (the variable that is changed) goes on the x-axis and the
dependent variable (the variable you measured) goes on the y-axis.

e The plotted points must cover more than half the graph paper.
e The axes scales don’t need to start at zero.

e A straight line or smooth curve of best fit is drawn through the points to show any
correlation.

Karina is investigating the relationship between the volume of a gas and its temperature. She
injects 0.2 cm? of liquid pentane (b.p. 36.1 °C) into a gas syringe submerged in a water bath at
40 °C. After 5 minutes she measures the volume of gas in the syringe. She repeats the
experiment three times with the water bath at 40 °C.

She then repeats the experiment for temperatures of 50, 60, 70 and 80 °C.

Her results are shown in the table below:

Temperature / °C Volume of gas / cm?®
Run 1 Run 2 Run 3 Mean
40 40.8 43.1 42.7 42.2
50 46.1 46.2 46.9 46.4
60 <54.7> 48.1 48.3 48.2
70 49.1 49.6 495 49.4
80 51.0 <47.3> 51.0 51.0
1. Plot a scatter graph of the volume of the gas against the temperature. (6 marks)
2. Add error bars to show the range of readings used to calculate the mean volume of the gas at
each temperature. (2 marks)
Draw in a line of best fit. (1 mark)
4. Describe the correlation observed. (1 mark)
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	Balance the equations below.
	The order of operations for a calculation is very important. If operations are carried out in the wrong order then this could lead to the wrong answer. Most modern calculators will anticipate BODMAS issues when operations are entered but human beings ...
	1. Do the following calculations in your head.
	(a)  3 + 5 × 5 =
	(b)  6 × 6 + 4 =
	(c)  20 – 6 × 2 =
	(d)  48 – 12 ÷ 4 =
	(e)  4 + 4 ÷ 2 =
	(f) 100 – (20 × 3) =
	(6 marks)
	2. The molecular formula of glucose is C6H12O6. Three students entered the following into their calculators to calculate the relative formula mass of glucose. Repeat their calculations as shown.
	(a)
	(b)
	(c)
	(d)  Write a sentence summing up why the answers differ.
	(4 marks)
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	1.  Determine the units of density given that
	𝑑𝑒𝑛𝑠𝑖𝑡𝑦=,𝑚𝑎𝑠𝑠(𝑔)-𝑣𝑜𝑙𝑢𝑚𝑒 (,𝑐𝑚-3.).
	(1 mark)
	2.  Determine the units of concentration given that
	𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛= ,𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑜𝑙𝑒𝑠 (𝑚𝑜𝑙)-𝑣𝑜𝑙𝑢𝑚𝑒 (,𝑑𝑚-3.).
	(1 mark)
	3.  Pharmacists often calculate the concentration of substances for dosages. In this case the volumes are smaller, measured in cm3, and the amount is given as a mass in grams. Determine the units of concentration when
	𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛= ,𝑚𝑎𝑠𝑠 (𝑔)-𝑣𝑜𝑙𝑢𝑚𝑒 (,𝑐𝑚-3.).
	(1 mark)
	4.  Rate of reaction is defined as the ‘change in concentration per unit time’. Determine the units for rate when concentration is measured in mol dm–3 and time in seconds.
	(1 mark)
	5.  Pressure is commonly quoted in pascals (Pa) and can be calculated using the formula below. The SI unit of force is newtons (N) and area is m2.
	𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒= ,𝑓𝑜𝑟𝑐𝑒 -𝑎𝑟𝑒𝑎 .
	Use this formula to determine the SI unit of pressure that is equivalent to the Pascal.
	(1 mark)
	6.  Determine the units for each of the following constants (K) by substituting the units for each part of the formula into the expression and cancelling when appropriate. For this exercise you will need the following units [  ] = mol dm–3, rate = mol...
	a. ,𝐾-𝑐.= ,,,𝐴.[𝐵]-2.-[𝐶].
	b. 𝐾= ,𝑟𝑎𝑡𝑒-,𝐴.[𝐵].
	c. ,𝐾-𝑝.,(,𝑝𝐴)-0.5.-,𝑝𝐵..
	d. ,𝐾-𝑤.=,,𝐻-+..[,𝑂𝐻-−.]
	e. ,𝐾-𝑎.=,,,𝐻-+.. ,[𝑋-−.]-[𝐻𝑋].
	Standard form and scientific form
	Large and small numbers are often expressed using powers of ten to show their magnitude. This saves us from writing lots of zeros, expresses the numbers more concisely and helps us to compare them.
	In standard form a number is expressed as;
	a × 10n
	where a is a number between 1 and 10 and n is an integer.
	Eg, 160 000 would be expressed as 1.6 × 105
	Sometimes scientists want to express numbers using the same power of ten. This is especially useful when putting results onto a graph axis. This isn’t true standard form as the number could be smaller than 1 or larger than 10. This is more correctly c...
	Eg, 0.9 × 10–2, 2.6 × 10–2, 25.1 × 10–2 and 101.6 × 10–2 are all in the same scientific form.
	1. Express the following numbers using standard form.
	a. 1 060 000
	b. 0.001 06
	c. 222.2
	(3 marks)
	2. The following numbers were obtained in rate experiments and the students would like to express them all on the same graph axes. Adjust the numbers to a suitable scientific form.
	(3 marks)
	3. Calculate the following without using a calculator. Express all values in standard form.
	a. ,,10-9.-,10-5..
	b. ,,10-7.-,10-−7..
	c. ,,1.2 × 10-6.-2.4 ,× 10-17..
	d. ,(2.0 × 10-7.) × ,(1.2 × 10-−5 .)
	(4 marks)
	0.1000  0.0943  0.03984 0.00163
	For each of the numbers in questions 1–6, state the number of significant figures and the number of decimal places.
	(6 marks)
	7. Round the following numbers to (i) 3 significant figures and (ii) 2 decimal places.
	a. 0.075 84
	b. 231.456
	Mo’s teacher has drawn a diagram on the board to help him with converting quantities from one unit into another.
	For example, to convert a length in millimetres into units of centimetres, divide by 10,
	eg 10 mm = 1 cm.
	Use the diagram to help with the following unit conversions. (10 marks)
	1.  A block of iron has a length of 1.2 cm. Calculate its length in millimetres.
	2. The width of the classroom is 7200 cm. Calculate its length in metres.
	3. A reaction reaches completion after 4½ minutes. Convert this time into seconds.
	4.  The stop clock reads 2 min 34 s. Convert this time into seconds.
	5. A method states that a reaction needs to be heated under reflux for 145 min. Calculate this time in hours and minutes.
	6. A factory produces 15 500 kg of ammonia a day. Calculate the mass of ammonia in tonnes.
	7. A paper reports that 0.0265 kg of copper oxide was added to an excess of sulfuric acid. Convert this mass of copper oxide into grams.
	8. A packet of aspirin tablets states that each tablet contains 75 mg of aspirin. Calculate the minimum number of tablets that contain a total of 1 g of aspirin.
	9. A student measures a reaction rate to be 0.5 g/s. Convert the rate into units of g/min.
	10. A factory reports that it produces fertiliser at a rate of 10.44 kg/h. Calculate the rate in units of g/s.
	a. b. c.
	2.13 × 106 cm3
	of propane
	for £15.49
	2700 dm3
	of propane
	for £21.25
	7 m3
	of propane
	for £28.75
	How is a mole similar to a dozen?
	Stating the amount of substance in moles is just the same as describing a quantity of eggs in dozens. You could say you had 24 or 2 dozen eggs.
	that contains 2.5 g of CoCl2 is  cm3. (3 marks)
	Practical work is a key aspect in the work of a chemist.
	To help you plan effective practical work it is important that you are familiar with the common laboratory equipment available to you.
	1. For each of the pieces of glassware shown in the images below, state their name and give a possible volume(s).
	a.  Name: b. Name:
	Possible volume(s): Possible volume(s):
	c. Name: d. Name:
	Possible volume(s): Possible volume(s):
	e. Name: f. Name:
	Possible volume(s): Possible volume(s):
	(6 marks)
	2. Name the common laboratory equipment in the images below. (4 marks)
	a. b. c.
	d.
	1. A student is looking at endothermic processes. He adds 2.0 g of ammonium nitrate to 50 cm3 of water and measures the temperature change. He repeats the experiment three times.
	His results are shown in the table below.
	Annotate the table to suggest five ways in which the table layout and the recording and analysis of his results could be improved. (5 marks)
	2. For each of the experiments described below, design a table to record the results.
	Experiment 1: Simon is investigating mass changes during chemical reactions. He investigates the change in mass when magnesium ribbon is oxidised to form magnesium oxide:
	magnesium + oxygen ( magnesium oxide
	He records the mass of an empty crucible. He places a 10 cm strip of magnesium ribbon in the crucible and records the new mass of the crucible. He heats the crucible strongly until all the magnesium ribbon has reacted to form magnesium oxide. He allow...
	Experiment 2: Nadiya is investigating how the rate of a reaction is affected by concentration. She investigates the reaction between magnesium ribbon and hydrochloric acid.
	magnesium + hydrochloric acid ( magnesium chloride + hydrogen
	She places 25 cm3 of hydrochloric acid with a concentration of 0.5 mol dm–3 into a conical flask and fits a gas syringe. She adds a 3.0 cm strip of magnesium ribbon and measures the volume of hydrogen gas produced every 20 s for 3 minutes.
	She repeats the experiment with hydrochloric acid with concentrations of 1.0 mol dm–3 and then 1.5 mol dm–3.
	(5 marks)
	When you want to find a correlation between two variables it is helpful to draw a scatter graph.
	Key points to remember when drawing scatter graphs include:
	 The independent variable (the variable that is changed) goes on the x-axis and the dependent variable (the variable you measured) goes on the y-axis.
	 The plotted points must cover more than half the graph paper.
	 The axes scales don’t need to start at zero.
	 A straight line or smooth curve of best fit is drawn through the points to show any correlation.
	Karina is investigating the relationship between the volume of a gas and its temperature. She injects 0.2 cm3 of liquid pentane (b.p. 36.1  C) into a gas syringe submerged in a water bath at 40  C. After 5 minutes she measures the volume of gas in the...
	She then repeats the experiment for temperatures of 50, 60, 70 and 80  C.
	Her results are shown in the table below:
	1. Plot a scatter graph of the volume of the gas against the temperature. (6 marks)
	2. Add error bars to show the range of readings used to calculate the mean volume of the gas at each temperature. (2 marks)
	3.  Draw in a line of best fit.  (1 mark)
	4.    Describe the correlation observed. (1 mark)



