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To study 
The relationship between the concentration of a reactant and the rate of reaction with respect to that reactant can be shown using rate–time graphs.
	Zero order
	First order
	Second order

	If the rate is not affected by the concentration of a reactant, when you double the concentration the rate stays exactly the same. 
rA = k
[image: ]
	If the rate is proportional to the concentration of a reactant, when you double the concentration the rate doubles. 

rA = k[A]
[image: ]
	If the rate is proportional to the square of the concentration of a reactant, when you double the concentration the rate goes up 4 times.  
rA = k[A]2
[image: ]



To discuss
Rate cannot be directly measured, so instead chemists often measure the concentration of a reactant or volume of gaseous product as the reaction progresses. 
Look at the graphs below. They are the concentration–time graphs for two different chemical reactions. Study each graph carefully and decide whether the rate is zero order, first order or second order. 
Explain your decision.
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Method 1 Using a conical flask and a balance
You are going to collect and analyse data to find the order of this reaction with respect to hydrochloric acid. 
CaCO3(s) + 2HCl(aq)  CaCl2(aq) + CO2(g) + H2O(l)
The calcium carbonate you will use is in the form of marble. Fairly large pieces are used so that the surface area does not change significantly during the reaction. However, the quantity and concentration of hydrochloric acid is such that it is almost all used up during the reaction.
Wear eye protection
1	Put the following items on a top-pan balance:
•	small conical flask containing about 10 g of marble in six or seven lumps.
•	measuring cylinder containing 20 cm3 of 1 M hydrochloric acid.
•	plug of cotton wool for the top of the conical flask.
2	Pour the acid into the conical flask, plug the top with the cotton wool, and put the measuring cylinder back on the balance pan.
3	Allow a few seconds to pass so that the solution is saturated with carbon dioxide. Then start timing and taking mass readings. Record the total mass of the whole reaction mixture and apparatus (m) at intervals of 10 seconds at the start, increasing to 30 seconds, until the reaction is over and the mass no longer changes. Record the final mass (mfinal).
Record your results in a table like the one below.

	Time t/s
	Total mass mt/g 
	mt – mfinal/g

	
	
	



4	When the reaction is over, the total mass of carbon dioxide evolved and lost to the atmosphere can be found by subtracting mfinal from mt at time = 0 s. This is proportional to the concentration of the hydrochloric acid at the moment when timing started. So (mt – mfinal) is proportional to the concentration of hydrochloric acid at each time t. Complete the third column.
5	Plot a graph of (mt – mfinal) against t, putting t on the horizontal axis.

Method 2 Using a side-arm test tube and a gas syringe
You are going to collect and analyse data to find the order of this reaction with respect to hydrochloric acid. 
CaCO3(s) + 2HCl(aq)  CaCl2(aq) + CO2(g) + H2O(l)
The calcium carbonate you will use is in the form of marble. Fairly large pieces are used so that the surface area does not change significantly during the reaction. However, the quantity and concentration of hydrochloric acid is such that it is almost all used up during the reaction.
Wear eye protection
Take care with the gas syringe
[image: ]1	Set up the apparatus as shown in the diagram.
2	Place about 10 g of marble in six or seven lumps in the test tube.
3	Use a measuring cylinder to measure 10 cm3 of 1 M hydrochloric acid. 
4	Put the acid into the test tube. Allow a few seconds for the solution to become saturated with carbon dioxide. Put the stopper in place and start timing.
5	Take readings of volume (Vt) every 30 seconds, until the reaction is over and the volume no longer changes. Record the final volume as well.
Record your results in a table like the one below. 

	Time t/s
	Volume of CO2 Vt/cm3
	Vfinal – Vt/cm3

	
	
	



6	When the reaction is over, the total volume of carbon dioxide collected (Vfinal) is proportional to the concentration of the hydrochloric acid at the moment when timing started. So (Vfinal – Vt) is proportional to the concentration of hydrochloric acid at each time t. Complete the third column.
7	Plot a graph of (Vfinal – Vt) against t, putting t on the horizontal axis.

Methods 1 and 2 
To discuss 
Are there any anomalous results in your data (outliers)?  
Are you satisfied with the validity of the data you have collected?
If you think it necessary, repeat the procedure to give you a second set of readings.  
To answer
1	Describe in words how the rate changes as the concentration of the hydrochloric acid changes.
2	Compare the shape of your graph with the shapes of the three graphs below. 
	  Zero order:		            First order:			   Second order:
[image: ]

Is the reaction of calcium carbonate with hydrochloric acid zero order, first order, or second order with respect to hydrochloric acid?3	Is the evidence sufficient for you to draw a firm conclusion?  (You can use evidence from others in your class too if necessary.) 
4	Write a rate equation for the reaction.
5	Draw and complete a table, like the one below, to compare collision theory and rate equations as models for the rate of a reaction.

	Collision theory
	Rate equation

	

	




Card sort 
To do
Cut out the cards below and arrange into three groups; zero order, first order and second order reactions. 
	Zero order
	First order
	Second order

	[image: ]
	[image: ]
	The rate is proportional to the concentration of a reactant. When you double the concentration the rate doubles.
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	The rate is proportional to the square of the concentration of a reactant. When you double the concentration the rate goes up four times.


	[image: ]
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	The rate is not affected by the concentration of a reactant. When you double the concentration the rate stays exactly the same.


	rA = k[A]
	rA = k
	rA = k[A]2



The effect of concentration on rate: Assessing learning

1	Label the following equation as fully as you can.


			
			rA = k[A]a[B]b




2	Information about the effect of changes of concentration on the rates of some reactions is given below. For each example, use the information to write the rate equation for the reaction.

a	[image: ]
The rate is proportional to the concentration of cyclopropene.

b	2N2O(g)  2N2(g) + O2(g)
The rate is proportional to the concentration of nitrogen(I) oxide.

c	H2(g) + I2(g)  2HI(g)
The rate is proportional to the concentration of hydrogen and to the concentration of iodine.

d	2HI(g)  H2(g) + I2(g)
The rate is proportional to the square of the concentration of hydrogen iodide.

e	C12H22O11(aq) + H2O(l) [image: ] 2C6H12O6(aq) 
The rate is proportional to the concentration of sucrose and to the concentration of hydrogen ions.

3	Use the rate equation for the following reactions to write down the order of the reaction with respect to each of the reactants.

a	The elimination of hydrogen bromide from bromoethane.
CH2CH2Br + OH–  CH2=CH2 + Br– + H2O
Rate (CH3CH2Br) = k[CH3CH2Br]
What would be the effect on the rate of doubling the concentration of hydroxide ions?

b	One of the propagation steps in the radical substitution of an alkane by chlorine.
CH3• + Cl2  CH3Cl + Cl•
Rate (CH3.) = k[CH3•][Cl2]
What would be the effect on the rate of doubling the concentration of the methyl radicals and the chlorine gas?

4	When hydrogen peroxide solution reacts with iodide ions in aqueous acid, iodine is liberated.
H2O2(aq) + 2H+(aq) + 2I–(aq)  2H2O(l) + I2(aq)
The following table gives some experimental results for the reaction.

	Run
	Initial reactant concentration / mol dm-3
   [H2O2]                 [I–]                 [H+]
	Initial rate of formation of I2 
/ mol dm–3 s–1

	1
	    0.010              0.010              0.10
	1.75 x 10-6

	2
	    0.020              0.010              0.10
	3.50 x 10-6

	3
	    0.030              0.010              0.10
	5.25 x 10-6

	4
	    0.030              0.020              0.10
	1.05 x 10-5

	5
	    0.030              0.020              0.20
	1.05 x 10-5



a	Use the results of runs 1, 2 and 3 to deduce the order of reaction with respect to H2O2(aq). Explain how you arrived at your answer.
b	Use the results of runs 3 and 4 to deduce the order of reaction with respect to I–(aq), giving an explanation as in part a.
c	Use the results of runs 4 and 5 to deduce the order of reaction with respect to H+(aq), giving and explanation as before.
d	What is the rate equation for the reaction?
Nuffield Practical Work for Learning: Model-based Inquiry • The effect of concentration on rate • Student sheet	page 1 of 1
© Nuffield Foundation 2013 • downloaded from www.nuffieldfoundation.org
Nuffield Practical Work for Learning: Model-based Inquiry • The effect of concentration on rate • Student sheet	 page 3 of 7
© Nuffield Foundation 2013 • downloaded from www.nuffieldfoundation.org
image4.png
/

0.45

0.4 87
N

a2 9 3 9 3z 8
& = & & & = 8

¢-Wp jow / v JO uonenuadu0)

o

500

300

200

100

Time/s




image5.png
e

=

Vo

0.45

<+ w
A (|
s 2 o

n o ow
S

(]
=)

wn
]

S

=
S

¢-Wwp jow / g Jo uonenuAdU0)

w
S
S

o

600

500

300

200

100

Time/s




image6.png
rubber stopper

rubber connecting tubing

glass gas syringe
/
i

side arm test-tube




image7.emf

image8.emf

image9.emf

image10.emf

image11.emf

image12.emf

image13.emf

image14.png
CHy

VA
CH,—CH,(g) —> CH,CH=CH,(g)
cyclopropene.




image15.png




image1.emf

image2.emf

image3.emf

image16.jpeg




