
What is the effect on the initial rate of reaction when changing the concentration of sulfuric acid (H2SO4 
0.2 -1.0M) in the reaction with sodium carbonate (Na2CO3) keeping constant temperature (18⁰C) and 

pressure (1020hPa)? 
 
Methodology 
The independent was changed from surface area to concentration of acid (see Appendix A for full original 
method). As the concentration of the acid increases, the number of reactant particles increases. This will 
increase the number of collisions. As the number of collisions increases, the probability of colliding in the 
correct 3D orientation and with enough activation energy will increase thereby increasing the rate of 
reaction. So it is expected that increasing concentration similarly to increasing surface area will increase 
the rate of reaction. Hence this change will allow us to examine the validity of the collision theory with 
changing concentration. 
 
The independent variable was changed from just a range of 3 increments (large, small, powder) to an even 
increment and a range of 5 (0.2 to 1.0M increasing in 0.2M increments). Even increments allow for a 
steady change to be seen and a larger number of increments allow for a clearer relationship to be 
established. This increases the validity of the experimentally determined relationship by displaying the 
relationship over a larger range. 
 
The dependent variable was changed from the mass decrease of the flask to the volume of carbon dioxide 
collected. As can be seen from the reaction: 

 
Although the reaction shows carbon dioxide will be lost to the flask as a gas, due to the fact that carbon 
dioxide is heavier than air, some will remain in the flask and make the flask heavier than what it should be. 
Collecting the gas in a syringe will help to avoid these types of errors and could potentially make the 
readings more accurate. 
 
The changed stoichiometry still leaves the sulfuric acid is the limiting reagent. Taking the highest sulfuric 
acid concentration used during the experiment (1M): 
n(H2SO4) = CV = 1mol/L x 0.02L = 0.02mol 
n(Na2CO3) = m/M = 20g/106g/mol = 0.189mol 
Hence as 1 mole of sodium carbonate is to 1 mole of sulfuric acid, the sodium carbonate is always in 
excess. This improves the validity of the experiment as the entire process is an observation of the complete 
consumption of sulfuric acid with none left unreacted. 
 
The timing for measuring the dependent variable was changed from using a stopwatch to taking video 
recordings with a phone and these trials were increased from just one to three. Videos can then be 
replayed in slow motion allowing for a smaller uncertainty (± 0.01s) which will increase precision. 
 
The controlled variable of volume of acid was changed from using a measuring cylinder to using a 
volumetric pipette. Analytical glassware increases the accuracy of the volume measurement. The smaller 
increments also increase precision. 
 
The processing of the data was changed so that initial rates of reaction were calculated. As the reaction 
progresses the temperature increases due to being an exothermic reaction. There is also a constant 
decrease in concentration of the acid as the reaction progresses. In order to control both temperature 
increase and concentration decrease that occurs during the reaction, an initial rate of reaction calculation 
was done. This is a tangent to the curve at the beginning of the reaction. This hence increases the accuracy 
of the reaction rate. 
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Safety  
Chemical Risk Action Environment 
1.0M H2SO4 Can cause serious 

eye irritation and 
some skin irritation 

Lab glasses and lab 
coats. Access to eye 
wash if needed. 

Waste materials to be returned to 
the prep room 

Na2CO3 (solid) Can cause serious 
eye irritation. Low 
toxicity. 

Lab glasses and lab 
coats. 

Waste materials to be returned to 
the prep room 

(www.riskassess.com.au) 
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Results 
Table 1: Data collected for HCl concentrations 0.2 to 1.0M 
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Qualitative Observations: 
It was noted that some traces of sodium carbonate powder could be seen left behind during the stages of the 
reaction attached to test tubes and other instruments. Temperature day 1: 18.1ᴼC, day 2: 16.8ᴼC. Pressure day 1: 
1021.8 hPa, day 2: 1020.7 hPa. 
 
Data analysis 
Graph 1: Initial rate of reaction for 1.0M HCl 

 
(Horizontal error bars too small to be seen) 

 
Graph 2: Initial rate of reaction for range of concentrations 
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Example calculations (for 1.0M) Uncertainty propagation/notes 
For 0.50s: 
Average = sum of trials/total number trials 
= (2.2 + 2.0 + 2.2)/3=2.1s 

± 0.01s (average is same as for trials) 

For 0.50s: 
Absolute uncertainty of the mean = (max-min)/2 
= (2.2-2.0)/2 
= 0.1s 

As the absolute uncertainty of the mean values are larger 
than the propagation of uncertainty values, these will be 
taken as the uncertainty. The largest being 0.8s will be 
applied to all the data. 

See graph 1: 
Initial rate of reaction = Δy/Δx 
= (8.0-2.0)/(3.00-0.40) 
= 6.0/2.60 
= 2.31mL/s 
 
 
 
Therefore final answer is 2.3 ± 0.6mL/s 

+/- add absolute uncertainties 
= (0.8+0.8) / (0.01+0.01) = 0.2 / 0.02 
x/divide add percent uncertainties 
= (1.6/6 + 0.02/2.6) x 100% 
= (0.267 + 0.007) x 100% 
= 27% 
As 27% of 2.31 is 0.63 
= ± 0.6 (one sig fig) 
As the smallest volume will give the largest error, this error 
will be applied to all the RoR values. 

 
Discussion 
In conclusion it can be seen from graph 2 that as the concentration of HCl increases, the rate of carbon 
dioxide gas increases. The rate of increase slows and appears to reach a maximum rate at around 2.4 ± 
0.6mL/s. This relationship is described by the line of best fit of y = -2.635x2 + 4.9467x. This is also supported 
by the collision theory in that an increase in the number of HCl particles will increase the chances of 
collision with Na2CO3 thereby increasing the probability of colliding with enough activation energy and in 
the correct 3D orientation to result in a reaction. The maximum also is supported by the collision theory in 
that there is a point where Na2CO3 particles are completely saturated with HCl particles thereby cannot 
react any faster based solely on HCl concentration increases. 

The accuracy of the relationship is questionable as the line of best y = -2.635x2 + 4.9467x has an r2 of only 
0.9174. Published results of other acid carbonate reactions such as Horrocks (2019) lists a similar reaction 
(CaCO3 and HCl) with a rate order of 1 (Rate = k[HCl]1). The established experimental relationship in Graph 
2 also most closely matches a rate order of 1 (see Figure 1), however there is a line curves slightly 
downward at the end. Hence it would be recommended to extend this experiment to higher 
concentrations. The initial point of zero volume with zero concentration was assumed (no negative control 
performed). 

 

 
Figure 1: Rate orders zero, first and second (Chemistry Learner, 2022) 

 
There were also issues with the precision of the data. Table 1 shows a high uncertainty of 0.6 mL/s for 
initial rate values which are only between 0.2 to 2.3 mL/s. Graph 2 shows large error bars with the 0.2M 
and 0.4M concentrations far from the line of best fit. These points would be critical if the line of best fit 
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would be better adjusted to a straight line to show a rate order of 1. This issue could be improved by 
extending the experiment to include more data points at 0.1M to 0.3M concentrations.  
 
 

Limitations to the 
method 

Type of 
error 

Effect on the calculated final result Improvements/Extensions 

1. Na2CO3 powder 
not fully combined 
with HCl 

Systematic This will decrease the rate of the 
reaction due to less reactant 

Weigh the powder in the flask 
so that HCl will be added to it. 
 
Use larger quantities so the 
percent error is decreased. 
 
An extension would be to use 
a soluble base in such as 
NaOH. 

2. Temperature 
decreased on the 
second day (pressure 
reasonably 
consistent) 

Systematic This would have slowed the reaction 
rate down based on collision theory 

Utilize members of the group 
more efficiently so the 
experiment can be completed 
in one day. 
 
An extension could involve 
using a pressurized container 
and testing the effect of 
pressure on the rate of 
reaction. 

3. Plastic syringe 
imprecise and tube 
contained friction 

Random 
 
 
Systematic 

Difficulty on reading results to 
increments given 
 
More pressure due to friction, less 
gas recorded, less reactive as an 
error 

Use a glass syringe for less 
friction and more accurate 
glassware. 
 
Alternatively, you could use a 
gravimetric method to 
measure, using loss of mass 
due to CO2 release. 

4. Gas leaks out of 
the joints and as 
material is being 
added 

Systematic Gas leaking will give a lower gas 
volume recorded so leaving a lower 
reaction as a result. The faster 
reactions will give a greater error. 

Use a burette like device so 
that liquid is poured directly 
into the flask in an airtight 
system. 

 
 
Word count: 1461 words 
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Appendix A: Original method (Kunipers et al., 2019) 
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