Journal of

the Serbian

O Chemical Society
%%s 00077 m},\e@‘?@\s JSCS@tmf.bg.ac.rs « www.shd.org.rs/JSCS

J. Serb. Chem. Soc. 88 (1) S30-S34 (2023) Supplementary material

SUPPLEMENTARY MATERIAL TO
Pictorial based learning: Promoting conceptual change in
chemical kinetics

HABIDDIN HABIDDIN'*, HERUNATA HERUNATAL, OKTAVIA SULI§TINA1,
ACENG HAETAMI?, MAYSARA MAYSARA? and DUSICA RODIC?#

! Department of Chemistry, Universitas Negeri Malang, Indonesia, *Department of Chemistry
Education, Universitas Halu Oleo, Kendari, Indonesia and 3Department of Chemistry,
Biochemistry and Environmental Protection, University of Novi Sad, Novi Sad, Serbia

J. Serb. Chem. Soc. 88 (1) (2023) 97111
THE FTDICK INSTRUMENT

Consent form

We are conducting an investigation into students' understanding of chemical
reaction kinetics. As you will be studying/have studied this topic we would like
you to attempt the following questions and choose reasons for your answers. The
results from the investigation will be used alongside the data from other students
to gain a better understanding of students' understanding of reaction rates and
may be published in the educational literature. The outcomes will be completely
anonymous and no participants will be identifiable. If you would like your results
to contribute to our investigation, please tick the box below:

O I am happy to take part in this investigation and for my results to contribute to
the investigation

Signed: Date:

* Corresponding author. E-mail: habiddin_wuni@um.ac.id
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No.

Question

A 64 mg sample of radioactive material decays by first order reaction. After 10 minutes two half-lives
have passed. What is the mass of the sample that remains after 15 minutes?
A.24mg B.23mg C.16mg D.8mg
State the confidence rating of your answer
1. Very unconfident 2. Not very confident 3. Average 4. Quite confident 5. Very confident
Which one of the following options is the reason for your answer to the question?
After 10 minutes, half of the initial sample remained
The rate of decay of this sample is a constant
For each successive half-life, the mass change of sample is a constant
The rate of decay of this sample increases as the mass of sample decreases
For each successive half-life, the mass of sample decreases by a factor of 2
State the confidence rating of your answer
1. Very unconfident 2. Not very confident 3. Average 4. Quite confident 5. Very confident

The decomposition of nitrogen dioxide to nitric oxide and oxygen at a certain temperature is shown
pictorially below and is a second order reaction and the equation for the reaction is:
2NO(g) — 2NO(g) + Ox(g)

| ® o

t=10s t=20s 1= ?

time
The time at the final representation shown above is...
A.25s B. 30s C.40s D.50s

State the confidence rating of your answer

1. Very unconfident 2. Not very confident 3. Average 4. Quite confident 5. Very confident
‘Which one of the following options is the reason for your answer to the question?
The value of each successive half-life is half the preceding one
The value of t'4 is constant
The rate of disappearance of this sample increases with decrease in concentration
The value of each successive half-life is twice the preceding one.

State the confidence rating of your answer
1. Very unconfident 2. Not very confident 3. Average 4. Quite confident 5. Very confident

Y

The second order reaction of H,O,(aq) + 3T'(aq) +2H"(aq) — 2H,O(1) + 15" (aq) is first order in H,O,, first
order in I and zero order in H'. The rate law expression for this reaction is....
A Rate =k cy, .0, (cr-)*(cu’)*  B.Rate = kCHZO o

C. Rale — & o) Bz D. Rate = k (cu,0,)" (&) (CHYY (x,y,zare #0)

State the confidence ratmg of your answer

1. Very unconfident 2. Not very confident 3. Average 4. Quite confident 5. Very confident
‘Which one of the following options is the reason for your answer to the question?
The values of the exponents in the rate law are obtained from the coefficients in the balanced equation
The rate law is expressed based on the law of mass action that describes the relationship between the
concentrations of the reactants and products.
The values of the exponents in the rate law are based on the order of the reactants which are determined
experimentally
The information which is provided in the question is inadequate to determine the rate law.

State the confidence rating of your answer
1. Very unconfident 2. Not very confident 3. Average 4. Quite confident 5. Very confident
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4. | The decomposition of nitrogen dioxide to nitric oxide and oxygen takes place by second order kinetics:
2NOx(g) — 2NO(g) + Ou(g)
At time, ¢ = 10 s the pressure of NO; is 10.66 kPa and after 5 seconds the pressure has dropped to 5.33
kPa. Determine the time at which the pressure of NO; is 2.66 kPa
A. 1755 B. 20 s C.25s D. 30s
State the confidence rating of your answer
1. Very unconfident 2. Not very confident 3. Average 4. Quite confident 5. Very confident
Which one of the following options is the reason for your answer to the question?
The value of each successive half-life is half the preceding one
The value of t”: is constant
The rate of disappearance of this sample increases with decrease in concentration
The value of each successive half-life is twice the preceding one.
State the confidence rating of your answer
1. Very unconfident 2. Not very confident 3. Average 4. Quite confident 5. Very confident

5. | The formation of HI(g) follows the reaction H, + I, — 2HI. This reaction may occur with the following
mechanism:
k

I, _— I fast

-1

k
[+1+H, ——3 2HI slow

The overall rate law of this reaction is....
(Com)*
A. Rate =k, '(Cl)z(Cm) B. Rate=k (€)7(%w)
C. Rate= kz i (C]z) (Cuz) D. Rate = k1 (CIZ) — k,l(Cl)z
ko
State the confidence rating of your answer
1. Very unconfident ~ 2. Not very confident 3. Average 4. Quite confident 5. Very confident
Which one of the following options is the reason for your answer to the question?
The rate law is obtained directly from the slow step in the mechanism
The rate law is obtained from the fast step in the mechanism
The rate law is obtained from the law of mass action
The rate law is obtained from the slow step by considering any intermediates in preceding steps
State the confidence rating of your answer
1. Very unconfident 2. Not very confident 3. Average 4. Quite confident 5. Very confident

6. The following diagram depicts an imaginary two step mechanism of a reaction.

%j‘%’—hoc&)o—h Q)Qa

@ 9 } ¢ o R/ ®

Based on the representation above, the substance that acts as a catalyst is....
X B. XZ C. X, D. XY

State the confidence rating of your answer
1. Very unconfident 2. Not very confident 3. Average 4. Quite confident 5. Very confident
Which one of the following options is the reason for your answer to the question?
The substance does not undergo a permanent chemical change and is reformed in the final product
The substance is formed in one elementary reaction and consumed in the next
The substance increases the rate without being involved chemically in the reaction
The substance is not present in the final product

State the confidence rating of your answer
1. Very unconfident 2. Not very confident 3. Average 4. Quite confident 5. Very confident
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The variation in partial pressure of HCOOH for the decomposition of formic acid {HCOOH(g) — CO(g)
+ Hy(g)} in the gas phase as a function of time at 838 K is described in the graph below.
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A graph of the partial pressure of HCOOH versus time is shown as the red curve, A. Assuming that
ZnO(s) is the catalyst, when a small amount of solid ZnO is added, the partial pressure of HCOOH versus
time varies as shown by the blue curve, B. Based on this information, which is the correct statement
below?
This is an example of homogeneous catalysis and the rate of B is higher than the rate of A
This is an example of heterogeneous catalysis and the rate of B is higher than the rate of A
This is an example of homogeneous catalysis and the rate of A is higher than the rate of B
This is an example of heterogeneous catalysis and the rate of A is higher than the rate of B
State the confidence rating of your answer
1. Very unconfident 2. Not very confident 3. Average 4. Quite confident 5. Very confident
Which one of the following options is the reason for your answer to the question?
HCOOH, CO, and H, are in the same phase and the presence of ZnO increases the rate
HCOOH and ZnO are in different phases and the presence of ZnO decreases the rate
HCOOH, CO, and H; are present in the same phase and the presence of ZnO decreases the rate
HCOOH and ZnO are in different phases and the presence of ZnO increases the rate
State the confidence rating of your answer
1. Very unconfident 2. Not very confident 3. Average 4. Quite confident 5. Very confident

The hypothetical reaction G — H is depicted pictorially below. Each blue sphere represents 0.2 moles of G
and each red sphere represents 0.2 moles of H, and the container has a volume of 1.00 L.
0s 105 35s

o Q Q
»3%1(23%1(932
() OQO OQO

The number of moles of G and H respectively in the mixture after 32 s is....
A. 1.280 mol; 0.720 mol B. 0.544 mol; 1.456 mol C. 0.720 mol; 1.280 mol D. 1.456 mol; 0.544 mol
State the confidence rating of your answer
1. Very unconfident 2. Not very confident 3. Average 4. Quite confident 5. Very confident
‘Which one of the following options is the reason for your answer to the question?
As time increases, the rate of conversion of G molecules to H molecules also increases
As time increases, the rate of conversion of G molecules to H molecules decreases
The rate of conversion of G molecules to H molecules per second is a constant
State the confidence rating of your answer
1. Very unconfident 2. Not very confident 3. Average 4. Quite confident 5. Very confident
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9. |The decomposition of N,Os in a solvent occurs according to the following equation
N205 i 2N02 + 1/2 02
In the interval between 20 minutes and 40 minutes, the [N,Os] decreases from 0.1 M to 0.080 M. Which of
the following options is the correct expression of the average reaction rate?
A. Rate = ACxz05/At = 0.001 M min™' B. Rate = ACnoy/At =0.001 M min
C. Rate = ACo,/At =0.0005 M min’ D. Rate = ACyoo/At =-0.002 M min™
State the confidence rating of your answer
1. Very unconfident ~ 2. Not very confident 3. Average 4. Quite confident 5. Very confident
‘Which one of the following options is the reason for your answer to the question?
O, is produced twice as fast as N,Os is consumed
NO, is produced a half as fast as N,Os is consumed
The rate law can only be expressed by the rate of disappearance of N,Os
N,O:s is consumed twice as fast as NO, is produced
NO, is consumed twice as fast as N,Os is consumed
0, is produced a half as fast as N,Os is consumed
State the confidence rating of your answer
1. Very unconfident 2. Not very confident 3. Average 4. Quite confident 5. Very confident

Note: The complete FTDICK instrument used in the pre-test is available in the previous
paper of Habiddin and Page.'
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