Document
: : = Code
Universitas Negeri Surabaya
Faculty of Mathematics and Natural Sciences
Undergraduate Chemistry Study Program
Courses CODE Course Family Credit Weight SEMESTER | Compilation
Date
Chemical Kinetics 4720103198 T=3 | P=0 | ECTS=4.77 4 January 15,
2024
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Learning Case Studies
model
Program PLO study program that is charged to the course
Learnin
Outcom%s PLO-6 Able to adapt to various developments in chemical science, continue to develop and learn throughout life to continue
(PLO) education, both formal and non-formal
PLO-7 Able to apply logical, critical, systematic and innovative thinking in the context of developing or applying science and
technology by paying attention to and applying humanities values in accordance with the field of chemistry in solving
problems
PLO-8 « Mastering the basics of scientific methods, designing and carrying out research, compiling scientific reports and
communicating them both orally and in writing using information and communication technology
PLO-11 Mastering the concepts of structure, dynamics and energy, as well as the basic principles of separation, analysis,
synthesis and characterization of micromolecular compounds and their applications
Program Objectives (PO)
PO-1 Students have the ability to communicate experimental results so that they are able to develop a conceptual framework to
formulate actions or alternative actions in solving chemical problems in life
PO -2 Students are skilled at using tools to determine reaction rates and reaction mechanisms based on empirical facts
(inductive dimension) and submit theoretical arguments to explain the empirical facts that occur (deductive dimension) in
the field of reaction kinetics
PO -3 Students have knowledge of reaction rate laws and reaction mechanisms based on empirical facts (inductive dimension)
and submit theoretical arguments to explain the empirical facts that occur (deductive dimension) in the field of reaction
kinetics
PO -4 Students have the ability to collaborate and are responsible for studying reaction rates as a function of concentration,
temperature and catalyst as well as interpreting reaction rate laws for discussing and designing reaction mechanisms
(including photochemistry).
PLO-PO Matrix
P.O PLO-6 PLO-7 PLO-8 PLO-11
PO-1
PO-2
PO-3
PO-4
PO Matrix at the end of each learning stage (Sub-PO)
P.O Week
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
PO-1
PO-2
PO-3
PO-4
Short Empirical and theoretical studies of reaction rates as a function of concentration, temperature and catalyst as well as interpretation of
Course reaction rate laws for the discussion and design of reaction mechanisms (including photochemistry).
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Help Learning,
Learning methods,

Final abilities of Evaluation N Learnin
Week. | €ach learning Stu[dg:tti n’::fégr:m‘.ee'}tsl materials Assessment
stage [ References | Weight (%)
(Sub-PO) Indicator Criteria & Form Offline ( Online (online’)
offline )
(1) (2) (3) (4) (5) (6) (7) (8)
1 1.1. Determine The accuracy of Discussion Material: 5%
the physical forth_JIatmgtthle ¢ |Form of Assessment : | regarding the Determination
meaning of the rg?\?gr:%r;{: o Gha | Participatory Activities | selection of of reaction
reaction rate function of methods and order
law. concentration how to References:
2.5 Skilled in versus time. determine the Wilkinson,
using tools to correct Frank._1975.
- reaction order. Chemical
determlne 3X50 Kinetics and
reaction orders Reaction
to be able to Mechanisms.
write rate laws Victoria: Van
based on Nostrand
empirical facts Reinhold
(inductive Company.
dimension).
3.3. Communicate
experimental
results related to
determining the
reaction order in
order to
determine the
reaction rate
law.
4.4. Able to
collaborate and
be responsible
in studying
reaction rates as
a function of
concentration.
2 1.Determine the The accuracy of Criteria: 1. Discussion Material: 10%
physical formulatingthe | Participation, regarding the Determination
ing of the | reaction rate law, if | assignments selection of of reaction
meanng o given data on the methods and order
reaction rate function of Form of Assessment : | how to References:
law. concentration - s ) fel :
2.5 SKi . versus time. Participatory Activities determine the Wilkinson,
.2. Skilled in
using tools to corre_ct Frank._1975.
- reaction order Chemical
determlne and Kinetics and
reaction orders communicate Reaction
to be able to it. Mechanisms.
write rate laws 2. Calculate Victoria: Van
based on the reaction Nostrand
empirical facts order, if given Reinhold
(inductive data on the Company.
dimension). function of
3.3. Communicate concentration
experimental versus time.
results related to 3X50
determining the
reaction order in
order to
determine the
reaction rate
law.
4.4. Able to
collaborate and
be responsible
in studying
reaction rates as
a function of
concentration.




1.Determine the 1.The accuracy of | Criteria: 1. Calculate Material: 5%
physical formulating the Participation, the ree}ctipn Reaction Rate
meaning of the reaction rate assignments grfier, if tgh'V‘?“ I';aw (t'r) "

; [P ata on the unction: x(t);
:'zjlclznon rate l;;:;;gly:: Form of Assessment : | fnction of r=d/dt(x)r=
2.2. Skilled in function of partioibalory Activities, | concentration K [axJa(bx]0
; . Portfolio Assessment | yersus time. References:
using tqols to concent.ratlon Wilkinson,
determme Versus t_|me._ 2. Formulate Frank. 1975.
reaction orders 2.Skilled in using the reaction Chemical
to be able to tools in rate law, if Kinetics and
write rate laws determining given data on Reaction
based on orders. the function of Mechanisms.
empirical facts 3.Communicate concentration Victoria: Van
(inductive experimental versus time. Nostrand
dimension). results related to Reinhold

3.3. Communicate determining the 3. Structured Company.
experimental reaction order in tasks (BKT
results related to order to KF3 KPM)
determining the determine the 3X50
reaction order in reaction rate
order to law.
determine the 4 .Able to
reaction rate collaborate and
law. be responsible

4.4. Able to in studying
collaborate and reaction rates as
be responsible a function of
in studying concentration.
reaction rates as
a function of
concentration.

5.5. Write a draft
document to
communicate
the results of the
problem solving
carried out

1.Determine the The accuracy of Criteria: 1. Calculate Material: 5%
physical using rate laws to Participation, the reaction Reaction Rate

; predict the rate of assignments order, if given Law (r)
meaning of the reactions at other data on th Function: x(6):
reaction rate known = Form of Assessment : e on e Enc fon: x( )_
law. concentrations. Partici At function of r=d/dt(x)r=

2.2 Skilled in parg’CIFai)ry cuvmets, concentration k [ax]albx]]
using tools to ortiolio Assessmen versus time. Determination

- 2. Formulate of reaction
determlne the reaction order
reaction orders rate law, if References:
to be able to given data on Wilkinson,
write rate laws the function of Frank. 1975.
based on concentration Chemical
empirical facts versus time. Kinetics and
(inductive 3. Calculate Reaction
dimension). the value of the Mechanisms.

3.3. Communicate reaction rate Victoria: Van
experimental constant (k). Nostrand
results related to Use the rate Reinhold
determining the law to predict Company.

reaction order in
order to
determine the
reaction rate
law.

4.4. Able to
collaborate and
be responsible
in studying
reaction rates as
a function of
concentration.

5.5. Write a draft
document to
communicate
the results of the
problem solving
carried out

the reaction
rate at other
known
concentrations.
[Studying;
practicum]

4. Structured
assignments
(BKT KF3 KA
Part IV pp. 14-
15)

3 X50




1.Determine the
physical
meaning of the
reaction rate
law.

2.2. Skilled in
using tools to
determine
reaction orders
to be able to
write rate laws
based on
empirical facts
(inductive
dimension).

3.3. Communicate
experimental
results related to
determining the
reaction order in
order to
determine the
reaction rate
law.

4.4. Able to
collaborate and
be responsible
in studying
reaction rates as
a function of
concentration.

5.5. Write a draft
document to
communicate
the results of the
problem solving
carried out

The accuracy of
using rate laws to
predict the rate of
reactions at other
known
concentrations.

Criteria:
Participation,
assignments

Form of Assessment :

Participatory Activities,
Portfolio Assessment

1. Formulate
the reaction
rate law, if data
is given as a
function of
concentration
versus time.

2. Calculate
the value of the
reaction rate
constant (k).
Use the rate
law to predict
the rate of a
reaction at
another known
concentration.
3. Skilled in
using
laboratory
equipment to
determine the
reaction rate in
order to
determine the
reaction order
and the correct
method for
calculating the
reaction order
3 X50

Material:
Reaction Rate
Law (r)
Function: x(t);
r=didt(x)r=
k [ax]a[bx]O
Determination
of reaction
order
References:
Wilkinson,
Frank. 1975.
Chemical
Kinetics and
Reaction
Mechanisms.
Victoria: Van
Nostrand
Reinhold
Company.

10%




1.Determine the
physical
meaning of the
reaction rate
function against
the reaction
temperature.

2.Communicate
experimental
results related to
the function of
temperature on
reaction rates so
as to be able to
develop a
conceptual
framework for
formulating
actions or
alternative
actions in
solving chemical
problems in life.

1.Accuracy of
using Arrhenius’
law to analyze
data (more than
two) k functions
on temperature.

2.Accuracy of
using Arrhenius’
law to analyze
data (two data)
of k function on
temperature.

3.3. Communicate
experimental
results related to
the function of
temperature on
reaction rates so
as to be able to
develop a
conceptual
framework for
formulating
actions or
alternative
actions in
solving chemical
problems in life.

Criteria:
The assessment is
carried out on the
following aspects:

Form of Assessment :

Participatory Activities

1. Predict the
reaction rate at
the second
temperature
(T2) if the
reaction rate
value at the
initial
temperature
(T1) and the
reaction
temperature
coefficient are
known.

2. Modify
Arrhenius' law
into a linear
equation that
can be used to
determine the
Ea value
(activation
energy) and
the A value
(preexponential
factor) of a
reaction.

3. Predict the
reaction rate at
the second
temperature
(T2) if you
know the
reaction rate at
the initial
temperature
(T1), the Ea
value, and the
gas constant.
4. Calculate
the Ea value of
a reaction, if
given reaction
rate data at two
different
temperatures.
5. Calculate
the reaction
rate at a
certain
temperature
(under the
same
conditions), if
data on the
reaction rate at
two different
temperatures
is given.

6. Skilled in
using
laboratory
equipment to
determine
reaction rates
at several
temperatures.
3X50

Material:
Function: r(T)
Arrhenius
Law: Ink =1In
A - Ea/RT
Reference:
Wilkinson,
Frank. 1975.
Chemical
Kinetics and
Reaction
Mechanisms.
Victoria: Van
Nostrand
Reinhold
Company.

10%




1.Determine the
physical
meaning of the
reaction rate
function on a
catalyst.
2.Skilled in using
tools to
determine the
effect of
catalysts on
reaction rates
based on
empirical facts
(inductive
dimension).
3.Communicate
experimental
results related to
the function of
catalysts on
reaction rates so
as to be able to
develop a
conceptual
framework for
formulating
actions or
alternative
actions in
solving chemical
problems in life.
4.Able to
collaborate and
be responsible
in assessing
reaction rates as
a catalyst
function.

1.The accuracy of
using Arrhenius’
law to predict
changes in
reaction rates
due to the
addition of a
catalyst at a
certain
temperature.

2.2. Skilled in
using tools to
determine the
effect of
catalysts on
reaction rates
based on
empirical facts
(inductive
dimension).

3.3. Communicate
experimental
results related to
the function of
catalysts on
reaction rates so
as to be able to
develop a
conceptual
framework for
formulating
actions or
alternative
actions in
solving chemical
problems in life.

4.4. Able to
collaborate and
be responsible
in assessing the
reaction rate as
a function of the
catalyst.

Criteria:
Participation and tasks

Form of Assessment :
Participatory Activities

1. Application
of Arrhenius'
law to predict
changes in
reaction rates
due to the
addition of a
catalyst at a
certain
temperature.
2. Calculate
Ea, if you know
the magnitude
of the change
in the reaction
rate due to the
addition of a
catalyst at a
certain
temperature.
3. Skilled in
using
laboratory
equipment to
determine
reaction rates
with the
addition of
catalysts
[Lecture;
practicum]

4. BKT KF3 KA
structured
assignments
pp. 18-20

3 X50

Material:
Function:
r(catalyst)
Arrhenius
Law: Ink =1In
A - Ea/RT
Catalyst
reduces the
value of Ea
References:
Wilkinson,
Frank. 1975.
Chemical
Kinetics and
Reaction
Mechanisms.
Victoria: Van
Nostrand
Reinhold
Company.

5%




uTts 1.The accuracy of | Criteria: 5%
formulating the 1.The assessment is | 3 X 50
reaction rate carried out on the
law, if given following aspects:
data on the 2.Participation
function of during lectures is
concentration carried out through
versus time. observation

2.The accuracy of (weight 2)UTS and
formulating the UAS, carried out
reaction rate once, assessing all
law, if given relevant indicators
data on the through written
function of exams, averaged
concentration and given a weight
versus time. (2))Assignments
3.The accuracy of are given a weight
formulating the (3)The final NA is
reaction rate (participation value
law, if given X2 ) (Assignment
data on the score x 3) (UTS
function of score x 2) UAS
concentration score (3) divided
versus time. by 10
4.The accuracy of
using rate laws | Form of Assessment :
to predict the Test
rate of reactions
at other known
concentrations.
5.Use the rate law
to predict the
rate of a
reaction at
another known
concentration
6.Accuracy of
using Arrhenius’
law to analyze
data (more than
two) k functions
on temperature.
7 .Accuracy of
using Arrhenius’
law to analyze
data (two data)
of k function on
temperature.
8.The accuracy of
using Arrhenius’
law to predict
changes in
reaction rates
due to the
addition of a
catalyst at a
certain
temperature.

1 .Determine how Testint{:} the fth Criteria: 1. Write down Material: 5%
to determine the fg;::“f(‘i% Sﬁzghanssm Participation and tasks | the ;tepﬁ for Ir}te':pretanon
mechanism design, both simple | g f A | testing the of the
using the reactions and orm o ssessm(_ent * | correctness of reaction rate
reaction kinetics | complex (chain) Participatory Activities | the reaction law on
approach. reactions. mec_han_lsm reaction

2 Write a design, if given mechanisms.
statement and data on Rgfgrence:
N reactant Wilkinson,
include th(_e concentrations Frank. 1975.
reasons given and rate values Chemical
for saying that for reactions Kinetics and
the statement is whose Reaction
false. stoichiometry Mechanisms.

is also known. Victoria: Van
2. Formulate Nostrand
assumptions Reinhold

so that the Company.
reaction

mechanism

design created
has scientific
truth
(supported by
facts).
[Lecture]

3. Structured
assignments
BKT KF3 KA
pp. 21-22

3 X50




10 Write down how to Testing the Criteria: 1. Write down Material: 5%
determine the correctness of the Participation and tasks | the steps for Interpretation
mechanism using reaction mechanism testing the of the
216 :gggﬂon kinetics ?::é%ghgoégdsmple Form of Assessment : | correctness of reaction rate

pp ' complex (chain) Participatory Activities | the reaction law on
reactions. mechanism reaction
design, if given mechanisms.
data on Reference:
reactant Wilkinson,
concentrations Frank. 1975.
and rate values Chemical
for reactions Kinetics and
whose Reaction
stoichiometry Mechanisms.
is also known. Victoria: Van
2. Formulate Nostrand
assumptions Reinhold
so that the Company.
reaction
mechanism
design created
has scientific
truth
(supported by
facts).
3X50
11 \éVrtite d_owr;hhow to 1.Testing the Criteria: 1. Write down Material: 10%
etermine the icipati i i
mechanism using correctness of Participation and tasks thz ?;Eg:gttics Lr}t?hrgretatlon
the reaction kinetics the reaction Form of Assessment : | of the initiati i
approach. mechanism m M . | of the |n|t_|at|on, reaction rate
design, both Participatory Activities propagation law on
simple reactions and - reaction
and complex termination mechanisms.
h stages that Reference:
(chalp) make up a Wilkinson,
reactions. parallel Frank. 1975.
2 Testing reaction. Chemical
quantitative 2. Describe the Kinetics and
measures to physical Reaction
gain advantages meaning of the Mechanisms.
in implementing concept of Victoria: Van
the chain length chain length in Nostrand
concept. chain Reinhold
reactions. Company.
3. Establish
quantitative
measures to
gain benefits in
implementing
the chain
length concept.
3X50

12 Write down how to 1.Testing Criteria: 1. Establish Material: 10%

gqeetggmg nghL?sing quantitative Participation and tasks ?nueeggzglfo (I)r}tteggretatlon

the reaction kinetics
approach.

measures to
gain advantages
in implementing
the chain length
concept.
2.Determining
alignment with
ideas about
reaction
mechanisms.

Form of Assessment :
Participatory Activities

gain profits in
implementing
the chain
length concept.
2. Predict the
supporting
facts that must
exist for ideas
about the
mechanism of
radical
recombination
reactions to be
accepted.

3. Predict the
supporting
facts that must
exist in order to
think about the
unimolecular
decomposition
reaction
mechanism
(Lindemann
mechanism).
[Lecture]
3X50

reaction rate
law on
reaction
mechanisms.
Reference:
Wilkinson,
Frank. 1975.
Chemical
Kinetics and
Reaction
Mechanisms.
Victoria: Van
Nostrand
Reinhold
Company.




13 Write the 1.Evaluate the Criteria: 1. Predict the Material: 5%
mechanism for f Participation and tasks | supporting Reaction
homogeneous types o ;

talvais reactions activated | facts that must Mechanism
ﬁ]asoﬁjtion complexes in Form of Assessment : | be present to for
' the Herzfeld Participatory Activities | evaluate the homogeneous
mechanism type of cataly5|s .
(general actlvatedl reactions in
complex in the solution
homogeneous Herzfeld . Reference:
catalytic mechanism Wilkinson,
react_lons in (general Frank. 1975.
solution). homogeneous Chemical
2 Evaluating the catalysis Kinetics and
Arrhenius reaction in Reaction
complex type solution) Mechanisms.
Herzfeld including the Victoria: Van
mechanism for type of Nostrand
the case of Arrhenius Reinhold
extremely con?plex or Company.
different \ézrr:qtp:ja?(ﬁ
z:g;g;t eand 2. Predi‘ct the
concentrations supporting
’ facts that must
exist in the
Herzfeld
mechanism of
the Arrhenius
complex type
for the case
that the
substrate
concentration
is much greater
than the
catalyst
concentration.
3. Predict the
supporting
facts that must
exist in the
Arrhenius
complex type
Herzfeld
mechanism for
the case that
the substrate
concentration
is much smaller
than the
catalyst
concentration.
[Lecture]
3 X50

14 Write down the 1.Accuracy of Criteria: 1. Write down Material: 5%
mechanisms of acid determining Participation and tasks | the Reaction
or base catalyzed intermediate and intermediate Mechanism
reactions. N

solvent species and splvent for amq
for different species for catalyss
types of catalyst different types reactions. )
(strong acid of catalyst_s Rgfgrences.
o (strong acid, Wilkinson,
weak acid, weak acid, Frank. 1975.
strong base, or strong base, or Chemical
weak base). weak base), if Kinetics and
2.Distinguish given the Reaction
between general acid or Mechanisms.
protolytic type base catalyzed Victoria: Van
and prototropic reaction Nostrand
type acid mechanism. Reinhold
catalysis 2. Predict the Company.
mechanisms. supporting

facts that must
be present to
distinguish
between
protolytic type
acid catalysis
mechanisms
(transfer of
protons to the
solvent) and
prototropic type
(transfer of
protons to the
solute).
[Lecture]

1X1




15 1.Write down the 1.Distinguish Criteria: Predict the Material: 10%
mechanisms of between specific Participation and tasks | supporting Reaction
acid or base protolytic type ) facts that must Mechanism
catalyzed and general ll;ortr_n_of tl-\sszs?mt(_ent * | be present to for base
reactions. protolytic type articipatory Activities d'ﬁeren“?.te catalyss

2.Proposing base catalysis the spe_cmc reactions.
theoretical mechanisms. protolytic type Rgfgrences:
X and general Wilkinson,
argum_ents 2.Propos_|ng protolytic type Frank. 1975.
(reaction theoretical base catalysis Chemical
mechanisms) to arguments mechanisms. Kinetics and
explain the (reaction Reaction
empirical facts mechanisms) to [Lecture] Mechanisms.
that occur explain the 3 X 50 Victoria: Van
(deductive empirical facts Nostrand
dimension). that occur Reinhold
3.Able to (deductive Company.
collaborate and dimension).
be responsible 3.Able to
in reviewing the collaborate and
interpretation of be responsible
reaction rate in reviewing the
laws to the interpretation of
discussion and reaction rate
design of laws to the
reaction discussion and
mechanisms design of
(including reaction
photochemistry). mechanisms
(including
photochemistry).

16 UAS UAS 0%

2X50

Evaluation Percentage Recap: Case Study
No [ Evaluation Percentage
1. [ Participatory Activities 85%
2. | Portfolio Assessment 10%
3. | Test 5%
100%
Notes
1. Learning Outcomes of Study Program Graduates (PLO - Study Program) are the abilities possessed by each Study Program
graduate which are the internalization of attitudes, mastery of knowledge and skills according to the level of their study program
obtained through the learning process.

2. The PLO imposed on courses are several learning outcomes of study program graduates (CPL-Study Program) which are used
for the formation/development of a course consisting of aspects of attitude, general skills, special skills and knowledge.

3. Program Objectives (PO) are abilities that are specifically described from the PLO assigned to a course, and are specific to the
study material or learning materials for that course.

4. Subject Sub-PO (Sub-PO) is a capability that is specifically described from the PO that can be measured or observed and is the
final ability that is planned at each learning stage, and is specific to the learning material of the course.

5. Indicators for assessing abilities in the process and student learning outcomes are specific and measurable statements that
identify the abilities or performance of student learning outcomes accompanied by evidence.

6. Assessment Criteria are benchmarks used as a measure or measure of learning achievement in assessments based on
predetermined indicators. Assessment criteria are guidelines for assessors so that assessments are consistent and unbiased.
Criteria can be quantitative or qualitative.

7. Forms of assessment: test and non-test.

8. Forms of learning: Lecture, Response, Tutorial, Seminar or equivalent, Practicum, Studio Practice, Workshop Practice, Field
Practice, Research, Community Service and/or other equivalent forms of learning.

9. Learning Methods: Small Group Discussion, Role-Play & Simulation, Discovery Learning, Self-Directed Learning, Cooperative
Learning, Collaborative Learning, Contextual Learning, Project Based Learning, and other equivalent methods.

10. Learning materials are details or descriptions of study materials which can be presented in the form of several main points and
sub-topics.

11. The assessment weight is the percentage of assessment of each sub-PO achievement whose size is proportional to the level of
difficulty of achieving that sub-PO, and the total is 100%.

12. TM=Face to face, PT=Structured assignments, BM=Independent study.
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