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SAMPLE LESSON PLAN ON THE TOPIC ‘FACTORS AFFECTING THE RATE
OF CHEMICAL REACTIONS’ IN THE CHEMISTRY COURSE OF 8TH GRADE
IN SECONDARY SCHOOLS, BASED ON THE SE INSTRUCTIONAL MODEL

The establishment of a conducive learning environment is delineated for the pedagogical delivery of the subject
«Factors Influencing the Velocity of Chemical Reactions» within the educational module «Categorization of Chemical
Reactions. Equilibriumy» in comprehensive educational institutions. Emphasis is placed on explicating principles,
statutes, and experimental paradigms germane to the subject by contextualizing them within everyday scenarios, fostering
students’ autonomous resolution of computational quandaries grounded in their comprehension. The didactic framework,
predicated on the SE instructional model, seeks to enrich students’ cognizance through both theoretical and applied
dimensions, cultivating logical, evaluative, and inventive cogitation. The execution of the extant instructional blueprint
involves the application of theoretical and empirical insights, as well as authentic contextualizations, employing a
concatenated pedagogical methodology. The research additionally investigates the deployment of the SE instructional
model in instructing «Factors Influencing the Velocity of Chemical Reactions,» with a particular focus on appraising
students’ assimilated knowledge during practical and laboratory exercises. The article also underscores the significance
of evaluating students’ proficiency in procedural knowledge development through regulated practical tasks pertaining to
the subject matter. The inclusion of content standards in the chemistry curriculum, presented in the format of knowledge
and skills, is predicated on the objective that students comprehend not only fundamental concepts pertaining to the
instructed topics but also discern the significance of the theoretical and experimental knowledge they acquire in their
actual lives. Moreover, it aims to empower them to apply this knowledge pragmatically in their daily lives.

Key words: 5E instructional model, integration, chemical kinetics, rate of chemical reactions, catalytic reaction,
nature of substances, catalyst, solubility, pressure, temperature.
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3PA3OK IIVTAHY-KOHCIIEKTY YPOKY 3 TEMU «®PAKTOPHU,
1O BIVIMBAIOTHh HA HIBUAKICTH XIMIYHUX PEAKIIN» 3 KYPCY XIMII
8 KNIACY 3ATAJIBHOOCBITHIX HABYAJIBHUX 3AKJIA/IB
3A HABYAJIBHOIO MOJIEJIJIIO SE

Tlepeobaueno cmeopeHHs CHPUAMIUBO20 HABYANILHO20 Cepedosuyd 0l Neda202iuH020 BUKAAOAHH: npedmemy « Dax-
mopu, wo 6HIUBAIOMb HA WEUOKICMb XIMIUHUX pearkyiiy y pamKax Hasuyanvbno2o mooyis «Kameeopusayis ximiunux
peaxyiu. Pisnosaea» 6 3azanvnooceimmix naguanvhux zaxnaoax. OCHO6HA yeaza RPUOiIACMbCsi po3 SCHEHHIO NPUHYUNIG,
NOJI0JCEHb MA eKCRePUMEHMANbHUX Napaouem, no6 A3AHUX i3 NPEOMEmOoM, WLIAXOM KOHMEKCMYyanizayii ix y nogcakoeH-
HUX CYeHapisax, Cpusioyu camocmitiHoMy GUPIUEHHIO CIYOEeHMamu 00YUCTIO8ATLHUX MPYOHOWI6, 3ACHOBAHUX HA IXHbO-
My po3yminHi. JJuoakmuuna cmpykmypa, 3aCHO8AHA HA HasyanbHil Modeni SE, npacne 30acamumu 3uanus cmyoenmis 3a
00NOMO20I0 SIK MEOPEeMUIHUX, Max i NPUKIAOHUX ACNEeKmis, KYIbMugylouu 102iuHe, oyinoyHe ma UHAXIONUGEe MUCTEH-
Hsl. BUKOHANHS HASBHO20 HABYATLHOZO NAAHY NEPeddauac 3aCmMocy8ants MeopemudHux ma eMnipuyHux ioetl, a makoxic
ABMEHMUYHUX KOHMEKCMYani3ayiil i3 3aCMOCY8anHsAM 00 €OHAHOI nedazociunoi memooonoeii. JlocniodcenHs: 000amKo8o
susyac poseopmannsi Haguanbhoi mooeni SE nio wac naguanna «@axmopu, wo 6nau6aiomv Ha WEUOKICIb XIMIUHUX
peaxyiily, 3 0cOOMUBUM AKYEHMOM HA OYIHYI 3ACE0EHUX 3HAHb CHIYOEHMIE Ni0 4ac NPAKMUYHUX | 1aD0PAMOPHUX 3AHAMb.
Y emammi makooic niokpecieno sadxciugicms OYiHIOBAHHA HABUHOK CIMYOEHMIB Y POPMYBAHHI NPOYEOYPHUX 3HANb Yepe3
peanamenmosani npakmudni 3a60anis, wo cmocylomsves HABYAIbHO20 Mamepiany. Bruiovenns smicmosux cmanoapmie
V HABUATIbHY NPOSPAMY 3 XIMIL, npedcmasienux y hopmami 3Hans i 6Mikb, OA3yEMbCS HA Memi, W00 YUHI 3p03yMIIU He
auue GyHoamenmansri NOHAMmSI, Wo CMOCYIOMbCsa mMeM, Wo HAGUAIOMbCA, de Ul YCEIOOMUNU 3HAYEHHS MeOPemUUHUX
ma excnepuMeHmanbHux 3Hamnb, AKi 6oHu nadysaioms y ix peanvne socumms. Kpim moeo, 6in mac na memi naoamu im
MOJICIUGICIb NPAMAMUYHO 3ACIMOCOBYEAMU Yi 3HAHHA Y NOGCAKOECHHOMY JHCUMIMI.

Knrouoei cnosa: nasuanvua mooensv SE, inmeepayis, XiMiuna KiHemuxd, weUuOKIiCmb XIMIYHUX Pearyill, KamaiimuyHa
peaxyis, npupooa pevosun, Kamaiizamop, po3HUHHICMb, MUCK, MeMnepamypa.
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Introduction. According to our investigation,
a constructivist learning theory based on a teaching
model grounded in real-life scenarios not only
mitigates challenges encountered in imparting
theoretical and practical understanding but also
ameliorates adverse learning conditions hindering the
assimilation of these concepts.

In our illustrative planning instance for the topic
«Factors Affecting the Rate of Chemical Reactionsy,
we implemented the 5E instructional model. The
5E instructional model encompasses the subsequent
stages:

> Engagement Stage: At this stage, the
educator directs students’ focus toward initial
understandings of chemical kinetics, ensuring
active participation in the instructional process.
Motivational knowledge at this stage is not only
fundamental but critically emphasizes students’
enthusiasm for the topic, primarily by relating it to
their daily lives.

» Exploration Stage: The second stage involves
research or focusing, being the phase where students
are most active. Here, the educator utilizes various
teaching forms, such as class discussions and
experiments, to shape students’ knowledge and skills
related to the topic.

» Explanation Stage: The third stage is termed
the explanation or information discussion phase. In
this stage, the educator and students elucidate the topic
in a discussion environment, clarifying important
insights and definitions collaboratively. This stage
aims not only to highlight significant understandings
and definitions but also to prevent the formation of
misconceptions among students regarding the topic.

» Elaboration Stage: The fourth stage is known
as the deepening or creative application phase, where
students apply newly acquired knowledge in various
situations. This stage primarily determines principles
such as solving theoretical problems, experimental
inquiry, and research projects.

» Evaluation Stage: The final stage of the model
involves the assessment and evaluation of students’
demonstrated knowledge and skills within the
framework of teacher-student collaboration.

Additionally, in teaching the subject, the educator
should use controlled practical tasks related to the
topic to assess students’ procedural knowledge
development. In this manner, the instructional
plan includes specific laboratory experiments
and experimental assignments that students
can independently perform under the teacher’s
supervision.

Degree of Elaboration of the Problem -
Numerous methodological instruments and scholarly
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articles have been disseminated concerning the
implementation of the SE instructional model in the
pedagogical delivery of subjects associated with
chemical kinetics (M. Abbasov, 2014; Bybee, R., ets.,
2006; Alipasa Ayas, 2017). Exploring the integration
of the topic «Factors Affecting the Rate of Chemical
Reactions» with real-life scenarios (S. Cepni, 2014;
M.Abbasov, 2018; H. Kutu, 2011), diverse outcomes
of scientific research endeavors have been scrutinized.
The primary focus of our research is to ensure the
cultivation of students’ logical and creative thinking
regarding the advancement of both theoretical and
experimental knowledge in the instruction of the topic
«Factors Affecting the Rate of Chemical Reactions»
within the 8th-grade chemistry curriculum in
comprehensive educational institutions, employing
the 5E instructional model.

Objectives and Goals. The principal aim of this
researchistoguaranteetheactivecognitiveengagement
of students in the instructional process of the topic
«Factors Affecting the Rate of Chemical Reactions»
in 8th-grade classrooms of general education schools,
applying the 5E instructional model grounded in
real-life contexts. Specific objectives encompass the
meticulous assimilation of theoretical foundations,
the evolution of experimental knowledge, and the
profound comprehension of acquired knowledge,
facilitating its correct application to the resolution
of experimental challenges. Another pivotal goal
involves assessing the efficacy and efficiency of the
recently applied instructional model in prompting
students to execute independent tasks through the
utilization of active/interactive pedagogical methods
in the discourse of the topic «Factors Affecting the
Rate of Chemical Reactionsy.

Methods. Depending on the delineated objectives,
efficacious methodologies, investigative approaches,
problem-solving techniques, logical methodologies, and
independent study modalities, crafted with contemporary
pedagogical technologies, have been employed in
elucidating subjects associated with chemical kinetics
predicated on the 5E instructional model.

Main section

Integration of Theory and Practice in Chemistry
Lessons with Real-Life Relevance

The teaching of the topic «Factors Affecting
the Rate of Chemical Reactions» aims to motivate
students in the direction of understanding scientific
concepts related to chemical kinetics by integrating
theory and practice with real-life relevance, providing
them with conditions to perceive the importance of
what they learn (Cepni, 2014: 121-171). During this
process, we can not only engage students who aspire
to specialize in chemistry but also generate interest in
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the topic among other students. Enhancing students’
interest in the field of chemistry is crucial in laying
the foundation for their potential future activities
in any chemistry-related field. The cultivation of
logical, critical, and creative thinking, as well as
the development of skills in acquiring, organizing,
analyzing, and modeling information independently,
is stimulated through the utilization of the 5E
instructional model based on real-life scenarios in
teaching topics related to chemical kinetics in general
education schools.

Therefore, the application of the SE instructional
model in teaching topics related to chemical kinetics,
specifically the «Factors Affecting the Rate of
Chemical Reactions», in the 8th-grade chemistry
course, not only serves to motivate students towards
scientific understanding but also facilitates the
development of independent skills such as acquiring,
organizing, analyzing, and modeling information,
which are essential for their future endeavors. We
present an illustrative instructional plan that we
have prepared and implemented based on the 5E
instructional model for the topic «Factors Affecting
the Rate of Chemical Reactions» in the 8th-grade
chemistry course.

Topic: Factors affecting the rate of a chemical
reaction

Sub-standards:

2.2.1. Organizes reaction kinetics for important
inorganic compounds.

2.2.2. Conducts calculations based on reaction
kinetics for important inorganic compounds.

3.1.1. Conducts observation and experiments
for important inorganic compounds, and expresses
opinions on the results.

Training outcomes:

1. Organizes reaction kinetics to determine
factors affecting the rate of chemical reactions and
expresses opinions on the results.

2. Expresses opinions on various methods of
solving calculation problems related to determining
factors affecting the rate of chemical reactions.

3. Conducts observations and experiments to
determine factors affecting the rate of chemical
reactions and expresses opinions on the results.

Training format: Group work

Training method: Debate, cluster

Resources: Mortar and pestle set, 5 test tubes,
crushed iodine crystal, zinc powder, pipette, distilled
water, sodium metal, copper sulfate solution.

Stages of the Lesson

Stage I: Engagement Stage

In this stage, we organize a small demonstration
experiment to capture the students’ attention
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(Abbasov, 2018: 14). The main objective of
conducting this demonstration experiment is to create
subject-specific integration by providing students
with a tangible observation of the impact of a catalyst
on the rate of a chemical reaction. The aim is to
connect students’ prior knowledge of the topic with
new insights.

Materials: Mortar and pestle set, crushed iodine
crystal, zinc powder, pipette, distilled water.

Procedure: We mix zinc powder with crushed
iodine crystals in a china dish. When no changes occur,
students observe the separation of violet clusters on
top of this mixture when 2-3 drops of distilled water
are added from the pipette into the container where
the experiment is conducted.

Research Question: What factors influence the
rate of chemical reactions?

Stage II: Exploration Stage

In this stage, we note the reaction kinetics of the
demonstration experiment conducted at the center of
the board. We divide the students into four groups
and instruct each group to write, in the form of small
headings, the factors they will investigate related to
this event.

Firstly, the idea generator creates conditions
for students in each group to note terminologies
associated with the reaction kinetics. Essential terms
are then recorded (Alipasa Ayas, 2017: 233).

Scheme 1.

Stage I11: Explanation Stage — During this stage,
the teacher provides brief explanations to create
connections between students’ previous knowledge
and the newly introduced concepts. In this way, the
combined knowledge is reinforced for the students.
The theoretical foundations of the topic are explained
in response to the questions posed (Abbasov,
2022: 26-29).

Thus, we record the explanation of the theoretical
foundations of the topic by providing answers to the
posed questions (Abbasov, 2022: 26-29):

H,0
ZN(p) + o) — ZNJp(0)+Q
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» What type of reaction is indicated by the
chemical reaction demonstrated in the experiment in
terms of the number and composition of reactants and
substances obtained? (Combination reaction).

Combination reactions refer to reactions resulting
from the combination of two or more simple or
complex substances, leading to the formation of a
new complex substance.

» Which reactions involve the separation of heat?
(With some exceptions, all combination reactions are
exothermic, i.e., heat is released upon separation of
substances).

» Does the chemical reaction conducted in
the experiment involve the absorption of heat or
its release? (Since it is a combination reaction, it
involves the release of heat during the separation of
substances).

» What are reactions called that occur with the
participation of a catalyst? (Catalytic reactions).

» How was the temperature created that caused
the sublimation of iodine crystals during the course
of the experiment? (During the exothermic reaction,
the sublimation of crystalline iodine occurred,
transforming it into violet-colored iodine vapors as a
result of the heat released).

» How is the rate of a homogeneous reaction
calculated? 9 mogen = éVAT

» What is a catalyst? (Substances that alter the
speed of reactions but remain unchanged themselves).

While answering the question of what a catalyst
is, the teacher must also explain the relationship with
activation energy.

1. Activation Energy — The minimum amount
of energy required for molecules to enter a chemical
reaction.

2. Catalyst — Substances that alter the speed of a
chemical reaction but remain unchanged themselves.
At this point, the teacher should create a small
interdisciplinary integration related to the 7th-grade
topic of oxygen in the laboratory. Pouring 3%
hydrogen peroxide into the test tube and adding MnO,,
the teacher should then ask why the waste approaches
the tube when a match is brought close to its mouth.
Simultaneously, there should be a discussion between
the teacher and the students and among the students
themselves about the role of MnO, in the reaction.
Later on, the teacher notes in the explanation of the
experiment’s reaction kinetics that water is a catalyst
for this reaction. However, it should be emphasized
that a catalyst does not create conditions for a reaction
that would not occur otherwise. Essentially, in
reactions with very low speeds, catalysts increase the
reaction speed by reducing the activation energies of
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the reactants and increasing their collision frequencies.
Catalysts that decrease speed are called inhibitors.

Thus, knowledge about the main factors influencing
the speed of chemical reactions is generalized: (nature
of substances, surface area of substances, effect of
concentration, temperature effect, pressure effect,
catalyst effect).

e Nature (Activity) of Substances Involved in the
Reaction — The heightened reactivity of the substances
engaged in the reaction correlates positively with the
reaction’s pace. To illustrate this principle, the instructor
should procure three assay tubes and uniformly introduce
water into each. Subsequently, the first tube should
receive sodium (Na) metal, the second zinc (Zn) metal,
and the third copper (Cu) metal. Through this observation,
students will discern that the highly reactive sodium
metal manifests a more vigorous response to water, the
moderately reactive zinc metal displays a comparatively
subdued reaction, and the inert copper (Cu) metal, as
anticipated, remains unresponsive to water.

e Variation in the Surface Area of
Substances — In heterogeneous reactions, the surface
area or granularity of solid substances directly
influences the reaction speed. To illustrate this,
by acquiring two assay tubes, and adding an equal
measure of 0.5 mol/l chloride solution to each, the
instructor can proceed. Subsequently, introduce m
grams of zinc (Zn) metal into the first tube and m
grams of finely powdered zinc dispersed in the second
tube. Observing the disparate reaction rates between
the two tubes, students will discern that the reaction
in the second tube occurs more expeditiously.

In order to facilitate the students’ application of
the acquired knowledge to problem-solving, we
present the impact of other factors influencing the
rate of chemical reactions in the following schematic
representation (Abbasov, 2013: 129-134):

Scheme 2.

Affect of the catslyst
Reactvons with the

prescnce of a catalyst
are called catalytsc
TERELi0
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Stage IV. — Reaction rate formulas according
to the factors affecting the reaction rate. Catalytic
reaction is divided into homogeneous analysis (when
the reactants, received substances, as well as the
catalyst are in the same aggregate) and heterogeneous
analysis (when the reactants, received substances, as
well as the catalyst are in different aggregates).

Elaboration Stage — In order to develop students’
essential skills and foster creative thinking related to
the topic, the teacher directs targeted questions:

Based on the knowledge gained from discussions,
answer the following questions:

1. Explain the importance of catalysts for living
organisms based on examples from your daily life
(Kutu, 2011: 29-60).

2. While engaging in sports or consuming food,
millions of chemical reactions occur in our bodies.
What factors contribute to the occurrence of such
chemical reactions? (Abbasov, 2018: 55-56).

In the direction of developing vital skills related to
thetopic, these questions, posedbothinterdisciplinarily
with the biology subject and integrated into our daily
lives, shed light on the integration of these questions
into the overarching sciences.

Stage V: Evaluation Stage. In this stage, students
are given a classroom assignment aimed at reinforcing
their knowledge and skills related to the topic:

Students are given colorful cards with tasks, and
are required to independently work on the assigned
tasks related to the topic:

1. Substances that change the speed and activation
energy of chemical reactions but remain unchanged
in the end are called |------------ .

2. If a reaction with a temperature coefficient
of 2 reaches completion in 20 minutes at 20°C, how
many minutes will it take for the same reaction to
complete at 50°C? ,---------

3. Catalysts in the same phase as the reacting
substances or reactants are called ;
----, while catalysts in different phases are referred to
as 4

4. Catalyst’s energy of the activated complex s---

5. The principle of dependence of the reaction
rate on temperature is 4-------------------

6. When the temperature coefficient of the
reaction rate is 2, as the temperature decreases from
60°C to 40°C, how does the reaction rate change? ,---

...............................................................................

7. N2 +3H2 — 21>IH3 reaction rate with respect
to ammonia is 0,6 —— T san’ alnd the reaction rate with
respect to hydrogen is (7, m)

8. In this reaction that occurs at a constant
temperature, 3X(q) + Y(q) — X3Y:

9. Reaction rate in case of doubling substance X
concentration on ¢--------

10.Reaction rate in case of halving substance Y
concentration ,,--------

11.The minimum energy required for a chemical
reaction to occur is referred to as |;-------------

12.1f the volume of the reaction vessel is halved
the rate of the reaction is ,---------

13.Catalysts that increase the speed of chemical
reactions are called ;3------------------ , and those that
decrease it are called |,

14.When the volume of the container in Wthh the
reaction 2SO, + O, — 2SO0, occurs is reduced by
half, the speed of the reaction is ;5---------

Thus, the evaluation of the results of experimental
assignments based on interdisciplinary and cross-
disciplinary integration during the lesson is carried
out using a predetermined criterion table.

Conclusion

1. The pedagogical methodology of instructing
the subject “Influential Factors on Chemical Reaction
Rates” inthe eighth-grade chemistry curriculum within
general education institutions has been formulated
by investigating and applying, thereby establishing

a constructive and developmental instructional
environment in alignment with contemporary
educational system requirements through the

application of novel pedagogical technologies.

2. In the instruction of the subject “Influential
Factors on Chemical Reaction Rates,” an illustrative
lesson plan, amalgamating both theoretical and
empirical knowledge pertaining to the subject with
the everyday experiences of students, has been
devised. The implementation of the 5E instructional
model, emphasizing the creation of an interconnected
comprehension of theoretical-empirical knowledge
and the application of skills in daily life, has been
employed to cultivate both theoretical and practical
competencies in students, particularly in resolving
empirical assignments and laboratory experiments.

3. To facilitate the instruction of topics related
to chemical kinetics, apt laboratory experiments and
empirical assignments have been curated to evaluate
and cultivate students’ proficiency in applying their
accrued knowledge in novel situations. This endeavor
aims to augment students’ capabilities in applying
their acquired knowledge in the direction of subject
instruction and for evaluative purposes.
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