Chemical Reactions & Enzyme Kinetics
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Chemical Reactions & Enzyme Kinetics
Comprehensive Assessment Portal

Welcome to your diagnostic assessment.

This module evaluates your understanding of thermodynamics, enzymatic mechanisms, and
chemical equations.

Questions progress from foundational recall (' evel T2 Wint Green) to critical system evaluation
(Level 4: Deep Violet). Answers are strictly locked until the final diagnostic report.
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LEVEL 1: FOUNDATIONS | Reaction Characteristics

Question 1: A car with shining chrome develops rust over

time, forming iron oxide (Fe203). This is an example of a: Question 2: Boiling water alters the chemical
composition of H20, making it a chemical reaction.

A) Physical change B) Chemical reaction [T/F]

C) State transition D) Thermodynamic balance

M Gemini Notebook



I LEVEL 1: FOUNDATIONS | Biological Catalysts BIO ZONE | Prepared by Rania Adel

Question 3: Match the specific digestive enzyme to its precise biological function.

-------------------------------------------------

Amylase 7 Slot A: Breaks down proteins
Lipase ; Slot B: Breaks down fats E
E Slot C: Speeds the breakdown of
Protease »

:. starch (amylose)

TR ——————— . ————_ . —————_———_—_—— ——

Question4:A IS a substance that lowers the activation energy needed to start a
chemical reaction without getting used up.

M Gemini Notebook
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LEVEL 1: FOUNDATIONS | The Rules of Matter

Yields

Reactants —— Products

Question 5: Which fundamental principle states that in chemical reactions, matter cannot be
created or destroyed?

A) Law of Energy Conservation C) Law of Conservation of Mass

B) Law of Thermodynamics D) Law of Activation Energy

Question 6: In a written chemical equation, what is the specific term for the starting
substances located on the left side of the arrow?

M Gemini Notebook
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LEVEL 2: APPLICATION | Thermodynamics Matrix

Question 7: Complete the diagnostic matrix based on energy changes in chemical
reactions.

Feature Exothermic Reaction Endothermic Reaction
Energy of Productsvs || .
Reactants  |i Energy of products is greater.
Heat Transfer Releases heat energy

------------------------------------

-------------------------------------

Biological / Real-world

Example Photosynthesis / Cold pack

------------------------------------
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LEVEL 2: APPLICATION | Visualizing Mechanism

(

| | | |
/
| H | |

Question 8: Question 9:
Identify the core components of the enzyme mechanism by assigning Explain why the relationship between the
the correct terms to the empty boxes on the diagram. substrate and the active site is often

— compared to ‘puzzle pieces fitting together’.
Enzyme  Substrate Active Site  Enzyme-Substrate Complex  Product

M Gemini Notebook
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LEVEL 2: APPLICATION | Equation Mechanics
Question 10 (Math Connection / Balancing):
Part A: For the following chemical reaction, label the reactants and the products.

Part B: Apply the Law of Conservation of Mass by adding the correct coefficients to balance the

___H202—>__ _H20+__ 02

Question 11 (Cause and Effect): If a coefficient is changed in a chemical equation, what
mathematical action must you take with the subscript of each element to verify the equation
Is balanced?

M Gemini Notebook



RV VNG | Interpreting Energy Diagrams

Energy

Reatanis
X+Y

Activation
energy

Activation
energy

Reaction progress

BIO ZONE | Prepared by Rania Adel

Question 12: Analyze the energy diagram provided.
Two reaction pathways are shown (Green Curve and
Orange Curve) for Reactants X+Y forming Product XY.

A) Which curve represents the reaction occurring
WITH a biological catalyst?

B) Justify your answer by defining the specific
metric indicated by the vertical arrows.

M Gemini Notebook
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[A Temperature Shift J) 9 &[A Inhibitor Binding ]

A pH Imbalance

Question 13: Question 14:

Enzymes in human cells are most active at an Contrast the two primary mechanisms by
optimal temperature close to 37°C. Explain which inhibitors reduce or block enzyme
the specific cascading effect on enzyme activity. (Focus your answer on their
activity if the environmental temperature interaction with the active site).

moves drastically away from this optimal level.

A Gemini Notebook
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LEVEL 3: ANALYSIS | System Integration

CH:,O¢ + 60, = 6CO, + 6H,0

Question 15: Cellular respiration provides energy for human cells by breaking down glucose.

A) Based on how your body maintains its core temperature despite energy transfer to the
environment, classify cellular respiration as either endothermic or exothermic.

B) Defend your classification using the definitions of bond energy and heat release.

M Gemini Notebook



LEVEL 4: CRITICAL THINKING | Extreme Ecosystems

Question 16 (Hypothesis Generation):

Certain extremophile bacteria live in hydrothermal
vents where the surrounding water temperature
remains consistently over 100°C. Hypothesize the core
reason these bacteria could NOT survive if introduc-
ced into the human body. Focus your explanation
strictly on the structural integrity and optimal activity
parameters of their enzymes.

BIO ZONE | Prepared by Rania Adel
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LEVEL 4: CRITICAL THINKING | System Breakdown
R T S A i = 2 R N R~ w—.( |

Question 17 (System Evaluation):
What in-a fund of inteription?

When a person is bitten by a venomous
snake, specific enzymes within the venom
enter the bloodstream.

Evaluate the cellular impact of this event.
What exact biological structures do these
venom enzymes target, and how does this
demonstrate the principle that enzymes
are "specific to one reaction’?




( SYSTEM DIAGNOSTIC: ANSWER KEY | Level 1

Q1: B) Chemical reaction

BIO ZONE | Prepared by Rania Adel

@

Q4: Catalyst

Q2: False (It is a physical change)

Q5: C) Law of Conservation of Mass

Q3: Amylase -> C (Starch)

Q6: Reactants

Lipase -> B (Fats)

Protease -> A (Proteins)




SYSTEM DIAGNOSTIC: ANSWER KEY | Levels 2 & 3
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( LEVEL 2: INTERMEDIATE APPLICATION

P

~

Q7: Exothermic: Energy
of products is less;
Cellular Respiration.
Endothermic:
Absorbs heat energy.

7

Q8: Diagram labels
(L to R): Substrates,
Active Sites, Enzyme,
Enzyme-substrate
complex, Product.

! -

Q9: They have
complementary,
specific shapes

that only fit toget|

exactly.

=

QI10:

Reactants: H202 |
Products: H20, 02.
Balanced: 2 H202
>2H20+102

Qill:
Multiply the
coefficient by

the subscript.

LEVEL 3: ADVANCED ANALYSIS

Q12: A) Green Curve
(lower peak).

B) It has a lower activation
energy indicated by a
shorter vertical arrow.

Q13: Activity

decreases; extreme the active site (blocking),
shifts change the OR binding elsewhere
active site's shape. and changing the active

Q14: Binding directly to

site's shape.

Q15: Exothermic.
It releases heat
energy to maintain
body temperature.

T

M Gemini Notebook
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SYSTEM DIAGNOSTIC: ANSWER KEY | Level 4 Model Answers

Q16 (Extremophiles) - Model Answer Key Points:

Each enzyme has an optimal temperature. The bacteria's enzymes are
optimized for 100°C. In the human body (37°C), the temperature is far below
their optimal range. Consequently, their enzymatic activity would decrease
drastically or stop altogether, preventing survival.

Model Answer

Q17 (Venom Breakdown) - Model Answer Key Points:

The venom enzymes specifically target and break down the membranes of
the person’s red blood cells. This demonstrates specificity because the venom
enzymes possess active sites perfectly shaped to bind only with the
structural substrates comprising the red blood cell membrane, rather than
attacking all random cells indiscriminately.
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