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Concept QuickStart – Temperature Dependence of the Rate of a Reaction 

Unit: Unit 3: Chemical Kinetics  

Subject: For CBSE Class 12 Chemistry 

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

SECTION 1: UNDERSTANDING THE CONCEPT 

In the study of chemical kinetics, temperature serves as the ultimate strategic "accelerator." 
While concentration determines the frequency of molecular encounters, temperature 
fundamentally dictates the energy and efficiency of those encounters. It is the primary factor 
that allows us to control the feasibility of industrial processes and the stability of biological 
systems. By manipulating heat, we can transform a sluggish, impractical reaction into a high-
speed production line or preserve the integrity of life-saving medicines. Understanding this 
dependence is not merely about observing that "heat makes things faster"; it is about 
grasping the exponential power of thermal energy to overcome chemical barriers. 

1.1 What Is Temperature Dependence? (Core Idea and Anchor Definition) 

• At the simplest level: Imagine a hall full of students taking a high-stakes chemistry 
exam. If the room is freezing, students might feel sluggish, their fingers stiff and their 
thinking slow. They solve problems at a standard, perhaps slow, pace. However, if the 
room is perfectly warmed and optimized, their alertness increases, and they solve 
problems much faster. Note a crucial distinction: the test doesn't get shorter or 
easier; the students simply get through it faster. In a reaction, warmth is the energy 
boost that allows molecules to process through their chemical "questions" with 
significantly higher speed. 

• The Particle Level: At the molecular level, particles in a substance possess a range of 
kinetic energies. For a reaction to occur, particles must collide with a minimum 
"threshold" energy known as Activation Energy (Ea). When we raise the temperature, 
we aren't just making molecules move faster; we are exponentially increasing the 
fraction of molecules that have enough energy to jump the Ea barrier. 

• Anchor Definition: Reaction rate is influenced by temperature, typically increasing 
exponentially, often doubling or tripling for every 10°C rise. 

• Correction of Misunderstandings: It is vital to distinguish between "Rate" and 
"Amount" (Yield). Temperature increases the speed (rate) at which products form per 
unit time, but it does not necessarily increase the total amount of product the reaction 
can eventually produce. 

1.2 Why Temperature Dependence Matters 



 

© ScoreLab by Profsam.com   
Designed to help CBSE Class 12 students improve conceptual clarity and score up to 30% more marks in 
Physics, Chemistry, and Mathematics. 

Profsam.com 

• Strategic Impact: This concept explains why we use "cold chains" for vaccines and 
refrigerators for milk. Without temperature control, food spoilage reactions would 
occur at a rate that makes modern storage impossible. In chemical manufacturing, 
failing to account for temperature acceleration can lead to "thermal runaway," where a 
reaction produces heat, which then speeds up the reaction further, potentially leading 
to industrial explosions. 

• Board Focus: For CBSE students, this is a cornerstone of Unit 3. Mastering the 
conceptual side of temperature dependence is the prerequisite for scoring on 
numerical problems involving the Arrhenius equation and predicting reaction 
timescales. 

1.3 Why This Concept Exists 

• Problem Solving: We need a quantitative tool to distinguish between instantaneous 
reactions (like an airbag deploying) and those that take years (like the rusting of a 
bridge). 

• Historical & Practical Context: In 1889, Svante Arrhenius provided the first 
mathematical framework to describe this relationship. Today, this is used in the 
pharmaceutical industry to calculate shelf life and by environmental scientists to 
predict how fast pollutants decompose in varying climates. 

1.4 Analogies and Mental Image 

• Primary Analogy (The Hill): Imagine a group of hikers attempting to cross a steep 
mountain pass to reach a valley. The height of the pass is the Activation Energy (Ea). 

• Mapping: 

1. Hill Height = Activation Energy (the fixed barrier). 

2. Climbing Energy = Molecular Kinetic Energy (the energy hikers possess). 

3. Successful Crossers = Reaction Rate (how many make it over per minute). 

4. The Pass Height = Unchanged (Crucial: Temperature does not lower the 
barrier; it only gives hikers more "leg power" to climb it). 

• Alternative Analogy: Think of "Popcorn Popping." At 50°C, the kernels remain silent. 
Once you reach a specific temperature threshold, they suddenly begin popping rapidly. 
This represents the discrete energy threshold required for a reaction to "take off." 

• Mental Image (The Molecular Stadium): Picture a stadium where the finish line is at 
the top of a hill. At 10°C, molecules are like "blue," sluggish sprinters who give up 
halfway. At 50°C, they are "red," energized athletes. The hill (Ea) hasn't moved, but now 
a massive crowd is surging over the finish line every second. 
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• Closing: This is what temperature dependence looks like in your mind's eye: it is not 
the barrier getting lower, but the molecules getting stronger. 

1.5 Everyday Context and Applications 

• Observable Phenomenon (Rusting): Iron in a fridge (4°C) stays shiny for weeks. The 
same iron in a warm, 60°C environment will show visible rust in hours. The 56°C 
difference accelerates the oxidation rate many times over. 

• Technology Application (Thermal Runaway): Engineers design cooling jackets for 
reactors to prevent heat-induced acceleration. Because the rate increases 
exponentially with heat, an uncontrolled temperature rise can turn a safe reaction into 
a disaster in seconds. 

• The 3% vs 300% Paradox: In CBSE conceptual questions, you might be asked why a 
10°C rise has such a huge effect. On the Kelvin scale, moving from 25°C to 35°C (298K 
to 308K) is only a ~3.3% increase in absolute temperature. However, because the 
relationship is exponential, that tiny 3% "push" can cause a 200–300% increase in the 
reaction rate. 

While Section 1 provides the conceptual intuition of "why" reactions accelerate, the following 
section provides the formal language and specific examples from the NCERT textbook that 
examiners expect in your answers. 

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

SECTION 2: WHAT THE TEXTBOOK SAYS (NCERT) 

The NCERT curriculum emphasizes that while thermodynamics determines if a reaction is 
feasible (DG < 0), kinetics determines if it happens at a perceptible speed. A diamond 
converting to graphite is thermodynamically feasible, but its kinetic rate is so slow that the 
change is never observed. 

2.1 NCERT Key Statements 

• Chemical kinetics deals with the speed of reactions and the factors controlling it. 

• The rate of a reaction is influenced by experimental conditions: concentration, 
temperature, and catalysts. 

• For a gaseous reaction at constant volume, the rate can be expressed as the change in 
partial pressure of the species over time (measured in atm s-1). 

• Thermodynamic feasibility (DG < 0) does not guarantee a perceptible rate. 

• Temperature dependence is mathematically linked to the rate constant (k) within the 
integrated rate equations. 

2.2 NCERT Examples and Distinctions 
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• Specific Examples: 

o Decomposition of N2O5: This occurs in CCl4 and is a First Order reaction. 
NCERT specifically notes studies of this at 318K. 

o Decomposition of HI: The thermal decomposition of HI on a gold surface is a 
classic Zero Order reaction. 

• Key Distinctions: 

o Thermodynamics vs. Kinetics: Thermodynamics predicts "if"; Kinetics 
predicts "how fast." 

o Average Rate vs. Instantaneous Rate: Average rate is Delta[R]/Delta t over a 
time interval. Instantaneous Rate is d[R]/dt, the speed at a specific moment 
(the slope of a tangent). 

o Elementary vs. Complex Reactions: Elementary reactions occur in one step; 
complex reactions occur in a sequence (mechanism), where the slowest step is 
the rate-determining step. 

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

SECTION 3: CLARITY AND MEMORY 

In the high-pressure environment of a Board Exam, it is easy to confuse different kinetic 
factors. Use these anchors to keep your concepts straight. 

3.1 Key Clarity Lines 

1. Temperature does NOT lower activation energy; it only increases the fraction of 
molecules that can overcome it. 

2. Activation Energy (Ea) is a constant property of a reaction; heating the flask does not 
change the height of the "hill." 

3. A higher Ea makes a reaction MORE sensitive to temperature changes. 

4. Reaction rate is ALWAYS a positive quantity. For reactants, we use a negative sign 
(e.g., -Delta[R]/Delta t) as a mathematical convention to cancel out the decreasing 
concentration and ensure the final rate is positive (as per NCERT Page 63). 

5. Temperature dependence is always positive: as T increases, the rate constant (k) and 
the rate always increase. 

3.2 How to Remember Temperature Dependence 

• Mnemonic (EXP-T): Use EXP-T to remember the nature of the change: 

o Exponential effect (The graph is a curve, not a line). 
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o X-factor (The "Exponential Factor" creates a massive power-up in rate). 

o Per 10°C (The standard benchmark for comparison). 

o Triple or Double (The typical result of that 10°C rise). 

• Memorable Phrase: "Warm molecules are energetic molecules—temperature 
multiplies reaction rate, it doesn't just add to it." This fixes the common error of treating 
temperature as a linear factor. 

• Physical Gesture (The Accelerating Hand Motion): Start with your hands rubbing 
together slowly (low T). As you think about increasing temperature, transition to rapid, 
energetic rubbing. This physical sensation represents the exponential growth of 
collision frequency and energy. 

• Extreme Association: "Remember the 10°C rule or lose marks on every numerical." If 
your predicted reaction time doesn't drop significantly when temperature increases, 
check your math! A 10-degree miss can make your prediction off by hours, not 
minutes. 

 


