K scoreLab

Concept QuickStart - Methods of Preparation of Haloalkanes

Unit: Unit 6: Haloalkanes and Haloarenes

Subject: For CBSE Class 12 Chemistry

SECTION 1: UNDERSTANDING THE CONCEPT

Preparing haloalkanes is an exercise in strategic molecular surgery. It is not merely about
mixing chemicals; it is about the targeted introduction of halogen atoms into a hydrocarbon
framework. The choice of "starting material"—be it a stable alkane, a reactive alkene, or a
versatile alcohol—dictates the chemical mechanism employed, the reagents required, and
the ultimate purity of your product. For the Board examiner, your ability to select the correct
"pathway" based on the starting material is the primary measure of your organic chemistry
mastery.

1.1 What Is the Preparation of Haloalkanes? (Core Idea and Anchor Definition)

At the most fundamental level, imagine a hydrocarbon backbone as a scaffold. Preparing a
haloalkane is the process of replacing a specific hydrogen atom on that scaffold with a
halogen (F, CL, Br, or I).

At the particle level, this is a competition for carbon. The "type" of carbon—primary (1°),
secondary (2°), or tertiary (3°)—determines how easily a C-H bond breaks and how effectively
an incoming halogen "attacker" can reach its target. A primary carbon at the end of a chain is
highly accessible, while a tertiary carbon is shielded by surrounding alkyl groups. This Steric
Hindrance and the stability of the resulting intermediates control the reaction speed and the
productyield.

Anchor Definition:

The preparation of haloalkanes involves the introduction of a halogen atom into a
hydrocarbon through the free radical substitution of alkanes, electrophilic addition to
unsymmetrical or symmetrical alkenes, or nucleophilic substitution of the hydroxyl (OH)
group in alcohols.

The Strategic Correction: Students often erroneously believe that the halogen itself dictates
the reaction speed. In reality, the carbon environment (degree of substitution) is the
commanding factor. The Board expects you to recognize that a 3° carbon will behave
fundamentally differently than a 1° carbon, regardless of which halogen is being introduced.

1.2 Why Preparation Methods Matter

In the industrial and pharmaceutical world, predictability is everything. These methods are
the building blocks for synthesizing life-saving drugs, agricultural pesticides, and essential
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polymers. From a Board Exam perspective, this topic is high-yield because it tests your ability
to predict major products and understand "regioselectivity"—knowing exactly which carbon
the halogen will bond to. Mastery here ensures you do not lose marks on "Complete the
Following Reaction" questions.

1.3 Why These Concepts Exist

Chemists developed multiple synthesis routes to solve a basic economic and structural
problem: how to convert cheap, abundant raw materials into high-value halides.

e Alkanes are abundant in petroleum but are chemically "lazy," requiring high energy.
e Alcohols are easily synthesized and allow for high-precision replacement.
In the real world, these preparations lead to:
1. Pharmaceuticals: Synthetic intermediates for complex drug molecules.
2. Polymer Intermediates: Precursors for materials like PVC.
3. Industrial Solvents: Producing cleaners like dichloromethane and chloroform.
1.4 Analogies and Mental Image
To navigate these reactions, use the "Three Routes to Destination" model:

o The Long Road (Alkane to Haloalkane): Like a motorcycle crashing into a row of
parked cars; UV light ignites the reaction, leading to a messy, non-selective
replacement of any available H-atom.

e The Detour (Alkene to Haloalkane): Like a bridge being added across a gap; halogens
add across a double bond with mathematical predictability.

e The Direct Road (Alcohol to Haloalkane): Like replacing a faulty component; a
specific reagent swaps the OH group for a halogen with surgical precision.

Visualize this through three specific Workstations in a molecular factory:

o Workstation 1 (Alkane + CL,/UV): "Random Bombardment." High-energy UV light
shatters Cl, into radicals that attack the alkane at any point, creating a complex
mixture of isomers.

o Workstation 2 (Alkene + HX/X,): "Clean Addition." Reagents add across the double
bond, specifically following rules of stability (like Markovnikov’s Rule).

o Workstation 3 (Alcohol + SOCL,/PCL;): "Targeted Replacement." The reagent ignores
the hydrocarbon chain and specifically "plucks" the OH group, replacing it with a
halogen.

This is what Methods of Preparation looks like in your mind's eye.
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1.5 Everyday Context and Applications

You can observe the lack of selectivity in alkanes in the lab. When hexane is mixed with Br,
under UV light, the reddish-brown color fades, but the resultis a "messy" mixture of 1-
bromohexane, 2-bromohexane, and 3-bromohexane.

Conversely, the industrial production of PVC (Polyvinyl Chloride) relies on the "Addition to
Alkenes" route. This method is the backbone of the plastic industry because itis clean and
produces a single, reliable product.

The Counterintuitive Reality: While Free Radical Substitution seems like the "easiest"
method (just add light), it is actually the worst for high-precision synthesis. Its lack of
selectivity leads to massive product wastage, making it a "last resort" for a chemist seeking a
specific pure isomer.

SECTION 2: WHAT THE TEXTBOOK SAYS (NCERT)

CBSE marking schemes are built strictly on NCERT conditions. You must memorize specific
reagents, as "near enough" is not good enough for a perfect score.

2.1 NCERT Key Statements

1. Preferred Route: Alcohols are the most preferred starting materials because they are
easily accessible and provide the most direct path to pure alkyl halides.

2. The SOCL, Advantage: Thionyl chloride (SOCL,) is the superior reagent for converting
alcohols to alkyl chlorides. The byproducts (SO, and HCLl) are both gases that escape
the reaction mixture, leaving behind a pure, ready-to-use haloalkane.

3. Catalytic Requirements: The reaction of primary and secondary alcohols with HCL
requires a ZnCl, catalyst (Groove's Process) to facilitate bond breaking. Tertiary
alcohols react simply by shaking with concentrated HCl at room temperature.

4. Alcohol Reactivity Order: For any given haloacid, the reactivity order is always 3° > 2°
>1°.

5. Free Radical Initiation: Alkanes require UV light or high heat to initiate halogenation.
In the dark, the reaction remains dormant.

6. Halogen Exchange (The Named Reactions):

o Finkelstein Reaction: R-X + Nal in dry acetone > R-I + NaX. Crucially, NaCl or
NaBr precipitates in dry acetone, which, according to Le Chatelier’s Principle,
facilitates the forward reaction by removing products from the solution.

o Swarts Reaction: Synthesis of alkyl fluorides using metallic fluorides like AgF,
Hg,F,, or CoF,.
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7. In Situ Generation: Phosphorus tribromide (PBr;) and triiodide (Pl;) are not usually
stored; they are generated in situ by reacting red phosphorus with bromine or iodine
respectively.

8. The Phenol Limitation: These methods cannot be used to prepare aryl halides
(haloarenes) from phenols. This is because the C-O bond in phenol has a partial
double bond character due to resonance, making it much stronger and harder to
break than the single bond in an alcohol.

2.2 NCERT Examples and Distinctions

o Test for Unsaturation: The addition of Br, in CCl, to an alkene causes the discharge of
the reddish-brown color of bromine, forming a colorless vic-dibromide.

o Halide Classification:
o Geminal (Gem-dihalides): Two halogen atoms on the same carbon.
o Vicinal (Vic-dihalides): Two halogen atoms on adjacent carbons.

e Markovnikov’s Rule: In the addition of HX to unsymmetrical alkenes, the halogen
atom attaches itself to the carbon atom possessing the fewer number of hydrogen
atoms.

o Specific Concentrations: NCERT notes that constant boiling with 48% HBr is used for
preparing alkyl bromides, and 95% orthophosphoric acid (H,PO,) is required for high
yields of alkyl iodides from alcohols and KI.

SECTION 3: CLARITY AND MEMORY
3.1 Key Clarity Lines (Exam-Safe Rules)

o Energy Barrier: Free Radical Substitution is strictly non-spontaneous; it absolutely
requires UV light or heat to generate the radicals needed to start the chain.

e Spontaneity: Unlike alkanes, the addition of halogens across an alkene double bond
is spontaneous and occurs readily at room temperature.

o Surgical Precision: Reagents like PCl;, PCl;, and SOCL, target only the OH group. The
rest of the hydrocarbon chain remains chemically "invisible" to these reagents.

e Method Choice is Non-Negotiable: You cannot use "addition" logic on an alkane. The
starting material (single vs. double bond) dictates the entire legal framework of the
reaction.

o Regiochemistry: In Br, addition to alkenes, both bromine atoms must reside on the
same two carbons that originally shared the double bond.
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e Aromatic Nuance: While aliphatic halogenation uses light, Aromatic Electrophilic
Substitution (to make haloarenes) is carried out in the dark using a Lewis acid catalyst
(Fe or FeCl,) to prevent unwanted side-chain radical substitution.

o Byproduct Logic: Always remember why SOCL, is favored: the SO, and HCl produced
are gases. They simply drift away, saving the chemist the difficult task of purification.

3.2 How to Remember Preparation Methods
The Mnemonic: "FREE = FREE-FOR-ALL"

o Free Radical Substitution: A "Free-for-all" where the halogen attacks any H-atom it
hits.

o Active Addition: Alkenes are "Active" and focused, snapping up halogens across the
double bond.

o Selective Substitution: Alcohols are "Selective," swapping the OH for a halogen
without disturbing the rest of the molecule.

The Memorable Phrase:
"LIGHT FOR RADICALS, HEAT FOR NOTHING, REAGENT FOR ALCOHOLS."

Physical Gestures:

o The Wiggle: Wiggle your fingers randomly to represent the uncontrolled, messy attack
of radicals in alkanes.

o The Converge: Bring your hands together from two sides into a single point to
represent halogens adding to an alkene.

e The Pluck: Use a "plucking" motion with your thumb and forefinger to represent the
surgical removal of the OH group and its replacement with a halogen.

The Extreme Association: Think of method selection as a high-stakes industrial contract. If
you choose the wrong method (e.g., trying to use substitution on an alkane without light), you
get zeroyield. In the industry, this is a multi-million dollar disaster; in your Board Exam, itis a
loss of 3-5 marks. Precision in method selection is the only gateway to a 100% score in
Organic Chemistry.

© ScorelLab 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.



