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When Br2 interacts with CCl4 there is dipole - induced dipole interaction between the molecules and bromine gives Br+ and Br-, Br+ attacks as an electrophile on alkene and undergoes electrophilic addition reaction. Also to know is, what major product is formed when Heptyne is treated with br2 in CCl4?Answer: Option A is the Answer. produces a
trans product that is, a alkenyl bromide. It is a trans intermediate on further halogenations produces a tetrabromopentane.Also, will br2 dissolve in CCl4? Br2 is much more soluble in tetrachloromethane,CCl4, than it is in water. Just so, what happens when br2 is added to ethylene? The electrophilic addition of bromine to ethene The double bond
breaks, and a bromine atom becomes attached to each carbon. The bromine loses its original red-brown color to give a colorless liquid. In the case of the reaction with ethene, 1,2-dibromoethane is formed.Why CCl4 is used in Hunsdiecker reaction?The Hunsdiecker reaction (also called the Borodin reaction or the Hunsdiecker-Borodin reaction) is a
name reaction in organic chemistry whereby silver salts of carboxylic acids react with a halogen to produce an organic halide. CCl4 just acts as a solvent which is actually used for the smooth conduct of the reaction. The Reactions of Alkanes, Alkenes, and Alkynes Alkanes Alkenes and Alkynes Alkanes In the absence of a spark or a high-intensity light
source, alkanes are generally inert to chemical reactions. However, anyone who has used a match to light a gas burner, or dropped a match onto charcoal coated with lighter fluid, should recognize that alkanes burst into flame in the presence of a spark. It doesn't matter whether the starting material is the methane found in natural gas, CH4(g) + 2
02(g) CO2(g) + 2 H20(g) the mixture of butane and isobutane used in disposable cigarette lighters, 2 C4H10(g) + 13 0O2(g) 8 CO2(g) + 10 H20(g) the mixture of C5 to C6 hydrocarbons in charcoal lighter fluid, C5H12(g) + 8 O2(g) 5 CO2(g) + 6 H20(g) or the complex mixture of C6 to C8 hydrocarbons in gasoline. 2 C8H18(l) + 25 02(g) 16 CO2(g) +
18 H20(g) Once the reaction is ignited by a spark, these hydrocarbons burn to form CO2 and H20 and give off between 45 and 50 k] of energy per gram of fuel consumed. In the presence of light, or at high temperatures, alkanes react with halogens to form alkyl halides. Reaction with chlorine gives an alkyl chloride. light CH4(g) + Cl2(g) CH3Cl(g) +
HCI(g) Reaction with bromine gives an alkyl bromide. light CH4(g) + Br2(1) CH3Br(g) + HBr(g) Alkenes and Alkynes Unsaturated hydrocarbons such as alkenes and alkynes are much more reactive than the parent alkanes. They react rapidly with bromine, for example, to add a Br2 molecule across the C=C double bond. This reaction provides a way
to test for alkenes or alkynes. Solutions of bromine in CCl4 have an intense red-orange color. When Br2 in CCl4 is mixed with a sample of an alkane, no change is initially observed. When it is mixed with an alkene or alkyne, the color of Br2 rapidly disappears. The reaction between 2-butene and bromine to form 2,3-dibromobutane is just one example
of the addition reactions of alkenes and alkynes. Hydrogen bromide (HBr) adds across a C=C double bond to form the corresponding alkyl bromide, in which the hydrogen ends up on the carbon atom that had more hydrogen atoms to begin with. Addition of HBr to 2-butene, for example, gives 2-bromobutane. H2 adds across double (or triple bonds) in
the presence of a suitable catalyst to convert an alkene (or alkyne) to the corresponding alkane. In the presence of an acid catalyst, it is even possible to add a molecule of water across a C=C double bond. Addition reactions provide a way to add new substituents to a hydrocarbon chain and thereby produce new derivatives of the parent alkanes. In
theory, two products can form when an unsymmetric reagent such as HBr is added to an unsymmetric C=C double bond. In practice, only one product is obtained. When HBr is added to 2-methylpropene, for example, the product is 2-bromo-2-methylpropane, not 1-bromo-2-methylpropane. In 1870, after careful study of many examples of addition
reactions, the Russian chemist Valdimir Markovnikov formulated a rule for predicting the product of these reactions. Markovnikov's rule states that the hydrogen atom adds to the carbon atom that already has the larger number of hydrogen atoms when HX adds to an alkene. Thus, water (H OH) adds to propene to form the product in which the OH
group is on the middle carbon atom. Organic Chemistry: Structure and Nomenclature of Hydrocarbons Structure and Nomenclature of Hydrocarbons | Isomers | The Reactions of Alkanes, Alkenes, and Alkynes | Hydrocarbons | Petroleum and Coal | Chirality and Optical Activity Periodic Table |
Periodic Table | Glossary | Cool Applets Gen Chem Topic Review | General Chemistry Help Homepage | Search: The general chemistry web site. Did this video help you?Alkenes undergo addition reactions in which atoms of a simple molecule add across the C=C double bondWhen bromine is reacted with an
alkene a dibromoalkane is formedThe reaction between bromine and ethene is an example of an addition reaction and forms dibromoethane The same process works for any halogen and any alkene in which the halogen atoms always add to the carbon atoms across the C=C double bondBromine atoms add across the C=C in the addition reaction of
ethene and bromineAlkanes and alkenes have different molecular structuresAll alkanes are saturated and alkenes are unsaturatedThe presence of the C=C double bond allows alkenes to react in ways that alkanes cannotThis allows us to tell alkenes apart from alkanes using a simple chemical test called the bromine water testBromine water is used in
the test for alkenes as it is safer and easier to handle than bromineBromine water is an orange coloured solutionWhen bromine water is added to an alkane, it will remain as an orange solution as alkanes do not have double carbon bonds (C=C) so the bromine remains in solutionBut when bromine water is added to an alkene:The bromine atoms add
across the C=C bondThe solution no longer contains free bromine so it loses its colour / decolourisesDiagram showing the result of the test using bromine water with alkanes and alkenesAlkenes are more reactive than alkanes due to the presence of the carbon-carbon double bond which contains an area of high electron density.Did this page help
you? Description: Treatment of alkenes with bromine (Br2) gives vicinal dibromides (1,2-dibromides). Notes: The bromines add to opposite faces of the double bond (“anti addition”). Sometimes the solvent is mentioned in this reaction - a common solvent is carbon tetrachloride (CCl4). CCl4 actually has no effect on the reaction, it’s just to distinguish
this from the reaction where the solvent is H20, in which case a bromohydrin is formed (see also). Notes: Again note that in the first example CCl4 is merely the solvent and in these cases has no effect on the reaction (unlike when water or alcohols are the solvent - see bromohydrin formation page). Sometimes “dark” is mentioned to distinguish this
reaction from cases where Br2 can promote bromination through a radical pathway. Mechanism: Attack of the alkene on bromine (Step 1, arrows A and B) gives the bromonium ion, which is attacked at the backside by bromide ion to give the trans-dibromo product. Note that the bromines are delivered to opposite sides of the alkene (“anti” addition).
Notes: Note that a 1:1 mixture of enantiomers will be formed in this reaction. The enantiomer formed will depend on which face of the alkene the bromine adds to. Additional examples: These examples show what happens when a chiral center is already present on the molecule; a mixture of diastereomers is obtained. The bottom example looks
complicated, but actually isn’t - we’re still just breaking C-C, and forming two C-Br bonds, just as with any other alkene. Try not to get freaked out by all the additional atoms in the molecule! (There are chiral centers in the starting material, so again we’re forming a mixture of diastereomers). Quiz Yourself! Click to Flip Click to Flip Click to Flip
Exam-Type Examples Click to Flip Click to Flip (Advanced) References and Further Reading: First example The Halogenation of Ethylenes Irving Roberts and George E. Kimball Journal of the American Chemical Society 1937 59 (5), 947-948 D0OI:10.1021/ja01284a507 One of the earliest descriptions in the literature of a three-membered bromonium
ion, accounting for the anti stereochemistry of this reaction. Mechanistic studies The question of reversible formation of bromonium ions during the course of electrophilic bromination of olefins. 2. The crystal and molecular structure of the bromonium ion of adamantylideneadamantane Slebocka-Tilk, R. G. Ball, and R. Stan Brown Journal of the
American Chemical Society 1985 107 (15), 4504-4508 DOI: 10.1021/ja00301a021 This paper describes the crystal structure of an isolated, stable bromonium ion. This is significant because it proves the intermediacy of these three-membered cyclic bromonium ions in the electrophilic addition of bromine to alkenes. Reference To An Experimental
Procedure Rufine Akué-Gédu and Benoit Rigo Org. Synth. 2005, 82, 179 DOI: 10.15227/orgsyn.082.0179 Real Life Examples: Org. Synth. 1932, 12, 26 DOI Link: 10.15227/orgsyn.012.0026 Click to Flip Org. Synth. 1938, 18, 17 DOI Link: 10.15227/orgsyn.018.0017 Click to Flip Org. Synth. 1932, 12, 36 DOI Link: 10.15227/orgsyn.012.0036 Click to Flip
Org. Synth. 1947, 27, 5 DOI Link: 10.15227/orgsyn.027.0005 Click to Flip Org. Synth. 1955, 35, 43 DOI Link: 10.15227/orgsyn.035.0043 Click to Flip Org. Synth. 1957, 37, 77 DOI Link: 10.15227/orgsyn.037.0077 Click to Flip Org. Synth. 1952, 32, 104 DOI Link: 10.15227/orgsyn.032.0104 Click to Flip Org. Synth. 1952, 32, 104 DOI Link:
10.15227/orgsyn.032.0104 Click to Flip Org. Synth. 1952, 32, 104 DOI Link: 10.15227/orgsyn.032.0104 Click to Flip Bromine water is an orange solution of bromine. It becomes colourless when it is shaken with an alkene. This has the effect of ‘saturating’ the molecule, and will turn an alkene into an alkane. Does hexene react with bromine? The
colour will be lost (decolorized) as the hex-1-ene reacts with the bromine (Br2). The hexene has a double bond (it is unsaturated) and is more reactive than the hexane (which has formed all the bonds it can and is saturated). The bromine ‘adds’ to the double bond in what is termed an addition reaction. Why is bromine water yellow? Pure bromine has
a very dark color, so bromine water should be yellowish to light orange in color. This reaction breaks the double bond and turns the solution from light orange to colorless. Here’s how two solutions, one containing an alkane and the other an alkene, look like after the addition of bromine water. When alkenes react with bromine water the Colour
changes? Bromine water is an orange solution of bromine. It becomes colourless when it is shaken with an alkene. Alkenes can decolourise bromine water, but alkanes cannot. What happens when an alkane reacts with bromine water? Alkanes and alkenes tend to be colourless. So, when bromine water is added to an alkane or alkene and mixed well,
initially the mixture turns a red-brown colour due to the bromine. As the bromination reaction proceeds, the reaction mixture de-colourises (loses its red-brown colour). What happens when an alkane reacts with bromine? In the presence of light, or at high temperatures, alkanes react with halogens to form alkyl halides. Reaction with chlorine gives an
alkyl chloride. Reaction with bromine gives an alkyl bromide. Unsaturated hydrocarbons such as alkenes and alkynes are much more reactive than the parent alkanes. Is hexene soluble in water? 1-hexene appears as a clear colorless liquid with a petroleum like odor. Flash point -9°F. Less dense than water and insoluble in water. When bromine is
added to a solution of 1-hexene in methanol? When bromine is added to a solution of 1-hexene in methanol, the major products of the reaction are as shown: 1,2-Dibromohexane is not converted to 1 -bromo-2-methoxyhexane under the reaction conditions. Suggest a reasonable explanation for the formation of l-bromo-2-methoxyhexane. What happens
when bromine reacts with water? Reactions: Bromine. Bromine reacts with water to produce hypobromite, OBr-. The pH of the solution determines the position of the equilibrium. Bromine is not reactive towards oxygen or nitrogen but it will react ozone at -78°C to form the unstable compound bromine(IV) oxide. What is the colour of bromine
solution? Teaching notes Colour after shaking with hydrocarbon solvent Reaction with potassium chloride solution Bromine water Aqueous layer: yellow-orange to colourless Hydrocarbon layer: colourless to pale yellow-orange No reaction Iodine solution Aqueous layer: brown to colourless Hydrocarbon layer: colourless to purple No reaction What is
the major product of the reaction of 2 hexene with bromine? The reaction of 2-methyl-2-hexene with bromine results in the formation of 2,3-dibromo-2-methylhexane. How does cyclohexene react with bromine water? However, the cyclohexene contains a reactve double bond which is high in electron density. Therefore it reacts with the bromine water
and causes the decolourising of the solution. What happens when alkenes come in contact with bromine? °Therefore, when alkenes come into contact with bromine water, they cause it to decolorize. °Alkanes do not react with spontaneously bromine water due to their saturated nature. °Bromine is non-polar and therefore dissolves more readily in a
non-polar alkane than in polar water. What happens when bromine is mixed with ethene? For example, ethene reacts with bromine water to give 1,2 dibromo ethanes. The reaction takes place at room temperature if the reactants are in the gaseous state (ethene). Colour of the bromine water solution is decolourized as it reacts with ethene. Can a
benzene react with a bromine water test? 1. Does benzene undergo bromine water test? Answer: No. Even though benzene has an unsaturated double bond, they have stable delocalized pi bonds, and it does not react with a bromine water solution. 2. How does alkane react with bromine water? Answer: Since alkane is a saturated compound, it does
not react with a bromine water solution. Last updated: March 6th, 2025 | Bromination, Chlorination, and Halohydrin Formation from Alkenes Alkenes undergo halogenation when treated with Cl12, Br2 and (less commonly) I2 to give vicinal dihalides These reactions are stereoselective and give anti-addition products The mechanism proceeds through a
cyclic halonium ion which undergoes backside attack at carbon by a nucleophile to give the anti-addition product. When water or alcohols are used as solvent, halohydrins or haloethers can form. These also give the products of anti addition. With unsymmetrical halonium ions, the C-O bond tends to form at the most substituted carbon (“Markovnikov”
regioselectivity). Dihalides can undergo elimination to give alkynes; halohydrins can be used to form epoxides. Overall, these reactions have similar mechanisms to those for oxymercuration and for the opening of epoxides under acidic conditions [See article: Alkene Addition Pattern #2 - The “Three Membered Ring” Pathway] Table of Contents 1.
Halogenation of Alkenes When alkenes (also known as olefins) are treated with bromine (Br2) or chlorine (C12) in an inert solvent [Note 1] such as carbon tetrachloride (CCl4) or dichloromethane (CH2CIl2), they are converted into dihalides (specifically, ‘vicinal’ dihalides since the C-halogen bonds are on adjacent carbons). This reaction results in the
formation of two new C-halogen bonds and breaks the C-C pi bond as well as a halogen-halogen bond. The two carbon-halogen bonds add to opposite faces of the alkene. It can also work for iodine (I2) but tends to be reversible, and the di-iodide products tend to be unstable towards light. Fluorine (F2) is such a ravenous beast that it requires special
apparatus to work with, which means we won’t discuss it further here. [Note 2] This reaction is the basis of a common test used in teaching laboratories, the bromine water test. Molecular bromine (Br2) has a characteristic orange color. In the presence of alkenes, the orange color disappears, indicating that a reaction has occurred. via GIPHY.
Original source: @FranklyChemistry (Youtube) Note that Br2 does not ordinarily react with benzene (C6H6) or molecules containing an aromatic ring, even though these may appear at first glance to be similar to alkenes. More to say about that in a later chapter. [See article: Halogenation of Benzene] 2. Halogenation Is Stereoselective For anti-
Addition Products Halogenation of alkenes is an example of a stereoselective reaction. The reaction of Br2, CI2 and other halogens with alkenes leads to products of anti- addition. A classic example is the bromination of cyclohexene (below), which gives trans-1,2-dibromocyclohexane as a racemic mixture. No cis-1,2-dibromocyclohexane is formed.
The terms syn- and anti- refer to the dihedral angle observed between the two C-halogen bonds when we look directly along the C-C bond. We say this addition is anti- because the dihedral angle between the two C-halogen bonds is 180°. [See - Staggered vs Eclipsed Conformations of Ethane] While it’s understandable to use the word “trans” when
referring to this orientation (and most people will know what you mean!) we usually reserve “trans” to refer to situations where two groups are on opposite faces of a multiple bond or small ring (i.e. in cis-trans isomerism). The term “anti” is much more broad since it refers to the relative orientation between two groups, as defined by dihedral angle
(180° for anti, 0° for syn). When drawing the products of anti- addition on an alkene, it’s common to draw the two new C-halogen bonds in the plane of the page to clearly show the dihedral angle of 180°. Pro tip: make sure you keep the relative orientation of the groups on the alkene the same when drawing the product: While the products are often
drawn with the C-halogen bonds in the plane, be alert that this will not always be the case. After all, once the C-C pi bond has broken, free rotation may be possible about the C-C single bond. That means it’s possible to draw conformational isomers of an anti- addition product where the two C-halogen bonds are on the same side of the C-C single
bond. This does not suddenly make it a syn-addition product, however, since rotating bonds does not change their configuration. No amount of bond rotation will convert a chiral center with an (S) configuration into (R) ! You may have to work backwards sometimes (using bond rotations) from the product to figure out the alkene starting material.
This may be a little confusing at first. When in doubt whether you have done a bond rotation correctly, it can be helpful to determine (R)/(S) to make sure you didn’t accidentally flip any stereocenters. A classic example showing the stereoselectivity of halogenation is cis- and trans-but-2-ene. When cis-but-2-ene undergoes bromination, the product is a
racemic mixture of (S,S)-2,3-dibromobutane and (R,R)-2,3-dibromobutane. When trans-but-2-ene undergoes bromination, the product is (2S, 3R)-2,3-dibromobutane. This molecule has two chiral centers but is an achiral molecule overall due to the presence of an internal mirror plane. This class of molecules are known as meso compounds. (See article:
The Meso Trap) One stereoisomer of but-2-ene produces one set of stereoisomer products; the other stereoisomer of but-2-ene produces a product that is stereoisomeric. There is no crossover between these two reactions. This fits IUPAC’s definition of a stereospecific reaction. Several other examples of stereospecific reactions of alkenes include
hydroboration, dihydroxylation, epoxidation and more. Now for some exercises. See if you can draw the products of the following reaction and determine the products: Click to Flip It’s also important to be able to work backwards! Can you identify the starting material of this halogenation reaction? Click to Flip 3. Halonium Ions OK. So how does
halogenation of alkenes actually work? One initial idea was that they might proceed through a free carbocation intermediate, like the addition of HCI to alkenes. [See article - Markovnikov Addition of HCI to Alkenes]. An interesting test of this theory came from halogenation of the alkene below. cis-di-t-butylethylene has a lot of steric strain (9.3
kcal/mol) due to those two bulky t-butyl groups jostling up against each other. (This is technically called, “A-1,2 strain”) Click to Flip If halogenation went through a free carbocation, rotation would then be possible around the C-C bond. Consequently, we’d expect to see one of the t-butyl groups flip around to relieve the strain. What was found instead
is that this reaction is also highly stereospecific, just like the reaction of cis- 2-butene. Furthermore, there were no alkyl or hydride shifts like we would expect with a free carbocation. Clearly, something is responsible for the stereoselectivity of this reaction. What is it? The best proposal we have for what is happening is formation of a cyclic halonium
ion, which is a 3-membered ring bearing a positive formal charge on the halogen. “Halonium ion” is the generic term for when a halogen serves as the bridge; we can also use “chloronium”, “bromonium” or “iodonium” when referring to specific halogens. An example of an arrow-pushing mechanism for halonium formation that shows all the bonds
being formed and broken looks like this: Be aware that many textbooks will only show two arrows, like this (hover here) or click this link. Although a halonium ion has a positive formal charge on the halogen, it’s actually the carbons that are electrophilic. This is easier to recognize if you remember that halogens are more electronegative than carbon,
so the carbon-halogen bonds will have partial positive character on carbon. That’s why it’s called, “formal” charge. [See article: How to Calculate Formal Charge] In a symmetrical halonium ion, the carbon-halogen bond lengths will be equal, as will be the partial positive charges on carbon. X-ray crystal structures of stable bromonium and iodonium
ions were determined by Brown & co-workers a while back [Note 3] 4. Halogenation of Alkenes - The Mechanism So the first step in halogenation of alkenes is formation of a halonium ion. In the second step of halogenation, the halide ion attacks the carbon from the backside of the C-halogen bond, resulting in formation of C-halogen and breakage of
C-halogen. This key step accounts for the high stereoselectivity of halogenation for the observed anti products. Note that the enantiomer (not shown) is also formed here. This is similar to the backside attack in the SN2 mechanism [See article - The SN2 mechanism] where a lone pair from the nucleophile overlaps with the sigma* orbital of the
leaving group. However, this step does not have the same sensitivity to steric hindrance as the SN2 reaction, as we are about to see. 5. Halohydrin Formation - with water and alcohols When bromination of alkenes is carried out in the presence of water (often as a co-solvent), halohydrin products are formed. A halohydrin is a molecule containing C-
OH and C-halogen bonds on adjacent carbons. The reaction also proceeds through a halonium ion intermediate. As with halogenation, anti- addition products are formed exclusively. One difference between halogenation and halohydrin formation is that the two new sigma bonds are formed to non-identical atoms (oxygen and halogen). This gives rise
to the possibility of forming a mixture of constitutional isomers. When one constitutional isomer dominates, we say that reaction is regioselective. Halohydrins are useful for the formation of epoxides. For more, see this article - Formation of Epoxides It is found that halohydrin formation is regioselective for formation of the isomer where the C-OH
bond forms on the more substituted carbon. This is similar to the pattern observed in addition reactions of HX to alkenes, which is known as “Markovnikov” regioselectivity. (See post - Markovnikov’s Rule) Why might this be? After all, shouldn’t the more substituted carbon be more sensitive to steric hindrance? Experiments tell us that (in contrast to
the SN2) nucleophiles can attack tertiary carbons of halonium ions perfectly well. In other words, steric hindrance is not a significant factor. Let’s take a closer look at the structure of a non-symmetrical halonium ion. As touched on earlier, although there is a formal charge of +1 on the halogen, it’s actually the carbons that bear the positive charge
density due to the greater electronegativity of halogens (>3) versus carbon (2.5) . And to the extent that those carbons bear positive charge density, they are electrophilic. Which of the two carbons is best able to stabilize positive charge? The more substituted carbon, generally. (As well as any carbon capable of delocalizing a positive charge through
resonance). [See article - Carbocation Stability] It’s not really proper to draw resonance forms where single bonds break, so hold your nose for a moment: It can help to imagine the halonium ion as a “resonance hybrid” of two different carbocations. The resonance form where the carbocation is on the more substituted carbon will make the greater
contribution to our “hybrid”. Having greater positive charge density, it will be more electrophilic, and therefore will more readily undergo reaction with nucleophiles. Note - calculations indicate a much weaker C-halogen bond on the more substituted carbon of the halonium ion. See Note Another question that comes up is, “why does water attack the
halonium ion instead of the halide ion? Isn’t the halide ion a better nucleophile? Yes, the halide ion is a better nucleophile than water. However, recall that the reaction rate will depend not just on nucleophilicity but also on concentration. Since water is generally used as the solvent (or co-solvent) here, it will have a vastly higher concentration. So in a
sense we are “overwhelming” the halonium ion with a much higher concentration of a worse nucleophile (the technical term for this is “mass action®). 6. Mechanism of Halohydrin Formation As with halogenation, the first step in halohydrin formation is creation of a halonium ion. In addition to Cl2, Br2, and I2, this can also be done with sources of
electropositive halogen such as N-bromosuccinimide (NBS). [See article - N-Bromosuccinimide] After formation of the halonium ion, the next step is attack on the halonium ion by H20, at the more substituted carbon. Why might H20 do this and not the counter-ion? If it’s present as solvent it just outnumbers the concentration of halide ion. [Note 4 ]
This results in the anti product which can then be deprotonated (e.g. with solvent) to give the neutral halohydrin. [Note that, like a flat coin that can land on “heads” or “tails” with equal likelihood, the bromine can “land” on either face of the alkene - this will give rise to enantiomers in this case]. 7. Haloethers Similarly, if alcohols are used as
solvent, haloethers may form. The formation of haloethers passes through an identical mechanism to that of halohydrins. See if you can predict the product of the following reaction. Click to Flip An interesting wrinkle in haloether formation is the possibility for intramolecular reactions. For example, treating this alkene with NBS (a source of Br+)
results in formation of a new ring. See if you can figure out the mechanism. Click to Flip As always, be on the lookout for intramolecular reactions as they make for great exam questions. 8. Some Applications of Halogenation Reactions It’s worth knowing how some of these reactions can be applied later on in the course. Alkynes can be converted

into cis-dihaloalkenes through treatment with halogens (See article: Halogenation of Alkynes) There is no direct way to convert an alkene to an alkyne, but they can be indirectly converted to alkynes through formation of a dihalide followed by double elimination to give the alkyne. (See article: Alkenes to Alkynes via Elimination Reactions) [Worth
noting: bromination of alkenes is technically an oxidation reaction, because each carbon goes from being bound to another carbon (0) to bromine (-1). The oxidation state of each carbon in ethene is +2; the oxidation state of each carbon in dibromoethane is +1. ] Epoxides can be formed from alkenes in two steps via formation of a halohydrin followed
by deprotonation with a strong base (such as NaH). The intermediate alkoxide performs an intramolecular SN2 reaction to give a new 3-membered ring. (See article: Formation of Epoxides) 9. Summary Remember this reaction and remember this mechanism! It bears a lot of similarity to other mechanisms you will encounter in the chapter on alkenes,
such as: Oxymercuration (Markovnikov-selective, also goes through a cyclic, 3-membered “mercurinium ion” intermediate) Opening of epoxides under acidic conditions (also undergoes addition at the most substituted carbon) Furthermore, the reaction can also be applied to alkynes. The stereochemistry of this reaction is very frequently tested. Make
sure you can properly draw the products of anti addition and additionally, can work backwards from the dihalide products to the alkene starting materials. Notes Note 1. “Inert solvent” here just means a solvent that won’t react with the halonium ion intermediate. CCl4 and CH2CI2 leave halonium ions alone; H20O, alcohols, and carboxylic acids can
potentially undergo reactions with them. Note 2. Here are some specific examples of iodination and fluorination: Note 3. Halonium ions are not fictional chemical entities. The halonium ion from the reaction below is particularly stable, since it is very difficult for nucleophiles to attack the very sterically hindered carbon atoms: R.S. Brown and co-
workers succeeded in using X-ray diffraction to obtain a crystal structure of this molecule. Here’s the iodonium ion portion of the structure: The iodine-carbon bond length is 2.48 Angstrom, significantly longer than the value of 2.13 Angstrom for a typical C-I bond. The C-C bond length is 1.49 A, which is typical for a C-C single bond. Note 4. It's
possible to influence the product distribution by adding various salts (e.g. NaCl, sodium acetate, lithium bromide, etc.) that may intercept the halonium ion. See here [Ref] for a study. Note 5. In some situations the high selectivity for the anti- product can break down. See [Ref] for more. Note 6. How might we resolve the role of “nucleophiles” and
“electrophiles”in formation of the bromonium ion? This is not easy, because it entails making further assumptions about the reaction mechanism that might not be based on solid evidence. With that hedge out of the way, here’s a proposal. : instead of thinking of C-C i1 and Br monolithically, break down each component into molecular orbitals. The C-
C 1 orbital could act as a nucleophile while the C-C n* acts as an electrophile; the Br-Br o* orbital could act as an electrophile while the Br lone pair could act as a nucleophile. As it turns out, calculations indicate the bromination of alkenes with Br2 to be more complex than we might initially suppose. The initial step is coordination of Br2 to the
alkene in a loosely bonded structure known as a “un complex”. The 1 complex then breaks down to give the bromonium ion. A proper treatment of the orbitals would therefore not strictly be of the alkene and Br2, but of the orbitals in the mn complex itself. It gets more complicated. In some solvents it turns out to be energetically favorable for a second
molecule of Br2 to be involved in bonding to the Br- that is expelled in the process (yes, a “termolecular” mechanism). For more details see here (J. Phys Chem A, 2007, 111, 13218) Note 7. Calculations on several bromonium ions indicate a much weaker C-Br bond on the more substituted carbon of the halonium ion [Ref] Here’s an interactive model,
courtesy of Rowan Quiz Yourself! Become a MOC member to see the clickable quiz with answers on the back. Become a MOC member to see the clickable quiz with answers on the back. Become a MOC member to see the clickable quiz with answers on the back. Become a MOC member to see the clickable quiz with answers on the back. Become a
MOC member to see the clickable quiz with answers on the back. Become a MOC member to see the clickable quiz with answers on the back. Become a MOC member to see the clickable quiz with answers on the back. Become a MOC member to see the clickable quiz with answers on the back. (Advanced) References and Further Reading THE
RELATIVE RATES OF BROMINATION OF THE OLEFINS Harold S. Davis Journal of the American Chemical Society 1928, 50 (10), 2769-2780 DOI: 1021/ja01397a031 An early paper studying the kinetics of alkene bromination under a variety of conditions. The Halogenation of Ethylenes Irving Roberts and George E. Kimball Journal of the American
Chemical Society 1937, 59 (5), 947-948 DOI: 1021/ja01284a507 One of the earliest descriptions in the literature of a three-membered bromonium ion, accounting for the anti stereochemistry of this reaction. The question of reversible formation of bromonium ions during the course of electrophilic bromination of olefins. 2. The crystal and molecular
structure of the bromonium ion of adamantylideneadamantane H. Slebocka-Tilk, R. G. Ball, and R. Stan Brown Journal of the American Chemical Society 1985, 107 (15), 4504-4508 DOI: 10.1021/ja00301a021 This paper describes the X-ray crystal structure of an isolated, stable bromonium ion. This is significant because it proves the intermediacy of
these three-membered cyclic bromonium ions in the electrophilic addition of bromine to alkenes. Stable Bromonium and Iodonium Ions of the Hindered Olefins Adamantylideneadamantane and Bicyclo[3.3.1]nonylidenebicyclo[3.3.1]nonane. X-Ray Structure, Transfer of Positive Halogens to Acceptor Olefins, and ab Initio Studies R. S. Brown, R. W.
Nagorski, A. J. Bennet, R. E. D. McClung, G. H. M. Aarts, M. Klobukowski, R. McDonald, and B. D. Santarsiero Journal of the American Chemical Society 1994, 116 (6), 2448-2456 DOI: 10.1021/ja00085a027 Cyclic iodonium ions, analogous to the bromonium ions, can also be isolated and characterized. The parent alkene in these studies,
adamantylideneadamantane, is prepared using a McMurry reaction with 2-adamantanone. ALKYNE via SOLID-LIQUID PHASE-TRANSFER CATALYZED DEHYDROHALOGENATION: ACETYLENE DICARBOXALDEHYDE TETRAMETHYL ACETAL AND ACETYLENE DICARBOXALDEHYDE DIMETHYL ACETAL Rufine Akué-Gédu and Benoit Rigo Org.
Synth. 2005, 82, 179 DOI: 10.15227/orgsyn.082.0179 Formation of alkynes via double elimination of a dihalide. Principles of an Electronic Theory of Organic Reactions. Christopher K. Ingold Chemical Reviews 1934, 15 (2), 225-274 DOI: 1021/cr60051a003 —The relative directive powers of groups of the forms RO and RR'N in aromatic substitution.
Part IV. A discussion of the observations recorded in parts I, II, and III James Allan, Albert Edward Oxford, Robert Robinson, and John Charles Smith J. Chem. Soc. (Res.) 1926, 129, 401-411 DOI: 10.1039/JR9262900401 Nobel Prize winner Robert Robinson was wrong about the mechanism of halogenation reactions. Polar Additions to Olefins. II. The
Chlorination of Di-t-butylethylene Robert C. Fahey Journal of the American Chemical Society 1966 88 (20), 4681-4684 DOI: 10.1021/ja00972a030 Study on the halogenation of cis- and trans- di-t-butylethylene, showing the stereospecific nature of the halogenation reaction. Polar additions to the styrene and 2-butene systems. II. Medium dependence
of bromination products John H. Rolston and Keith Yates Journal of the American Chemical Society 1969 91 (6), 1477-1483 DOI: 10.1021/ja01034a034 In some situations the stereoselectivity of halogenation reactions can be significantly eroded by using highly polar solvents or electron-releasing substituents on the alkene that will result in more
stabilized carbocation intermediates. By the end of this section, you will be able to: Write equations for the addition reactions of alkenes and alkynes with hydrogen, halogens, and water Describe Markovnikov’s Rule as it applies to addition reactions Describe chemical tests to test for the presence of unsaturated hydrocarbons. Alkenes are valued
mainly for addition reactions, in which one of the bonds in the double bond is broken. Each of the carbon atoms in the bond can then attach another atom or group while remaining joined to each other by a single bond. Examples of addition reactions include hydrogenation, halogenation and hydration. Hydrogenation of Alkenes Perhaps the simplest
addition reaction is hydrogenation—a reaction with hydrogen (H2) in the presence of a catalyst such as nickel (Ni) or platinum (Pt). An example of the addition reaction between ethylene and hydrogen is shown in Figure 22.3a. The product is an alkane having the same carbon skeleton as the alkene. Halogenation of Alkenes Alkenes also readily
undergo halogenation—the addition of halogens. Indeed, the reaction with bromine (Br2) can be used to test for alkenes. Bromine solutions are brownish red. When we add a Br2 solution to an alkene, the colour of the solution disappears because the alkene reacts with the bromine as shown in Figure 22.3b. Hydration of Alkenes Another important
addition reaction is that between an alkene and water to form an alcohol. This reaction, called hydration as shown in Figure 22.3c., requires a catalyst—usually a strong acid, such as sulfuric acid (H2504). The hydration reaction is discussed in a later chapter, where we deal with this reaction in the synthesis of alcohols. Write the equation for the
reaction between CH3CH=CHCH3 and each substance. H2 (Ni catalyst) Br2 H20 (H2S04 catalyst) Write the equation for each reaction. CH3CH2CH=CH?2 with H2 (Ni catalyst) CH3CH=CH?2 with Cl2 CH3CH2CH=CHCH2CH3 with H20 (H2S04 catalyst) Check Your Answers: Source: Exercise 22.3a is adapted from Fundamentals of GOB Chem, CC
BY-NC-SA 4.0 with answer images drawn by Samantha Sullivan Sauer / Biovia Draw, CC BY-NC 4.0 Markovnikov’s Rule In the addition any unsymmetrical hydrogen-based molecule (e.g. HX or H20) to an alkene, the H attaches to the carbon with fewer alkyl substituents and the X attaches to the carbon with more alkyl substituents. Examples of the
rule is demonstrated in Figure 22.3d. When both double-bonded carbon atoms have the same degree of substitution, a mixture of addition products results as demonstrated in Figure 22.3e. Because carbocations are involved as intermediates in these electrophilic addition reactions, Markovnikov’s rule can be restated in the following way:
Markovnikov’s rule restated In the addition of HX or H20 to an alkene, the more highly substituted carbocation is formed as the intermediate rather than the less highly substituted one. For example, in Figure 22.3f., addition of H+ to 2-methylpropene yields the intermediate tertiary carbocation rather than the alternative primary carbocation, and
addition to 1-methylcyclohexene yields a tertiary cation rather than a secondary one. Why should this be? Figure 22.3f. Addition reaction involving the addition of H+ to 2-methylpropene to yield intermediate tertiary carbocation (credit: Organic Chemistry (OpenStax), CC BY-NC-SA 4.0). What product would you expect from reaction of HCI with 1-
ethylcyclopentene? (credit: Organic Chemistry (OpenStax), CC BY-NC-SA 4.0). Strategy When solving a problem that asks you to predict a reaction product, begin by looking at the functional group(s) in the reactants and deciding what kind of reaction is likely to occur. In the present instance, the reactant is an alkene that will probably undergo an
electrophilic addition reaction with HCIl. Next, recall what you know about electrophilic addition reactions to predict the product. You know that electrophilic addition reactions follow Markovnikov’s rule, so H+ will add to the double-bond carbon that has one alkyl group (C2 on the ring) and the Cl will add to the double-bond carbon that has two alkyl
groups (C1 on the ring). Solution The expected product is 1-chloro-1-ethylcyclopentane. (credit: Organic Chemistry (OpenStax), CC BY-NC-SA 4.0). What alkene would you start with to prepare the following alkyl halide? There may be more than one possibility. (credit: Organic Chemistry (OpenStax), CC BY-NC-SA 4.0). Strategy When solving a
problem that asks how to prepare a given product, always work backward. Look at the product, identify the functional group(s) it contains, and ask yourself, “How can I prepare that functional group?” In the present instance, the product is a tertiary alkyl chloride, which can be prepared by reaction of an alkene with HCIl. The carbon atom bearing the
—Cl atom in the product must be one of the double-bond carbons in the reactant. Draw and evaluate all possibilities. Solution There are three possibilities, all of which could give the desired product according to Markovnikov’s rule. (credit: Organic Chemistry (OpenStax), CC BY-NC-SA 4.0). Draw the major product formed from these reactions. Check
Your Answers: Activity source: Exercise 22.3b is created by Samantha Sullivan Sauer, using images from Biovia Draw, licensed under CC BY-NC 4.0 For more details on alkene addition reactions including the concept of Markonikov’s rule, watch Alkene Addition Reactions below. Watch Alkene Addition Reactions: Crash Course Organic Chemistry #16
(youtube.com) (13 min). Video Source: Crash Course. (2020, Nov 11). Alkene Addition Reactions: Crash Course Organic Chemistry #16 (youtube.com) [Video]. YouTube. Polymerization The most important commercial reactions of alkenes are polymerizations, reactions in which small molecules, referred to in general as monomers (from the Greek
monos, meaning “one,” and meros, meaning “parts”), are assembled into giant molecules referred to as polymers (from the Greek poly, meaning “many,” and meros, meaning “parts”). For more information on polymerization see Chapter 27: Polymers. Sourcing of Alkenes In summary, recall that organic functional groups can be converted into other
functional groups through reactions. To look at the sourcing of alkenes, refer to the map of some of the more common reactions to convert functional groups can be found in Section 19.6 - General Reactions of Carbon in Infographic 19.6a. Reactions of Alkynes Chemically, the alkynes are similar to the alkenes. Alkynes can undergo addition, hydration
and hydrogenation (or reduction) reactions. Since the C=C functional group has two 11 bonds, alkynes typically react even more readily, and react with twice as much reagent in addition reactions. The reaction of acetylene with bromine is a typical example as shown in Figure 22.3g. Figure 22.3g. Addition reaction involving acetylene and bromine
(credit: Chemistry: Atoms First 2e (OpenStax), CC BY 4.0) Acetylene and the other alkynes also burn readily. An acetylene torch takes advantage of the high heat of combustion for acetylene. As a general rule, electrophiles undergo addition reactions with alkynes much as they do with alkenes. Take the reaction of alkynes with HX, for instance. The
reaction often can be stopped with the addition of 1 equivalent of HX, but reaction with an excess of HX leads to a dihalide product. For example, reaction of 1-hexyne with 2 equivalents of HBr yields 2,2-dibromohexane. As the following examples indicate, the regiochemistry of addition follows Markovnikov’s rule, with halogen adding to the more
highly substituted side of the alkyne bond and hydrogen adding to the less highly substituted side. Trans stereochemistry of H and X normally, although not always, occurs in the product. (credit: Organic Chemistry (OpenStax), CC BY-NC-SA 4.0). Bromine and chlorine also add to alkynes to give addition products, and trans stereochemistry again
results as demonstrated in Figure 22.3i. below. The mechanism of alkyne addition is similar but not identical to that of alkene addition. When an electrophile such as HBr adds to an alkene, the reaction takes place in two steps and involves an alkyl carbocation intermediate. If HBr were to add by the same mechanism to an alkyne, an analogous vinylic
carbocation would be formed as the intermediate as shown in Figure 22.3j. A vinylic carbocation has an sp-hybridized carbon and generally forms less readily than an alkyl carbocation (Figure 22.3j.). As a rule, a secondary vinylic carbocation forms about as readily as a primary alkyl carbocation, but a primary vinylic carbocation is so difficult to form
that there is no clear evidence it even exists. Thus, many alkyne additions occur through more complex mechanistic pathways. Hydration of Alkynes Hydration of alkynes also can take place. Alkynes don’t react directly with aqueous acid but will undergo hydration readily in the presence of mercury(Il) sulfate as a Lewis acid catalyst. The reaction
occurs with Markovnikov regiochemistry, so the —OH group adds to the more highly substituted carbon and the —H attaches to the less highly substituted one as demonstrated in Figure 22.3k. Interestingly, the actual product isolated from alkyne hydration is not a vinylic alcohol, or enol (ene + ol), but is instead a ketone. Hydrogenation of Alkynes
Lastly, hydrogenation (reduction) of alkynes is another chemical reaction that can take place. Alkynes are reduced to alkanes by addition of H2 over a metal catalyst. The reaction in Figure 22.31., occurs in two steps through an alkene intermediate, and measurements show that the first step in the reaction is more exothermic than the second.
Complete reduction to the alkane occurs when palladium on carbon (Pd/C) is used as catalyst, but hydrogenation can be stopped at the alkene stage if the less active Lindlar catalyst is used. The Lindlar catalyst is a finely divided palladium metal that has been precipitated onto a calcium carbonate support and then deactivated by treatment with lead
acetate and quinoline, an aromatic amine. The hydrogenation occurs with syn stereochemistry, giving a cis alkene product. The alkyne hydrogenation reaction has been explored extensively by the Hoffmann-LaRoche pharmaceutical company, where it is used in the commercial synthesis of vitamin A. The cis isomer of vitamin A produced initially on
hydrogenation is converted to the trans isomer by heating as shown in Figure 22.3n. An alternative method for the conversion of an alkyne to an alkene uses sodium or lithium metal as the reducing agent in liquid ammonia as solvent. This method is complementary to the Lindlar reduction because it produces trans rather than cis alkenes. For
example, in Figure 22.30., 5-decyne gives trans-5-decene on treatment with lithium in liquid ammonia. Alkynes were involved in the concept of “click” chemistry where an azide is added to an alkyne with a copper catalyst allowing the two molecules to click together forming a cyclic molecule. The click chemistry concept was awarded the 2022 Nobel
Prize in Chemistry to Carolyn R. Bertozzi, Morten Meldal and K. Barry Sharpless. For more information refer to infographic 22.3a. Infographic 22.3a. Read more about “The 2022 Nobel Prize in Chemistry” by Andy Brunning / Compound Interest, CC BY-NC-ND, or access a text-based summary of infographic 22.3a [New tab]. There are several ways to
test for the presence of carbon-carbon double bonds and triple bonds (unsaturated hydrocarbons). One such method, as previously mentioned above, is the bromine test. Here the organic compound containing a double or triple C-C bond is mixed with an aqueous solution of bromine (or chlorine). With bromine, there is a visible colour change
resulting when bromine is added to the double or triple bond (Figure 22.3p. and Figure 22.3q.). Before addition, the bromine is brownish-red. After addition the solution is colourless. If the solution stays brownish-red, it is a negative result and the compound being tested is saturated. This means there is no opportunity for addition. Figure 22.3p.
Bromine test for presence of double or triple carbon-carbon bond. Positive result is a colourless solution. Negative result is a brownish-red solution (credit: Samantha Sullivan Sauer, Created with Chemix, Chemix license) Figure 22.3q. Bromine test for presence of unsaturated hydrocarbons (credit: Samantha Sullivan Sauer, using Biovia Draw, CC
BY-NC 4.0) A second such test to confirm the presence of a carbon-carbon double or triple bond (unsaturated hydrocarbon) is the oxidation or permanganate test (Figure 22.3s.). This test is also known as the Baeyer test. Here, potassium permanganate, KMnO4, is used as an oxidizing agent to convert the alkene or alkyne to a diol (two alcohol
functional groups in the same molecule). The visual colour change is from dark purple (permanganate solution) to dark green (manganate solution) then to black precipitate (manganese dioxide) (Figure 22.3r.). If the solution stays purple, it is a negative result and the compound being tested is saturated. This means there is no opportunity for
oxidation. This test can give conflicting results in that any other components in the molecule or solution that are mildly reducing will also give a positive result. Figure 22.3r. Permanganate test for presence of double or triple carbon-carbon bond. Positive result is a black precipitate. Negative result is a purplish solution (credit: Samantha Sullivan
Sauer, Created with Chemix, Chemix license) Figure 22.3s. Permanganate test for presence of unsaturated hydrocarbons (credit: Samantha Sullivan Sauer, using Biovia Draw, CC BY-NC 4.0) Attribution & References Except where otherwise noted, this page is written and adapted by David Wegman, Adrienne Richards and Samantha Sullivan Sauer
from “13.6: Addition Reactions of Alkenes” and “13.7: Alkene Polymers” In Map: Fundamentals of General Organic and Biological Chemistry (McMurry et al.) by LibreTexts, licensed under CC BY-NC-SA 3.0. / A derivative of “13.4: Chemical Properties of Alkenes” In Basics of GOB (Ball et al.), CC BY-NC-SA 4.0 a LibreTexts version of Introduction to
Chemistry: GOB (v. 1.0), CC BY-NC 3.0. “Reactions of Alkynes” section is adapted from “18.1 Hydrocarbons” In General Chemistry 1 & 2 by Rice University, a derivative of Chemistry (Open Stax) by Paul Flowers, Klaus Theopold, Richard Langley & William R. Robinson and is licensed under CC BY 4.0. Access for free at Chemistry (OpenStax) “7.8
Orientation of Electrophilic Additions: Markovnikov’s Rule”, “9.3 Reactions of Alkynes: Addition of HX and X2“, “9.4 Hydration of Alkynes “, and “9.5 Reduction of Alkynes” In Organic Chemistry (OpenStax) by John McMurray, CC BY-NC-SA 4.0. Access for free at Organic Chemistry (OpenStax) “21.1 Hydrocarbons” In Chemistry: Atoms First 2e
(OpenStax) by Paul Flowers, Edward J. Neth, William R. Robinson, Klaus Theopold & Richard Langley, CC BY 4.0 Testing for Presence of Alkenes/Alkynes section is adapted by Samantha Sullivan Sauer from “4.6.2.1: Chemistry of Manganese” by Jim Clark In Inorganic Chemistry II (CHEM4210) , CC BY-NC 4.0 and “Reactions of Alkenes with
Bromine” by Jim Clark In Supplemental Modules (Organic Chemistry), CC BY-NC 4.0 definitionReactions involving alkenes and electrophiles. Alkenes are the neutrophiles and the electrophile is a carbon bonded to an electronegative atom such oxygen, nitrogen, sulfur or a halogen. Alkenes react in the cold with pure liquid bromine, or with a solution
of bromine in an organic solvent like tetrachloromethane. The double bond breaks, and a bromine atom becomes attached to each carbon. The bromine loses its original red-brown colour to give a colourless liquid. when you mix ethene (a member of alkene group) and hydrogen bromide . Alkenes react with hydrogen bromide i n the cold. The double
bond breaks and a hydrogen atom ends up attached to one of the carbons and a bromine atom to the other. In the case of ethene , bromoethane is formed. Bromine water is an orange solution of bromine. It becomes colourless when it is shaken with an alkene. ... This has the effect of ‘saturating’ the molecule, and will turn an alkene into an alkane.
For example: C 2H 4 + H 2 — C 2H. Alkenes undergo an addition reaction with water in the presence of a catalyst to form an alcohol. This type of addition reaction is called hydration. The water is added directly to the carbon - carbon double bond. ... The acid is regenerated after the reaction and therefore acts like a catalyst. Reaction Overview: The
alkene halogenation reaction, specifically bromination or chlorination, is one in which a dihalide such as C12 or Br2 is added to a molecule after breaking the carbon to carbon double bond. The halides add to neighboring carbons from opposite faces of the molecule. Ethene is burnt in the presence of oxygen to form carbon dioxide, water and releases
heat and light. Ethane (C2H6) reacts in a linear way, with H atom abstraction producing an ethyl (C2H5) radical which then produces ethene (C2H4) and then formaldehyde, CO, and COZ2. Ethene is burnt in the presence of oxygen to form carbon dioxide , water and releases heat and light. Description: Treatment of alkenes with bromine (Br2) gives
vicinal dibromides (1,2-dibromides). Notes: The bromines add to opposite faces of the double bond (“anti addition”). Sometimes the solvent is mentioned in this reaction - a common solvent is carbon tetrachloride (CCl4). In the presence of light, or at high temperatures, alkanes react with halogens to form alkyl halides. Reaction with chlorine gives an
alkyl chloride. Reaction with bromine gives an alkyl bromide. Unsaturated hydrocarbons such as alkenes and alkynes are much more reactive than the parent alkanes. Alkene is an unsaturated compound. Bromine is dark red in color. When bromine is treated with alkene, it loses its dark red color and becomes colorless. Thus, the color change is dark
red to colorless. Ethene will readily react with bromine, so the colour of the bromine water changes from red-brown to colourless. Bromine atoms will add across the double bond in ethene to produce just one product; 1,2-dibromoethane. Ethylene reacts with to give 1,2 dibromomethane. The bromine added is added in an anti-manner. The anti-
addition takes place due to the formation of the cyclic bromonium ion as an intermediate. Bromine water is brown in colour, when it is treated with ethyne then brown colour of solution decolorise due to the consumption of bromine. Calculate heat of formation of ethane from following: C2H6 (g) — 2C (s) + 3H2 (A H = 31 KJ/mol ) Ethane is
synthesized by reduction of ethyl iodide using zinc + copper couple in alcohol. Complete combustion of alkenes produces carbon dioxide and water, provided there is a plentiful supply of oxygen. Incomplete combustion of alkenes occurs where oxygen is limited and produces water, carbon monoxide and carbon (soot). This causes a smoky flame.
Ethene undergoes incomplete combustion to form carbon dioxide, carbon monoxide and water vapour. When ethane is burnt in the air it leads to the formation of carbon dioxide and water. Apart from these products, the reaction releases a high amount of heat and light in the form of energies. It is a combustion reaction as one of the reactants
involved in the reaction is oxygen. Bromination: Any reaction or process in which bromine (and no other elements) are introduced into a molecule. Bromination of an alkene by electrophilic addition of Br2. Bromination of a benzene ring by electrophilic aromatic substitution. Bromination of Alkenes Gives anti Products It’s a family of reactions which
proceed through 1) attack of an alkene upon an acid, forming a free carbocation, and 2) attack of a nucleophile upon the carbocation. The bromination of benzene is an example of an electrophilic aromatic substitution reaction. In this reaction, the electrophile (bromine) forms a sigma bond to the benzene ring, yielding an intermediate. Then, a proton
is removed from the intermediate to form a substituted benzene ring. The reaction between alkenes and bromine water is a well-known test in organic chemistry to identify the presence of a carbon-carbon double bond (C=C). This reaction is widely used in laboratories and industrial applications due to its simplicity and effectiveness. In this topic we
will explore the mechanism of this reaction its significance real-world applications and examples that help in understanding its importance. What Happens When Alkene Reacts with Bromine Water? When an alkene is mixed with bromine water (Brz in water solution) the reddish-brown color of bromine disappears indicating a chemical reaction. This
reaction is an addition reaction where bromine atoms attach to the double-bonded carbon atoms of the alkene. General Reaction Formula For a general alkene (CnH2n) the reaction can be represented as: CnH2n + Brz = CnH2nBr2 For example when ethene (C2H4) reacts with bromine water 12-dibromoethane forms: C2H4 + Br2 = C2H4Br2 This reaction
causes the bromine solution to change from reddish-brown to colorless making it a useful test for alkenes. Why Does Bromine Water React with Alkenes? The reaction occurs because alkenes contain a double bond which has a region of high electron density. This makes them highly reactive towards electrophiles like bromine (Brz). The double bond
breaks allowing bromine to attach to the carbon atoms. Comparison with Alkanes Unlike alkenes alkanes do not react with bromine water under normal conditions. This is because alkanes contain only single bonds which are not reactive enough to interact with bromine without the presence of UV light or heat. Reaction Mechanism of Alkenes with
Bromine Water The reaction follows an electrophilic addition mechanism which occurs in two steps: 1. Formation of a Bromonium Ion The electron-rich double bond in the alkene attacks the bromine molecule (Brz). This causes the Br-Br bond to break forming a bromonium ion (a three-membered ring containing carbon and bromine). The remaining
Br-ion is left in the solution. 2. Nucleophilic Attack by Bromide Ion The Br- ion attacks the carbon in the bromonium ion opening the ring and forming a stable dibromoalkane. The final product is a colorless dibromo compound explaining why the reddish-brown bromine water becomes colorless. Examples of Alkene and Bromine Water Reactions 1.
Ethene + Bromine Water Equation: C2H4 + Br2 = C2H4Br2 Observation: The bromine water changes from reddish-brown to colorless. The product 12-dibromoethane is a colorless liquid. 2. Propene + Bromine Water Equation: CsHs + Br2 = CsHeBr2 Observation: The solution decolorizes as 12-dibromopropane forms. 3. Butene + Bromine Water
Equation: CsHs + Br2 —» C4HsBr2 Observation: A colorless liquid forms due to the production of 12-dibromobutane. Applications of Bromine Water Test This reaction has various practical applications making it essential in chemistry and industry. 1. Testing for Unsaturation in Organic Compounds The bromine water test is a simple method to
distinguish alkanes (saturated compounds) from alkenes (unsaturated compounds). If the solution remains brown the compound is an alkane. If the solution turns colorless the compound is an alkene. 2. Industrial Synthesis of Dibromo Compounds Many dibromoalkanes formed through this reaction serve as intermediates in the production of plastics
pharmaceuticals and agrochemicals. 3. Water and Soil Analysis The bromine water reaction helps detect organic pollutants in environmental samples especially those containing unsaturated hydrocarbons. 4. Bromination in Laboratory Research Used in organic synthesis to introduce bromine atoms into molecules making them more reactive for
further transformations. Factors Affecting the Reaction Several factors can influence how quickly and efficiently bromine water reacts with alkenes. 1. Structure of the Alkene More electron-rich alkenes react faster. Branched alkenes may show steric hindrance slightly slowing the reaction. 2. Concentration of Bromine Water Higher bromine
concentrations speed up the reaction. Diluted bromine solutions may take longer to decolorize. 3. Temperature Higher temperatures increase reaction rates but may also cause bromine to evaporate. Room temperature is ideal for accurate testing. Common Misconceptions About Bromine Water and Alkenes 1. Does Bromine Water Work for Aromatic
Compounds? No benzene and other aromatic compounds do not react with bromine water under normal conditions. They require a catalyst like iron(III) bromide (FeBrs) for bromination to occur. 2. Can Alkynes React with Bromine Water? Yes alkynes also undergo addition reactions with bromine water often forming tetrabromo compounds instead of
dibromo compounds. 3. Why Doesn’t Cyclohexane React with Bromine Water? Cyclohexane is a saturated hydrocarbon (alkane) meaning it lacks a double bond. It requires UV light to undergo radical substitution unlike alkenes that react immediately. The reaction of alkenes with bromine water is an essential concept in organic chemistry serving as a
quick and reliable test for unsaturation. This reaction follows an electrophilic addition mechanism where bromine attaches to the double-bonded carbon atoms turning the solution from reddish-brown to colorless. This simple but powerful reaction has applications in chemical analysis industrial synthesis environmental testing and organic research.
Understanding it helps in identifying unsaturated hydrocarbons and their role in chemistry and industry. AnswerVerifiedHint: Alkenes react with a solution of bromine in an organic solvent like tetrachloromethane. The double bond breaks out and bromine atoms get added to each carbon. The reaction is marked by the change in the colour of the
solution. Complete answer: The reaction between alkene and bromine water is an example of electrophilic addition. Bromine has ionic properties: $\left( \text{B}{{\text{r}}~{-}} \right)$. Due to this property the bromine induces charges in pi-bond also. Let us see the mechanism of this reaction to understand this reaction completely:Step (1)- The
bromine-bromine bond breaks to form bromonium ion. Bromine atoms induce the charge to double bond and attack the carbon atoms. The structure formed is triangle-shaped. Step (2)- The bromonium ion is attacked from the back side due to hindrance faced on the same side by bromide ion. Step (3)- It attaches to other double bonded carbon, and
thus the product is formed. The two bromine atoms are attached to both carbon atoms containing double bonds. As a result, the bromine water loses its original red-brown or orange colour to give a colourless liquid. So, the correct answer is “Option A”.Additional Information: This decolourisation of bromine is used as a test for presence of carbon-
carbon double bond in the hydrocarbons. This technique is used to distinguish between alkenes and alkanes.Note: Not all compounds having double bonds show this reaction of addition of bromines. Such compounds include benzene. Benzene has three double bonds in it, but still does not leave bromine water colourless. This reaction does not occur
because benzene does not undergo electrophilic addition reaction on addition of bromines, the aromaticity of benzene would have been lost. The 6 pi electrons ($6\pi {{\text{e}}"~{-}}$) would have become 4 pi electrons ($4\pi {{\text{e}}"~{-}}$). As, according to Huckel’s Rule, compound having conjugated $6\pi {{\text{e}} "~ {-}}$ within the ring
is aromatic.
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