Glossary

Absolute configuration : The actual three-dimensional structure of achiral molecule, Absolute
confi guratlons are specified verbally by the R,S convention and are rcptcsenled on paper by Fischer
projections.

Absorption spectrum : A plot of wavelength of incident light versus amount of light absorbed.
Organic molecules show absorption spectra in both the infrared and ultraviolet regions of the
electromagnetic spectrum. By interpreting these spectra, useful structural information about the
sample can be obtained.

Acetal : A functional group consisting of two ether-type oxygen atoms bound 1o the same
carbon, R,C(OR"),. Acetals are often used as protecting groups for ketones and aldehydes, since they
are stable to basic and nucleophilic reagents but can be easily removed by acidic hydrolysis, .

Achiral : Having a lack of handedness. A molecule is achiral if it hasa planc of symmetry and

is thus superimposable on its mirror image.

Activating group : An electron-donating group such as hydroxyl (~OH) or amino (~-NH,) that
increases the reactivity of an aromatic ring toward electrophilic aromatic substitution. All activating
groups are ortho/para directing.

Activation energy : The difference in energy levels between ground state and transition state.
The amaunt of activation energy required by a reaction determines the rate at which the reaction
proceeds. The majority of organic reactions have activation.energies of 10 - 25 kcal/mol.

Acylation : The introduction of an acyl group, ~COR, onto a molecule. For example,
acylation of an alcohol yields an ester (R'OH — R'OCOR), acylation of an amine yields an amide
(R'NH, —» R'NHCOR), and acylation of an aromatic ring yields an alkyl aryl ketone (ArH — ArCOR).

Acylium ion : A resonance-stabilised carbocation in which the positive charge is located at a

carbonyl-group carbon, R-C=0. Acylium ions are strongly electrophilic and-are involved as
intermediates in Friedel-Crafts acylation reactions.

1,4-Addition : Addition of a reagent to the ends of a conjugated pi system. Conjugated dienes
yield 1,4 adducts, when treated with electrophiles such as HCI.

Addition polymer : A polymer produced by a chain reaction procedure in which an initiator
adds to a carbon-carbon double bond to yield a reactive intermediate. The chain is then built as
monomers add successively to the reactive end of the growing chain. Addition polymers are formed
by combination of alkene monomers to produce a single huge molecule only.

Aldaric acid : The dicarboxylic acid resulting from oxidation of an aldose.

Aldonic acid : The monocarboxylic acid resulting from mild oxidation of an aldose.

Alicyclic : Referring to an aliphatic cyclic hydrocarbon such as a cycloalkane or cycloalkene.

Aliphatic : Referring to a non-aromatic hydrocarbon such as a simple alkane, alkene, or alkyne.

Alkylation : Introduction of an alkyl group onto a molecule. For example, aromatic rings can
be alkylated to yield arenes (ArH — ArR), alkoxide anions can be alkylated to yield ethers (R0 —
R'OR).

Allylic : Used i refer to the position next to a double bond. For example, CH,=CHCH,Br is
an allylic bromide.

Angle strain : The strain introduced into a molecule when a bond angle is deformed from its
ideal value. Angle strain is particularly important in small-ring cycloalkanes where it results from
compression of bond angles to less than their ideal tetrahedral values. For example; cyclopropane
has approﬁgmmly 22 keal/mol angle strain owing to bond deformations from the 109° tetrahedral
angle to 60°.
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Anomers : Cyclic stereoisomers of sugars that differ only in their configurations at the
hemiacetal (anomeric) carbon.

Anti conformation : The geometric arrangement around a carbon-carbon single bond, in which
the two largest substituents are 180" apart, as viewed in a Newman projection.

Anti stereochemistry : Referring to opposite sides of a double bond or molecule. An anti
addition reaction is one in which the two ends of the double bond are attacked from different sides.
For example, addition of Br, to cyclohexene yields trans-1,2-dibromocyclohexane, the product of
anti addition.

Aromaticity : The special characteristics of cyclic conjugated pi electron systems that result
from their electronic structures. These characteristics include unusual stability, the presence of a
ring in the NMR spectrum, and a tendency to undergo substitution reactions rather than addition
reactions on treatment with electrophiles. Aromatic molecules must be planar, cyclu conjugated
species that have 4n + 2pi electrons.

Asymmetric centre : See chiral centre.

Atactic polymers : Addition polymers that have a random stereochemical arrangement of
substituents on the polymer backbone. These polymers result from high temperature radical-initiated
polymerisation of alkene monomers,

Aufban principle : A guide for determining the ground-state electronic configuration of
elements by filling the lowest energy orbitals first.

Axial bond : A bond to chair cyclohexane that lies alnng the ring axis perpendicular to the
rough plane of the ring. (See equatorial bond)

AXIAL BONDS

Base peak : The most intense peak in a mass spectrum.

Bent bonds : The bonds in small rings suchas cyclopropane that bend away from the internuclear
line and overlap at a slight angle, rather than head-on. Bent bonds are highly strained and highly
reactive.

Benzylic : Referring to the position next to an aromatic ring. For example, a benzylic cation
is a resonance stabilised, conjugated carbocation having its positive charge located on a carbon atom
next to the benzene ring in a pi orbital that overlaps with the aromatic pi system.

Benzyne : An unstable intermediate having a triple bond in a benzene ring.

Bimolecular reaction : A reaction that occurs between two reagents.

Block co-polymer : A polymer consisting of alternating homopolymer blocks. Block
co-polymers are usually prepared by initiating addition polymerisation of one monomer, followed
by addition of an excess of a second monomer. -

Boat cyclohexane : A three-dimensional conformation of cyclohexane that bears a slight
resemblance to a boat. Boat cyclohexane has no angle strain, but has a large number of eclipsing
interactions that make it less stable than chair cyclohexane.

BOAT CYCLOHEXANE -

Bond angle : The angle formed between two adjacent bonds.

Bond-dissociation energy : The amount of energy needed to homolytically break a bond to
produce two radical fragments.

Bond length : The distance between the nuclei of two atoms that are bonded to each other.

Bond strength : See Bond-dissociation energy.

Bronsted acid : A substance that donates a hydrogen ion (proton) to a base.
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Carbanion : A carbon-anion, or substance that contains a trivalent, negatively charged carbon
atom (R,C:). Carbanions are sp’ hybridised and have eight electrons in the outer shell of the nega-
tively charged carbon. -
. Carbene: A neutral substance that contains a divalent carbon atom having only six electrons
in its outer shell (R,C:).

Carbocation: A carbon-cation, or subsfance that contains atrivalent, positively charged carbon
atom having six electrons in its outer shell (RyC"). Carbocations are planar and sp™ hybridised.

Carbocycle : A cyclic molecule that has only carbon atoms in ring.

Carbohydrate : A polyhydroxy aldehyde or polyhydroxy ketone. The name derives from the
fact that glucose, the most abundant carbohydrate, has the formula CH,,0, and was originally thought
to be a hydrate of carbon. Carbohydrates can be either simple sugars such as glucose or complex
sugars such as cellulose. Simple sugars are those that cannot be hydrolysed to yield smaller molecules,
whereas complex sugars are those that can be hydrolysed to yield simpler sugars.

Chain reaction : A reaction that, once initiated, sustains itself in an endlessly repeating cycle
of propagation steps. The free radical chlorination of alkanes is an example of a chain reaction that
is initiated by UV light and that then continues in a series of propagation steps.

Step 1: initiation: | Cly = 2 CF

Steps 2 Propagation: CI" + CHy — HCl + "CH,
-and 3: “CHy + Cly = CH4Cl + CI*
Step 4: Termination: R* + A~ = A-A

Chair cyclohexane : A three-dimensional conformation of cyclohexane that resembles the
shape of a chair. The chair form of cyclohexane has no angle strain. It represents the lowest energy
conformation of the molecule.

CHAIR CYCLOHE XANE

Chemical shift : The position on the NMR chart where a nucleus absorbs. By convention, the
chemical shift of tetramethylsilane is arbitrarily set at zero and all other absorptions usually occur
downfield (to the left on the chart). Chemical shifts are expressed in delta units, &, where one delta
equals one part per million of the spectrometer operating frequency. The chemical shift of a given
nucleus is related to the chemical environment of that nucleus in the molecule, thus allowing one to
obtain structural information by interpreting the NMR spectrum.

Chiral : Having handedness. Chiral molecules are those that do not have a plane of symmetry
and are therefore not superimposable on their mirror image. X chiral molecule thus exists in two
forms, one right-handed and one left-handed. The most common (though not the only) cause of
chirality in a molecule is the presence of a carbon atom that is{bonded to four different substituents.

Chiral centre : An atom (usually carbon) that is bonded to four different groups and is therefore
chiral,

Chromatography : A technique for separating a mixture of compounds into pure components.
Chromatography operates on the principle of differential adsorption whereby different compounds
adsorb on a stationary support phase and are then carried along at different rates by a mobile phase.

Cis-trans Jsomers : Special kind of stereoisomers that differ in their stereochemistry gbout a
double bond or on a ring. Cis-trans isomers are also called geometric isomers.

Concerted : Referring toa reaction that takes place in a single step without intermediates. For
example, the Diels-Alder cycloaddition reaction is a concerted process.

Condensation polymer : A polymer produced by a series of polar reactions between two
difunctional monomers. The polymer normally has the two monomer units in alternating order and
usually has other atoms in addition to carbon in the polymer backbone. Nylon-6,6, a polyamide
produced by reaction between a diacid and a diamine, is an example of such a polymer.
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Configuration : The three-dimensional arrangement of atoms bonded to a chiral centre relative
to the stereochemistry of other chiral centres in the same molecule.

Conformation : The exact three-dimensional shape of amolecule at any given instant, assuming
that rotation around single bonds is frozen.

Conjugate base : The anion that results from dissociation of a Bronsted acid.

Conjugation : A series of alternating single and multiple bonds with overlapping p orbitals.
For example, 1,3-butadiene is a conjugated diene, 3-buten-2-one is a conjugated enone, and benzene
is a cyclic conjugated triene.

Constitutional Isomers : Isomer that have their atoms connected in a different order. For
example, butane and 2-methylpropane are constitutional isomers.

Copolymer : A polymer formed by addition polymerisation of a mixture of two or more different
monomer units.

Coupling constant : The magnitude (expressed in Hertz) of the spin-spin splitting interaction
between nuclei whose spins are coupled. Coupling constants are denoted J.

Covalent bond : A bond formed by sharing electrons between two nuclei.

Cracking : A process used in petroleum refining in which large alkanes are thermally cracked
into smaller fragments. )

Cycloaddition : A reaction in which two reactants add together in a single step to yield a cyclic
product. - The Diels-Alder reaction between a diene and a dienophile to give a cyclohexene is the
best-known example of a cycloaddition.

Deactivating group : An electron-withdrawing substituent that decreases the reactivity of an
aromatic ring towards electrophilic aromatic substitution. Most deactivating groups, such as nitro,
cyano and carbonyl are meta directors, but halogen substituents are ertho/para directors.

Decarboxylation : A reaction that involves loss of carbon dioxide from the starting material,
B-Keto acids decarboxylate particularly readily on heating.

Dehydration : A reaction that involves loss of water from the starting material. Most alcohols
can be dehydrated to yield alkenes.

Delocalization : A spreading out of electron density over a conjugated pi electron system. For
example, allylic cations and allylic anions are delocalized because their charges are spread out by
resonance stabilisation over the entire pi-electron system.

Denaturation : The physical changes that occur in proteins when secondary and tertiary
structures are disrupted. Denaturation is usually brought about by heat treatment or by a change in
pH and is accompanied by a loss of biological activity.

Deshielding : An effect observed in NMR that causes a nucleus to absorb downfield (to the
left) of tetramethylsilane standard. Deshielding is caused by a withdrawal of electron density from
the nucleus and is responsible for the observed chemical shifts of vinylic and aromatic protons.

Dextrorotatory : A word used to describe an optically active substance that rotates the plane
of polarisation of plane-polarised light in a right-handed (clockwise) direction. The direction of
rotation is not, however, related to the absolute configuration of the molecule.

Diastereomer : A term that indicates the relationship between non-mirror-image sterecisomers.
Diastercomers are stercoisomers that have the same configuration at one or more chiral centres, but
differ at other chiral centres.

Diazotization : The conversion of a primary amine, RNH, into a diazonium salt, RN,' by
treatment with nitrous acid. Aryl diazonium salts are stable, but alkyl diazonium salts are extremely
reactive and are rarely isolable.

Dielectric constant : A measure of the ability of a solvent to act as an insulator of electric
charge. Solvents that have high diclectric constants are highly polar.

Dienophile : A compound containing a double bond that can take part in the Diels-Alder
cycloaddition reaction. The most reactive dienophiles are those that have eiecu-on-wm)drawmg
groups such as nitro, cyano, or carbonyl on the double bond.

Dipolar aprotic solvent : A dipolar solvent that cannot function as a‘hydrogen ion donor.

Dipole moment : A measure of the polarity of a molecule. A dipole moment arises when the
centres of gravity of positive and negative charges within a molecule do not coincide.

Dissociation constant : A measure of the extent to which a molecule dissociates into ions. The
dissociation constant for the reaction AB [PICTURE] A" + B™ is given by the expression:
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where the quantities in brackets represent the molar concentrations of the reactant and products.

DNA : Deoxyribonucleic acid, the biopolymer consisting of deoxyribonucleotide units linked
together through phosphate-sugar bonds. DNA is found in the nucleus of cells and contains an
organism's genetic information.

Doublet: A two-line NMR absorption caused by spin-spin splitting, when the spin of the nucleus
under observation couples with the spin of a neighbouring magnetic nucleus.

Downfield : Used to refer to the left hand portion of the NMR chart.

conformation : The arrangement around a carbon-carbon single bond in which the

bonds to substituents on one carbon are parallel to the bonds to substituents on the neighbouring '
carbon as viewed in a Newman projection. For example, the ectipsed conformation of ethane has
the C~H bonds on one carbon lined up with the C~H bonds on the neighbouring carbon.

ECLIPSED CONFORMATION

Elastomers : Amorphous polymers that have the ability to stretch out and then return to their
previous shape. These polymers have irregular shapes that prevent crystalline formation and have
little cross-linking between chains.

Electromagnetic spectrum : The range of electromagnetic energy, including infrared,
ultraviolet and visible radiation. ;

Electron affinity : The measure of an atom's tendency to gain an electron and form an anion,
Elements on the right side of the periodic table such as the halogens have higher electronaffinities
than elements on the left side.

Electronegativity : The ability of an atom to attract electrons and thereby polarise a bond. As
a general rule, electronegativity increases in going across the periodic table from right to left and in
going from bottom to top.

Electrophile : An electron-lover, or substance that accepts an electron pair from a nucleophile
in & polar bond forming reaction.

Electrophoresis : A technique used for separating charged organic molecules, particularly
proteins and amino acids. The mixture to be separated is placed on a buffered gel or paper and an
electric potential is applied across the ends of the apparatus. Negatively charged molecules migrate
towards the positive electrode and positively charged molecules migrate towards the negative
electrode.

Empirical formula : A formula that gives the relative proportions of elements in a compound
in smallest whole nunibers.

Enantiomers : Stereoisomers of a chiral substance that have a mirror image relationship.
Enantiomers must have opposite configurations at all chiral centres in the molecule.

Endothermic : Ammusedtodwcdb:mcﬁom:hanbsorbmgymdﬂmthﬁcfmhave
positive enthalpy changes. In reaction energy diagrams, the products of endothermic reactions have
higher energy levels than the starting materials. s

Entgegen (E) : A term used 1o describe the stereochemistry of a carbon-carbon double bond.
The two groups on each carbon are first assigned priorities according to the Cahn-Ingold-Prelog
sequence rules and the two carbons are then compared. If the high priority groups on each tarbon
are on opposite sides of the double bond, the bond has E geometry. ‘

Enzyme : A biological catalyst. Enzymes are large proteins that catalyse specific biochemical
reactions.

Epoxide : A three-membered cyclic ether functional group.

Equatorial bond : Ahondhcycbhcxmthnﬁcsabngdxmugbequﬁmofdnring

g ¢
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Equilibrium constant : A measure of the equilibrium position for a reaction. The equilibrium
constant for the reaction A + B [PICTURE] C + D is given by the expression:
k- G0
“ [Al[B]

where the numbers in brackets refer to the molar concentrations of the reactants and products.

Essential oil : The volafile oil that is obtained by steam distillation of 4 plant extract.

Excited-state configuration : An electronic configuration having a higher energy level than
the ground state. s :

Exothermic : A term used to describe reactions that release energy and that therefore have
negative enthalpy changes, On reaction energy diagrams, the products of exothermic reactions have
energy levels lower than those of starting materials.

Fat : A solid triacylglycerol derived from animal sources.

Fibres : Thin threads produced by extruding a molten polymer through small holes in a die.

Fibrous protein : Proteins that consist of polypeptide chains arranged side by side in long
threads. These proteins are tough, insoluble in water and are used in nature for structural materials
such as hair, hooves, and fingernails.

Fingerprint region : The complex region of the infrared spectrum from 1500 em™
400 cm™", If two substances have identical absorption patterns in the fingerprint region of the IR,
they are almost certainly identical.

Fischer projection : A means of depicting the absolute configuration of chiral molecules on
a flat page. A Fischer projection employs a cross to represent the chiral centre; the horizontal arms
of the cross represent bonds coming out of the plane of the page, whereas the vertical-arms of the
cross represent bonds going back into the plane of the page. ’

A A A
E__(I:_B = E B = E-—(;--g FISCHER PROJECTION
D D D

Frequency : The number of electromagnetic wave cycles that travel past a fixed point in a
given unit of time. Frequencies are usually expressed in units of cycles per second, or Hertz.

Functional group : An atom or group of atoms that is part of a larger molecule and that has a
characteristic chemical reactivity. Functional groups display the same chemistry in all molecules of
which they are a part.

Gauche conformation: The conformation of butane in which the two methyl groups lie 60°
apart, as viewed in a Newiman projection. This confermation has 0.9 kcal/mol steric strain.

CH;

CH,
GAUCHE CONFORMATION
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Geometric Isomers : An old term for cis-trans isomers.

Globular protein: Proteinsthat are coiled into compact, nearly spherical shapes. These proteins
are generally water soluble, are mobile within the cell and are the structural class to which enzymes
belon

élyeo& : A 1,2-diol such as ethylene glycol, HOCH,CH,0H.

Glycoside : A cyclic acetal formed by reaction of a sugar with another alcohol.

Ground state : The most stable, lowest energy electronic configuration of a molecule.

Halohydrin : A I,2-disubstituted haloalcohol such as is obtained on addition of HOBr to an
alkene.

Halonium ion : A species containing a positively charged, divalent halogen.
Three-membered-ring bromonium ions are implicated as intermediates in the electrophilic addition
of bromine to alkenes.

Haworth projection : A means of viewing stereochemistry in cyclic hemiacetal forms of
sugars, Haworth projections are drawn so that the ring is flat and is viewed from an oblique angle
with the hemiacetal oxygen at the upper right.

CHZOH
0
B i HAWORTH PROJECTION
OH H OF GLUCOSE
HO OH
H OH

Heat of combustion : The amount of heat released when a compound is burned in a calorimeter
according to the equation :

CH, + 0y —— nCO,+m2H,0

Heat of hydrogenation : The amount of heat released when a carbon-carbon double bond is
hydrogenated. Comparison of heats of hydrogenation for different alkenes allows one to determine
the stability of the different double bonds. .

Heterocycle : A cyclic molecule whose ring contains more than one kind of atom. For example,
pyridine is a heterocycle that contains five carbon atoms and one nitrogen atom in its ring.

Heterolytic bond breakage : The kind of bond breaking that occurs in polar reactions when
one fragment leaves with both of the bonding electrons, as in the equation :

AB — A'+Br

Hoemolytic bond breakage : The kind of bond breaking that occurs in free radical reactions

when each fragment leaves with onc bonding electron according to the equation :
AB — A-+B

Homopolymer : A polymer made by addition polymerisation of a single monomer unit.

Huckel’s rule : A rule stating that monocyclic conjugated molecules having 4n + 2 pi electrons
(n = an integer) show the unusual stability associated with aromaticity.

Hybrid orbital : An orbital that is dcnved from a combination of ground-state (s, p, d) atomic
orbitals. Hybrid orbitals, such as the sp’, sp” wsphybndsofmbonfmsmngabmﬂslhm
ground-state atomic orbitals.

Hydration : Addition of water to a molecule, such as occurs when alkenes are treated with
strong sulfuric acid.

Hydroboration : Addition of borane (BH,) or an alkyl borane to an alkene. The resultant
trialkylborane products are useful synthetic intermediates that can be oxidised to yield alcohols.

Hydrogenation : Addition of hydrogen to a double or triple bond to yield the saturated product.

Hydrogen bond : A weak (5 kcal/mol) attraction between a hydrogen atom bonded to an
electronegative element and an electron lone pair on another atom. a

. Hyperconjugation : A weak stabilising interaction that results from overlap of a p orbital with
a neighbouring sigma bond. Hyperconjugation is important in stabilising carbocations and in
stabilising substituted alkenes.



1350 Advanced Organic Chemistry

Inductive effect : The electron attracting or electron withdrawing effect that is transmitled
through sigma bonds as the result of a nearby dipole. Electronegative elements have an
electron-withdrawing inductive effect, whereas electropositive elements have an electron-donating
inductive effect. ,

Infrared spectroscopy : A kind of optical spectroscopy that uses infrared energy. IR
spectroscopy is particularly useful in organic chemistry for determining the kinds of functional groups
present in molecules.

Initiator : A substance with an easily broken bond that is used to initiate free radical chain
reactions. For example, free radical chiorination of alkanes is initiated when light efiergy breaks the
weak chlorine-chlorine bond to form chlorine free radicals.

Intermediate : A species that is formed during the course of a multi-step reaction but is not
the final product. Intermediates are more stable than transition states, but may or may not be stable
enough to be isolated.

Intramolecular, Intermolecular : Reactions that occur within the same molecule are
intramolecular, whereas reactions that occur between two molectiles are intermolecular.

Tonic bond : A bond between two ions due to the electrical attraction of unlike charges. Ionic
bonds are formed between strongly electronegative elements (such as the halogens) and strongly
electropositive elements (such as the alkali metals). :

Tonization energy : The amount of energy required to remove an electron from an atom.
Elements on the far right of the periodic table have high ionization energies, and elements on the far
left of the periodic table have low ionization energies.

Tsoelectric point : The pH at which the number of positive charges and the number of negative
charges on a protein or amino acid are exactly balanced.

Isomers : Compounds that have the same moleculay formula but have different structures.

Isoprene rule : An observation o the effect that terpenes appear to be made up of isoprene
(2-methyl-1,3-butadiene) units connected in a head-to-tail fashion. Monoterpenes have two isoprene
units, sesquiterpenes have three isoprene units, diterpenes have four isoprenc units and so on.

Isotactic polymer : An addition polymer in which all substituents on the polymer backbone
have the same three-dimensional orientation. ‘

Kinefics : Referring to rates of reactions. Kinetics measurements can be extremely important
in helping to determine reaction mechanisms.

Leaving group : The group that is replaced in a substitution reaction. The best leaving groups
in nucleophilic substitution reactions are those that form the most stable, least basic, anions.

Levorotatory : Used to describe an optically active substance that rotates the plane of
polarisation of plane-polarised light in a left-handed {counterclockwise) direction.

Lewis acid : A substance having a vacant low-energy orbital that can accept an electron pair
froma base. All electrophiles are Lewis acids, but transition metal salts such as AICl; and ZnCl, are
particularly good ones.

Lewis base : A substance that donates an electron lone pair to an acid. All nucleophiles are
Lewis bases. |

Lewis structure : A representation of a molecule showing convalent bonds as a pair of
electron dots between atoms. ;

Lipid : A naturally occurring substance isolated from cells and tissues by extraction with
nonpolar solvents. Lipids belong to many different structural classes, including fats, terpenes,
prostaglandins, arl steroids. o

Lipophilic : Fat-loving. Long non-polar hydrocarbon chains tend to cluster together in polar
solvents because of their lipophilic properties.

Lone-pair electrons : Non-bonding electron pairs that occupy valence orbitals. It is the
* lone-pair electrons that are used by nucleophiles in their reactions with clectrophiles.

* Magnetic equivalence : Used to describe nuclei that have identical chemical and magnetic
environments and that therefore absorb at the same place in the NMR spectrum. For example, the
six hydrogens in benzene are magnetically equivalent, as arc the six carbons.

Markovnikov’s rule : A guide for determining the orientation of electrophilic addition
reactions. In the addition of HX to an alkene, the hydrogen atom becomes bonded to the alkene
carbon that has fewer alkyl substituents. A modern statement of this same rule is that electrophilic
addition reactions proceed via the most stable carbocation intermediate.
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Mechanism : A complete description of how a reaction occurs. A mechanism must account .
for all starting materials and all products and must describe the details of each individual step in the
overall reaction process.

Meso: A mesocompound is one that contains chiral centres but is ncvcrmelm achiral by virtue
of a symmetry plane.

Micelle : . A spherical cluster of soap-like molecules that aggregate in aqueous solution. The
ionic heads of the molecules lie on the outside where they are solvated by water and the organic tails
bunch together on the inside of the micelle. i

Mobile phase : The solvent (either gas or liquid) used in chromatography to move man:nal
along the solid adsorbent phase.

Molecular formula : An expression of the total numbers of each kind of atom pi=sei in a
molecule. The molecular formula must be a whole-number multiple of the empirical formula.

Molecular ion : The cation produced in the mass spectrometer by loss of an electron from the
parent molecule. The mass of the molecular ion corresponds to the molecular weight of the sample.

Molecular orbital : An orbital that is the property of the entire molecule rather than of an
individual atom. Molecular orbitals result from overlap of two or more atomic orbitals when bonds
are formed. '

Monomer : The simple starting units from which polymers are made.

Multiplet: A symmetrical pattern of peaks in an NMR spectrum that arises by spin-spin splitting
of a single absorption because of coupling between neighbouring magnetic nuclei.

Mutarotation : The spontaneous change in optical rotation observed when a pure anomer of
a sugar is dissolved in-water. Mutarotation is caused by the reversible opening and closing of the
acetal linkage, which yields an equilibrium mixture of anomers.

Newman projection : A means of indicating stereochemical relationships between substituent
groups on neighbouring carbons. The carbon-carbon bond is viewed end-on and the carbons are
indicated by a circle. Bonds radiating from the centre of the circle are attached to the front carbon,
and bonds radiating from the edge of the circle are attached to the rear carbon.

‘,.-—Renr Carbon

NEWMAN PROJECTION

Front Carbon

Normal alkane : A straight-chain alkane, as opposed to a branched alkane. Normal alkanes
are denoted by the suffix n, as in n-C,H , (n-butane).

Nuclear magnetic resonance, NMR : A spectroscopic technique that provides information
about the carbon-hydrogen framework of a molecule. NMR works by detecting the energy absorption
accompanying the transition between nuclear spin states that occurs when a molecule is placed in a
strong magnetic field and irradiated with radio-frequency waves. Different nuclei within a molecule
dre in slightly different magnetic environments and therefore show absorptions at slightly differed
frequencies.

Nucleophile : A nucleus-lover, or species that donates an electron pair to an electrophile in a
polar bond-forming reaction. Nucleophiles are also Lewis bases.

Olefin : An alternative name for an alkene. !

Optical Isomers : Enantiomers. Optical isomers are isomers that have a mirror image
relationship.

Optically active : A substance that rotates the plane of polarisation of plane-polarised light.
Note that an optically active sample must contain chiral molecules, but that all samples with chiral
molecules are not optically active. Thus, a racemic sample is optically inactive even though the
individual molecules are chiral.

Orbital : The volume of space in which an electron is most likely to be found.

Ozonide : The product formed by addition of ozone to a carbon-carbon double bond. Ozonides
are usually treated with a reducing agent, such - in water, to produce carbonyl compounds.
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Paraffins : A trivial name for alkanes,

Pauli exclusion principle : A statement of the fact that not more than two electrons can
occupy the same orbital, and that these two must have spins of opposite sign. .

Peptides : Amino acid polymers in which the individual amino acid residues are linked by
amide bonds.

Peroxide : A molecule containing an oxygen-oxygen bond functional group, R-0-0-R’or
R-0-0-H. The peroxides present as explosive impurities in ether solvents are usually of the latter
type Since the oxygen-oxygen bond is weak and easily broken, peroxides are often used to initiate
radicatchain reactions. ;

Phospholipids : Lipids that contain a phosphate residue. For example, phosphoglycerides
contain a glycerol backbone linked to two fatty acids and a phosphoric acid. -

Pibond : The covalent bond formed by sideways overlap of atomic orbitals. For example,
carbon-carbon double bonds contain a pi bond formed by sideways overlap of two p orbitals.

Plane of symmetry : An imaginary plane that bisects a molecule such that one half of the
molecule is the mirror image of the other half. Molecules containing a plane of symmetry are achiral.

light : Ordinary light that has its electric vectors in a single plane rather than
in random planes. The plane of polarisation is rotated when the light is passed through a solution of
a chiral substance.

Polar reaction : A reaction in which bonds are made when a nucleophile donates two electrons
o an electrophile and in which bonds are broken when one fragment leaves with both electrons from
the bond.

Polarity : The unsymmetrical distribution of electrons in molecules that results when onc atom
attracts electrons more strongly than another.

Polymer : A large molecule made up of repeating smaller units. For example, polyethylene is
a synthetic polymer made from repeating cthylene units.

Primary, secondary, tertiary, quaternary : Terms used to describe the substitution pattern
at a specific site. A primary site has one organic substituent attached to it, a secondary site has two
organic substituents, a tertiary site has three and a quaternary site has four. :

Cabon  Hydogen ~ Alcohol  Amine
primary- RCHy RCHy RCH:OH  RNH;
sscondary ~ FeCH, RCH ReCHOH  RgNH
tartiary Ra 4 FaCH FyCOH FoN

quaternary RC

Primary structure : The amino acid sequence in a protein.

Principle of maximum overlap : The strongest bonds are formed when overlap between
orbitals is greatest. i

Propagation step : The step o series of steps in a free radical chain reaction that carry on the
chain, Thcpmpagalionswpsmmtyicldbolhpmductandamwtiveinmmﬁiiatclocmyonthc
chain,

Protecting group : A group that is introduced to protect a sensitive functional group towards
reaction elsewhere in the molecule. After serving its protective function, the group is then removed.
For example, ketones and aldehydes are often protected as acetals by reaction with cthylene glycol.

Protein : A large peptide containing fifty or more amino acid residues. Proteins serve both as
structural materials (airs, horns, fingernails) and as enzymes that control an organism’s chemistry.

Protic solvent : A solvent such as water or alcohol that can serve as a proton donor. Protic
solvents are particularly good at stabilising anions by hydrogen bonding, thereby lowering their
reactivity. ’

lertet + A set of four peaks in the NMR, caused by spin-spin splitting of a signal by three
adjacent nuclear spins. )

Quaternary : (see primary). _ ' ' _

Quaternary structure : The highest level of protein structure, involving a specific aggregation
of individual proteins into a larger cluster.
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R,S convention: A method for defining the absolute configuration around chiral centres. The
Cahn-Ingold-Prelog sequence rules are used to assign relative priorities to the four substituents on
the chiral centre and the centre is oriented such that the group of lowest (fourth priority) faces directly
away from the viewer. If the three remaining substituents have a right-handed or clockwise
relationship in going from first to second to third priority, then the chiral centre is denoted R (rectus,
right). If the three remaining substituents have a left-handed or counterclockwise relationship, the
chiral centre is denoted S (sinister, left).

I 1
/@ R CONFGURATION ‘@ S CONFIGURATION
3 2 2 A

Racemic mixture : A mixture consisting of equal parts (+) and (-) enantiomers of 4 chiral
substance. Even though the individual molecules are chiral, racemic mixtures are optically {nactive.

Racemisation : The process whereby one enantiomer of a chiral molecule becomes tonverted -

into a 50 : 50 mixture of enantiomers, thus losing its optical activity. For example, this might happen
during an S,1 reaction of a chiral alkyl halide.

Radical : When used in organic nomenclature, the word radical refers to a part of a molecule
that appears in its name for example, the phenyl in pheryl acetate. Chemically, however, a radical
is a species that has an odd number of electrons, such as the chlorine free radical (CL.).

Radical reaction : A reaction in which bonds are made by donation of one electron from each
of two reagents and in which bonds are broken when each fragment leaves with one electron.

Reactlon energy diagram : A pictorial mpummionofdlecourseofamcﬁon,inwtﬂéh
potential energy is plotted as a function of reaction progress. Starting materials, transition states,
miamed:m and final products are all represented and their appropriate energy levels are mdxcated

* Reducing sugar : Any sugar that reduces silver ion in the Tollens’ test or cupric ion in the -
Fehling's or Benedict's tests. All sugars that are aldehydes or that can be readily converted into
aldehydes are reducing. Glycosides, however, are not reducing sugars.

Refining : The process by which petroleum is converted into gasoline and other useful products.

Resolution : The process by which a racemic mixture is separated i into its two pure enantiomers.’
For exampley 2 racemn:cm'boxy[nc acid might be converted by reaction with a chiral amine base into .
adiastereomeric mixture of salts, which could be separated by fractional crystallisation. Pmparatlon
of the free acids would then yield the two pure enantiomeric acids. .

Resonance effect : The cffect by which subsumnmdommwndﬂnwelecmndomly

- through orbitals overlap with neighbouring pi bonds. For example, an oxygen or nitrogen substituht
donates electron density to an aromatic ring by overiap of the O or N orbital with the aromatic ring ~ *

p orbitals. A yl substituent, however, withdraws electron deasity from an aromatic ring by.

p-orbital overlap. Thueﬁmmmﬁympmmudﬂunmngwhﬂbatpmmu

mdmn;omrﬂm para-directing in clectrophilic aromatic substitution reactions.
W.Amhmk.anhsbmmﬁuumbemwdldemﬂclybyu

single Kekule structure but must instead be considered as an average of two or more resonance

mﬂ:mmﬁmﬂmdﬁ«m}ymﬂummdﬂwmlumnd
of their nuclei.

Ring current : The circulation of pi electrons induced in aromatic rings by an external .
mmcmﬁdd Thunffedmmﬁrlhepummddwnﬁeldduﬁofmancnngprﬂonsm
the

RNA : Ribonucieic acid, the biopolymer found in cells that serves to transcribe the genetic
information found in DNA and use that information to direct the synthesis of proteins.

Saccharide : A sugar.

Saponification : An old term for the base-induced hydrolysis of an ester to yield a carboxylic
acid salt.
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Saturated : A saturated molecule is one that has only single bonds and thus cannot undergo
addition reactions. Alkanes, for example, are saturated, but alkenes are unsaturated.

Sawhorse structure : A stereochemical manner of representation that portrays a molecule
using a stick drawing and gives a perspective view of the conformation around single bonds.

SAWHORSE STRUCTURE

Second-order-reaction : A reaction whose rate-limiting step is bimolecular and whose
- kinetics are therefore dependent on the concentration of two reagents.

Secondary : (See primary). :

Secondary structure : The level of protein substructure that involves organisation of chain
sections into ordered arrangements such as f-pleated sheets or o-helices.

Sequence rules : A series or rules devised by Cahn, Ingold and Prelog for assigning relative
priorities to substituent groups on a double-bond carbon atom or on a chiral centre. Once priorities
have been established, E,Z-double bond geometry and R.S-Configurational assignments can be
made. :

Shielding : An effectobserved in NMR that causes a nucleus to absorbtoward the right (upfield)
side of the chart, Shielding is caused by donation of electron density to the nucleus,

Sigma bond : A covalent bond formed by head-on overlap-of atomic orbitals.

Skew conformation : Any conformation about a single bond that is intermediate between
staggered and eclipsed. (See staggered conformation; eclipsed conformation).

Soap : The mixture of long-chain fatty acid salts obtained on base hydrolysis of animal fat.

sp Orbital : A hybrid orbital derived from the combination of an s and p atomic orbital. The
two sp orbitals that result from hybridisation are oriented at an angle of 180" to cach other.

sp’ Orbital : A hzybrid orbital derivedby combination of an s atomic orbital with two p atomic
orbitals. The three sp” hybrid orbitals that result lie in a plane at angles of 120° to each other.

sp’ Orbital : A hybrid orbital derived by combination of an s atomic orbital with three p atomic
arbitals. The four sp’ hybrid orbitals that result are directed towards the comers of a tetrahedron at
angles of 109° to each other. . .

Spin-spin splitting : The splitting of an NMR signal into a multiplet caused by an interaction
between nearby magnetic nuclei whose spins are coupled. The magnitude of spin-spin splitting is
given by the coupling constant J. )

Staggered conformation : The three-dimensional arrangement of atoms around a
carbon-carbon single bond in which the bonds on one carbon exactly bisect the bond angles on the
second carbon as viewed end-on. (See eclipsed conformation)

STAGGERED CONFORMATION

Stationary phase : The solid support used in chromatography. The molecules to be
chromatographically separated adsorb on the stationary phase and are moved along by the mobile
phase. Silica gel (hydrated Si0,) and alumina (Al,0,) are often used as stationary phases in column
chromatography of organic mixtures.

Stereochemistry : The branch of chemistry concerned with the three-dimensional arrangement
of atoms in molecules. .
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Stereoisomers : Isomers that have their atoms connected in the same order but that have
different three-dimensional arrangements. The term stereoisomer includes both enantiomers and

diastereomers but does not include constitutional isomers. i

Stereospecific : A term indicating that only a single stereoisomer is produced in a given
reaction, rather than a mixture.

Steric strain': The strain imposed on a molecule when two groups are too close together and
try to occupy the same space. Steric strain is responsible both for the greater stability of frans versus
cis alkenes and for the greater stability of equatorially substituted versus axially substituted
cyclohexanes.

Syn stereochemistry : A syn addition reaction is one in which thé two ends of the double bond
are attacked from the same side. For example, OsO, induced hydroxylation of cyclohexene yields
cis-1,2-cyclohexanediol, the product of syn addition.

Syndiotactic polymer : An addition polymer in which the substituents on the polymer
backbone have a regular alternating stereochemistry.

Terpenes : Lipids that are formally derived by head-to-tail polymerisation of isoprene units,

Tertiary : (see primary) i

Tertiary structure : The level of protein structure that involves the manner in which the entire
protein chain is folded into a specific three-dimensional arrangement.

Thermoplastic : A polymer that is hard at room temperature but that becomes soft and pliable
when heated. Thermoplastics are used for the manufacture of a variety of moulded objects.

Thermosetting resin : A polymer that is highly cross-linked and that sets into a hard,
insoluble mass when heated. Bakelite is the best-known example of such a polymer.

Torsional strain : The strain in a molecule caused by electron repulsion between eclipsed
bonds. Torsional strain plays a major role in destabilizing boat cyclohexane relative to chair
cyclohexane.

Transition state : An imaginary activated complex between reagents, representing the
highest energy point on a reaction curve. Transition states are unstable complexes that cannot be
isolated. -

Triacylglycerol : Lipids suchas animal fat and vegetable oil consisting chemically of triesters
of glycerol with long-chain fatty acids.

Triplet : A symmetrical three-line splitting pattern observed in the NMR when a proton has
two equivalent neighbouring protons.

Ultraviolet (UY) :  An optical spectroscopy employing ultraviolet irradiation. UV spectro-
scopy provides structural information about the extent of pi electron conjugation in organic
molecules.

. Unimolecular reaction : A reaction that occurs by spontancous transformation of the starting
material without the intervention of other reagents. For example, the dissociation of a tertiary alkyl
halide in the Sy! reaction is a unimolecular process.

Unsaturated : Anunsaturated molecule is one that has multiple bonds and can undergo addition
reactions. Alkenes and alkynes, for example, are unsaturated.

Upfield : Used to refer ta the right-hand portion of the NMR chart.

Van der Waals forces : The attractive forces between molecules that are caused by
dipole-dipole interactionss Van der Waals forces are one of the primary forces responsible for holding
molecules together in the liquid state, -

Vicinal : A term that refers to a 1,2-disubstitution pattern. For example, 1,2-dibromoethane is
a vicinal dibromide. .

Vinylic : A term that refers to a substituent at a double-bond carbon atom. For example,
chloroethylene is a vinylic chloride and enols are vinylic alcohols.

\ Vulcanisation : A process for hardening rubber by heating in presence of elemental sulphur.
The sulphur functions by forming cross links between polymer chains,

Wavelength : The length of a wave from peak to peak. The wavelength of electromagnetic
radiation is inversely proportional to frequency and inversely proportional to energy.

Wavenumber : The wavenumber is the reciprocal of the wavelength in centimeters. Thus,

wavenumbers are expressed in cm™'.
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Ylides : Anmnldipohrmohculeinwhichd\epositiveandncgalivechnrgumndjacem.
Forewnple‘d:ephosphumusedinwmgmmy]jdes.

Zusammen (Z) : Mumusudmdmribethemwdmisﬂyof;wbm-wbondwbhhmd.
'Ibetwogrwpsoneachcmbonnusipedpﬁoriﬁsmdinghutlw&hn—[ngold—?rdoguqum
rules and the two carbons are compared. I the high priority groups on each carbon are on the same
side of the double bond, the bond has Z geometry.

Zwitterion : A neutral dipolar molecule in which the positive and negative charges are not
adjacent. For example, amino acids exist as zwitterions. (Zwitterions are also called betains).

u,ﬁ-ﬁu—go- An amino acid zwitterion
A



- ABS detergent, 665
Absolute alcohal, 385
Absolute configuration, 132
Absorbance, 1316
Acetal, 446
Acetaldehyde, 465
Acetamide, 600
Acetic acid, 504
Acetic anhydride, 579
Acetoacetic ester, 614
Acetone, 471
Acetophenone, 1100
Acetyl chloride, 575
Acetylene, 286
Acetylides, 284
Acetylsalicylic acid, 1125
Acid amides, 592
Acid anhydrides, 576
Acid halides, 569
Acid value, 656 .
Acidity of alkynes, 279
Acidity of aromatic acids, 1113
Acidity of carboxylic acids, 488
Acidity of phenols, 1050
Acraldehyde, 469
Acrilan, 1293
Acrolein, 469
Acrylic acid, 511
Acrylonitrile, 722
Actactic polymer, 1304
Activating substituents, 935
Activation energy, 97
Active methylene compounds, 613
Acyl halides, 569
1, 2-Addition, 268
1, 4-Addition, 268
Addition polymers, 1292
Addition reactions, 103, 279
Adipic acid, 530,

Alanine, 843, 844
Alcohol industry, 381
Alcohols, 351
Aldehydes, 431

Aldoses, 770

Aliphatic amines, 689
Alizarin, 1155
Alkadienes, 265
Alkaloidal reagents, 1251

Index

Alkaloids, 1249
Alkanedioic acids, 517
Alkanes, 188

Alkenes, 230

Alkenyl groups, 160
Alkoxyalkanes, 167

Alkyd resins, 1300

Alkyl cyanates, 724

Alkyl cynamides, 711
Alkyl groups, 152
Alkyl halides, 309

Alkyl isocyanides, 719
Alkyl nitrites, 759

Alky] sulphides, 426
Alkylacetic acids, 626, 634
Alkylmalonic acids, 635
Alkynes, 273

Alkynides, 283

Allantoin, 869

Allenes, 266

Alloxan, 868

Allyl alcohol, 388

Allylic halogenation, 262
Allyl iodide, 332

Amines, 669

Amino acids, 838
Aminobenzene, 1015
p-Aminobenzene sulphonic acid, 977
o-Aminobenzoic acid, 1122
p-Aminobenzoic acid, 1122
Aminophenols, 1070

Ammonium carbamate, 734
Amyl alcohols, 387
Amylopectin, 826
Amylose, 826

Aniline, 1015

Aniline yellow, 1143
Anomeric carbon, 792
Anomers, 792

. Anthracene, 1186

Anthracene oil, 885
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Amdt-Eistert synthesis, 573
Aromatic nldebydu. 1081
Aromatic amines, 998

Aromatic carboxylic acids, 1111
Aromatic 875
Aromatic disubstitution, 930
Aryl halides, 945

Aromatic halogen compounds, 945
Aromatic ketones, 1099
Aromatic orientation, 930
Aromatic sulphonic acids, 963
Aromatic Nitro compounds, 981
Aromaticity, 899
Aromatisation, 209, 905

Aryl groups, 902

Arylamines, 998
Aryldiazonium salts, 1029
Aryllithiums, 953

Aspirin, 1125

Asymmelric amines, 675
Asymmetric carbon, 127
Asymmetric synthesis, 143
Atropine, 1267

Aufbau principle, 52
Auxochromes, 1139

Azeotropic distillation, 385
Azides, 766

Azo coupling, 1178

Azo dyes, 1142

Baeyer strain theory, 223

Bakelite, 465, 1299

Barbital, 637

Barbitone, 637

Barbituric acid, 637

Barfoed's test

Base peak, 1333

Basicity of amines, 689

Basicity of pyridine, 1232

Basicity of urea, 738

Beckmann rearrangement, 106

Beeswax, 658

Beilstein's test, 21

Benedict solution, 563

Benzenediazonium chloride, 1031

Benzal chloride, 960

Benzaldehyde, 1082

Benzamide, 1120

Benzene, 920

Benzenedicarboxylic acids, 1126

Benzenedisulphonic acids, 974
Benzeneulphonic acid, 971

Benzenesulphonyl chloride, 686, 972

Benzidine rearrangement, 106

Benzoic acid, 1117

Benzoic anhydride, 1020

Benzoin, 1091

in condensation, 1089 e

p-Benzogquinone, 1105
Benzotrichloride, 960
Benzoyl chloride, 1119
Benzoy! peroxide, 1120
Benzyl alcohol, 1077
Benzyl amine, 1022
Benzyl chloride, 957
Bergius process, 300
Berthelot's synthesis, 287
Bial's test, 834
Bischler-Napieralski reaction, 1245
Bismark brown, 1146
Biuret test, 859

Boiling point, 17

Bond angle, 55

Bond energy, 55
Bouveault-Blanck reduction, 589
Bucherer reaction, 1174
Bunna §, 1302
1,3-Butadiene, 267

Butter yellow, 1143
Butyl alcohols, 387

Butyl rubber, 1302
Butyric acids, 509

c

Caffeine, 873
Cahn-Ingold-Prelog system, 134
Camphor, 1287
Cannizzaro reaction, 460, [088
Capric acid, 647

Caproic acid, 647
Carbamic acid, 733
Carbamide, 735
Carbonions, 91

Carbinol carbon, 353
Carbohydrates, 768
Carbolic acid, 1065 |
Carbon tetrachloride, 329
Carbonic acid, 728
Carbonisation, 879
Carbonium ions, 87
Carbonyl compounds, 431
Carboxylic acids, 479
Carbylamine reaction, 327
Carius method, 27
Carnuba wax

P-2 Catalyst, 280
Catalytic hydmgmauan. 110, 242, 280
Catalytic reforming, 886
Catechol, 1072
Catenation, 2

Cellobiose, 824

Cellulose, 828

Cellulose acetate, 330
Chain isomerism, 117
Chemical shift, 1324
Chichibabin reaction, 1235
Chirality, 129

Chloral, 467

Chloramine, 681
Chloramine, T, 975



Index

Clorination of alkanes, 202
Chlorobenzene, 954
Chloroethane, 321
Chloroform, 325
Chloropicrin, 756
Chromatograpy, 13
Chromogen, 1138
Choromophores, 1138, 1312
Cinnamaldehyde, 1095
Cinnamic acid, 1133

Cis-trans isomerism, 120
Citral, 1274

Citric acid, 561
Claisen-Schmidt condensation, 1092
Clemmensen reduction, 111, 455, 904
Coal tar, 882

Coal-gas, 881

Colludion, 829

Colour and constitution, 1138
Column chromatography, 14
Condensation, 109
Condensation polymers, 1296
Configuration, 132
Conformations, 212
Conformations of butane, 213
Conformations of cyclohexane, 226
Conformations of ethane, 213
Conformations of propane, 214
Congo red, 1145

Conine, 1257

Conjugated dienes, 265
Coordinate bond, 48
Copolymers, 1295

Coramine, 1237

Coumarin, 1135

Coupling reactions, 1036, 1059
Covalent bond, 48, 54
Cracking, 207, 298

Cresols, 1071

Cross aldol condensation, 450
Cross-linked polymer, 1291 -
Crotonaldehyde, 471

Crotonic acid, 513

Crude oil, 291

Cryscopic method, 39
Crystallisation, 6

Cumene, 925

Cumene process, 1047
Curtius degradation, 680
Cyan compounds, 712

Cyclic ethers, 409
Cycloalkanes, 218

DDT, 955

Dacron, 1296

Dalda, 656

Deactivating, 935
Decarboxylation, 196
Dehydration of alcohols, 370
Dehydrohalogenation, 237
Denatured alcohol, 385

Deoxy sugars, 777
Destructive distillation, 375
Desulphonation, 968 "
Detection of carbon, 18
Detection of halogens, 20
Detection of nitrogen, 18
Detection of oxygen, 19
Detection of phosphorus, 19
Detection of sulphur, 20
Detergents, 664, 667
Dextrorotatory, 126
1,2-Diaminobenzene, 1024
1,3-Diaminobenzene, 1025
1,4-Diaminobenzene, 1026
Diazomethane, 760

- Diazotisation, 1029

Dicarboxylic acid, 517

. Dichloroacetic acid, 544

Dieckmann reaction, 220
Diels-Alder reaction, 270, 1189, 1193
Dienes, 265

Diethyl ether, 415

Diethyl malonate, 630
1,1-Drhalides, 322
1,2-Dihalides, 323
m-Dihydroxybenzene, 1073
o-Dihydroxybenzene, 1072
p-Dibydroxybenzene, 1074
2,6-Dihydroxypurine, 872
Diisopropyl ether, 417
1,3-Diketones, 628
1,4-Diketones, 628
Dimethylamine, 703

N, N-Dimethylaniline, 1021
Dimethyl benzenes, 927
Dimethyl ether, 415
Dimethyl ketone, 471
Dimethyl sulphate, 605
Dimethy! terephthalate, 1297
m-Dinitrobenzene, 992
o-Dinitrobenzene, 993
p-Dinitrobenzene, 993

2 4-Dinitrophenylhydrazine, 449
Dials, 392

Dipentene, 1283, 1286
Diphenylamine, 1019
Diphenyl ketone, 1102
Dipolar ion, B45

Direct dyes, 1158

Directive effects, 932
Disaccharides, 813
Disperse dyes, 1159
Distillation, 9

Divinyl ether, 417

Drying of oils, 653

Dumas method, 23

Dyes, 1141

Dynamite, 406

E/Z system, 161
Ebullioscopic method, 40
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Eclipsed form, 213

Elbs reaction, 1189
Electro-ionic Energy, 1309
Blectromagnetic radiation, 1307
Electromagnetic spectrum, 1308
Electromeric effect, 82
Electronegativity, 66
Electrophilic addition, 104, 241
Electrophilic reagents, 92
Electrophilic substitution, 907
Elimination reactions, 102, 320
Empirical formula, 32
Enantiomerism, 130

End group analysis, 853
Endothermic reaction, 96
Epimerisation, 784
Epimers, 775

Epoxidation, 256
Epoxides, 168

Epoxy compounds, 409
Epoxy resins, 1299
Essential amino acids, 839
Esterification, 494, 582
Esters, 581

Estimation of carbon, 21
Estimation of hydrogen, 21
Estimation of halogens, 27
Estimation of nitrogen, 23
Estimation of oxygen, 29
Estimation of phosphorus, 2%
Estimation of; sulphur, 29
Estimation of urea, 743
Ethanal, 465

Ethane, 210
1,2-Ethanediol, 393
Ethanoic acid, 504
Ethanoic anhydric, 579
Ethanoyl chloride, 575
Ethers, 408

Ethy) acetate, 591

Ethyl acetoacetste, 614
Ethyl alcohol, 378
Ethylamine, 702

Ethyl carbamate, 734
Ethyl carbonate, 733

Ethyl chloroformate, 732
Ethyl cyanoacetate, 638
Ethylene, 264

Ethylene chlorophydrin, 397
Ethylene glycol, 393
Ethylene oxide, 397

Ethyl ethanoate, 591

Ethyl hydrogen sulphate, 603
Ethyl iodide, 321

Ethyl nitrate, 608

Ethy| nitrite, 609
Exothcrmic reaction, 96
Extraction, 12

Advanced Organic Chemistry

Fats, 644
Fatty acids, 479

" Fehling's solution, 457

Fenton's reagent, 781
Fermentation, 381

Finger-print region, 1318
Finkelstein reaction, 313
Fischer indole synthesis, 1223
Fischer projections, 131, 771
Fischer-Tropsch process, 300
Flash point, 301

Fluon, 1293

Fluorescein, 1149
Formaldehyde, 452

Formalin, 462 /
Formic acid, 500

Formy! chloride, 575

Fractional distillation, 9
Free-radical mechanism, 95, 202

Free-radical polymerisation, 258, 1294

Friedel-Crafts acylation, 915
Friedel-Crafts alkylation, 913
Friedel-Crafts reaction, 912
Fructose, 804

Fructoside, 794

Fuchsin-, 1148

Fumaric acid, 535
Functicral group, 148
Functional isomerism, 117
Furan, 1209

Furfural, 1214

Furcic acid, 1216

G

Gabriel synthesis, 680, 1131
Gallic acid, 1123

Gas chromatography, 15
Gattermann-Kotch reaction, 1084
Gattermann reaction, 1033, 1060
Geometrical isomerism, 118, 234
Geranial, 1277

Geraniol, 1279

Glucose, 785

Glucoside formation, 803
Glucosides, 794

Glutamic acid, 638

Glutaric acid, 530, 638
Glycerine, 400

Glycerol, 400

Glycine, 843

Glycogen, 827

Glycollic acid, 552

‘Glycols, 392

Glycosides, 794
Glycosidic linkage, 794
Glyptals, 1129
Grignard reagents, 338
Guanidine, 745

Gun cotton, 829
Gutta-percha, 1289



Index
Gycerides, 646

HVZ reaction, 498

Halo acids, 540

Haloform reaction, 458, 483
Halogen exchange, 313
Hardening of Oils, 651
Howaorth synthesis, 1165, 1189
Heavy oil, 885

Heller's ring test, 858
Hell-Volhard-Zelinsky reaction, 498, 574
Hemiacetal, 446

Heterocyclic compounds, 1201
Heterolytic bond fission, 86
Hinsberg methed, 686
Hinsberg reagent, 686
Hinsberg test, 694

Hofmann degradation, 599, 679
Hofmann elimination, 706
Hofmann-Martius rearrangement, 1015
Homologous series, 148
Homolytic bond fission, 86
Hopkins-Cole test, 859
Houben-Hoesch reaction, 1062
Huckel rule, 900

Hunsdieker reaction, 313
Hund's rule, 52

Hybridisation, 60
Hydroboration, 254, 280
Hydrogen bonding, 69, 355, 486, 1047
Hydrohalogenation, 246
Hydroquinone, 1074
Hydroxyacetic acid, 552
Hydroxy acids, 546
Hydroxybenzene, 1065
o-Hydroxybenzoic acid, 1123
2-Hydroxyethanoic acid, 552
Hydroxylation, 255
2-Hydroxypropanoic acid, 553
Hyperconjugation, 85

IR, 1310

IR Spectra, 1318

IUPAC nomenclature, 150
TUPAC rules, 154
Inclusion complex, 821"
Indigo, 1151

Indole, 1223

Indoxyl, 1227

Inductive effect, 80

Isobutyric acid, 509
Isocyanates, 724
Isocyanide reaction, 327
Isoelectric point, 846

" Iso hydrocarbons, 190

Isomerisation, 105, 209
Isomerism, 116

Isomerism of tartaric acid, 138
Isonitriles, 719

Isoprene rule, 1272
Isopropylbenzene, 925
Isoquinoline, 1245

Isotactic polymer, 1304

K

Kekule formula, 890

Keto-enol tautomerism, 616
Ketones, 431

Ketoses, 770 .
Kiliani-Fischer synthesis, 778
Kieldah! method, 25
Knoevenagel condensation, 1093
Kolbe's method, 199

Kolbe's reaction, 1059

Koop synthesis, 845

Lactic acid, 553
Lactones, 551
Lactose, 819
Laevorotatory, 126
Lassaigne's test, 19
Lavric acid, 647
Lederer-Manasse reaction, 1063
Lewisite, 288

Light oil, 883
Limonene, 1283
Lindane, 918 -
Lindlar’s catalyst, 280
Linoleic acid, 647
Lipids, 644

Lucas test, 374

Malachite green, 1147
Maleic acid, 533

Malic acid, 556

Malonic acid, 527
Malonic ester, 630
Malonic ester synthesis, 633
Malonyl urea, 637
Maltose, 822

Mandelic acid, 1133
Mannich reaction, 1102
Markovnikov rule, 248
Mass spectra, 1334
Mmspemomopy 1332
Mechanism, 80

Meerwein-Ponudorf- Verleyluhmn. 113,454

Melting point, 16
p-Menthane, 1281
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Menthol, 1282 Neoprene, 288, 1301
Mercaptans, 420 Neral, 1277
Mercaptides, 423 Nerol, 1281
Mercerised cotton, 830 Network polymer, 1291
Mercuration, 917 Newman projections, 213
Mesomeric effect, 83 Nicotine, 1264
Meta (m-), 902 Ninhydrin, 850
Meta directors, 933 Ninhydrin test, 859
Metamerism, 118 Nirlep non-stick pans, 1293
Methanal, 462 Nitriles, 711
Methane, 210 Nitroalkanes, 749
Methanoic acid, 500 i Nitrobenzene, 990
Methanoyl chloride, 575 Nitro dyes, 1142
Methyl alcohol, 375 Nitroglycerine, 406
Methylamine, 701 Nilrophenols, 1068
N-Methylaniline, 1020 p-nitrophenylhydrazine, 1040
Methylating agent, 606 Nitrotoluenes, 994
Methylbenzene, 922 . Nonessential amino acids, 839
Methylbenzoic acids, 1121 Non-reducing sugars, 769
Methyl iodide, 321 Nuclear magnelic resonance spectroscopy, 1322
Methy! orange, 1143 Nuclear spin transitions, 1322
Methy! phenyl ketone, 1100 Nucleoph!lic addition, 105, 440
2-Methyl propanoic acid, 509 Nucleophilic reagents; 94
Methyl salicylate, 1126 Nucleophilic substitution, 99, 315
4-Methyl uracil, 629 Nylon, 1218
Methy! vinyl ketone, 474 Nylon-G6, 1297
Michael reaction, 471, 475 fo)
Michler's ketone, 1104
Middle oil, 884 Octane number, 301
Millon's test, 859 Oil of wintergreen, 1126
Mixed melting point, 17 Qils, 645
Molar extinction coefficient, 1311 . Olefines, 230
Molecular formula, 33 Oleic acid, 514, 647
Molecular finger print, 1335 Oligosaccharides, 769
Molecular iron, 1333, 1336 Oppenauer oxidation, 114, 435
Molecular weight, 37 Optical activity, 125
Molisch's test, 833 Optical isomerism, 125
Monochloroacetic acid, 544 Orbital, 50
Monohydric alcohols, 351 Organic Chemistry, |
Monomers, 1291 Organolithium compounds, 346
Monosaccharides, 769 Organometallic compounds, 336
Mordant dyes, 1158 Organozinc compounds, 347
Mustard gas, 429 Orientation, 930
Mutarotation, 790 y Orlon, 1293
Myrcene, 1273 Ortho directors, 933
Ortho (0-), 902
N Orton rearrangement, 106
Osazone formation, 799 °

P spectes, LigH Oxalic acid, 525

Naphthalene, 1162

. Oxidation, 110
1.2-Naphthaguinone, 1185 v
1.4-Naphthaguinone, 1184 D it
;:aphﬂbi- : };?.r Oxonium salts, 414
a-Naphthol, 1173 SRS
B-Naphthol, 1177 P
1-Naphthylamine, 1180 pVC 1%
2-Naphthylamine, 1182 Palmitic acid, 647
o-Naphthylamine, 1180 Paper industry, 832
B-Naphthylamine, 1182 Para (p-), 902
Natural gas, 201, 203 . Para directors, 933

Natural rubber, 1300 Parared, 144
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Paraffins, 188

Pauli's exclusion principle, 50
Peptides, 851

Perkin condensation, 1091
Perkin reaction, 1091
Peroxide effect, 250
Petrochemicals, 302
Petroluem, 291, 293
Petroluem refining, 297
Phenanthrene, 1296
Phenol, 1065

Phenolic resins, 1300
Phenols, 1042
Phenolpthalein, 1150, 1063
Phenylalanine, 844
Phenylacetic acid, 1132
Phenylamine, 1015

Phenyl cyanide, 1121
m-Phenylenediamine, 1025
o-Phenylenediamine, 1024
p-Phenylenediamine, 1026
2-Phenylethanoic acid, 1132
Phenylethanol, 1078
{-Phenylethylamine, 1023
Phenylhydrazine, 1036, 1039
PhenyInitromethane, 996 -
Phenylsalicylate, 1126
Phloroglucinol, 1076
Phosgene, 729

Phthalic acid, 1127
Phthalic anhydride, 1128
Phenolic resins, 1299
Phthalimide, 1130
Phthaloy chloride, 1131
Pi-bond, 58

Picolines, 1238

Picric acid, 1068, 1125
Pigiments, 1160

Piperic acid, 1261
Piperidine, 1239

Piperine, 1259

Piperonal, 1099

Pinacols, 456

Pinacol rearrangement, 393

Pinacol-Pinacolone rearrangement, 436

Platforming, 521
Platinichloride method, 42
Polar bond, 67
Polar mechanism, 96
Polyethylene, 1292
Polyhydric alcohols, 392
Polymerisation, 107, 1291
Polymers, 1291
Polyethylene, 1292
Polypropylene, 1292
Polysaccharides, 825
Polstyrene, 1293
Polythone, 1292
Polyurethanes, 1299
Polywn chloride (PVC), 1292
t{mlml 385
analy amines, 676

Primary carbon, 191

Principal function, 175

Priority rules, 175

1,2,3-Propanetriol, 400

Propanone, 471

Propanoic acid, 569

Proiionic acid, 509

Propyl alcohols, 387

Propylene, 265

Propyne, 289

Proteins, 855

Purines, 865

Pyridine, 1229

Pyrogallol, 1075

Pyroligneous acid, 375

Pyrolysis, 207

Pyroxylin, 829

Pyrrole, 1202 :
Q

Quaternary carbon, 191

Quaternary salts, 669, 704

Quick vinegar process, 505

Quinine, 1262

Quinol, 1074

Quinoline, 1241

o-Quinone, 1108

p-Quinone, 1105

R/S system, 134

Racemic mixture, 126, 140
Racemization, 142

Rancidity, 653

Rayons, 831

Rearrangement reactions, 105
Rectified spirit, 383

Reduced pressure distillation, 11
Reducing sugars, 769
Reduction, 110

Reductive amination, 1003

Reformatsky reaction, 348, 1093

Reichert-Meissl number, 656
Reimer-Tiemann reaction, 1061
Resonance, 67

Resorchinol, 1073

Ring activators, 934

Ring deactivators, 934
Rosaniline, 1148

Rosenmund reduction, 438, 573
Rotational Energy, 1309
Rubber, 1301

Ruff's method, 78)

Saccharin, 825, 976
Sachse-Mohr concept, 224
Salicylaldehyde, 1096
Salicyclic acid, 1123
Salol, 1126

Sandmeyer reaction, 1033
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Sangar's reagent, 849
Saponification, 585, 651
Saponification number, 654
Saron, 1297

Saturz :d hydrocarbons, 188
Saytz: frule, 236

Schiff’s bases, 1088
Schotten-Buamann reaction, 693
Secondary amines, 681
Secondary carbon, 191
Seliwanoff’s test, 834
Semicarbazide, 744
Separation of amines, 685
Sequence rules, 134

Sigma bond, 56

Silver salt method, 42

Soap action, 663

Soaps, 659

Sodium test, 19, 20
Sowden-Fischer synthesis, 779
Soxhlet extraction, 13
Spandex, 1300

Specific rotation, 126
Spectroscopy, 1307 °
Spectrometers, 1307

Spin number, 1322
Spin-spin coupling, 1328
Staggered form, 213

Starch, 825

Steam distillation, 12
Stearic acid, 647

Stephen’s reaction, 1085
Stereoisomerism, 116
Strecker synthesis, 843
Structural formula, 71
Structural isomerism, 116
Styrene, 926
Styrene-Butadiene Rubber (SBR or Bunna §), 1302
Sublimation, 8

Substituted carboxylic acids, 539
Substitution reactions, 99
Substrate, 80

Succinic acid, 528

Sucrose, 813

Sugar industry, 813
Sulphadiazine, 979

Sulpha drugs, 979
Sulphanilamide, 978
Sulphanilic acid, 977
Syndets, 664

Syndiotactic polymer, 1304
Synthetic petrol, 300 -
Synthetic polymers, 1291
Synthetic rubber, 1301

T

TEL, 438

THF, 1216
TMS, 1315
TNB, 994

TNT. 995
Tartaric acid, 558
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Tautomerism, 615

Tautomers, 615

Teflon, (PTEF or Fluon), 1293
Teron, 1296

Terpenes, 1272

Terpenoids, 1272

Tertiary amines, 683

Tertiary carbon, 191

Terylene, 1296
Tetracthyllead, 348
Tetrafluoroethylene, 1293
Tetrahydrofuran, 1216
Tetramethylsilane, 1315
Thallation, 917

Thermoplastic polymers, 1298
Thermosetting polymers, 1298
Thioalcohols, 420

Tioethers, 420, 426
‘Thionindigo, 1155

Thiophen, 1219

Thiophene, 1219

Thiourea, 745

Tischenko reaction, 461, 583

“Tollen's reagent, 457

Toluene, 922
Toluenesulphonic acids, 975
Toluic acids, 1121
Toluidines, 1018
Transesterification, 587
Transition state, 98
Traube's synthesis, 871
Tricarballylic acid, 563
Trichloroacetic acid, 545
Trichloromethane, 325
2,6,8-Tribydroxypurine, B67
Trimethylamine, 704

1,3, 5-Trinitrobenzene, 994
2,4,6-Trinitrophenol, 1068
24,6-Trinitrotoluene, 995
Triphenylamine, 1021
Tropine, 1269

U

U-V Spectrum, 1311

Ullmann reaction, 952, 1019
Ultraviolet spectroscopy, 1310
Unsaturated hydrocarbons, 230
Urea, 735

Urea-formaldehyde resins, 740
Urease method, 743

Ureides, 863

Urethane, 734

Uric acid, 867

Urotropine, 463

Vanaspati ghee, 656
Vanillin, 1097

Vat dyes, 1159
Vegetable ghee, 656
Vibrational . 1309
Vicinal dihalides, 238
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Yicks inhalers, 1283
Victor Meyer method, 38
Victor Meyer test, 374
Vinegar, 506
Vinylacetylene, 288

Vinyl alcohol, 388
Vinylation, 283
Vinylbenzene, 926

Vinyl chloride, 330

Vinyl cyanide, 722
2-Vinylpyridine, 1238
Vinyon, 1297

Viscose process, 831 '
Visible spectroscopy, 1309
Vital force theory, |

w

Walden inversion, 144
Waxes, 658 ;

Williamson synthesis, 317, 411
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Witt’s theory, 1138

Wohl's method, 780

Wolff-Kishner reduction, 111,455 *
Wolfrom's method, 781
Waurtz-fitting reaction, 904, 951
Wartz reaction, 197

X

Xanthene dyes, 1149
Kanthine, 872
Xanthoproteic test, 859
Xylenes, 927

4

Zeisel's method, 1256
Zeiglar-Natta catalysis, 1301

' Ziegler-Natta polymerisation, 261

Zwitterion, 845, 977



