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1) Describe the ionic and covalent bonds and rbieaxtronegativity in their formation.
2) How does the Lewis-Langmuir octet rule expldie tormation of chemical bond?

3) Differentiate between structural isomers andrdonting (resonance) structures. b) What is
a resonance hybrid?

4) What are the rules of writing resonance striegpoints 1-10)?
5) Wite the resonance contributors of 1,3-butademedimethyl ether.

6) Write the structures of methanide anion, metiagion and methyl radical and show their
theoretical formations from carbon and hydrogemato

7) Write resonance structures for the followingstahces showing all outer-shell electrons
and formal charges when present. (a) carbonatea@ios> (b) allyl cation (c) formaldehyde,
H,CO (d) nitrate ion N@.

8) (a) Define a dipole moment (b) Can a moleculetadipole moment if it has no polar
covalent bonds? (c) Can a molecule have polar bahdo dipole moment? Justify your
answer with an example.

9) What is an atomic orbital (AO) and wave func#df'rite the electron configuration of the
carbon and oxygen atoms.

10) (a) State the Aufbau (German for building uphgple for filling orbitals with electrons.
(b) State and explain Hund’s rule for filling ods. (c) Give the electron distribution for
ground state C atom.

11) Show and explain the potantial energy diagrathehydrogen molecule as the function
of intermolecular distances.

12) Draw an energy diagram showing the relationbeiveen two AO’s and the MO'’s
resulting from their combination. Show the LCAOdhgont he example of the hydrogen
molecule.

13) Explain the fact that in contrast to hydrog€a,atoms do not form diatomic molecules by
the LCAO theory.

14) Account for the four identical C-H bonds in £H terms of hybridization. Define the
sigma bond.

15) Show the structure of ethene by the hybriduratheory.

16) Show the structure of ethyne by the hybridaatheory.



17) Explain the origin of cis-trans isomerism dfeales with thet molecular orbital. Define
the terms HOMO and LUMO.

18) How can the valence electron repulsion theeryded to describe the geometry of
molecules (rules 1-4)?

19) Write two isomeric structures with the molecdt@amula GHgO. Draw the dash formula,
condensed formula and bond-line formulasef-butanol.

20) How do structural (constitutional )isomers eliffrom stereocisomers? (b) What is meant
by configuration? Give examples for structural igosnand enantiomers.

21) What is tautomerization? Give an example.

22) What is the difference between conformation @srfiguration in open-chain molecules?
23) Define constitutional isomers, stereocisomenanéomers and diastereomers.

24) Give the potential energy diagram for the comi@tional isomers of ethane.

25) Give the potential energy diagram for the camiztional isomers of butane and explain
the energy differences of the isomers.

26) Draw the stereoisomers of trans-1,2-dimethytdyexane. What is racemic mixture?
27) Draw the conformational isomers of cyclohexand indicate their relative energies.
28) (a) What is a chiral molecule? (b) How doediffer from an achiral molecule?

29) Draw the structures of (R)- and (S)-2-butanol.

30) Give the R/S designation for each of the siso@wers of 2,3-dibromobutane. What do we
call meso compounds?

31) (b) What are the rules for designating an eoardr as R (from rectus, Latin for right) or
S (from sinister, latin for left)?

32) Show the different types of chirality.

33) Describe the physical properties of enantioraaksdiastereomers. What is optical
rotation?

34) Write the possible stereoisomers of tartarid.ac

35) (a) Define (i) a nucleophile or electron-doaad (ii) an electrophile or electron-acceptor.
(b) What structural units make a molecule (or imamucleophile or an electrophile?

36) Define the following types of chemical reac8@and give examples (a) addition (b)
elimination.



37) Define and give example for substitution arafnr@ngement.

38) What information is provided for by a reactimechanism?

39) Compare the (a) Bronsted-Lowry and (b) the Iseshgfinition of acids and bases.

40) Discuss how (a) acid strength is related fothe acid ionization constant, and to,p&nd
(b) base strength is related tg, khe base ionization constant, and tg.pKhe values of pK

and pk, are defined aslogK, and-logK,, respectively.

41) Compare (a) the acid strengths ofsCBOH, CICHCOOH, CLCHCOOH,
CI3CCOOH.(b) the base strength of their conjugatedase

42) Show the effect of electronegativity, hybridiaa, inductive and resonance effect on
acidity.

43) Give two examples of a Lewis-type acid-basetrea.
44) What bases are distingiushed according to thb &cid-base theory?

45) (a) Give the rate equation for the generaltreacaA + bB - cC +dD. (b) Discuss the
termk in the rate equation found in (a).

46) Give the sign ofH for an (i) exergonic and (ii) endergonic reaction
47) How are G, S and H related at equilibrium?
48) How doAH andAS together determine the direction of a chemicattien?

49) What kinds of reaction occur under : (a) thesgm@amic and (b) kinetic control? Give a
specific example.

50) Place each of the following alkanes in ordecafesponding increasing boiling point and
give your reason for the order: pentane, hexand, 2a8-dimethylbutane. Why are alkanes
said to be hydrophobic?

51) Define the three types of intermolecular fortes can lead to interactions between
neutral molecules, in order of decreasing order.

52) Explain the following statements: methane basgel boiling and melting points than
ethyne; the constitutional isomers ethyl alcoha ather have different physical properties;
sodium acetate and acetic acid have high boilingraelting points.

53) (a) Give the relationship between frequencyeametgy (E) of a wave. (b) How are its
wavelength and energy related?

54) Give the rules for the solubility of organic lecules.



55) Discuss the change of boiling and melting mooftunbranched alkanes with increasing
number of carbon atoms.

56) List the regions in the spectrum of radiatiororder of decreasing energy.

57) What factor determines the wavelength of legfgorbed? (b) Explain why the absorption
spectrum for each molecule is unique.

58) Identify the molecular energy state which isiexd by radiation in the ultraviolet and
visible region.

59) Give the energy of electromagnetic radiatiothwiavelength, wavenumber and
frequency. Describe the energy components of mtdsauhose sum gives the total energy.

60) Give the Beer-Lambert law. What is the meamhg,., the molar extinction coefficient?
61) B-Carotene, which is the principal compound resgaador the orange color of carrots,
has eleven conjugated double bonds, and absohisatigd54 nm in the visible region of the
spectrum. (a) Explain the shift to the visible ran@p) What color is absorbed?

62) What can the UV-visible spectroscopy be use®d fo

63) Describe the molecular processes that occunwReadiation is absorbed by a molecule.

64) Give the frequency of vibration according tooe's law.

65) What characteristic of vibrational frequenaigakes IR spectroscopy useful in
determining structures of organic compounds.

66) Discuss the use of an IR spectrum for eluandgttne structure of a hydrocarbon.

67) (a) What condition must be met for absorptibtRoradiation by a molecule? (b) Select
the diatomic molecules that do not absorb in thédig the following: HCI, N, CIBr, O, Ha.

68) Give the frequency ranges for the C-H stretghibration of sp, spand sp hybridized
carbons.

69) What is the primary use of IR spectroscopytiacture elucidation?

70) Describe what happens when radiowave radi@iabsorbed byH nuclei in the presence
of a strong applied magnetic field.

71) What nuclei are suitable for NMR measurements?

72) Explain why not all H’s in a molecule spin-flg the same applied magnetic field at
constant frequency?

73) Define the terms (a) downfield and (b) upfiaklused in NMR spectra.

74) Explain why TMS is chosen as the reference @amg.



75) (a) Is thed value for a given kind of H an inherent constamnber? (give the equation)

76) Discuss the influence of the electronegatioityA on the proton chemical shift of A-C-H.
77) (2) Why can the m/z value be assigned as theaoar weight of the cation in most cases?
(b) How can the molecular weight of a compound &enined by mass spectral analysis? (c)

Why is less than 1 mg of the parent compound usélkei vapor state for the analysis?

78) (d) Why do several signals appear in a tygitd@lspectrum? (e) Which fragment cation
are the most abundant?

79) Write the structural formulas for each of tbbdwing compounds: (b) 2,3,4-
trimethylpentane (e) 4-isopropylheptane

80) Provide IUPAc names for each of the followita). (CH)3sCCH,C(CHg)s (b) C(CH)s.
Give the IUPAc name for (a) decalin and (b) norlaomn

81) State the rules for the nomenclature of alkanes

82) Draw the structure of 2,3,5-trimethyl-4-isopytigeptane and 2,3,5-trimethylhexane.
83) How many conformation of ethane are possiltg®ame and draw the conformation
with the lowest and highest energies at room teaipez (d) What is the term used for low

energy conformations?

84) Draw a graph relating potential energy to diaedngle for butane, about-€C°. Label
and draw the structure of each maximum and minimum.

85) Give the method of preparation of propane f(ajralkane and (b) an alkyl chloride.
86) Write the structure of all the alkanes that barhydrogenated to form 2-methylpentane.

87) Write the reaction of G¥€H,MgBr with methanol and identify the conjugate abase
pair.

88) How can a terminal alkynes be used for thetmsis of alkanes?

89) Show the Clemmensen and Kisnyer-Wolf reduabioketones to alkanes and the Wurtz
synthesis.

90) Compare the relative stability of butane andhylpropane by using their heat of
combustion.

91) Explain the effect of branching on the boilpgnts of alkanes with similar molecular
weight.

92) Prepare butane from chloroethane using Wurithegis. Why is the Wurtz synthesis not
a good method for preparing propane?



93) (a) Write the steps for the chain mechanisitmefchlorination of methane . (b) What are
the names of the steps? How is the chain reactioninated?

94) Why is light or heat necessary to initiate ¢héorination reaction? Compare the reactivity
of the halogens toward alkanes (in radical suligiihi.

95) Compare the reactivity of different halogenshia radical substitution of methane by
discussing the ectivation energy of the elemendtaps.

96) Show the reaction of chlorine and bromine wiigthylpropane at 300 °C and 500 °C
(kinetic versus thermodinamic control)

97) Give the thermal cracking process of pentane.

98) Compare the ring strain and stability of diéierr cycloalkanes.

99) (a) Draw the basic fused steroid ring systeras@mt in many important naturally
occurring compounds such as cholesterol and dasigh& rings with letters. Show the
location of the angular methyl groups.

100) Give the structures and names for the geotnistrimers of decalin.

101) Which factors influence the ring strain of logtkanes?

102) How does the geometry of cyclopropane accfaurnts ring strain?

103) Explain why the ring strain of cyclobutan@d much less than that of cyclopropane?

104) Account for the small ring strain of cyclopemé.

105) What factors make the cyclohexane ring thetstable, abundant and important ring
structure in organic chemistry?

106) Draw the conformational isomers of cyclohexane indicate the equatorial and axial
hydrogens.

107) (a) Draw the two equilibrating chair conforsef methylcyclohexane. (b) Give a
conformational analysis of their relative energies.

108) Draw the structure afs- andtrans-decalin.
109) Show the Wurtz and Perkin synthesis for tleparation of cycloalkanes.
110) Draw the structure of cholesterol.

111) Draw the structure of estradiol and testosternd discuss the differences in their
structures.



112) Draw the structures of the following compouri§-dimethyl-1,4-heptadiene, 3-
ethenyl-1,5-heptadiene, 3,5-dimethylcyclohexane.

113) Use orbital theory to explain geometric isosrarin alkenes. Draw the structure of (2)-
2-bromo-1-chloro-1-fluoroethene.

114) Compare the stabilities of 1-pentene, cis-teams-2-pentene, and 2-methyl-2-butene.
115) (a) Give the structural formulas for the aksnformed from the reaction of 2-
bromobutane and alc. KOH. (b) Select the major @uigor products and rationalize your
choice. (c) What is the order of preferential readayf the type of H on dehydrohalogenation
of alkyl halides? (d) In terms of R substitutiorhat general names are associated with these
products.

116) Discuss the Zaitsev and Hoffman eliminatioml&l/l halides resulting in alkenes. State
the Zaitsev rule.

117) Prepare alkenes from primary, secondary atidrigalcohols and explain their different
reactivities in dehydration.

118) In terms of transition state (TS) theory, vitik aid of an enthalpy diagram, account for
the relationship of the relative reactivities of ROH, RCHOH, RCOH in acidic medium
and the stabilities of the intermediate carbocation

119) Show the reaction of 3,3-dimethyl-2-butandiwii;POy. Explain the formation of the
major product.

120) Give the mechanism of the Wittig reacion far preparation of an alkene.
121) Prepare methylenecyclohexane by the Wittiagtien from suitable starting materials.

122) Which phosphonium halide and carbonyl compaundt be used in a Wittig reaction to
synthesize (a) PhCH=CHGHb) CHCH,CH=C(CHCHs),. Give all possible combinations.

123) (a) Write the major product from the reactminan unsymmetrical alkene, such as
isobutylene, with the following unsymmetrical reatge (i) HBr (i) HbO(H") (b) State the
rule for getting the correct answer to part (a).Gove the general name for the reactions that
give mainly one of the several possible products.

124) Give the general mechanism for the additiactren to alkenes.

125) State the original and modern version of tlekdvnikov rule for the addition of a
hydrogen halide to an unsymmetrical alkene.

126) Show the reaction of propene with HBr and aixpihe formation of the major product.
127) Show the radical addition of HBr to propenegaception to the Markovnikov rule.

128) Show the addition of sulfuric acid and wateptopene.



129) (a) Give the stereocisomer formed when 1-metltjbhexene is oxymercurated. (b)
Suggest a mechanism for the oxymercuration step.

130) What is the advantage of the oxymercuratianateuration reaction over the simple
addition of water.

131) (a) Give the product from the hydroboratiomdation of 1-methylcyclopentene. (b)
Classify the mode of addition.

132) (b) Give the mechanism for the,Bddition. lllustrate with cis-2-butene.
133) Write the reaction bromine and cyclohexenscss the mechanism of the reaction.

134) (a) Give the product of the reaction of z@=CH, with Br, in H,O and account for its
orientation in terms of the bromonium ion (halohgdormation).

135) Show the oxidation of cyclopentene wih Qa@d KMnQ, to produce 1,2-
cyclopentenediol.

136) Show the cleavage of 2-butane with hot basiagsium permanganate.
137) (a) Show steps for the reductive ozonolysadtion with Q) of an alkene (c) What is
the main utility of this reaction and why is it neasuperior to KMn@cleavage for this

purpose?

138) Draw the radical substitution of cyclohexend propene with bromine or N-
bromosuccinimide.

139) Describe (a) radical-induced and (b) anionto®dl polymerization of alkenes. (c) What
kinds of alkenes undergo anion-induced polymeazéti

140) Write the steps for the radical polimerizatarethene.

141) Write the cationic polimerization of methylpeme.

142) Give an example for the anionic polimerization

143) Categorize dienes according to the relatistiom of their double bonds.

144) Account for the stability of conjugated diehgdi) extendedtbonding and (ii)
resonance.

145) (a) Give the two conformations of 1,3-butadiessulting from rotation about the C-C
single bond. (b) Discuss their relative stabilities

146) Compare the relative stabilities of (i) 1,Bé&ptatriene and (ii) 1,3,6-heptatriene.

147) Describe the bonding of the three C’s of thena system with the aid of an orbital
diagram. What geometry is imposed on the three C’s?



148) Compare the relative stability of 1,3-butadienth 1-butene.

149) Explain the 1,4 and 1,2 additions of 1,3-biga€ in terms of the typical mechanism for
electrophilic addition.

150) Discuss the reaction of 1,3-butadiene wihtrbgdn bromide (kinetic versus
thermodinamic control).

151) Give an example for the Diels-Alder reaction.

152) Write the structural formula for isoprene oajagated diene, 4Eig, that is the monomer
for natural rubber.

153) Give the structural formulas for the followiogmpounds: (c) (E)-3-pentene-1-yne (d)
(2)-5-hepten-1,3-diyne.

154) Prepare propyne from propene.
155) Prepare an alkyne from a vicinal or geminbtamide.

156) List alkanes, alkenes, and terminal alkynesrder of decreasing acidity of their
terminal C-H. 9.31 Account for the order of acielti

157) Give the organic product of the reaction o @CNa’ with (a) CHBr (c)
CH,=CHCH,Br.

158) Discuss the hydrogenation reactions of alkynes

159) Write the equation for the reduction of 2-mgyvith Na in EtOH. 9.66 Give a
mechanism for the active metal (Na) reduction oélayne in a protic solvent ¢ElsOH).

160) List the products formed when 1-butyne readtis one equivalent of (a) HBr, (b) HBr
with peroxides, and (c) BrCharacterize each reaction.

161) Give an orbital picture of benzene. How do@scount for benzene’s extraordinary
stability? For benzene, apply the polygon ruledtednine the relative energies of molecular
orbitals of conjugated cyclopolyenes.

162) Discuss the reaction of benezen with bronpogssium permanganate, water int he
presence of acid and hydrogen int he presence @ cetalyst.

163) Write structural formulas for : (b) 2,4-dimitrenzyl bromide, (d) trityl chloride, (e) 2,4'-
dimethyldiphenylmethane.

164) State Hickel's rule for determining wheth@n@ecule is aromatic.
165) explain the aromaticity of cyclopentadienyioanand cycloheptatrienyl cation.

168) Give the mechanism of the Birch reduction@izene.



169) Draw an enthalpy diagram for the reaction lafRvith E', indicating the intermediate
(In), the transition state 1 (TS1) and transitivates 2 (TS2) for the two steps, the relative
energies of activation for the two steps.

170) Compare the Friedel-Crafts alkylation with Bxd acylation with RCOX as to the (a)
mechanism, and (b) kind and amount of catalyst.

171) (a) How do substituent groups (G) on an aramaig influence the course of
electrophilic aromatic substitution? (b) Classtiem by their effects.

172) Write contributing structures for the internagd arenium ion from the reaction of PhG
with E" at the (a) para, (b) ortho, and (c) meta positions

173) Classify electron-donating groups in termgheir structure and their electronic effects
and give an example for each class.

174) (a) Which position in naphthalene preferehtisdacts with E? (b) Account for this
preference mechanistically.

175) Account for the formation of mostly 1-naph#redsulfonic acid at 40-80 °C and ~85%
of the 2-isomer at 160 °C when naphthalene is satkd.

176) Show the Friedel-Crafts alkylation and acglatof benzene.

177) Show the nitration, bromination and sulfonatid benzene.

178) Show the nitration of nitrobenzene and expllagnformation of the major product.
179) Discuss the symbo}3, introduced by the British Chemist Sir C.K. Ingiébr this one-
step nucleophilic substitution. 8.52 (a) Give ttansition states for the two extreme
juxtapositions of the approaching nuclophile arelldaving group when Nureacts the RX.
Explain the stereochemical consequences of eacle wicattack. (b) Explain which is the

energetically preferred\@ mechanism.

180) Give an example for anSand {1 reaction. Are R reactions stereospecific and/or
stereoselective?

181) Draw a reaction-enthalpy profile for agilSeaction and compare it with that for th@S
reaction.

182) Give the structural features of RX that mostfiuence the relative 8 rates.
183) Account for the relative stabilities of 3°, 2°and Me carbocations.
184) Compare & and {2 reactions of RL (L leaving group) with respecthe following

mechanistic factors: number of steps, rate andrond@ecularity, TS of the slow step,
stereochemistry, nucleophile.
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185) Compare E1 and E2 reactions of RX with respetiie following mechanistic factors:
steps (humber and kind), TS, kinetics, driving &rstereospecifity, effect of R,
rearrangement, competing reactions, orientation.
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