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CHM136 - Introductory Organic Chemistry I  
Organic Chemistry, 유기 화학은 C와 H로 이루어진 Organic Compound들의 화학반응에 

대해 배우는 학문입니다. 유기 화학은 고교 과정에서 대체로 많이 다뤄보지 않았던 내용 

이고, 타 대학에선 2학년 때 주로 다루기 시작하는 내용입니다. 새로운 내용을 다루는 만 

큼, 많은 양의 공부와 노력이 필요합니다. 저희 족보에서는 강의와 교과서에서 다루는 

핵심 내용의 정리와 이를 복습할 수 있는 전 기출문제들과 답지가 포함되어 여러분들의 

학업적인 성공을 이룰 수 있게 도와 드릴 것 입니다. 
 
제작자: 김 지섭, 김 용현, 최 재형, 강연모, 김나경 

 
 
 

CHM 135 – Physical Principles  
Physical chemistry, 물리 화학은 여러분들이 고교 과정에서 흔히 접해 오신 화학적 반응에 

대한 계산을 주로 다룹니다. 고교과정에서 흔히 다뤄본 내용인 만큼 concept 자체는 그 

리 어렵지는 않지만 응용문제가 많이 지출되고, 이는 고교과정에서 다루었던 계산보다 는 

훨씬 복잡한 계산식이 요구됩니다. 때문에, 많은 양의 문제풀이가 도움이 많이 됩니 다. 

저희 족보에서는 간단한 컨셉 설명과 이를 응용, 적용할 수 있는 기출문제들이 포함 

되어있어 시험준비에 용이합니다. 
 
제작자: 김 용현, 최 재형, 강연모, 김나경 



Life Science Course Introduction & Tips: 

 

CHM135: Physical Principles (Physical Chemistry) 

ꓱꍡ 쀉뼎냵 隕麦뼎霅 11뼎髹 鿅鱉 12뼎髹 隱뇊꾅 섉섽 뇆뼩 꿙겕 쀉뼎놶 ꗍ넆꾅 

鲵뼑 ꯍ겒넩驍 陹ꩥ ꓭ뇑ꌱ 늱ꈑ 鲙ꊝ鱉 뤉걙넺鱽鲙.  ꎁ넱 AP Chemistry鿅鱉 IB 

Chemistryꌱ 뼍鲙ꐩ 눥鞽 ꯍ낉 뼍겙 ꯍ鵹 넽덵ꎁ 넩 뤉걙鱉 늱ꈑ 넆끞ꓭ뇑閵 ꎃ넩 

덵띑鷍隕, 넩鱉 隕霅隱뇊꾅 鲙ꊝ꽽鴍 陹ꩥꚩ鲙鱉 ꚪ녖뼑 陹ꩥ겒넩 끉霡鷞鱽鲙. 

鼁ꓭ꾅, 겑뾍 鿅鱉 뱑뭕ꍡ꽱 맩댽ꌱ 낹뼩鱉 ꎃ냵 꽆넍 霅隱 ꓭ뇑븵넩閵 鵹끵넩 

鷞鱽鲙. 놵섡 눦ꚩ꾅鱉 閹鲝뼑 뢝 ꐺ隱 꾡ꆡꜹ麙넩 넩ꌱ 넆끞, 놶끞뼕 ꯍ 넽鱉 

ꐼꐼ넍 韥띑ꓭ뇑麙넩 붡뼝 鷍꽩넽꽩 겑뾍늵ꟹ꾅 뗭隕뼍겑ꐩ 냕넪뼍겙 阸넺鱽鲙. 

 

CHM136: Introductory Organic Chemistry I 

냕韥 쀉뼎냵 멹ꭁ꿵 ꯍꭁꈑ 넩ꊝ꽩덹 냕韥쀉뼞ꓱ麙넍 쀉뼎ꗍ넆꾅 鲵뼩 ꗥ끥鱉 

뼎ꓭ넺鱽鲙. 냕韥 쀉뼎냵 隕霅 隱뇊꾅 鲵뙩ꈑ ꎃ넩 鲙ꊹꚩ덵 껿꼍鴍 驩끞넩隕, 멵 

鲵뼎꾅鱉 늱ꈑ 2뼎髹鼹 鲙ꊹ덵鱉 隱ꑞ넺鱽鲙. ꩽꈑ끩 驩끞냹 鲙ꊝ鱉 ꎁ먱, 魇냵 

넩뼩ꇚ隱 ꎃ냵 ꓭ뇑븵넩 闎냵 鬭ꇚ넩 ꎙ끥 뻹끉뼞鱽鲙. 쀉뼎 闎냵 陲끥鱉 闊넍 넩뀭 

겙뾍隱 뱑뭕ꍡ꽱 鵹 붡뼝鷍 넽걪鱽鲙. 겙뾍넩 넽냱겕 驕꾅鱉 Lab quizꌱ 鲵ꟹ뼍韥 낹뼩 

lab manual냹 飱飱섽 넲隕 넩뼩뼩 閵겑鱉 阭 띉뙑뼩麑ꍡ隕 UTKSA ꅞ ꫭꬍ鵹 꿙겑ꐩ 

鵹끵넩 ꎃ넩 鷍겙 阶鱽鲙. 鿅뼑, CHM136 tutorial넍 맩댽鱉 꽭뇑 넽냹덵 ꑝꌹ냱ꈑ 

Assigned tutorial question꿵 textbook questions냹 ꎃ넩 븵꽩 ꚩ겑隕 閵鱉 阸냹 

띉뙑뼩麑ꍲ鱽鲙.  

 

UTKSA 22韥 Science ꜵ 

闊 꾥ꑝ 韵 驍陲 麑ꍱ 
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Section 1: Review 

1.1: Basics about Atoms 

Atom has 

x Nucleus (neutrons (0) + protons (+))

x Electrons (e-)

Two things describe atoms 

x Z: Atomic Number (# of protons)

x A: Mass Number (# of protons + neutrons)

x Same Z = same element

x Same Z, different A = isotope

Orbitals 

x Where the electrons are likely to be found

x 4 Types: s, p, d, f

o Do not need to know d and f for CHM138

1.2: Trends in the Periodic Table 
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x Size

o Decreases across the table (more protons = stronger pull on e- = smaller)

o Increases down the table (more energy levels = bigger)

x Electronegativity – the ability of an atom to attract electrons in a covalent bond

o Increases across the table

o Decreases down the table

o Generally remember as: greater if closer to F

x Ionization Energy – the amount of energy needed to remove an electron from an atom

o Increases across the table (more protons = stronger pull on e- = more energy to

remove e-)

o Greatly drops when new energy level added (more shielding + farther = weaker pull

on e- = less energy to remove e-)

x It is very useful to memorize all elements up to Ca, and all elements in alkali metal, alkaline

earth metal, and halogen family.

1.3: Valence Shell and Lewis Diagram 

x In organic chemistry, often only valence shell interacts

x Lewis diagrams are used to show the valence shell

x Often follows stable octet rule (8 valence electrons)

o Exception: B (boron) stable with just 6 electrons

o Exception: elements in Period 3 and below can exceed octet using d orbitals

x Number of valence electron determined by family number

o Ex. F is in Family 17. Use the one’s digit = 7 valence e-)

x Electrons mostly in lone pairs or bonds

x To find number of lone pairs, do 4 – # of bonds

o Exception: Boron as mentioned above

o Exception: carbenes have only two bonds and one lone pair
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x Formal charge: # of valence electrons – 2 x # of lone pairs - # of bonds

o Need to be included in Lewis diagram
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1.4: Hybridization 

x Model that suggests orbitals hybridize to create hybrid orbitals that are identical

x Need to remember

Hybridization # of domains Bond Angles Molecular Geometry 

sp 2 180° Linear 

sp2 3 120° Trigonal Planar 

sp3 4 109.5° Tetrahedral 

x A simple way to think about it is to count the number of domains

o # of domains = # of atoms bonded + # of lone pairs

o First determine number of lone pairs using rule mentioned above

Ex. 

sp sp3 sp2 sp 

x Exception: if sp3 atom with lone pair is beside sp2 atom, it also becomes sp2 hybridized due to

resonance

x Ex. nitrogen beside double bond

sp3 sp2 due to resonance 
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Section 2: Resonance, Acid-Base Theory 

2.1: Resonance 

x Alternate ways to draw same molecule; represent different states

x Only pi electrons and lone pairs move

x Drawing Resonance Forms

o Curved arrow to represent electron movement

o Arrow always starts from negative charge, lone pair, or pi bond

o Arrow always ends at atom; can be pointed at where the new bond will form

o Charges change after electrons move

o Start of arrow loses an electron and becomes positive (- to 0, or 0 to +)

o End of arrow gains an electron and becomes negative (+ to 0, or 0 to -)

x If there is charge, either

o Start from negative, or

o Point into positive

x Bit harder if molecule is neutral

o Start from lone pair on N or O (usually N preferred)

� -N less electronegative, thus N is more stable with resulting positive charge

o If none present, start from a pi bond

x Number of resonance forms determined by number of continuous sp2 atoms

o Often # of pi bonds (+1 if singly charged)

o There may be more if there is symmetry or if there are two separate sp2 systems

o Does not always work: practice to get used to knowing when you are done

x Keep in mind

o Never exceed octet (some exceptions with bigger elements such as S and P)

o Don’t have two arrows pointing to the same atom

o One step of resonance occurs between three atoms 90% of the time (in CHM138)

x Refer to explanation above and try to understand how resonance works regarding each rule
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x Negative ion (often two arrows)

x Positive ion (often one arrow)

x Neutral compound
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2.2: Importance of Resonance Structures 

x Contributors

o # of pi bonds (more = better)

o Formal charges (least number

of formal chargers, as close as

possible)

o Electronegativity of atoms (O

prefers (-), N prefers (+))

o Inductive effects of Electron

Withdrawing Groups (EWG)

and Electron Donating Groups

(EDG)

x EDG

o -stabilize adjacent positive

charge

o -often has lone pair

o -also includes alkyl groups

x EWG

o Stabilize adjacent negative

charge

o Often has carbonyl group

o Also includes halogens even

though they have lone pairs

(due to their electronegativity)
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2.3: Acids and Bases 

x Brønsted-Lowry Definition

o Acid: donates protons

o Base: accept protons

x 

x 𝐾𝑎 = [H3𝑂+][𝐴−]
[𝐻2O]

o pKa = -logKa

o Larger Ka = smaller pKa = stronger acid

o Compound with smaller pKa acts as acid

o Equilibrium shifts toward side with weaker acid and base (will always be on same side)

2.4: Strength of Acids and Bases 

x Compare conjugate forms, not the compound itself

x More stable conjugate = stronger acid or base

x Use ARIO

o Atom: what type of atom carries the charge?

� Negative charge on more electronegative atom = more stable

o Resonance: is charge distributed by resonance?

� More distribution = more stable

o Induction: can adjacent groups induce spread of charge?

� EDG beside + charge or EWG beside – charge = more stable

o Orbital: what orbital is charge carried in, and how far is it from the nucleus?

� Generally, more “s orbital” characteristic = more stable

x ARIO is a good general guideline for order of priority
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Section 3: Nomenclature 

3.1: List of Functional Groups to Know 

Alkene Alkyne Amine Imine Nitrile 

Thiol Thioether Disulfide Sulfonyl Thioester 

Ether Alcohol Aldehyde Ketone Carboxylic Acid 

Ester Amide Acid Anhydride Acid Chloride 
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3.2: Hydrocarbons 

x Organic compound containing only C and H

x sp3 carbon can be described as

o Primary (1°)

o Secondary (2°)

o Tertiary (3°)

o Quaternary (4°)

o Depending on how many other carbons it is attached to

Methyl Primary Secondary Tertiary Quaternary 

3.3: Isomers 

x Constitutional Isomers: different bonds

x Geometric Isomers: same bonds, different orientation

o Enantiomers: mirror image

o Diastereomers: non-mirror image

� cis-trans isomer

� diastereomers

x # of possible enantiomers = 2n, where n = # of chiral carbons

x When trying to draw different isomers, first need to determine DOU

o DOU = degree of unsaturation

o DOU = 2(# of C)+2−(# of H)
2

o DOU tells us # of rings + # of pi bonds

o Consider all possibilities that follow given limitations

x -More details in Section 4
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Section 4: Stereochemistry of Alkanes and Cycloalkanes 

4.1: Newman Projections 

x Looking down a C-C chain

x Used to determine relative energy of a compound in different orientations

x Staggered = constituents farthest apart

x Eclipsed = constituents overlapping (0°)

x Gauche = two constituents 60°

x Anti = two constituents 180°

x Torsional strain = strain in molecule caused by electron repulsion between eclipsed bonds

x Steric strain = strain caused by atoms being too close to each other

x Practice going between sawhorse projection to Newman projection

0°, eclipsed, eclipsed 60°, staggered, gauche 180°, staggered, anti 

Relative energy 

x Gauche and anti-conformation always-relative minimums in energy diagram

x Eclipsed always greater energy than staggered

x Focus on biggest constituents on each carbon first

o When more than two groups, gauche may sometimes have higher energy than anti
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4.2: Cyclohexane 

x Most stable: all angles 109.5°

x Chair conformation

o 6 axial (above and below ring) substituents

o 6 equatorial (around the ring) substituents

o E = Equatorial, A = Axial 

x Can go through ring-flip to change all axial substituents to equatorial position and vice versa

o Cis-trans conserved

o Cis = when ring is drawn flat, two substituents on are same side of ring

o Trans = when ring is drawn flat, two substituents are on opposite sides of the ring

o Look relative to H

1 below, 4 below, 5 above  1 below, 4 below, 5 above 

x No torsional strain – all staggered, none eclipsed

x No angle strain – all bond angles 109.5°

x Axial substituents on same side have steric strain

o The reason why compound undergoes ring-flip to have large substituents on

equatorial position

o 1,3-diaxial interaction causes steric strain

- Ring-flip to 1,3-diequatorial form to avoid this strain
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Section 5: Property of Alkenes 

5.1: Degree of Unsaturation 

x DOU (Degree Of Unsaturation) = # of pi bonds + # of rings

x DOU =  2C+N+2−H−X
2

, where

o C = # of carbons

o N = # of nitrogens

o H = # of hydrogens

o X = # of halogens

x As can be seen from the equation, # of oxygen has no effect on DOU

5.2: Cahn-Ingold-Prelog Rules 

x Atom priority is determined by their atomic number

-O (Z = 8) 1 

-N (Z = 7) 2 

-C (Z = 6) 3 

-H (Z = 1) 4 

x If same, look at next atom attached

-O (Z = 8) 1 

-C (Z = 6) 2/3 

-O (Z = 8) 2 

-H (Z = 1) Not compared 

-H (Z = 1) Not compared 

-C (Z = 6) 2/3 

-C (Z = 6) 3 

-C (Z = 6) Not compared 

-H (Z = 1) Not compared 

-H (Z = 1) 4 
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x If there are multiple bonds (double or triple bonds), assume they are attached to appropriate

number of ghost atoms with same atomic number. These ghost atoms are not attached to

anything except their previous atom

-O (Z = 8) 1 

-C (Z = 6) 2/3 

-C (Z = 6)

2/3 

-H x 1 3 

-C (Z = 6) ghost N/A Not compared 

-C (Z = 6) ghost N/A Not compared 

-C (Z = 6) 2/3 

-C (Z = 6)

2/3 

-H x 3 2 

-C (Z = 6) -H x 2 Not compared 

-C (Z = 6) ghost N/A Not compared 

-H (Z = 1) 4 

5.3: E/Z conformation 

x Unlike single bonds, double bonds cannot rotate

x Geometric isomers are present

x If two substituents of higher priority are on the

same side of double bond, it is in Z

conformation

x If two substituents of higher priority are on the opposite side of double bond, it is in E

conformation

5.4: Stability of Alkenes 

x Hyperconjugation: a stabilizing interaction between the unfilled antibonding C=C double

bond and a filled C-H sigma bond orbital on a neighboring substituent

x Causes sp3-sp2 bond to be stronger and more stable than sp3-sp3 bond

x This leads to Zaitsev’s rule: more substituted the alkene, the more stable it is

x Important in determining product of elimination reactions

Z conformation E conformation 
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Section 6: Stereochemistry 

6.1: Stereoisomers 

x Molecules with same formula and connectivity, but different spatial arrangement

o Where n = # of chiral centers,

o # of stereoisomers = 2n

o # of enantiomer pairs = 2n-1

x Chiral molecules: have nonsuperimposable mirror image

o No plane of symmetry

o If not chiral, achiral

o Chirality centers: carbon centers bonded to 4 different constituents

o Chiral centers cause optical activity

o Racemic mixture contains equal amount of different enantiomers

o optically inactive as optical activities of enantiomers cancel each other

6.2: R/S conformation 

x 1. Rank priority: use Cahn-Ingold-Prelog Rule

x 2. Orient lowest priority substituent to point back

x 3. Move down priority rank (1 Æ 2 Æ 3)

o if clockwise, R

o if counterclockwise, S

x Enantiomers have opposite stereochemistry at all stereocenters

o If not all, diastereomer

o Diastereomers always optically active no matter what the mixture

� Different physical properties

x If compound has chiral centers but also has plane of symmetry, not chiral

o Called meso compounds

o Optically inactive

x Ex. In the compound to the right, even though C1 and C3

are chiral, because there is plane of symmetry across C2

and C5, it is meso compound at not chiral.
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Ex. 

Not chiral 

Two groups are the same (H) 

Chiral 

R conformation 

Chiral 

S conformation 

C3, and C5 chiral centers (C3 = R, C5 = S) 

Line of symmetry across C1 and C4 

Meso compound (achiral)  

C3, C5 all chiral 

Four groups bonded at C3 and C5 are all different 

C3 and C5 both have R conformation thus two of the groups at C1 

are equal (achiral) 

No plane of symmetry: chiral molecule 
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6.3: Prochirality 

x Molecule is prochiral if it can become chiral in a single chemical step (ex. substitution or addition)

x Be familiar with recognizing prochiral centers and identifying the type, as it will most likely come

up on the exam.

Re/Si face addition 

x Involves trigonal planar (sp2) center, often involving a carbonyl group

x Rank priority as usual

x The face where rotation appears clockwise is Re-face

x The face where rotation appears counterclockwise is Si-face

The side shown is Si-face as it 

has counter-clockwise rotation.  

If H is added on Si-face, 

molecule has R conformation.  

If H is added on Re-face, 

molecule has S conformation. 

Tetrahedral sp3 hybridized prochiral center 

x Contains two same substituents (often 2 H’s) and two other distinct substituents

x Can become chiral by switching one of the same substituents

x Switch one of the same groups to a substituent with slightly higher priority (often H to D)

x If the switch creates R conformation, the substituent is pro-R

x If the switch creates S conformation, the substituent is pro-S

This is a prochiral compound as 

switching either of two H’s to a 

unique substituent would create 

a chiral compound. 

Top H is pro-S as switching it to 

D would create S compound.  

Left H is pro-R as switching it to 

D would create R compound.  
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Section 7: Organic Reactions and Energy Diagrams 

7.1: Breaking Covalent Bonds 

o Homolytic

o Symmetrical

o Creates radicals

o Heterolytic

o Unsymmetrical

o Creates ions

7.2: Radicals 

o Result of homolytic cleavage

o Very reactive

o Often involves light (hv)

o Radical substitution (chain reaction)

o Initiation: homolytic cleavage

o Propagation: radical reacts with neutral species

o Termination: two radicals react to form neutral species
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7.3: Polar Reactions 

x Nucleophile

o Nucleo refers to nucleus which has positive charge, and –phile means to like

o Thus means liking a positive charge

o Electron rich, electron donor

o Neutral or negatively charged, but always has lone pairs

x Electrophile

o Electro refers to electron which has negative charge, and –phile means to like

o Thus means liking a negative charge

o Electron poor, electron acceptor

o Neutral or positively charged

x Polarization

o When two atoms connected by covalent bond have different electronegativity, bond

has polar character

o More electronegative atom becomes partially negative (nucleophilic)

o Less electronegative atom becomes partially positive (electrophilic)

o In a polar reaction, nucleophilic site attacks electrophilic site

� Either intermolecular or intramolecular

7.4: Energy Diagrams 

x Start = reactants

x End = products

x Reactants higher than product = exergonic

x Reactants lower than products = endergonic

x Hills = transition states

o All higher than reactants, products, or

any intermediates

o First often highest unless otherwise

noted

o Hammond Postulate: structure of the

transition state is closest to that of a

structure closest to it in energy

o Activation energy (EA) = minimum amount of energy required for reaction to occur

� Energy difference between highest energy transition state and reactant
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x Valleys = intermediates

o All higher than reactants and products, but lower than any transition states

o One less than number of transition states

o Markovnikov’s Rule: in an addition reaction, if the mechanism involves formation of

the most stable carbocation, it is said to follow Markovnikov’s Rule

� This leads to addition of nucleophilic substituent to more substituted carbon

x Catalyst

o Increases the rate of reaction

without being used up

o Lowers the activation energy by

providing new reaction

mechanism

o Often more steps

o Same equilibrium constant

7.5: Equilibria, Rates, and Energy Changes 

o K = [product]
[reactant]

o Keq > 1 (product favored)

o Keq < 1 (reactant favored)

o ΔG = -RTlnK

o ΔG = change in free energy

o Exergonic = negative ΔG = favorable, heat released

o Endergonic = positive ΔG = unfavorable, heat absorbed

o ΔG = ΔH – TΔS

o ΔH = change in enthalpy (energy inside the compound); negative favors spontaneity

o ΔS = change in entropy (measure of chaos); positive favors spontaneity

o Rate = how fast/slow

o Equilibria = how much

o Calculation for ΔG, ΔH, ΔS all done by products – reactants

o Bond Dissociation Energy

o Heat change that occurs when bond is broken homolytically

o Calculation done opposite to others; reactants – products

o Because it takes energy to break the bonds
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7.6: Carbocation Rearrangement 

o If it is possible to rearrange to make a more stable carbocation, it will occur

o Hydride (H-) shift, methyl shift, or alkyl shift

o If the new carbocation is equally stable as the original carbocation, it doesn’t necessarily

occur

o Always consider when performing any reaction involving carbocation intermediate (which

there is lot)

o Have very good understanding of this, as it will always be on the exam (last example from

May 2014 Final Exam)

1° to 3°; assume to occur 2° to 2°; assume to NOT occur 

2° to 2°, no resonance to resonance; assume to occur 

2° to 3°; assume to occur 

2° to 2°, resonance to resonance, cyclobutane to cyclopentane; assume to occur 
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Section 8: Alkene Reactions 

x Reactions to know

o Hydrogenation

o Dehydration

o 5 Electrophilic Addition reactions

o 2 Alkene Cleavage Reactions

o Synthesis and Cleavage of syn-glycols

o Carbenes and Simmons-Smith Reaction

o Polymerization

x Refer to “Reactions Summary” page to study

8.1: Hydrogenatioin 

o H2 with Pd/C (palladium on carbon as catalyst)

o Adds syn H’s

o Only reduces aliphatic C=C

o Others such as C=O, nitrile, and aromatic C=C not reduced

o Least stable releases most heat

o When final product same, reactant with highest energy releases most heat

o Less stable = higher energy

8.2: Dehydration 

o Occurs via E1 mechanism

o OH group protonated

o Protonated OH group leaves to form water and carbocation

o Rearrangement occurs if appropriate

o H on carbon adjacent to + charge attacked by water

o Double bond formed
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8.3: Halogenation 

o Pi bond attacks bromine and forms bromonium ion

o Bromide attacks bromonium ion according to Markovnikov’s rule

o Bromonium ion prevents nucleophilic attack on side with bromine

o Causes anti addition

8.4: Halohydrin formation 

o Pi bond attacks bromine to form bromonium ion

o Water attacks bromonium ion according to Markovnikov’s rule

o Water reacts instead of bromide as it is a stronger nucleophile

o Anti addition for same reason as halogenation

8.5: Hydrohalogenation 

o Pi bond attacks H on H-Br

o Forms carbocation

o Bromide attacks according to Markovnikov’s rule
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8.6: Acid-catalyzed hydration 

o Reverse of dehydration

o Pi bond attacks H on hydronium ion, and forms carbocation

o Rearrangement if appropriate

o Water attacks positive carbon

o Deprotonation to form OH group

8.7: Oxymercuration 

o Similar mechanism as halohydrin formation

o Mercurinium ion instead of bromonium ion

o HgOAc group removed by reduction using NaBH4

o Markovnikov addition of OH
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8.8: Hydroboration 

o Start with four-center-four-electron cyclic rearrangement

o Causes syn-addition

o Steric strain causes B to bind to less sterically hindered site

o BH2 bigger than H

o Later substitution of B with OH causes anti-Markovnikov addition

o One BH3 reacts with 3 alkenes

o H2O2 introduces O bridge between B and C

8.9: Ozonolysis 

o Oxidative cleavage of alkene

o Reductive work-up as Zn/CH3COOH is used

o Aldehydes formed

o Don’t need to know mechanism
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8.10: KMnO4 

o Stronger oxidant than O3

o Oxidative work-up

o Carboxylic acids and CO2 formed

o Don’t need to know mechanism

8.11: Syn-Diol formation and cleavage 

o Osmium tetroxide to form syn-diol from alkene

o Iodate to cleave syn diol with reductive work-up

o Cleavage does not occur with anti-diols

o Don’t need to know mechanism

8.12: Carbenes and Cyclopropanes 

o Carbenes

o Neutral carbon with lone pair electron and empty p-orbital

o Has both nucleophilic and electrophilic properties

o Can be used to form 3 carbon ring (cyclopropane) via cyclic mechanism

o Dichlorocyclopropane formation and Simmons-Smith reaction

o Concerted reaction (no intermediates)

o Cis-trans property of alkene retained
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Section 9: Alkyl Halides and Redox Reactions 

9.1: Structure of Alkyl Halides 

o Halogens more electronegative than carbon

o Makes carbon electrophilic

o Target for nucleophilic attack

o C-X or H-X bond strength decreases down the group

o Because bonds become longer

o HI stronger acid than HF as H-I bond is weaker, thus H is lost more easily

9.2: Preparation of Alkyl Halides 

o Allylic halogenation

o Halogenation at benzylic (beside benzene ring) or allylic (beside double bond)

position

o Involves radical mechanism

o Extensive understanding not required

o Addition to alkene

o Multiple mechanisms; covered in previous chapter

o From alcohol

o -SN1 for 3° alcohol (stereospecificity not retained)

o -SN2 for 1° and 2° alcohol (stereospecificity reversed)
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9.3: Reaction of Alkyl Halides 

9.3.1: Grignards 

o C-X + Mg

o Inserts Mg between C-X bond

o Essentially creates carbanion

o Nucleophilic carbon

o Grignard carbon attacks carbonyl carbon to form C-C bond

o C=O reduced to C-O- 

o Acid used to protonate O- and destroy excess Grignard reagent 

o NOTE: make sure there is no acidic H such as OH, NH, or SH

o These H’s come off very easily, thus react with Grignard before it can attack carbonyl

carbon

o Destroys Grignard

o Faulty Grignards: attacks itself to either destroy itself or form a ring

o Hard to control as reaction can be both intramolecular and intermolecular
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9.3.2: Gilman Reagent 

o R-X + 2Li, then + CuI

o Creates R2CuI

o Like Grignard, essentially creates carbanion (nucleophilic carbon)

o Attacks partial positive carbon in alkyl halide to form C-C bond

o Can also perform Michael addition

o Attacking double bond conjugated with carbonyl

o Adds to alkene and retains carbonyl group

9.4: Oxidation and Reduction 

o Oxidation: decrease in electron density (Lose Electron Oxidation – LEO)

o Forming C-O, C-N, C-X

o Breaking C-H

o Reduction: increase in electron density (Gain Electron Reduction – GER)

o Forming C-H

o Breaking C-O, C-N, C-X
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o Reducing agent

o NaBH4

o Aldehydes to 1° alcohols

o Ketones to 2° alcohols

o Cannot reduce carboxylic acids and esters

o LiAlH4

o Stronger than NaBH4

o Aldehydes to 1° alcohols

o Carboxylic acids to 1° alcohols

o Ketones to 2° alcohols

o Cleave esters into two 1° alcohols

o Oxidizing agent

o PCC, CH2Cl2

o 1° alcohols to aldehydes

o 2° alcohols to ketones

o Cannot oxidize to carboxylic acids

o CrO3 in H3O+/acetone

o 1° alcohols to carboxylic acids

o Aldehydes to carboxylic acids

o 2° alcohols to ketones

o Does not stop at aldehydes

o Summary for primary alcohol
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Section 10: Nucleophilic Substitution and Elimination 

o NOTE: This section may be difficult to understand at first, and this guide is not intended to

teach you everything in this section from the beginning. First obtain general grasp of concept,

then return to this guide for summary and tips for solving questions.

o Generic Examples

o (Nu = nucleophile, L = leaving group, B = base)
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Summary 

SN2 E2 SN1 E1

Reaction order Second Second First First 

Rate Law Rate=k[Nu-][RX] Rate=k[RX] 

Substrate Least sterically 

hindered best 

(methyl > 1° > 

2°> 3°) 

2° or 3° Most stable carbocation (3° > 

benzylic , allylic, 2° > 1°)  

Nucleophile Bigger = better Strong Base (ex. 

OH-, OR-, NH2
-) 

Does not matter Non-basic or 

weakly basic 

nucleophile 

Leaving Group OH- < NH2
- < F- << Cl- < Br- < I- < -OTos 

Solvent Polar Aprotic (ex. DMSO, DMF, 

CH3CN, acetone, HMPA) 

Polar Protic (ex. H2O, NH3, ROH) 

Stereospecificity Inversion Determined by 

orientation at 

periplanar 

geometry 

Lost (Racemic) Zaitsev’s Rule 

(most substituted 

alkene) 

Rearrangement Not possible Not possible Possible Possible 

Intermediates 0 0 1 1 

Steps 1 1 2 2 

Hints to determine the type of reaction that occurs 

Solvent Polar aprotic Æ SN2 or E2 

Polar protic Æ SN1 or E1 

Nucleophile Strong base (OH-, RO-, NH2
-) Æ E2 

Substrate 1° Æ SN2 

2° Æ any possible 

3° Æ SN1 or E1 

Resonance Carbocation allows resonance Æ SN1 or E1

Carbocation does not allow resonance Æ SN2 or E2 

Hydrogen No alpha hydrogen Æ SN2 or SN1 

Temperature High temp Æ elimination preferred 

Low temp Æ substitution preferred 

※ These are all only hints, not definitive identification, so compare all available hints.
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Section 11: Aromaticity 

11.1: Naming Aromatic Compounds 
o Disubstituted benzenes can be described by distance between them

ortho/o: 1,2-disubstituted meta/m: 1,3-disubstituted para/p: 1,4-disubstituted 

11.2: 3 Rules for Aromaticity 

Rule 1: It must be a ring/cyclic 

Rule 2: It must be planar and sp2 hybridized 

Rule 3: must have 4+2n pi electrons (where n is integer) 

o If it satisfies Rule 1 & 2 and has 4n pi electrons, it is anti-aromatic and is even less stable

than non-aromatic compounds

Not cyclic - violates Rule 1; non-aromatic 

Top carbon sp3 - violates Rule 2; non-aromatic 

4 pi electrons – violates Rule 3; anti-aromatic 
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Special Rules 

* If a carbon is positively charged, it is sp2 hybridized

Rule 1: Yes - Cyclic 

Rule 2: Yes – All 7 sp2 hybridized 

Rule 3: Yes – 6 + 0 pi electrons 

Aromatic 

* If a carbon is negatively charged, it is sp2 hybridized and adds 2 pi electrons

Rule 1: Yes – Cyclic 

Rule 2: Yes – All 5 sp2 hybridized 

Rule 3: Yes – 4 + 2 pi electrons 

Aromatic 

11.3: Heterocycles 

o Aromatic compound containing non-carbon atom or atoms

o Still needs to follow the 3 rules

o If the heteroatom has lone pair electrons, it may or may not be part of aromatic ring

o First determine the hybridization of heteroatom (# of domains)

o If it is already sp2 hybridized (3 domains), lone pair is not part of aromatic ring

o If it is sp3 hybridized (4 domains), one lone pair will be part of aromatic ring

o Only non-aromatic lone pair behaves as nucleophile

o Aromatic lone pair does not

Aromatic 

Aromatic lone pair 

Aromatic 

Non-aromatic (nucleophilic) lone pair 

Aromatic 

One aromatic lone pair 

One non-aromatic (nucleophilic) lone pair 
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Section 12: Infrared (IR) Spectroscopy 

o Functional groups absorb specific wavelength of infrared light, thus IR absorption bands can

be used to help figure out the structure of a compound.

o E = hv = hc(1/λ)

o λ = c/v

o v = c/λ

o Wavelength x Frequency = Speed

o E = Energy of 1 photon

o h = Plancks’ constant (6.62 x 10-34 Js)

o v = Frequency (s-1)

o λ = Wavelength (m)

o c = Speed of light (3 x 108 m/s)

o Wavenumber = 1/Wavelength (in cm)

o This wavenumber is often used to identify a functional group.

o Few to remember

o Carbonyl – 1650-1800

o OH – 3200-3600 (broad)

o NH – 3300-3500 (sharp)

o Fingerprint region – 1450-600

� Unique to a compound and complex

� Cannot be used to figure out the compound

o There are more but for those, table will be provided.

Ex. IR spectrum for ethanoic acid (CH3COOH) 

-A and B are from OH

group (broad, rounded 

peak at 3000 range) 

-C around 1700 is 

distinctive of C=O group 
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Part I (20 marks) - Multiple Choice Questions (2 marks each) 
 

Singulair is a drug used in the treatment of asthma and to relieve symptoms of seasonal allergies. 
It contains a carboxylic acid functional group. A salt formed from Singulair (montelukast 
sodium) has the structure shown below, which is generated by adding an aqueous base to 
Singulair. (The “mont” in montelukast sodium comes from Montréal, where the substance was 
first developed by the Merck Chemical Company). 
 

Questions 1 to 10 are about montelukast sodium. Choose the correct option for each question. 
 

O

O- Na+

S
HO

N

Cl
montelukast sodium

C1

 
1.  The number of quaternary carbon atoms present in montelukast sodium is 
      (a) 0      (b) 1      (c) 2    (d) 3            (e) 4 
 
2.  The number of heteroatoms present in the compound is 
      (a) 3      (b) 5                (c) 6                     (d) 7               (e) 8 
 
3.  The hybridization of the anionic oxygen atom is best described as 
      (a) 2p       (b) sp     (c) sp2   (d) sp3  (e) 2s 
 
4.  The stereochemistry of the compound is best stated by the descriptors 
     (a) R, Z          (b) S, Z           (c) R, E          (d) S, E           (e) none of (a), (b), (c) or (d) 
 
5.  The name of the sulfur-containing functional group in montelukast sodium is 
      (a) sulfide         (b) thioester           (c) sulfoxide          (d) thiol       (e) sulfonamide 
 
6.  The number of pi bond electrons in the compound is 
     (a) 20              (b) 22       (c) 24             (d) 26             (e) 28 
 
7.  The nitrogen atom in montelukast sodium can act as a  
     (a) Brønsted acid      (b) Brønsted base       (c) Lewis base       (d) both (a) and (c) 
     (e) both (b) and (c) 
 
8.  Singulair can be converted into montelukast sodium by reaction with 
      (a) aq. NaHCO3      (b) H2O      (c) aq. NaCl       (d) aq. HCl       (e) two of (a), (b), (c) and (d)   
 
9.  Which of the following terms best describes the relationship between the two hydrogen atoms  

attached to the carbon atom labelled as C1? 
    (a)  cis (b)  staggered        (c)  trans        (d)  eclipsed       (e)  none of (a), (b), (c) or (d) 
 

10. Montelukast sodium will be significantly more soluble than Singulair in which of the 
following solvents? 

      (a) diethyl ether        (b) H2O           (c) hexane          (d) aq. NaOH   (e) octane 
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Part II.  Short Answer Questions 
1. (12 marks) Draw appropriate skeletal structures for each of the following molecules. Note – 

no credit will be given for drawing either condensed or Kekulé structures for each part 
of this question. 
(a). a five-carbon ester containing one secondary carbon atom and three primary carbon atoms 
(b). a constitutional isomer of (S)-2-bromopentane 

 (c). cis-1-sec-butyl-4-isopropylcyclohexane (do not draw a chair conformation) 
 

 

2. (12 marks) Draw important resonance forms for the anionic species shown below. Draw two 
electron flow arrows on the answer sheet structure to show how it is related to a second 
resonance form (do not draw any other arrows on additional resonance forms, and do not 
include any lone pairs of electrons). Circle the most significant contributor to the resonance 
hybrid. Note – the number of boxes on the answer sheet does not necessarily correspond to 
the number of resonance forms that need to be drawn. 

 

N

O

OF

O
 

3.  (16 marks) 
(a). Complete the answer sheet template to represent 2,2,5-trimethylhexane in 3D perspective. 
Clearly show the stereochemistry at C3 and C4 with the appropriate alkyl groups attached to 
these carbons being gauche to one another. Use the following abbreviations where necessary: 
H = hydrogen, Me = methyl, Et = ethyl, Pr = n-propyl, iPr = isopropyl, tBu = tert-butyl. 

 

(b). Complete the Newman projection template on the answer sheet to represent the most 
stable conformer of 2-methyl-3-propylhexane (looking from C3 to C2 and using the same 
alkyl group abbreviations as in 3.(a)). 
        

(c). Clearly showing stereochemistry at C1, C3 and C5 only, draw the most stable chair 
conformation of the molecule shown below. Showing all working, calculate the amount of 
strain energy associated with this conformation (appropriate values to use are on p. 4). 

 

1

35

HO O

 

4.  (10 marks) Carbon dioxide reacts with cyanide (CN
-
) to form a species of formula C2NO2

-
. 

This process is thought to be important for the inactivation of cyanide (a poison) in plants and 
animals. 
(a). Draw the Kekulé structure of carbon dioxide and write the appropriate partial charge next 
to each atom in the molecule. Include lone pairs of electrons where appropriate. 
(b). Draw the structures of carbon dioxide and cyanide and draw appropriate curved arrows to 
indicate electron flow in this reaction. Include lone pairs of electrons where appropriate. 

(c). Draw the Kekulé structure of the product (C2NO2
-

 ). 
 

      ------ END OF TEST ------ 
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        Periodic Table For Term Test #1 
 

 
 

YH
13

strain energy of one H-Y 1,3-diaxial interaction
 

 
Y kJ/mol  Y kJ/mol 
-F  0.5  -CH2CH3 4.0 
-Cl 1.0  -CH(CH3)2 4.6 
-Br 1.0  -C(CH3)3 11.4 
-OH 2.1  -C6H5 6.3 
-CH3 3.8  -COOH 2.9 
-CN 0.4    
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Part I (20 marks) - Multiple Choice Questions (2 marks each) 
 

Sucralose is a “no-calorie” artificial compound used in commercial products such as Splenda to 
sweeten food and drink (including coffee). Sucralose was first discovered in 1976 when a 
scientist “tasted” rather than “tested” a sample of it (!). 
 

Questions 1 to 10 are about this compound. Choose the correct option for each question. 
 
 

sucralose

Cl

HO
OH

O

Cl

O

OH

HO

Cl

HO

O
1

2

3

 
 
1.  The chemical formula of sucralose is 
      (a)  C12H18Cl3O8 (b)  C12H20Cl3O8    (c)  C11H19Cl3O8      (d)  C12H19Cl3O8    (e)  C11H20Cl3O8 
 
2.  The number of oxygen atoms that are best described as being “sp3-hybridized” is 
      (a)  4    (b)  5  (c)  6           (d)  7        (e)  8 
 
3.  The number of ether functional groups present in sucralose is 
      (a)  1    (b)  2  (c)  3           (d)  4        (e)  5 
 
4.  The oxygen atom O1 in sucralose can act as a  
     (a) Brønsted acid      (b) Lewis base       (c) Brønsted base      (d) both (a) and (b) 
     (e) both (b) and (c) 
 
5.  The number of tertiary carbon atoms present in sucralose is 
      (a)  0    (b)  1  (c)  2           (d)  3        (e)  4 
 
6.  The stereochemical configuration at carbon atom C2 is 
     (a)  E          (b)  R (c)  Z           (d)  S            (e)  none of these 
 
7.  In which of the following solvents is sucralose likely to be soluble? 
     (a) heptane      (b) water      (c) benzene      (d) cyclohexane       (e) two of (a), (b), (c) and (d) 
 
8.  The number of secondary hydrogen atoms attached to carbon atoms of the five-membered   
     ring in sucralose is 
      (a)  1    (b)  2  (c)  3           (d)  4        (e)  none of these 
 
9.  The pKa value of the alcohol functional group attached to C3 is predicted to be 

(a)  lower than the pKa value of both acetic acid (4.8) and phenol (9.9) 
(b)  higher than the pKa value of both acetic acid and phenol 
(c)  lower than the pKa value of acetic acid but higher than the pKa value of phenol    
(d)  higher than the pKa value of acetic acid but lower than the pKa value of phenol 

 
10.  Which of the following terms best describes the relationship between the hydrogen atom  

attached to C2 and the alcohol functional group attached to C3? 
    (a)  cis    (b)  gauche        (c)  trans      (d)  eclipsed       (e)  anti 
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Part II.  Short Answer Questions 
 

1. (12 marks)  Draw appropriate representations for each of the following molecules.            
Note: credit will only be given for skeletal structures in parts (a) and (b) (NOT 
condensed or Kekulé structures). 

 

(a). a constitutional isomer of cis-1,2-dimethylcyclopropane 
(b). (E)-2-chloro-3-iodo-2-butene 
(c). a stereoisomer of (R)-2-bromopentane (complete the answer sheet template) 
 

 

 

2.  (11 marks) One particular resonance structure for the molecule known as pyrrol-3(2H)-one is 
shown below. 

N

-O

+

H

 
 

(a). Redraw this resonance structure in the first box on the answer sheet, including all lone 
pairs of electrons. 
 
(b). In the second and third boxes on the answer sheet, draw two other resonance structures 
that will contribute more significantly to the description of the bonding in pyrrol-3(2H)-one 
than the one above.  Be sure to include lone pairs of electrons and formal charges on your 
resonance structures.   

 
(c). Draw appropriate curved arrows on either the second or the third resonance structure to 
show how it is related to the one above. 

 

3.  (13 marks) Consider the five organic compounds shown below. 
 

OH

O

NH2

OHO- Na+
Cl Cl

Cl

OH

O

 

                                        
(a). On the answer sheet, circle the compounds above that are soluble in 6% aqueous sodium 
bicarbonate. 

 

(b). Write an acid-base reaction for one of the original compounds in part (a) reacting with   
6% aqueous HCl to give an insoluble product. Draw curved arrows to show electron flow and 
draw all the products of the reaction. 
 

 

4.  (14 marks) 
(a). On the answer sheet templates, draw both the most stable and the least stable chair 
conformations of trans-1-isopropyl-3-methylcyclohexane. Note the numbering of each 
template, and be sure to clearly include hydrogen atoms at carbons 1 and 3 only. 
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(b). Looking down the C–C bond from C3 to C4, complete the answer sheet template to draw 
a Newman projection for the stable conformation of (3R,4S)-3,4-difluorohexane that has no 
net dipole moment. Use the following abbreviations wherever needed: Me = methyl;             
Et = ethyl; H = hydrogen; F = fluorine. 
 
 

(c). Draw the skeletal structure of a cyclic molecule of formula C4H6O2 that will protonate 
ammonia (NH3). Some useful pKa values are as follows: NH4

+ = 9.2; R-OH = 16;                  
R-COOH = 4.8. 
 
        

      ------ END OF TEST ------ 
 

 
        Periodic Table For Term Test #1 
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Part I (20 marks) - Multiple Choice Questions (2 marks each) 
 

Lumigan is used topically as eyedrops to control the progression of glaucoma. It was one of top 
100 selling prescription drugs in 2010. Questions 1 to 10 are about this compound. Choose the 
correct option for each question. 

HO

HO OH

O

N
H

1

2
3

4
5

 
 

1.  The hybridization of the nitrogen atom in Lumigan is best described as 
      (a)  sp    (b)  sp2 (c)  sp3           (d)  2s        (e)  2p 
 
2.  The stereochemical configuration at C3 is 
      (a)  R    (b) E  (c) S           (d) Z        (e) T 
 
3.  The stereochemical configuration of the C4-C5 alkene is 
      (a)  S    (b) R  (c) C           (d) E        (e) Z 
 
4.  The amide oxygen atom in Lumigan can act as a  
     (a) Lewis acid      (b) Brønsted acid       (c) Brønsted base      (d)  all of (a), (b) and (c) 
     (e) none of (a), (b) and (c) 
 
5.  How many carbon atoms in this molecule are best described as being “sp2-hybridized”? 
     (a) 10    (b) 11 (c) 12         (d) 15      (e) 16 
 
6.  The alcohol functional group attached to C1 is best described as 
     (a)  primary      (b)  secondary (c)  tertiary (d)  quaternary       (e) none of these 
 
7.  The alcohol functional group attached to C1 can act as a 
     (a) Brønsted acid      (b) Lewis base      (c) Brønsted base      (d) two of (a), (b) and (c)  
     (e) all of (a), (b) and (c) 
 
8.  The bond between C3 and C2 is formed by what type of orbitals on these atoms? 
     (a) sp3(C3) – sp3(C2)     (b) sp2(C3) – sp2(C2)    (c) sp2(C3) – sp3(C2)    (d) sp3(C3) – sp2(C2) 
 
9.  Which of the following terms best describes the relationship between the oxygen atom  

attached to C1 and the alkene carbon atom attached to C3? 
    (a)  trans    (b)  anti        (c)  cis       (d)  gauche       (e)  eclipsed 
 
10.  The pKa value of the amide group in Lumigan is expected to be 

(a)  lower than the pKa value of both acetic acid (4.8) and acetone (19) 
(b)  higher than the pKa value of both acetic acid and acetone  
(c)  lower than the pKa value of acetic acid but higher than the pKa value of acetone     
(d)  higher than the pKa value of acetic acid but lower than the pKa value of acetone 

 
 

Lumigan 
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Part II.  Short Answer Questions 
 

1. (12 marks)  Draw appropriate skeletal structures to represent each of the following molecules.                  
Note – no credit will be given for drawing either condensed or Kekulé structures. 

 

(a). cis-1-bromo-3-sec-butylcyclobutane 
(b). (R)-3-chloro-2,3-dimethylpentane (complete the provided template) 
(c). an ester of formula C6H10O

 

2 
 

2.  (13 marks) Draw five important resonance forms of the following molecule. Begin by 
redrawing the structure below (this is the first resonance form), and draw two electron 
flow arrows on this structure only to show how it is related to a second resonance form.    
Note – all of the resonance forms that you draw must obey the octet rule, and any formal 
charges/electron lone pairs must be included. 

 

N

 

3.  (11 marks) Consider the five organic compounds shown below. 
 

O

O-Na+

O

OH

OH

OH

O
O

H2N

NH2

 

   BPA                    6-(aminomethyl)       propanoic acid        Naproxen sodium       Capillin 
   (bisphenol A)      naphthalen-2-amine                         (pain reliever)        (fungicide) 
                                        

(a). On the answer sheet, circle the compounds above that are soluble in water. 
 

(b). Write an acid-base reaction for one of the water-insoluble compounds above reacting with 
one equivalent of HCl to give a water-soluble product. Draw curved arrows to show electron 
flow and draw the products of the reaction. 
 

4.  (14 marks) 
(a). Researchers at the University of St. Andrews, Scotland recently synthesized a  
stereoisomer of 1,2,3,4,5,6-hexafluorocyclohexane for the first time (structure below). 
 

F

F

F

F

F

F

1

4

 
 
Using the provided answer sheet template, draw the appropriate chair conformation of this 
molecule, showing only the positions of the fluorine atoms (not hydrogen atoms). Note 
that C1 and C4 have been defined in the structure above and in the template. 
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For parts (b) and (c), marks will be deducted for incomplete or ambiguous Newman 
projections. Use the following abbreviations in each structure wherever needed: Me = methyl; 
Et = ethyl; Pr = n-propyl; H = hydrogen. 
 
(b). Complete the Newman projection template on the answer sheet to represent the lowest 
energy conformation of 4-ethyl-3,3-dimethylhexane, looking from C3 to C4. 
 

(c). Complete the Newman projection template on the answer sheet to represent the highest 
energy conformation of 4-ethyl-3,3-dimethylhexane, looking from C3 to C4. State the major 
source or sources of strain in this conformation. 
 
 

        

      ------ END OF TEST ------ 
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2014 Term Test 1 
 

Part I – Multiple Choice 

1. (b) The term quaternary carbon means an sp3 carbon atom that is bonded to 4 other carbons. There 

is one quaternary carbon.  

2. (d) Heteroatoms are atoms other than C and H. There are 7 heteroatoms (including the Na+ since it 

is a part of this compound).  

3. (c) When atoms such as O, S, or N are bonded to a sp2 carbon atom, they also take on sp2 

characteristic through resonance.  

4. (c) The carbon at the very middle of the compound has R configuration (clockwise rotation) and the 

double bond that is near the middle is E (higher priorities on opposite sides).  

5. (a) Sulfur bridging between two R groups is called a sulfide.  

6. (d) There are two pi bond electrons in each double bond, and there are 13 pi bonds.  

7. (e) N has lone pair of electrons that can be donated to H and can accept H. This satisfies both 

Brønsted-Lowry and Lewis definition of a base.  

8. (a) It is very helpful to read the description of this compound. It is given in the definition of the 

compound that the addition of aqueous base will cause the Singulair to become montelukast 

sodium.  

9. (e) The two hydrogens are attached to the same carbon atom. All descriptors are used to describe 

relationship between two substituents on different carbons.  

10. (d) Montelukast sodium is more polar than Singulair, thus polar solvent must be used, eliminating 

(a), (c), and (e). (d) is not the correct answer as addition of aq. NaOH will deprotonate the 

carboxylic acid of Singulair, turning it into montelukast sodium, causing them to have essentially 

same solubility.  

 

Part II – Short Answer 

1.  

a) Many other answers possible 

 

b) Many other answers possible 

 

c)  

 

 



2.  

 
  

   

 
Most Significant Contributor 

(due to both – charges on O) 

  

3.  

a)  

 

b)  

 

c)  

 

c) 

Methyl and ethyl group equatorial 

COOH group axial 

Energy from diaxial interaction 

= 2 x H-COOH diaxial interactions  

= 2 x 2.9 kJ/mol  

= 5.8 kJ/mol 

 

4.  

a)  

 

b)  

 

c)  

 
 

 



2013 Term Test 1 
 

Part I – Multiple Choice 

1. (d) Simply count.  

2. (e) There is no pi bond in the system, thus every O is sp3.  

3. (c) Ether is a functional group where O bridges two R groups.  

4. (e) O1 has lone pair of electrons that can be donated to H and can accept H. This satisfies both 

Brønsted-Lowry and Lewis definition of a base.  

5. (a) Tertiary carbon is a sp3 carbon atom that is bonded to three other carbons. No such carbon exists 

in this compound.  

6. (b) Sp3 carbons’ stereochemical configuration can be described using R or S (Z and E are for double 

bonds). O has priority over C and Cl has priority over O, thus C2 has R configuration.  

7. (c) Sucralose has many OH and Cl groups which are polar, and OH can form hydrogen bonds to 

further increase polarity. Polar solute dissolves in polar solvent (like dissolves like), and from the 

option, water is the only polar solvent.  

8. (c) Secondary hydrogen atom means hydrogen atom that is attached to a secondary carbon. There 

are three of them in 5 membered ring.  

9. (b) Acidity of acetic acid and phenol arise from their ability to spread the negative charge through 

resonance. Sucralose is unable to form any resonances, thus is a weak acid. Weak acids have high 

pKa value.  

10. (a) The OH group on C3 and H on C2 are on the same side of the compound, which is cis.  

 

Part II – Short Answer 

1.  

a) Many other structures possible 

 

 
 

b)  

 
 

c)  

 

 

 

 

 

 

 

 



2.  

   
Original structure Less charge separation More conjugation 

3.  

a) Structure 1, 2, and 5 will be soluble.  

Sodium bicarbonate is a weak base. In aq. NaHCO3, easily ionizable compounds such as those 

including carboxylic acid functional groups (structure 1 and 5), or those that are already deprotonated 

and ionic will be soluble.  

Structure 3 requires an acid to be soluble, and structure 4 requires strong base to be soluble.  

b) 

 
4.  

a)  

 
Most stable 

a)  

 
Least stable 

b) 

 

c)  

 

c) When two compounds are mixed, the 

compound with lower pKa will be deprotonated 

while the one with higher pKa will be 

protonated. For NH3 to be protonated to NH4
+ 

with pKa of 9.2, the structure must include a 

carboxylic acid group which has pKa of 4.8.  

 



2012 Term Test 1 
 

Part I – Multiple Choice 

1. (b) N is sp2 hybridized due to resonance between its lone pair and the adjacent pi bond.  

2. (a) When there is a double bond, a ghost atom with nothing attached is assigned. This gives upper 

carbon priority over right carbon even though both have two carbons attached as second branch.  

3. (e) If two substituents with higher priority on each side are on the same side, the alkene has Z 

conformation.  

4. (c) Amide O has lone pair of electron that can be donated to H and can accept H. This satisfies both 

Brønsted-Lowry and Lewis definition of a base.  

5. (b) A carbon is sp2 when it has one pi bond associated with it.  

6. (b) C1 is attached to two other carbons, making it secondary. OH on secondary carbon is named 

secondary OH.  

7. (e) O on C1 has lone pair of electron that can be donated to H and can accept H. This satisfies both 

Brønsted-Lowry and Lewis definition of a base. Conversely, O on C1 also has an H which can be 

donated by accepting an electron pair. This satisfies both Brønsted-Lowry and Lewis definition of 

an acid.  

8. (d) C3 is attached to 4 atoms so it is sp3. C2 is attached to 3 atoms so it is sp2. C2 also has one pi 

bond which also hints that this C is sp2.  

9. (a) The two substituents are on the opposite side of the ring, which is called trans.  

10. (d) When acetic acid acts as an acid, the negative charge is spread between two oxygens due to 

resonance. In acetone, the negative charge is spread between one oxygen and one carbon due 

to resonance. In amide, it is spread between one oxygen and one nitrogen. Nitrogen is more 

electronegative than carbon but less electronegative than oxygen, thus amide group will have 

higher pKa (be weaker acid) than acetic acid, but have lower pKa (be stronger acid) than acetone.  

 

Part II – Short Answer 

1.  

a)  

 

b)  

 

c) Many other structures possible 

 



2.  

   

  

 

3.  

a) Structure 3 and 4 are soluble.  

Even though structure 3 is not ionized, nonpolar region is small enough that the polarity of carboxylic 

acid functional group can make it soluble in polar solvent. Structure 4 is soluble because of high polarity 

caused by ionization.  

b)  

 

4.  

a)  

 

b)  

 

b) One of C4 Et groups 

between two Me groups to 

minimize energy.  

c)  

 

c) Eclipsed 

conformation with 

Et-Et overlap for 

maximum energy. 

Major sources of strain are 

-steric strain: from bulky groups being close to each other 

-torsional strain: from being in eclipsed conformation 

(caused by resistance to twisting) 
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Part I (20 marks): Multiple Choice Questions (2 marks each) 
 

The compound below is a derivative of lupeol, which is a pharmacologically active substance 
found in dandelion coffee that displays several potential medicinal properties. Lupeol exhibits 
anti-microbial, anti-inflammatory, anti-tumor and chemopreventive effects, and is a potent 
inhibitor in laboratory models of prostate and skin cancers. Questions 1 to 10 are about the 
compound below. Choose the correct option listed for each question. 
 

OH
C1

C2

 

 

1.  The degree of unsaturation present in this compound is 
 (a)  3  (b)  4  (c)  5  (d)  6  (e)  7 
 
2.  How many carbon atoms are chiral centres (stereocentres) in this compound? 
 (a)  6  (b)  8  (c)  9  (d)  10  (e)  11 
 
3.  Reaction of the alkene functional group with Hg(OAc)2/H2O/THF followed by  
     NaBH4 is a(n) 

(a)  hydration reaction        (b)  oxidative cleavage reaction       (c)  elimination reaction      
(d)  hydrogenation reaction        (e)  non-Markovnikov addition 

  
4.  The compound having the opposite stereochemistry at atom C1 is called a(n) 
 (a)  meso compound     (b)  diastereomer     (c)  identical compound      (d)  enantiomer 
 (e)  constitutional isomer 
 
5.  The reaction of borane (BH3) with the alkene functional group takes place at which  
     face(s) of atom C2? 
 (a)  re and si  (b)  si    (c)  re  (d)  trans     (e)  cis 
 
6.  Isomerization of this compound with aqueous sulfuric acid to form a tetrasubstituted alkene  
     occurs via a 

(a)  secondary carbocation     (b)  primary carbocation     (c) tertiary carbocation      
(d)  tertiary carbanion      (e)  secondary carbanion 

 
7.  Epoxidation of this compound by reaction with MCPBA occurs with 

(a)  anti addition      (b)  Markovnikov regiochemistry      (c) formation of an aldehyde   
(d)  formation of a ketone     (e)  syn addition       

 
8.  This compound can be converted into a secondary alkyl halide by reaction with 
 (a)  Cl2, ether      (b)  Br2, C2H5OH     (c)  NaBr      (d)  SOCl2, pyridine       

(e)  NBS, H2O/DMSO 
 
9.  To generate a cyclopropane ring in the product, this compound can be reacted with a(n) 

(a)  carbocation     (b)  carbene     (c)  alkene     (d)  halogen     (e)  carbanion 
 
10.  Reaction of osmium tetroxide/NMO with the alkene functional group forms a  

(a)  1,1-diol     (b)  1,2-diol     (c)  triol     (d)  saturated product     (e)  carboxylic acid 
 

http://en.wikipedia.org/wiki/Dandelion_coffee
http://en.wikipedia.org/wiki/Chemopreventive
http://en.wikipedia.org/wiki/Prostate
http://en.wikipedia.org/wiki/Skin_cancer
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Part II: Short Answer Questions 
 
 

1. (6 marks) Draw skeletal structures to represent each of the following organic molecules. 
 

    (a).  (E)-6-iodo-2-hexene 
 

 (b).  cis-3-sec-butyl-5-methylcyclopentene 
 
 

2.  (16 marks) Compound A of molecular formula C9H18 reacts with Br2 to obtain two products,  
     one of which is shown below.   
 
 
 
 
 
 
 

(a). Using the answer sheet template, draw the above molecule as a Fischer projection.   
 

(b). Draw the structure of compound A. 
 

(c). By completing the answer sheet template, draw the structure of the intermediate that     
      forms along the reaction pathway from compound A to the above product. 

 
(d). For each of the three reactions below using compound A as the reactant, draw the major  

organic product(s) obtained. Note that there may be more boxes on the answer sheet than 
required. Be sure to use wedges/dashes to show stereochemistry where appropriate.   

 
 
 
 (i). A 
 
 
 
 
 (ii). A    
 
 
 
 
 (iii). A   
 
 
 
 
 
 

H

CH3CH2

Br

CH3

CH3CH2CH2CH2

Br

Pd/C 

H2 

HBr, ether 

1. O3 

2. Zn/CH3COOH 



        Page 4 of 5 

3.  (14 marks) Draw a complete, detailed mechanism for the following reaction, including curved 
arrows to represent electron flow and the structures of all intermediates. NOTE: transition 
states are NOT required. 
 
 

1) Cl2, H2O

2) NaOH, H2O/THF

O

 
 
 
 
 

4.   (14 marks) Consider the following reaction scheme:  

 

Step 1

Mg, ether
MgBr

Step 2

1.                   , ether 

                   
2. H3O+ (work-up)

O

B C      +      D

 

 

 

(a). In the box provided on the answer sheet, draw the starting material (B) in Step 1 that  
       leads to the Grignard reagent shown.  

 
 

(b). In the box provided on the answer sheet, draw the two products (C and D) formed in      
Step 2. Identify the relationship between product C and product D as enantiomers, 
diastereomers, or constitutional isomers. 

 
 

(c).  In Step 2, ether is used as the reaction solvent. Draw the major product of Step 2 if water 
(H2O) were used as the solvent instead of ether. 

 
 

(d). Draw a reaction energy diagram on the answer sheet for the conversion of the Grignard 
reagent into products C and D. Draw the structure of any intermediate(s) on the 
diagram, and label the following on the diagram with the letters below (structures are 
NOT required): 

 
 

(i). ΔGreaction 
(ii). ΔG≠ for the rate-determining step 
(iii). TS for any transition state(s) 

 
 
 
 

       ------ END OF TEST ------ 
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i

ii 

Part I (20 marks): Multiple Choice Questions (2 marks each) 
 

Nasonex is a nasal spray manufactured by Merck that contains the following active ingredient: 
 

  
 

Questions 1 - 3 refer to this compound. Choose the correct response in each case. 
 

1.  What is the degree of unsaturation of this compound? 
 

(a)  9      (b)  10      (c)  11      (d)  12      (e)  13 
 

2.  How many chiral centres (stereocentres) are present in this compound? 
 

(a)  6      (b)  7      (c)  8      (d)  9      (e)  10 
 

3.  What are the stereochemical descriptors of the centres i and ii in this compound? 
 

(a)  i E  ii R (b)  i Z  ii R (c)  i E  ii S (d)  i Z  ii S (e)  none of (a), (b), (c) or (d) 
 

4.  Which of the following molecules will rotate plane polarized light? 
 

H

H H

NH2

CH2CH3H
COOH

H OH

H

HO COOH I

F

Br
Br

Cl

O

OH
Br

C2H5
H3C

 
 
 

(i)  (ii)            (iii)        (iv)                     (v) 
 
 

(a)  i, ii, and v only    (b) iii and v only    (c) i and v only    (d) ii and v only    (e) all of them 
 

5.  Which of the following alkenes releases the most heat on hydrogenation? 
 
 

 
  
                                    (a)                   (b)                    (c)                     (d)        (e) 
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6.  What are the appropriate descriptors for the hydrogen atoms labeled a, b, c and d in n-propylamine 
shown below? 
 

H2N

Ha

HcHd

Hb  
 

(a)  Ha pro-R, Hb pro-S, Hc pro-R, Hd pro-S  
(b)  Ha pro-S, Hb pro-R, Hc pro-R, Hd pro-S 
(c)  Ha pro-R, Hb pro-S, Hc pro-S, Hd pro-R 
(d)  Ha pro-S, Hb pro-R, Hc pro-S, Hd pro-R 
(e)  none of (a), (b), (c) or (d) 
 

7.  Which of the following compounds does not have a meso stereoisomer? 
 

(a)  cis-1,2-dimethylcyclopropane 
(b)  1,4-dibromobutane 
(c)  2,3-dichlorobutane  
(d)  2,5-difluorohexane 
(e)  cis-1,3-diethylcyclohexane 
 

8. One of the products formed in an alkene electrophilic addition reaction is shown below. 
 

H
H

 
 

Which of the following statements is true for this reaction? 
 

(i)  the carbene adds to the re face of C3 
(ii)  the reaction is regiospecific 
(iii)  the reaction will occur by adding CH2I2 and Zn(Cu) to the alkene 
 

(a)  i only     (b)  ii only     (c)  iii only     (d)  ii and iii only     (e)  i and iii only 
 

Questions 9 and 10 should be answered using one of the following six terms. 
 

(a)  constitutional isomers    (b)  identical         (c)  cis/trans or E/Z isomers         
(d)  enantiomers         (e)  diastereomers       (f)  unrelated (different compounds) 
 

Which of these terms best describes the relationship of each pair of molecules below? 
 

9.  10. 
HH

 
 

END OF MULTIPLE CHOICE QUESTIONS 
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Part II (50 marks): Short Answer Questions 
 

 
1. (15 marks) Three reactions shown below on the same alkene result in three different products           
(A, B and C). Product C is also an alkene. 
 
 

1. BH3, THF
2. H2O2, OH-

1. Hg(OAc)2, H2O
2. NaBH4

H2SO4, H2O
heat

A B

C  
 
 

(a)  In the boxes provided on the answer sheet (A - C), draw the MAJOR organic product of each 
reaction.  If more than one enantiomer is formed, you must CLEARLY draw ONLY ONE of the 
enantiomers. 
   

(b)  For product B, draw the preceding intermediate formed that contains a three-membered ring. 
 

(c)  For product C, draw the carbocation that initially forms and the rearranged carbocation, with an 
arrow indicating electron flow between the two intermediates.  
 
 
2. (8 marks) Draw an alkene (D and E) for each reaction that gives the compounds shown below as the 
major products. Note: D and E must not contain elements other than carbon and hydrogen. 
 

+

H

HO

O
D

O

H

O

H

 
 

OH

Br

E
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3.  (12 marks) Draw the products (F and G) for the two reactions shown below. If multiple 
stereoisomers are formed in each reaction, draw all of the stereoisomers. For G, draw any 
stereoisomer(s) formed in the reaction using as many Fischer projection templates as needed (four are 
provided), and the abbreviations Et = ethyl, H = hydrogen, Br = bromine.  Is the product or product 
mixture formed in each reaction best described as being achiral, optically active or racemic? (check the 
appropriate box on the answer sheet). 
 

  H2

Pd/C
F

 
 

G
Br2

 
 
4.  (15 marks) A mechanism for the reaction between sodium amide and an epoxide is shown below (this 
is NOT a reaction explicitly discussed in lecture). 

O

1) NaNH2

OH

H3N

2) H3O+

 
Mechanism: 

O
O-

+
slow

NH2
-

H2N

O

H
H

Hfast

OH

H2N
fast

O

H
H

H

OH

H3N

 
 

(a)  On the answer sheet template, complete the mechanism by writing all of the curved arrows required 
to indicate electron flow. 
 

(b)  For the first step of the reaction, write E next to the electrophile and N next to the nucleophile. 
 

(c)  Draw a reaction energy profile on the answer sheet to show the energy changes that occur from 
reactants to products for this reaction.  Label the following on the profile with the letters below 
(structures are NOT required): 
 

(i)  ΔGreaction 
(ii)  ΔG≠ for the rate-determining step 
(iii)  I for any intermediate(s)  
(iv)  TS for any transition state(s) 
 

            ------ END OF TEST ------ 
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Part I. (20 marks) - Multiple Choice Questions (2 marks each) 
 

Lanosterol is an intermediate in the biosynthesis of cholesterol. Questions 1 and 2 are about this 
molecule. 

CH3

CH3

HO

CH3

H

H3C

CH3

H
 

 

1.  The degree of unsaturation of lanosterol is  
      (a)  5    (b)  6  (c)  7           (d)  8        (e)  9 
 
2.  The number of chiral centres (stereocentres) in lanosterol is 
      (a)  5    (b)  6  (c)  7           (d)  8        (e)  9 
 
Questions 3 – 6 are about the five reactions (A, B, C, D and E) shown below; questions 7 – 9 are 
about the starting materials (a, b, c, d and e) in these reactions. 
 

H2/Pd

ethanol NHCH3

O

NHCH3

O
base

O
Br

+   CH3S-

O
SCH3

O

Br

OH2O,THF

O

OCH3

O O

OCH3

O

+   -CN

CN

A

C

B

D

E

a b

c d

e

-OH

 
3.  Which of the five reactions shown above is an addition reaction? 
      (a)  A and B    (b) D and E  (c)  A and D    (d)  C only        (e)  A only 
 
4.  Which of the five reactions shown above is a rearrangement reaction?  
     (a)  B only     (b)  E only       (c)  B and C    (d)  C only    (e)  B and E   
 
5.  Which of the five reactions shown above creates an additional chiral centre (stereocentre) in   
     the product? 
      (a)  A and B (b) A and D (c) D only    (d) C only   (e) E only 
 
6.  Which of the five reactions shown above is an elimination reaction? 
      (a)  A and B (b) A and D (c) D only    (d) C only   (e) E only 
 
7.  Which of the five reactants shown above contains a sec-butyl group? 
      (a)   a (b)   b        (c)   c    (d)   d        (e)   e 

lanosterol 
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8.  Which of the five reactants shown above contains an amide functional group? 
      (a)   a (b)   b        (c)   c    (d)   d   (e)   e 
 
9.  Which of the following terms best describes the relationship between the two carbonyl groups   
      in d (reaction D)? 
     (a)  trans    (b)  anti        (c)  cis       (d)  gauche       (e)  coplanar 
 

                            

O

CN

O
+

CN

K = 50 'H = + 30 kJ/mol

80o C

 
 
10.  Consider the “reverse Diels-Alder” reaction shown above. Based on the provided  
       thermodynamic information, which of the following two terms best describes this reaction? 

  (a)  exothermic and exergonic 
  (b)  exothermic and endergonic  
  (c)  endothermic and exergonic   
  (d)  endothermic and endergonic 
  (e)  none of the above 

 
Part II.  Short Answer Questions 
 

1.   (20 marks, 5 marks each) On the answer sheet, draw the skeletal structure of the alkene 
reactants F – J that would yield the compounds indicated as the only isolated products. 
Under the structure of each alkene that you have drawn, write “regio” if the reaction as 
shown is regiospecific. Write “syn” or “anti” if the reaction is stereospecific and exhibits syn 
or anti addition respectively. Note that each of F – J contains one alkene functional group 
only. 

 

CH3

OH

O

O

H

OH

HO
OH

1) BH3

2) H2O2, OH-F

1) O3

2) Zn, H3O+G

1) Hg(OAc)2/H2O

2) NaBH4

H

1) OsO4

2) NaHSO3, H2O
J
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2.  (12 marks)  When vinyl cyclopentane reacts with HBr in ether, the only product isolated is    
1-bromo-1-ethylcyclopentane. This reaction and the energy diagram corresponding to the 
mechanism of this reaction are shown below. 

 
 

Reaction coordinate

'G

Reaction coordinate

'GHBr

ether Br

Reaction coordinate

'G

Reaction coordinate

'GHBr

ether Br

 
 

 
(a). On the energy diagram presented on the answer sheet, label the transitions states as “T” 
and the intermediates as “I”. Circle the letter “T” representing the transition state for the rate 
limiting step. Indicate the change in free energy for the overall reaction, and also indicate the 
activation energy for the rate limiting step. 
 
(b). In the boxes on the answer sheet, draw skeletal structures for the intermediates formed 
in the reaction (note that there may be more boxes than intermediates). Label the 
structures “I1” for the first intermediate, “I2” for the second intermediate etc.  

  
 

3.  (18 marks) (a). In box A on the answer sheet, complete the template to draw a stereoisomer 
of the product formed in the reaction of trans-2-pentene with Br2 using dichloromethane 
(CH2Cl2) as the solvent. The stereoisomer must have an “R” configuration at carbon 2. 
Clearly label the chiral centre (stereocentre) at carbon 3 as either “R” or “S”. 

(b). In box B, redraw the same stereoisomer in a Newman projection looking from carbon 2 
to carbon 3.  

(c). In box C, draw the same stereoisomer in a Fischer projection. 

(d). In box D, draw a mechanism (using curved arrows to indicate electron flow) to show 
formation of the bromonium ion intermediate in this reaction. 

 
Br2

CH2Cl2  
 

        

      
             ------ END OF TEST ------ 
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Periodic Table For Term Test #2 
 

 



2014 Term Test 2 
 

Part I – Multiple Choice 

1. (d) DOU is determined by # of pi bonds + # of rings. There are 5 rings and 1 pi bond.  

2. (d) Chiral center = carbon atom that is bonded to 4 different substituents. There are 10 of them in 

this compound.  

3. (a) Refer to the reaction sheet. The given reagent is for oxymercuration, which is a Markovnikov 

hydration reaction.  

4. (b) A compound having the opposite stereochemistry at only some of its stereocenters is considered 

a diastereomer.  

5. (a) Disregard (d) and (e) as cis and trans are descriptors for substituents on rings. BH3 can react on 

either faces of alkene, both re and si.  

6. (c) Acid-catalyzed alkene rearrangement occurs through the most stable carbocation intermediate. 

When given alkene is protonated, primary and tertiary carbocation are possible.  

7. (e) Epoxidation reaction is syn-addition of O to an alkene.  

8. (d) If halide addition occurs on alkene, it would produce either primary or tertiary alkyl halide. Then, 

to produce secondary alkyl halide, alcohol group must be substituted. SOCl2 substitutes primary 

or secondary OH to Cl.  

9. (b) Carbene reacts with alkene to form a cyclopropane.  

10. (b)/(c) Refer to the reaction sheet. Osmate with NMO forms syn-1,2-diol. (c) was also accepted as 

some students also counted the initial OH group.  

 

 

 

Part II – Short Answers 

1.  

a)  

 

 

 

b)  

 
 

 

 

 



2.  

a)  

Et

Me

HBr

n-Bu

Br

 
 

b)  

 

 

c)  

 

 

d) i)  

 

d) ii)  

 

d) iii)  

 

 

3.  

 

 

 

 

 

 



 

4.  

a)  

 
 

 

b) enantiomer 

 

 
 

c)  

 

 

d)  

 

 

 

p 



2013 Term Test 2 
 

Part I – Multiple Choice 

1. (d) DOU is determined by # of pi bonds + # of rings. There are 5 rings and 7 pi bonds.  

2. (c) Chiral center = carbon atom that is bonded to 4 different substituents. There are 8 of them in 

this compound.  

3. (d) i is Z since priority groups on each side are on the same side. Priority of four groups is OH, C-

Cl, C-C, then H. With H pointing back groups 1, 2, and 3 have counter-clockwise rotation thus ii 

is S.  

4. (c) Any compound with chiral center will rotate plane-polarized light, unless it is meso compound. 

(c) and (d) are meso compounds, so they do not count.  

5. (e) The least stable double bond will create the most heat as it will contain the most energy. Using 

Zaitsev’s rule, least substituted double bonds are the least stable, and (e) is monosubstituted.  

6. (c) Pro-R is a hydrogen atom that will create R-chiral center when it is substituted by something that 

has higher priority. It is vice versa for Pro-S.  

7. (b) Meso compound is a compound with two or more chiral centers which is achiral due to plane of 

symmetry. (b) Does not have a chiral center.  

8. (c) Given reaction occurs on si face of alkene. It is stereospecific but not regiospecific. The reagents 

are appropriate for shown reaction, which is Simmons-Smith reaction.  

9. (a) Two compounds have the same formula but different structure.  

10. (b) They are identical compounds, simply flipped around.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Part II – Short Answer 

1.  

a) A – anti-Markovnikov 

 

 

a) B – Markovnikov 

 

 

a) C – Markovnikov with 

rearrangement 

 

b) mercurinium ion 

 

c) I1 

 

c) I2 – after methyl shift 

 

 

 

2.  

 

  

Through ozonolysis Through halohydrin formation 

 

3.  

F 

 

         

H

H
 

syn-addition 

G 
Et

Et

Br H

HBr

 
Achiral (meso) 

 



4.  

a) and b) 

 
c)  

 
 

 

 

 

 



2012 Term Test 2 
 

Part I – Multiple Choice 

1. (b) DOU is determined by # of pi bonds + # of rings. There are 4 rings and 2 pi bonds.  

2. (c) Chiral center = carbon atom that is bonded to 4 different substituents. There are 7 of them in 

this compound.   

3. (c) An addition reaction breaks double bond and adds substituents on either side. A reaction adds 

H to the alkene and D reaction adds CN to the alkene.  

4. (a) The only reaction that changed the structure but not the chemical composition of the compound 

is B.  

5. (c) Only D reaction creates more chiral centers.  

6. (e) Elimination reaction is where two substituents from adjacent atoms are removed to form a double 

bond. Only Reaction E does this.  

7. (e) Sec-butyl is a 4 carbon group that branches on the first carbon out into ethyl and methyl group.  

8. (b) Amide group is N attached to a carbonyl (C=O) group.  

9. (e) Due to conjugation of sp2 carbons, all adjacent double bonds are coplanar.  

10. (c) Change in enthalpy (ΔH) is positive thus the reaction is endothermic. On the other hand, K is 

positive, which means the change in Gibb’s free energy (ΔG) is negative and that the reaction 

is exergonic.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Part II – Short Answers 

1.  

  
 

 
regio (anti-Markovnikov) 

syn 

 regio (Markovnikov) syn 

 

2.  

a) Transition states are hills, intermediates are valleys. 

Highest hill is the rate limiting transition state. 

Activation (EA) is height of the rate limiting transition 

state compared to reactant. Change in free energy 

(ΔG) is difference between reactant and product.  

 

b)  

  
I1 I2 

 

3.  

a)  

 
 

b)  

H Br

Et

Me

HBr
 

c)  
Me

HBr

Et

Br H

 
 

d)  

 





















































































CHM138H1 May 2014 Final 
 

Part A: Multiple Choice 

1. (d) # of rings + # of pi bonds 

2. (d) Sp2 atoms have three domains attached (usually 3 atoms and 0 lone pairs for C); most often 

double bonded carbon atoms 

3. (c) Sp3 carbons with four different substituents; indicated by arrow 

4. (d) The associated ring is aromatic, which is planar.  

5. (d) Two new stereocenters are formed. 22 = 4 

6. (c) Going from 1 through 3, clockwise is R, counter clockwise is S.  

7. It actually has 6. None of the above.  

8. (b) a) Acid catalyzed hydration can undergo rearrangement for other 

products.  

c) Hydroboration would give anti-Markovnikov product.  

d) Osmate would give syn-1,2-diol product.  

e) Ozonolysis would give ketone product with one less carbon.  

9. (e) a) has two sp3 atoms – violates Rule 2 

b) has 8 pi electrons – violates Rule 3 

c) has 4 pi electrons – violates Rule 3 

d) has 8 pi electrons – violates Rule 3 

10. (b) IR is best used to identify functional groups, thus compounds with different functional groups 

are best differentiated using IR spectroscopy.  

11. (a) SN1 reaction requires formation of stable carbocation intermediate. Compound (a) gives a 

product whose carbocation intermediate is best stabilized by resonance.  

12. (e) Reactants given in (a), (b), and (c) either do not react or does not give the right product. 

Although (d) can give desired product through SN1 reaction, it can also give elimination 

products. Unlike (d), (e) does not have elimination product due to the lack of alpha hydrogen 

that can be used for elimination reaction. Thus (e) is the best option.  

13. (c) For E2 reaction, the leaving group and the H need to be in periplanar orientation. If the 

compound is rotated as shown, two phenyl groups are in cis position.  

 
14. (a) RS- groups are highly nucleophilic, followed by RO- and HO- 

15. (b) SN2 reaction causes a stereochemical inversion.  



Part B: Short Answers 

 

1.  

a)  

 

b)  

 

c)  

 
 

 

2. a)  

Br Br
Br+ Br Br Br

+ entantiomer  
b) Pi bond - Nucleophile is where the arrow begins.  

c) 2 – RR and SS; RS and SR are meso 

 

3.  

a)   

b)   

c)   



4. The use of polar protic solvent over polar aprotic solvent increases the rate of the reaction. This is 

due to the ability of polar protic solvents to hydrogen bond. This stabilizes both the solvation 

of the leaving group and the carbocation intermediate. Since formation of carbocation is the 

rate determining step, stabilization of the carbocation will speed up the reaction. Similarly, better 

solvating the leaving group stabilizes one of the final product, making the product more 

favorable.  

5.  

 
Acidity of a molecule is determined by the stability of conjugate base. In phenol, the negative charge 

created by deprotonation is able to resonance throughout the benzene ring, which greatly stabilizes 

the negative charge and thus the anion, making phenol often more acidic than aliphatic alcohols.  

 

6.  

DOU = 0, so there are no pi bonds or rings. This greatly reduces the number 

of possible structures.  

IR absorption at 3500 cm-1 means the presence of an OH group. However this 

was not oxidized by strong oxidizing agent CrO3. This means that the alcohol 

is tertiary.  

Only compound that meets all criteria is 2-methyl-2-butanol.  

 

7.  

 



8.  

a)  

 

b) Any rearrangement will move in exergonic direction (unless otherwise stated) 

ΔG‡ and ΔGreaction are not required but drawn.  

 
 

 

 

 

 



9.  

 



CHM138H1 December 2013 Final 
 

Part A: Multiple Choice 

1. d) Chiral centers are carbons with four different substituents attached to them. There are 7 such 

carbons.  

2. a) Compound (a) is able to distribute the negative charge on to three different oxygen atoms 

through resonance, and also stabilized by CF3, which is an EWG.  

3. d) Constitutional isomers have same molecular formula but different structure. Compound (d) has 

an additional carbon.  

4. c) Z means two higher priority groups are on the same side of the double bond. S means the 

rotation down the priority from 1 to 3 is counterclockwise when 4 is pointing away.  

5. b) Prochiral pairs of hydrogen are hydrogen pairs where when one hydrogen is switched to a 

deuterium, it will create a chiral center.  

6. d) Degree of unsaturation (DOU) is # of pi bonds + # of rings. There are 5 pi bonds and 4 rings.  

7. e) Hydrogenation reduces alkene to alkane. This decreases the priority of 3 carbon substituent to 

be lower than that of the 4 carbon substituent, causing the resulting molecule to become S.  

8. d) Aromatic compound must: 1. Be a ring; 2. Have all members of a ring be sp2 hybridized; 3. Have 

4n+2 pi electrons. (iii) and (iv) do not have the correct number of electrons.  

9. a) This compound is aromatic. This means no double bond will react as this will break the 

aromaticity. Electron pair on the top nitrogen will also not react as it is part of the aromatic 

system. Lone pair on bottom nitrogen, however, is non-aromatic, and act as a nucleophile to 

attack H and become protonated.  

10. a) There are two substituents that have been added: Cl and OCH3. This looks very similar to 

halohydrin formation reaction, and indeed proceeds by a very similar mechanism. Chloronium 

ion is first formed, and the ring is attacked and broken by the strongest nucleophile available. 

Using CH3OH as a solvent would allow this to occur.  

11. c) ΔS can be negative in a spontaneous reaction. It is ΔG that has to be negative in a 

spontaneous reaction. For (d) and (e), both transition states resemble the reaction intermediate 

rather more than reactant and product respectively. This is due to Hammond’s postulate, which 

states that the structure of the transition state is closest to structure closest in energy, and 

because reaction intermediate has higher energy than both the reactant and the product.  

12. d) IR spectroscopy is best in determining functional groups. Thus two compounds having 

different functional group will be easiest to differentiate using IR.  

13. c) (a) It is the major product.  

(b) It has carbocation intermediate.  



(d) and (e) There is no chiral center, so there are no stereoisomeric compounds and it does not 

rotate plane polarize light.  

14. a) First step of hydroboration is four-center cyclic reaction between BH3 and the alkene, which 

must occur on the same face of the double bond.  

15. c) LiAlH4 reduces aldehydes, ketones, carboxylic acids, and esters, but not double bonds. 

Reduction of double bond can be done by H2 with Pd/C.  

 

Part B: Short Answers 

1.  

a)  

 

b)  

 
 

c)  

 

 

2.  

a)  

H H

Et

H

EtMe
 

 

b)  

 

c)  

 

 

3.  

  

 

Biggest Contributor Biggest contributor  

 



4.  

X:  

 
 

Fischer Projection 

Br H

Ph

HBr

Ph

 

Starting Material Alkene 

 
 

Although the product appears Z, since 

halogenation reaction adds two halogens in 

anti conformation, product must be rotated 

to make two groups to be anti before 

converting back to an alkene.  

 

5.  

a) 

OH

H OH2

OH

O

H

H2O

O

 

b)  

i) PBr3/ether (alcohol to alkyl halide conversion) 

ii) CH2I2/Zn(Cu), ether (Simmons-Smith reaction) 



iii) 1. BH3, THF 

   2. NaOH, H2O2 (hydroboration) 

iv) OsO4/NMO (syn-1,2-dihydroxylation) 

v) PCC (oxidation) 

vi) 1. TsCl (makes OTos, which is a good leaving group) 

   2. NaCN (through SN2) 

 

6.  

a)  

 
 

c) The reaction proceeds via SN1 mechanism. The alkyl 

halide is tertiary, and the carbon attached to Cl is too 

sterically hindered for SN2 reaction.  

 

b) This reaction occurs via E2 mechanism, which is a single step reaction. It has no intermediate 

and single transition state, which is also a rate determining step. Formation of double bond is 

often endergonic reaction.  

 
 

 

 

 

 



7 

A. aqueous NaHCO3 D. anhydrous CaCl2 

B.  

 

 
 

E. air flow by evaporating it off 

F. aqueous HCl 

G. 

 
 

C.  

 

H. vacuum filtration 

b) 2-naphthol is nonpolar, benzoic acid is polar once ionized.  

c) Melting point can be used. If compound contains impurities, 

its melting point will be lower than the literature value and have 

wider range.  

 

8.  

 



CHM138H1 June 2013 Final 
 

Part A: Multiple Choice 

1. (c) # of rings + # of pi bonds 

2. (d) Sp2 atoms have three domains attached (usually 3 atoms and 0 lone pairs for C); most often 

double bonded carbon atoms 

3. (e) See diagram on right 

4. (e) O is bonded to one other atom (carbon), 

and has 2 lone pairs. This makes 1 + 2 = 3 

domains, thus is sp2 hybridized. An sp2 

atom with only one bonded atom has 

linear geometry.  

5. (b) Clockwise rotation – R conformation; 

attached to two other carbons – 2° 

6. (c) The acidic proton is attached to the carbon adjacent to the carbonyl group (shown by arrow). 

This is because the negative charge formed by deprotonation can now delocalize onto oxygen 

of adjacent carbonyl group through resonance, which greatly stabilizes the negative charge.  

7. (b) 1st and 3rd molecule are chiral. All others have plane of symmetry.  

8. (e) i) The reaction takes two molecules and combine them into one. This decreases the level of 

disorder, and thus reaction is not favored by entropy.  

ii) OH group attached to a specific side of double bond, thus the reaction is regioselective.  

iii) If the product has no stereocenter (as is in this problem), reaction cannot be stereoselective.  

iv) Since OH group attached to richer carbon, the reaction is Markovnikov.  

v) In addition to the pi bond, one of the O-H bond also has to break.  

9. (c) a) has 8 pi electrons; anti-aromatic – violates Rule 3 

b) has 4 pi electrons; anti-aromatic – violates Rule 3 

d) has one sp3 atom – violates Rule 2 

e) has one sp3 atom – violates Rule 2 

 -both N are sp2 due to resonance with double bond 

10. (e) DOU = 2(# 𝑜𝑓 𝐶)+2−(# 𝑜𝑓 𝐻)
2

=  2(7)+2−(10)
2

= 3 
 Absorbance at 1717cm-1 = carbonyl group 

Absorbance at 3350cm-1 = OH group 

 Absorbance at 1717cm-1 was present both before and after NaBH4 treatment, meaning carbonyl 

group exists, at least one of which is not reduced by NaBH4, indicating the presence of an ester.  

 Absorbance at 3350cm-1 was absent at first but appeared with NaBH4 treatment. This suggests 

that either ketone or aldehyde is present.  



From (a) and (e) which contain both groups, only (e) has correct DOU.  

11. (d) The more substituted an alkene, the more stable it is.  

12. (c) This reaction is Gilman reaction.  

 Gilman reaction requires a lithium dialkylcuprate and an alkyl halide.  

Eliminate v as it does not have an alkyl halide.  

Eliminate ii as it has wrong number of carbons.  

Rest are viable reactions.  

13. (a) Positive enthalpy and negative entropy means both favor reactants.  

ΔG will be positive, and K will be <1.  

14. (c) Start from simple 8 carbon chain, and add side groups to figure out the compound.  

15. (b) Compound in Question 14 is nonpolar, thus it would be most soluble in a nonpolar solvent. 

Water is polar protic solvent, and DMSO, HMPA, and acetone are polar aprotic solvent. Only 

toluene is nonpolar.  

16. (d) Trimethylbenzene can be (1,2,3), (1,2,4), or (1,3,5).  

17. (b) OH- is a bad leaving group. Rest are decent or good leaving groups.  

18. (d) Two substituents are trans of each other if they point in the opposite direction with respect to 

the hydrogen on the same carbon. 2nd, 3rd, and 4th molecules show this.  

19. (e) Two shown molecules are unrelated compounds with different chemical formula.  

20. (e)  IR spectroscopy is most useful in identifying functional groups, thus if two compounds have 

different functional groups they would be easiest to differentiate.  

 

Part B: Short Answers  

1.  

a)  

 
 

b)  

 

c)  

 

 

 

 

 

 

 

 

2.  



a)  

 

 
 

b) Markovnikov regioselectivity – This is a 

halohydrin formation reaction where 

water does a nucleophilic attack to the 

bromonium ion intermediate. The target 

for nucleophilic is determined by stability 

of carbocation intermediate, thus the 

reaction is considered Markovnikov.  

 

c) Diastereomer – Between 

two stereoisomers with 

multiple stereocenters, 

unless all are opposite, they 

are diastereomers. If all are 

opposite they are 

enantiomers.  

 

d)  

 
 

 

3.  

 
 



 

 

 

 
 

4.  

 



5.  
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1. There are two parts to the exam: 

 

 Part A: Multiple Choice   24 Marks 

 Part B: Short Answer Questions   20 Marks 

 Total   44 Marks 

 

2. Non-programmable scientific calculators are permitted for this examination. 

 

3. The duration of this exam is 90 minutes. 

 

4. Read all the questions carefully! 

 

5. Check that you have all the pages of the exam (6 pages including cover). 

 

6. Please use only HB pencil to indicate your answers on the Scantron card for the multiple 

choice questions. The question book will not be marked. 

 

7. Please answer all short answer questions using a pen in the space provided. Write legibly! Use 

the back of a page if more space is required, and indicate clearly when you have done so. 

 

8. Good luck! 
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Multiple Choice (2 Marks Each) 

1. If a laser pointer emits 2.5 mW (2.5 mJ/s) of light at 680 nm, how many photons of light are emitted in 

one minute? 

 

a) 8.5 x 1015 photons  

b) 5.1 x 1017 photons  

c) 1.5 x 1018 photons 

d) 1.5 x 1019 photons  

e) 2.9 x 1019 photons 

 

2. A modern compact fluorescent lamp contains 1.4 mg of mercury. If each mercury atom in the lamp 

were to emit a single photon of wavelength 254 nm, how many joules of energy would be emitted? 

 

a) 7.8 x 10-19 J 

b) 3.3 J 

c) 6.6 x 102 J 

d) 3.3 x 103 J 

e) 4.2 x 1018 J 

 

3. An atom of element number 33 (As) is in its ground electronic state. Which of the following sets of 

quantum numbers could not apply to any of its electrons? 

 

a) n = 2, l = 1, ml = –1, ms = +1/2 

b) n = 2, l = 0, ml = 0, ms = –1/2 

c) n = 3, l = 2, ml = –2, ms = –1/2 

d) n = 4, l = 0, ml = 0, ms = –1/2 

e) n = 4, l = 2, ml = 1, ms = +1/2 

 

4. Lithium oxide is an effective absorber of carbon dioxide and can be used to purify air in confined areas 

such as space vehicles. What volume of carbon dioxide can be absorbed by 1.00 kg of lithium oxide at 

25oC and 1.00 atm? 

Li2O (aq) + CO2 (g) Æ Li2CO3 (s) 

 

a) 687 mL 

b) 819 mL 

c) 687 L 

d) 819 L 

e) 22.4 L 

 

5. An unknown liquid is vaporized in a 273 mL flask by immersion in a water bath at 99oC. The barometric 

pressure is 753 torr. If the mass of the vapor retained in the flask is 1.362 g, what is its molar mass? 

 

a) 20.4 g/mol 

b) 40.9 g/mol 

c) 112 g/mol 

d) 154 g/mol 

e) 184 g/mol 
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6. Consider the figure to the right showing the compressibility factor for 

several real gases plotted as a function of pressure. At 600 atm, the molar 

volume of O2 is: 

a) Greater than that of H2 and dominated by attractive forces. 

b) Greater than that of H2 and dominated by repulsive forces. 

c) Less than that of H2 and dominated by attractive forces. 

d) Less than that of H2 and dominated by repulsive forces. 

e) The same as that of H2. 

 

 

7. What is the pressure in a 7.50 L flask if 0.15 mol of carbon dioxide is 

added to 0.33 mol of oxygen? The temperature of the mixture is 48.0oC 

and the gases do not react. 

 

a) 0.252 atm 

b) 0.592 atm 

c) 1.69 atm 

d) 3.96 atm 

e) 4.80 atm 

 

8. The plots to the right represent vapor pressure vs. 

temperature curves for diethyl ether (CH3CH2OCH2CH3) and 

ethanol (CH3CH2OH), mercury (Hg) and water (H2O), not 

necessarily in that order. Based on the relative strengths of the 

intermolecular forces of attraction of each substance, which is 

the most likely vapor pressure vs. temperature curve for water? 

 

a) Curve (a) 

b) Curve (b) 

c) Curve (c) 

d) Curve (d) 

e) Cannot be determined from the plot 

 

9. The phase changes B Æ C and D Æ E are not associated 

with temperature increases because the heat energy is 

used up to: 

 

a) overcome intermolecular forces 

b) break intramolecular forces 

c) rearrange atoms within molecules 

d) increase the velocity of the molecules 

e) increase the density of the sample 
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10. A certain metallic element has a density 7.87 g/cm3 and a molar mass of 55.85 g/mol. It crystallizes 

with a cubic unit cell, with an edge length of 286.7 pm. Calculate the number of atoms per unit cell. 

 

a) 1 

b) 2 

c) 3 

d) 4 

e) 5 

 

11. Isoamyl salicylate (MW = 208.25 g/mol) has a pleasant aroma and is used in perfumes and soaps. 

Which of the following combinations gives a 0.75 m (molality) solution of isoamyl salicylate in ethyl 

alcohol (d = 0.7893 g/mL)? 

 

a) 117.2 g isoamyl salicylate in 950 mL of ethyl alcohol 

b) 117.2 g isoamyl salicylate in 750 mL of ethyl alcohol 

c) 117.2 g isoamyl salicylate in 750 mL of solution 

d) 117.2 g isoamyl salicylate in 592.0 g of ethyl alcohol 

e) None of the above 

 

12. Which of the following solutions will have the lowest boiling point assuming full dissociation? 

 

a) 0.020 m NaCl 

b) 0.006 m Li2SO4 

c) 0.035 m CH3CH2CH2OH 

d) 0.005 m MgCl2 

e) 0.007 m NaNO3 
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Short Answer Questions (20 Marks Total) 

Answers must be written in pen in the space provided. Clearly and concisely showing your work is 

essential in order to receive full marks. 

 

1. (10 Marks) A copper wire having a mass of 2.196g was allowed to react with an excess of sulfur. The 

excess sulfur was then burned, yielding SO2 gas.The mass of the copper sulfide produced was 2.748 g. 

 

a) What is the percent composition of copper and sulfur in the copper sulfide product? (2 Marks) 

 

 

 

 

 

 

 

 

 

 

 

 

b) What is the empirical formula of the copper sulfide product? (3 Marks) 

 

 

 

 

 

 

 

 

 

 

 

 

c) Draw the orbital diagram for elemental Copper (Cu) in its ground state. (1 Mark) 

 

 

 

d) Which electrons will experience the greater effective nuclear charge (circle ONE)? (1 Mark) 

 

 Electrons in n = 2 shell of oxygen (O) Electrons in n = 2 shell of sulfur (S) 

 

e) Which n = 2 electrons from part (d) will be closer to the nucleus and why? (3 Marks) 
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2. (10 Marks) A 4.7 L sealed bottle containing 0.33 g of liquid ethanol, C2H6O, is placed in a refrigerator 

and reaches equilibrium with its vapor at -11oC. The enthalpy of vaporization of ethanol is  

ΔHvap = 40.5 kJ/mol. For all calculations, assume that the ethanol vapor behaves as an ideal gas. 

 

a) Given that the boiling point of ethanol is 78.5oC at 1.0 atm, what is the mass of ethanol (in g) present in 

the vapor phase under the conditions described above? (4 Marks) 

 

 

 

 

 

 

 

 

 

 

 

 

 

b) When the container is removed from the refrigerator and warmed to room temperature, 20oC, will all 

the ethanol vaporize? (4 Marks) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

c) A river is contaminated with 0.65 mg/L of dichloroethyline (C2H2Cl2). What is the partial pressure of 

dichloroethylene in the air breathed by a person swimming in the river? The Henry’s Law constant k for 

C2H2Cl2 in water is 0.033 mol/L atm. (2 Marks) 
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Multiple Choice Questions: 14 questions, 2 marks each.  Your answers are to be 
recorded on the computer answer sheet. The computer answer sheet MUST be filled in 
DURING the time allotted for the exam. 
 
 
Questions 1 - 3 refer to the molecules below and the following reaction between them: 
Benzocaine is a local anesthetic found in cough drops.  It can be synthesized from the 
reaction of equimolar amounts of ethanol, CH3CH2OH, and para-aminobenzoic acid in 
the presence of concentrated sulfuric acid. 
 
 
 
 
 
 
 
 
         benzocaine                                                         para-aminobenzoic acid 
      molar mass = 165.188 g/mol                   molar mass = 137.136 g/mol 
 
 

1. How many carbon atoms are found in 1.50 g of benzocaine? 
 
a) 13.5 atoms     b) 5.47 x 1021 atoms     c) 4.92 x 1022 atoms     
d) 8.71 x 1022 atoms  e) 8.13 x 1024 atoms 
 
 
 
2.  The reaction typically has a yield of 88.0 %.  If the reaction is performed with excess 
ethanol, how much para-aminobenzoic acid should be used to synthesize 1.50 g of 
benzocaine? 
 
a) 1.25 g       b) 1.42 g       c) 1.50 g     
d) 1.72 g       e) 1.83 g 
 
 
 
3.  If 1.00 g of para-aminobenzoic acid is mixed with 2.0 mL of ethanol, CH3CH2OH, 
how many moles of ethanol remain after the reaction?  Assume that no side reactions 
occur.  The density of ethanol is 0.789 g/mL. 
 
a) 0 mol    b) 0.0073 mol    c) 0.0095 mol    d) 0.027 mol   e) 0.034 mol 
 
 
 
 
 
4.  An aqueous solution has a normal boiling point of 105.0 °C. What is the freezing point 
of this solution? For water Kb is 0.51 °C/m and Kf = = 1.86 °C/m and the normal boiling 
point is 100.0 °C and freezing point is 0.0 °C. 
 
a) 14.7 °C     b) -14.7 °C     c) 18.2 °C     d) -18.2 °C     e) -0.50 °C 
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5.  When 2.5 g of a metal chlorate completely decomposes in a 1.00 L evacuated 
container by the unbalanced reaction shown below, the pressure of O2 formed is 0.748 
atm at 298 K.  What is the identity of the metal?  Assume the volume of MCl is neglible. 
 
unbalanced reaction:   MClO3(s)   →     MCl(s)   +   O2(g)  
 
a) Li    b) Na    c) K    d) Rb    e) Cs 
 
 
 
6.  List the following elements in order of increasing number of unpaired electrons:   
   S, B, P, F, Ar.  
 
a) F < B < P < S < Ar  
b) Ar < P = F < S  < B  
c) Ar < Cr < S < B < P  
d) P < B < F < S < Ar  
e) Ar < B = F < S < P  
 
 
7. How many electrons in an atom can have the quantum numbers n = 4 and l  = 0? 
 
a) 1   b) 2  c) 4  d) 8  e) 18 
 
 
8.  A radiation detector exposed to sunlight records the energy falling on a given area for 
a certain amount of time.  If such a detector has a reading of 2.92 J/(cm2 min), how many 
photons of sunlight are striking each cm2 in one minute? Assume the average wavelength 
of sunlight is 460.0 nm.    
 
a) 1.62 × 1018  photons     b) 4.32 × 1019  photons     c) 6.76 × 1018  photons 
d) 2.31 × 1018  photons     e) 9.63 × 1019  photons 
 
 
9. Which of the following has the largest radius?  
 
a) Cl-      b) Ar      c) Sc3+      d) K+      e) P3-  
 
 
10.  If one compares compound A, composed of nonpolar molecules, with compound B, 
composed of polar molecules, and both compounds have the same molecular formula, 
then it is true that:  
a) both compounds have the same boiling point  
b) A boils at a lower temperature than B  
c) B will not boil  
d) B boils at a lower temperature than A  
e) we have to know the structural formula to determine the differences in boiling points of      
A and B 
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11.  Aluminum has a density of 2.699 g/cm3 and crystallizes with a face-centred cubic 
unit cell.  What is the edge length of a unit cell in picometres?   
 
a)  4.049 x 102 pm  b)  6.64 x 10−11 pm   c)  0.1012 pm 
d)  0.2024 pm   e)  1.012 x 10−4 pm 
 
 
 
 
12.  Expressed in number of molecules/sec, the rate of effusion of a gas from a container 
of fixed volume will depend upon: 
(i)  temperature (ii)  molecular mass  (iii)  pressure at constant temperature 
 
a)  (i) only   b)  (ii) only   c)  (i) and (iii) 
d)  (ii) and (iii)              e)  All of (i), (ii) and (iii) 
 
 
 
 
13.  17.28 mL of a 0.078 M aqueous solution of Na2SO4, 11.30 mL of a 0.20 M aqueous 
solution of NaCl and 7.84 mL of a 0.26 M aqueous solution of KCl are combined.  What 
is the total concentration of Na+ in the combined solution? 
 
a)  0.10 M   b) 0.14 M    c)  0.15 M 
d)  0.17 M   e) 0.18 M 
 
 
 
 
14. Which of the following statements is FALSE? 
 
a)  Melting cannot occur if a solid is heated at a pressure below its triple point pressure. 
b)  Atoms in a body-centred cubic unit cell have a coordination number of eight. 
c)  The vapour pressure of water at room temperature would be greater than that of THF, 
shown below.  

 
d)  Energy is released as a liquid freezes. 
e)  The molecule NF3 has a dipole moment. 
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Multiple Choice (2 Marks Each) 
1. What is the equilibrium expression for the following reaction? 
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Questions (2-4) refer to the following pictures that represent initial concentrations of solutions that 
contain a weak acid HA and/or conjugate base A-. Unshaded spheres represent H atoms and shaded 
spheres represent A- ions.  

 
 
2. Which solution will have the highest pH after reaction with water? 
 
a) Solution (1) b) Solution (2) c) Solution (3) 
d) Solution (4) e) All of the solutions have the same pH 
 
3. Which solution will have the largest percent dissociation of HA after reaction with water? 
 
a) Solution (1) b) Solution (2) c) Solution (3) 
d) Solution (4) e) All of the solutions have the same percent dissociation. 
 
4. Which of the following statements is true? 
 
a) Solution (1) has the greatest buffer capacity. 
b) Solutions (1), (3), and (4) are buffer solutions. 
c) Solution (4) is a neutral solution. 
d) Solutions (1) and (3) have a pH that is equal to the pKa of the weak acid, HA. 
e) None of these statements are true. 
 
5. What is the pH of a solution prepared by diluting 100.00 mL of 0.020 M Ba(OH)2 with water to give a 
250.0 mL solution? 
 
a) 1.80 b) 2.10 c) 11.90 
d) 12.20 e) 13.40 
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6. Carbon monoxide and chlorine combine in the following reaction to produce the highly toxic product, 
phosgene (COCl2): 

CO (g) + Cl2 (g) ⇄ COCl2 (g) 
If the equilibrium constant for this reaction is Kc = 248, predict, if possible, what will happen when the 
reactants and products are combined with the concentrations shown: 
[CO] = [Cl2] = 0.0010 M, [COCl2] = 1.2 M. 
 
a) The reaction will proceed towards products to reach equilibrium. 
b) The reaction will proceed towards reactants to reach equilibrium.  
c) The reaction is at equilibrium so the concentrations of the reactants and products are constant. 
d) All of the concentrations will decrease to reach equilibrium. 
e) From the information provided, the change to get to equilibrium cannot be determined.  
 
7. Arrange the following 0.10 M aqueous solutions in order of increasing pH: 

NaOH, HBr, NaOCl, KBr, NH4Br 
 
a) HBr, KBr, NH4Br, NaOCl, NaOH 
b) NaOH, NaOCl, NH4Br, KBr, HBr 
c) NaOH, NaOCl, KBr, NH4Br, HBr 
d) HBr, NH4Br, KBr, NaOCl, NaOH 
e) NH4Br, HBr, KBr, NaOH, NaOCl 
 
8. For the reaction shown below, which change in conditions made to the system at equilibrium will 
result in a net reaction to the right to form more product? 

C (s) + 2 H2 (g) ⇄ CH4 (g) ΔH = –74.8 kJ 
 
a) adding more C 
b) decreasing the volume of the reaction vessel 
c) decreasing the concentration of H2 

d) increasing the concentration of CH4 

e) increasing temperature 
 
9. The following rate law has been proposed for the reaction H2 + Br2 Æ 2 HBr 

Br2 (g) ⇄ 2 Br (fast, reversible) 
Br + H2 Æ HBr + H (slow) 
H + Br2 Æ HBr + Br (fast) 

What is the rate law for this reaction? 
  
a) rate = k[H2][Br2]/[HBr]2 b) rate = k[H2][Br]1/2 c) rate = k[H2][Br2] 
d) rate = k[H2]1/2[Br2]/[HBr] e) rate = k[H2]1/2[Br2]1/2 
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10. What is the percent dissociation of a benzoic acid solution with pH = 2.59? The acid dissociation 
constant for this monoprotic acid is 6.5 x 10-5. 
 
a) 0.50% b) 1.5% c) 2.5% 
d) 3.5% e) 4.0% 
 
11. Which of the following statements is true? 
 
a) HCl is a stronger acid than HI 
b) The acid strength of an oxoacid having the general formula HnYOm increases as the electronegativity 
of Y decreases 
c) Buffers have a pH = 7 
d) A buffer does not change pH on addition of a strong acid or strong base 
e) Buffers resist change in pH upon addition of small amounts of strong acid or strong base 
 
12. The first-order decomposition of hydrogen peroxide occurs according to the equation: 

2 H2O2 (aq) Æ 2 H2O (l) + O2 (g) 
 
Using experimental data from this reaction, which plot will produce a straight line? 
 
a) [H2O2] vs. time b) [H2O2]2 vs. time c) 1/[H2O2] vs. time 
d) ln[H2O2] vs. time e) 2 [H2O2] vs. time
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Short Answer Questions (22 Marks Total) 
Answers must be written in pen in the space provided. Clearly and concisely showing your work is 
essential in order to receive full marks.  
 
1. (12 Marks) The following experimental data were obtained in a study of the reaction: 

2 HI (g) Æ H2 (g) + I2 (g) 
 

Experiment Temperature (K) Initial [HI] (M) Initial rate (M/s) 
1 700 0.10 1.8 x 10-5 
2 700 0.30 1.6 x 10-4 
3 800 0.20 3.9 x 10-3 

 
a) What is the rate law for the reaction? Determine the rate constant at 700 K. 
 
 
 
 
 
 
 
b) Is it possible that this reaction occurs in a single elementary step? Briefly explain your answer. 
 
 
 
 
 
 
c) Determine the activation energy for the reaction. 
 
 
 
 
 
 
 
 
 
d) What concentration of HI would be required to give a rate of 1.0 x 10-5 M/s at 650K? 
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2. (10 Marks) Consider the titration of 50.0 mL of 1.0 M CH3COOH (Ka = 1.8 x 10-5) with 1.0 M NaOH. 
 
a) Draw a titration curve for this titration. Pay attention to the shape of the curve. Label the equivalence 
point, buffer region, and the point where you can find the pKa by inspection. 

 
 
b) Calculate the pH of the solution in part (a) after 15.0 mL of NaOH has been added. 
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Multiple Choice (2 Marks Each) 
1. The reaction between gas phase hydrogen and iodine to form hydrogen iodide (shown 
below) is an elementary reaction. What is the rate law? 
 

I2 + H2 Æ 2 HI 
 

a) Rate = k[I2] 
b) Rate = k[H2] 
c) Rate = k[I2]2[H2] 
d) Rate = k[H2]2 
e) Rate = k[I2][H2] 

 
2. Which of the following statements about reaction intermediates is true? 

a) A reaction intermediate can be included in the rate law 
b) A reaction intermediate is the same as a transition state 
c) A reaction intermediate is produced and used up in a reaction mechanism 
d) A reaction intermediate increases the rate of the forward and reverse reactions 
e) A reaction intermediate appears in the overall chemical equation 

 
3. What concentration of hydrochloric acid would give the same pH as a 0.55 M solution of 
butanoic acid (Ka = 1.5 x 10-5)? 

a) 8.3 x 10-6 

b) 0.055 M 
c) 1.5 x 10-5 M 
d) 2.9 x 10-3 M 
e) 1.0 M 

 
4. If you were interested in forming a pH 12 buffer, which of the acids below would you use? 

a) C6H5COOH, Ka = 6.3 x 10-5 
b) H2CO3, Ka = 4.5 x 10-7 
c) HPO4

2-, Ka = 4.2 x 10-13 
d) H5IO6, Ka = 2.0 x 10-2 
e) HSCN, Ka = 0.13 

 
5. Calculate the solubility of silver bromide, AgBr, in pure water. Ksp = 5.0 x 10-13 

a) 1.4 x 10-3 M 
b) 3.4 x 10-7 M 
c) 7.1 x 10-7 M 
d) 5.1 x 10-5 M 
e) 1.0 x 10-5 M 
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6. Which of the following statements is true with respect to the titration of 50 mL of 0.30 M 
phenylacetic acid (C6H5CH2COOH, Ka = 4.9 x 10-5) with 0.50 M potassium hydroxide (KOH), after 
the addition of 12 mL of base.  

a) You are at the equivalence point of the titration 
b) You have added 0.0060 moles of base at this point in the titration 
c) The concentration of H3O+ in the original phenylacetic acid solution (before the addition 

of any base) was 0.30 M 
d) The original acid solution contained 0.0060 moles of phenylacetic acid 
e) The pKa of phenylacetic acid is 5.12 

 
7. Butadiene reacts to form a dimer, a chemical structure formed from two sub-units, according 
to the following reaction: 
 

2 C4H6 Æ C8H12 

 

The change of concentration of butadiene was measured with time and the data is plotted 
below: 

 
Which of the following statements is FALSE? 

a) C4H6 is involved in the rate-determining step 
b) The reaction is second-order with respect to butadiene 
c) The rate constant for the reaction is 0.612 s-1 

d) The activation energy of the reaction cannot be determined from the above points 
e) The initial concentration of butadiene is 0.010 M 

 
8. Sodium hydrogen carbonate decomposes in an endothermic reaction to form sodium 
carbonate, water and carbon dioxide. 
 

2 NaHCO3(s) ⇄ Na2CO3(s) + H2O(g) + CO2(g) 
 

Which of the following changes will result in the formation of more CO2? 
a) Increase the amount of NaHCO3 
b) Remove some of the Na2CO3 
c) Add CO2 
d) Remove H2O 
e) Decrease temperature 
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9. Carbon monoxide and chlorine combine in an equilibrium reaction to produce the highly 
toxic product, phosgene (COCl2) 
 

CO(g) + Cl2(g) ⇄ COCl2(g) 
 

If the equilibrium constant for this reaction is Kc = 248, predict, if possible, what would happen 
when the reactants and product are combined with the concentrations shown:  
[CO] = [Cl2] = 0.010 M 
[COCl2] = 0.070 M 
 

a) The reaction will proceed toward products to reach equilibrium 
b) The reaction will proceed towards reactants to reach equilibrium 
c) The reaction is at equilibrium, so the concentrations of the reactants and products are 

constant 
d) All the concentrations will decrease to reach equilibrium 
e) The volume of the container must be specified to determine the reaction direction 

 
10. The acid dissociation constant Ka, for H2SO3 is 1.4 x 10-2 and is 5.6 x 10-10 for NH4

+. Which 
statement about the following equilibrium is correct? 
 

H2SO3(aq) + NH3(aq) ⇄ HSO3
-(aq) + NH4

+(aq) 
 

a) H2SO3 is a strong acid and would dissociate completely in water 
b) The reaction shown above has a Keq of 7.84 x 10-12 
c) The reaction shown above has a large Keq and essentially goes to equilibrium 
d) Since H2SO3 is a weak acid and NH3 is a weak base, the equilibrium lies towards the 

products 
e) None of the above statements are true 

 
11. Which of the following acid solutions has the lowest pH? 

a) 0.10 M HBO 
b) 0.10 M HA 
c) 0.10 M HMO 
d) 0.10 M HST 
e) Pure water 

 
12. What is the [OH-] for a solution at 25oC that has pH = 4.29? 

a) 1.4 x 10-2 M 
b) 5.1 x 10-5 M 
c) 1.9 x 10-10 M 
d) 1.5 x 10-11 M 
e) 7.3 x 10-13 M 

Acid pKa 
HBO 2.43 
HA 4.55 
HMO 8.23 
HST 11.89 
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Short Answer Questions (24 Marks Total) 
Answers must be written in pen in the space provided. Clearly and concisely showing your work 
is essential in order to receive full marks. 
 
1. (12 Marks) Calculate the pH at the following three points in the titration of 40.00 mL of  
0.100 M methylamine (MA, pKb = 3.36) with 0.100 M HCl. 
 
a) 15.00 mL HCl added 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b) 40.00 mL HCl added 
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c) 55.00 mL HCl added 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
d) In the space below, sketch the general shape of the titration curve and label the axes. 
 
 
 
 
 
 
 
 
 
 
 
e) From the following list of indicators, explain which one would be the best choice to detect 
the equivalence point of this titration. 

i. Phenolphthalein (changes colour between pH 8.0 to 10.0) 
ii. Bromcresol green (changes colour between pH 4.5 to 6.5) 

iii. Thymol blue (changes colour between pH 1.0 to 2.5) 
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2. (12 Marks) Consider the following reaction mechanism proposed for the formation of nitrosyl 
bromide NOBr: 
 
 NO + Br2 ⇄ NOBr2  (fast, reversible) 
 NOBr2 + NO Æ 2 NOBr  (slow) 
 
a) What are the rate laws and units of the rate constant for each of the elementary steps in the 
proposed mechanism, assuming the concentrations are given in mol/L and time is measured in 
seconds? 

 
b) Identify any reactive intermediates in the system: 
 
 
 
c) Determine the rate law for the overall formation of nitrosyl bromide: 
 
 
 
 
 
 
 
 
 
d) What is the order of the overall reaction? 
 
 
 
e) Starting with 1.0 M NO(g) and 2.0 M Br2(g), what is the initial rate of formation of NOBr(g)? 

 Rate Law Units 

Forward Reaction 1  25 ________ 

Reverse Reaction 1  40 ________ 

Forward Reaction 2  2.5 ________ 
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Multiple Choice (2 Marks Each) 
1. Methanol can be produced by the following reaction:  

CO (g) + 2 H2 (g) Æ CH3OH (g) 
How is the rate of disappearance of hydrogen gas related to the rate of appearance of methanol?  

2[ ]H
t

'
�  

'
 

a) 4[ ]H
t

'
�

'
   

b) 3[ ]2 CH OH
t

'
�

'
   

c) 3[ ]
2

CH OH
t

'�
�

'
   

d) 3[ ]CH OH
t

'
'

 

e)  none of these  
  
2. "Instantaneous rate" is defined as the    
a) equation showing how the rate depends on the concentration of each reactant.    
b) rate of reaction at a particular time.  
c) change in concentration per unit time.  
d) rate of reaction during a time interval.  
e) rate of reaction after one half-life.  
  
3.  Which statement is true for the general rate law: Rate = [A]m[B]n? 
a) The overall order of the reaction is equal to m times n.  
b) It can be written from the stoichiometry of the overall reaction.  
c) The exponents in the rate law must be positive integers.  
d) The rate law for the reaction depends on the fast step of the mechanism.  
e) The values for the exponents must be determined by experiment.  
  
4.  Iodide and hypochlorite ion react in aqueous solution according to the reaction below:  

I- + OCl- Æ OI- + Cl- 
If the concentration of OCl- in the solution is doubled, the rate of the reaction is halved. What is  
the order of the reaction with respect to OCl-?  
a) -1         
b) 1         
c) 0         
d) -2         
e) 2  
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5.  The rate constant for the first order decomposition of N2O4 is 5.3 x 104 s-1, 
N2O4 (g) Æ 2 NO2 (g) 

If N2O4 is introduced into an evacuated flask at a pressure of 0.0224 atm, how many seconds are  
required for the pressure of NO2 to reach 0.0017 atm?  
a) 9.8 x 10-7 s     
b) 7.3 x 10-7 s     
c) 1.5 x 10-6 s     
d) 2.3 x 10-5 s     
e) Not enough information to determine  
    
6.  Which statement is correct?  
a) If the volume in which a gas reaction takes place is decreased, the reaction will shift toward the side 
with fewer moles of gas.  
b) If the volume in which a gas reaction takes place is increased, the reaction will shift toward the side 
with the least number of moles of gas.  
c)  If the volume in which a gas reaction takes place is decreased, the reaction proceeds towards the side 
with largest number of moles of gas.  
d) If the volume in which a gas reaction takes place increases, there cannot be a shift in equilibrium 
because Kp is a constant.  
e) None of the above statements are true.  
  
7.  What is the pH of a buffer system made by dissolving 10.70 g of CH3NH3Cl and 20.00 mL of 12.0 M 
CH3NH2 in water to make 500.0 mL of solution? Kb = 3.7 x 10-4 for CH3NH2.  
a) 9.26   
b) 10.75   
c) 11.75    
d) 3.4             
e) 12.15  
  
8. At 25oC, the equilibrium constant, Kc, for the following gaseous reaction is 0.041.   

PCl5 (g) ⇄ PCl3 (g) + Cl2 (g) 
Calculate the concentration of PCl3  present at equilibrium, if 0.20 mol of PCl5  are placed in a 4.0 L 
reaction vessel.  
a) 0.029 M            
b) 0.29 M              
c) 0.20 mol          
d) 0.50 mol    
e) 0.045 M  
  
9. For an exothermic reaction, the equilibrium constant will increase when:   
a) reactants are added.  
b) products are added.  
c) the volume decreases.   
d) the temperature decreases.  
e) a catalyst is added.  
  



  Page 4 

10. At some temperature, the reaction: 3ClO- ⇄ ClO3
- + 2Cl- has an equilibrium constant Kc = 3.2 x 103. If 

the components of this reaction are mixed such that their initial concentrations are [Cl-] = 0.05 M; [ClO3
-] 

= 0.32 M; and [ClO-] = 0.74 M, is the mixture at equilibrium? If the mixture is not at equilibrium, in which 
direction, left to right or right to left, will the reaction occur to reach equilibrium?  
a) There is not enough information given to answer this question.  
b) The mixture is at equilibrium.  
c) Left to right   
d) Right to left  
    
11. Calculate the hydronium ion concentration in an aqueous solution that is 2.50 x 10-4 M in hydroxide 
ion.  
a) 2.50 x 10-4 M    
b) 4.00 x 10-9 M    
c) 5.00 x 10-11 M    
d) 4.00 x 10-10 M   
e) 4.00 x 10-11 M  
  
12.  Which one of the following salts, when dissolved in water, produces the solution with the highest 
pH?  
a) KI       b) KBr      c) KCl      d) KF      e) NH4

+  
  
Questions 13 and 14 refer to the following pictures representing equal volumes of aqueous solutions of 
three acids HA (A = X, Y, or Z); water molecules have been omitted for clarity.   

 
  
13.  Arrange the acids in order of increasing value of percent dissociation.  
a) HZ < HY < HX  
b) HY < HZ < HX  
c) HZ < HX < HY  
d) HX < HZ < HY  
e) HX < HY < HZ  
  
14. Arrange the conjugate bases (A- = X-, Y-, or Z-) in order of an increasing base strength.  
a) Z- < Y- < X-  
b) Y- < Z- < X-  
c) Z- < X- < Y-  
d) X- < Z- < Y-  
e) Y- < X- < Z-  
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Short Answer Questions (22 Marks Total) 
Answers must be written in pen in the space provided. Clearly and concisely showing your work is 
essential in order to receive full marks. 
 
1. (10 Marks) A 100 mL sample of 0.10 M NH3 (Kb = 1.8 x 10-5) is titrated with 0.25 M HNO3. 
 
a) What volume of 0.25 M HNO3 must be added to reach the equivalence point. 
 
 
 
 
 
 
b) Is the pH at the equivalence point acidic, basic or neutral Explain using the relevant chemical 
equations. 
 
 
 
 
 
 
 
 
c) Calculate the pH after the addition of 20.0 mL of 0.25 M HNO3. Show all work and relevant chemical 
equations. 
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2. (12 marks) The reaction of NO and Cl2 has been studied and the following mechanism proposed: 
 

1

1

2

2 2

2

( ) ( ) ( )

( ) ( ) 2 ( )

k

k

k

NO g Cl g NOCl g fast

NOCl g NO g NOCl g slow
�

��o� m��

� ��o
 

 
a) In the above mechanism, circle the intermediates, if any and underline the catalysts, if any. Write the 
overall reaction. 
 
 
 
b) What is the rate law in terms of reactants only for the above mechanism? 
 
 
 
 
 
 
 
 
 
c) If a catalyst was added that increased the rate of the first step only, what would the effect be on the 
overall rate of reaction? Explain briefly. 
 
 
 
 
 
d) The following data was collected for the reaction. 

Experiment [NO] (M) [Cl2] (M) Initial rate (M/s) 
1 0.20 0.10 0.63 
2 0.20 0.30 5.70 
3 0.80 0.10 2.58 

What is the rate law, including the value and units of k, for the reaction? IS this consistent with the 
mechanism above? 
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Multiple Choice (2 Marks Each) 
1. Sucrose decomposes to fructose and glucose in acid solution. When in [sucrose] is plotted vs. time, a 
straight line with slope of -0.208 hr-1 results. What is the rate law for the reaction? 
 
a) Rate = 0.208 hr-1 [sucrose]2 
b) Rate = 0.208 hr-1 [sucrose] 
c) Rate = 0.0433 hr [sucrose]2  
d) Rate = 0.0433 hr [sucrose] 
e) Rate = 0.208 mol L-1 hr-1 [sucrose]0 
 
2. For the following reaction: 

5 Br-
(aq) + BrO3

-(aq) + 6H+
(aq) Æ 3 Br2(aq) + 3 H2O(aq) 

If the rate of production of Br2 is 0.98 mol L-1 s-1, what is the rate of change of Br-? 
 
a) 0.98 mol L-1 s-1  
b) 5.9 mol L-1 s-1  
c) 0.59 mol L-1 s-1 
d) 1.6 mol L-1 s-1 

e) 1.1 mol L-1 s-1 
 
3. Adding a catalyst to a reaction: 
 
a) Increases the value of the equilibrium constant 
b) Increases the rate of the forward and reverse reaction 
c) Increases the rate of the forward reaction only 
d) Does not change the rate constant 
e) Increases the total amount of product produced 
 
4. Consider the following mechanism for the oxidation of bromide ions by hydrogen peroxide in aqueous 
acid solution 
 
 H+ + H2O2 ⇄ H2O+–OH           (rapid equilibrium) 

H2O+–OH + Br- Æ HOBr + H2O   (slow) 
HOBr + H+ + Br- Æ Br2 + H2O (fast) 

 
What is the overall reaction equation for this process? 
 
a) 2H2O+–OH + 2Br- Æ H2O2 + Br2 + 2H2O 
b) 2H+ + H2O2 + Br- + HOBr Æ H2O+–OH + Br2 + H2O 
c) 2H+ + 2Br- + H2O2 Æ Br2 + 2H2O 
d) H2O+–OH + Br- + H+ Æ Br2 + H2O 
e) None of the above 



 

 

5. The rearrangement reaction CH3NC(g) Æ CH3CN(g) is first order with respect to CH3NC and 
has a rate constant of 0.0280 min-1. What percentage of CH3NC remains after 56 minutes? 
a) 79% 
b) 21% 
c) 15% 
d) 50% 
e) 87% 
 
6. The overall reaction NO2 + O3 Æ NO + 2O2 is predicted to occur via the following mechanism: 

NO2 Æ NO + O  (slow) 
O + O3 Æ 2O2  (fast) 

Predict how doubling the concentration of ozone (O3) will change the rate of the reaction. 
 
a) The rate will not change 
b) The rate will double 
c) The rate will triple 
d) The rate will quadruple 
e) Not enough information provided to answer the question 
 
7. Hydrogen sulfide will react with water as shown in the following reactions: 

H2S (g) + H2O (l) ⇄ H3O+ (aq) + HS- (aq)   K1 = 1.0 x 10-7 
HS- (aq) + H2O (l) ⇄ H3O+ (aq) + S2

- (aq)  K2 = ? 
H2S (g) + 2 H2O (l) ⇄ 2 H3O+ (aq) + S2

- (aq)   K3 = 1.3 x 10-20 
What is the value of K2? 
 
a) 1.3 x 10-27 
b) 2.3 x 10-7 
c) 7.7 x 1012 
d) 7.7 x 1026 
e) 1.3 x 10-13 
 
8. Which of the following pairs has the stronger acid listed first? 
 
a) H2AsO3, H2AsO4 
b) HI, HBr 
c) HClO, HClO3 
d) H2S, HCl 
e) H2SO3, H2SO4 



 

 

9. An aqueous solution is prepared by dissolving the salt formed by the neutralization of a weak 
acid by a weak base. Which statement about the solution is correct? 
 
a) The solution is strongly basic. 
b) The solution is weakly basic. 
c) The solution is neutral 
d) The solution is acidic 
e) The values for Ka and Kb for the species in solution must be known before a prediction can be 

made 
 
10. You have a solution of nitrous acid (HNO2, Ka = 4.1 x 10-4) that is pH 3.5. If you add water to 
this solution, what will happen? 
 
a) The pH will not change 
b) The pH will decrease  
c) The percent dissociation will increase  
d) The percent dissociation will decrease 
e) The concentration of nitrite (NO2

-) will be unchanged 
 
11. What is true about the relationship of KP and KC for the following chemical reaction: 

2 CH4(g) + 3 O2(g) ⇄ 2 CO(g) + 4 H2O (g) 
 

a) KP < KC  
b) KP = KC  
c) KP > KC  
d) KP and KC are not related 
e) Not enough information given 
 
12. What mass of sodium fluoride (NaF) must be added to 50.0 mL of a 0.500 M hydrofluorous 
acid (HF) solution to achieve a pH of 3.25? (Ka(HF) = 7.2 x 10-4, MW NaF is 41.988 g mol-1) 
 
a) 1.35 g 
b) 0.608 g 
c) 6.94 g 
d) 23.8 g 
e) 1.57 g 
 



 

 

Short Answer Questions (20 Marks Total) 
Answers must be written in pen in the space provided. Clearly and concisely showing your work is 
essential in order to receive full marks. 
 
1. (10 Marks) The self-reaction of tetrafluoroethylene (C2F4) can produce octafluorocyclobutane (C4F8) 
which can be used as a refrigerant or an aerosol propellant. An experiment was carried out to 
characterize the kinetics of the self-reaction of C2F4. The experiment was carried out at 100oC with only 
the plot to the right giving a linear trendline. 
 
a) What is the rate law for this reaction? (1 Mark) 
 
 
 
 
b) What is the rate constant for this reaction at 100oC?  
(1 Mark) 
 
 
 
 
c) What was the initial concentration of C2F4 used in this experiment? (1 Mark) 
 
 
 
 
 
d) If a reaction vessel at 100oC is filled with 0.265 mol L-1 of C2F4, with no C4F8 present, what are the 
concentrations of C2F4 and C4F8 present 85 seconds after the reaction has begun? Ignore the reverse 
reaction. (3 Marks) 
 
 
 
 
 
 
 
 
 
 
e) The self-reaction of C2F4 can also be carried out in the presence of a molybdenum catalyst which 
stabilizes the transition state and reduces the activation energy by 12.4 kJ mol-1. By what factor does the 
rate of the reaction increase in the presence of the molybdenum catalyst at 100oC? Assume the pre-
exponential factor (A) is the same for both the catalyzed and uncatalyzed reactions) (3 Marks) 

 



 

 

2. (10 Marks) Phenol (C6H5OH) is a monoprotic acid with a Ka value of 1.1 x 10-10 at 25oC. 
 
a) Calculate the pH of a 0.200 mol L-1 solution of phenol (C6H5OH)? (2 Marks) 
 
 
 
 
 
 
 
b) If 0.0050 mol of NaOH is added to 100 mL of the solution in (a), calculate the pH of the resultant 
buffer. Assume no change in volume. (3 Marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
c) Calculate how many grams of NaOH would be required to neutralize 100 mL of a 0.200 mol L-1 
solution of phenol (C6H5OH). (2 Marks) 
 
 
 
 

 

d) Assuming no change in volume, calculate the pH of the salt solution resulting from the addition of 
NaOH described in part (c). (3 Marks) 
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Multiple Choice (2 Marks Each) 
 
1. For the reaction A (aq) + B (aq) Æ C (aq), the following data was collected: 

Experiment [A] (M) [B] (M) Initial Rate (M/s) 
1 0.200 0.100 0.630 
2 0.200 0.300 5.67 
3 0.800 0.100 2.52 

What is the rate law for the reaction? 
(a) rate = k[A]2[B] 
(b) rate = k[A][B] 
(c) rate = k[A][B]3 
(d) rate = k[A][B]2 
(e) rate = k[A]2[B]3 
 
2. For the reaction 

N2 (g) + 3 H2(g) Æ 2 NH3 (g) 
(a) the rate at which N2 and H2 reactants are consumed must be the same as the rate at which the NH3  
product is formed.  
(b) the rate of formation of NH3 is not related to the rate of consumption of N2 by their reaction 
coefficients.    
(c) the rate at which H2 is consumed is two thirds of the rate at which NH3 is formed.  
(d) the rate at which NH3 is produced is twice the rate at which N2 is consumed.  
(e) the rate at which NH3 is produced is one half of the rate at which N2 is consumed.  
 
3. For the reaction A → B that is first order in reactant A, doubling the initial concentration of A will  
(a) increase the initial rate of reaction by a factor of (ln 2).  
(b) double the initial rate of reaction and double the half-life of the reaction.  
(c) increase the initial rate of reaction by a factor of (ln 2) and double the half-life.   
(d) double the initial rate of reaction and increase the half-life by a factor of (ln 2).   
(e) do none of the above. 
 
4. The reaction X → Y is of order zero in X with a rate constant of 2.09 x 10-2 M s-1 at 25 °C.  The initial 
concentration of X is 3.58 M.  At exactly one minute into the reaction, what is the concentration of Y and 
the rate at which it is being formed at this temperature?  
(a)  The concentration of Y is 2.33 M and it is being formed at a rate of 2.09 x 10-2 M s-1  
(b)  The concentration of Y is 1.25 M and it is being formed at a rate of 2.09 x 10-2 M s-1 
(c)  The concentration of Y is 2.33 M and it is being formed at a rate of 4.86 x 10-2 M s-1 
(d)  The concentration of Y is 1.25 M and it is being formed at a rate of 4.86 x 10-2 M s-1  
(e)  This cannot be determined from the information given. 
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5.  A reaction can proceed by two different pathways, I and II.  A plot of ln k versus 1/T is shown for the 
two pathways in the graph below. 

 
Which of the statements (i) – (iii) is FALSE?  

(i)  The activation energy of pathway II is greater than that of pathway I.  
(ii)  At the value of 1/T shown by the dashed vertical line, the two pathways have the same value 
of rate constant.  
(iii)  At low temperatures, the value of the frequency (pre-exponential) factor, A, is larger for 
pathway I than pathway II. 

(a)  Only statement (i) is false.      (b)  Only statement (ii) is false.  
(c)  Only statement (iii) is false.     (d)  Only statements (i) and (ii) are false.  
(e)  Only statements (i) and (iii) are false. 
 
6. The following reaction mechanism is known to occur:  

Step 1:  A + B   ⇌    D    fast equilibrium  
Step 2:  B + D   →   E     slow  
Step 3:  E + A   →   C + B   very fast  

The rate of formation of C will equal  
(a) k[A]           
(b) k[A]2[B] 
(c) k[A][B]2      
(d) k[A][B] 
(e) k[A]2[B]2  
 
7.  Which of the following statements about the reaction mechanism of Question 6 is correct?  
(a) The net overall reaction for the mechanism is 2 A + 2 B → C 
(b) D is a reaction intermediate but E is not since D is consumed in the slowest step of the reaction.  
(c) The reaction is catalyzed by B because it is regenerated in the last step of the mechanism.  
(d) At equilibrium, the concentration of the product(s) will be higher than that of either of the reactants.      
(e) The concentration of E will remain low during the course of the reaction.  
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8. Which statement is correct for the following reaction which takes place in a closed container?  
C6H6 (g) + 3H2 (g) ⇌ C6H12 (g) 

(a) If the volume of the container is decreased, the reaction equilibrium will shift toward the product.    
(b) If the partial pressure of C6H6 is increased, the quotient Q of the reaction will increase.  
(c) If the pressure of H2 (g) is increased, the reaction equilibrium will shift toward the reactants.  
(d) If Ar gas is added to the reservoir, the equilibrium constant will increase.  
(e) None of the above statements are true. 
 
9. The equilibrium constant for the reaction shown below has a value 1.8 × 10-5. In this reaction, which is 
the strongest acid and which is the strongest base?   

CH3COOH (aq) + H2O (l) ⇌ H3O+ (aq) + CH3COO- (aq) 
(a) CH3COOH and CH3COO-       (b) H3O+ and H2O      
(c) H3O+ and CH3COOH  (d) H3O+ and CH3COO-                
(e) CH3COOH and H2O  
 
10. Human tears have a concentration of H3O+ that is 3.16 × 10-8 M. The concentration of OH- in human 
tears is   
(a) greater than 3.16 × 10-8 and tears are acidic.  
(b) greater than 3.16 ×10-8 and tears are basic.  
(c) less than 3.16 × 10-8 and tears are acidic.  
(d) less than 3.16 × 10 -8  and tears are basic.  
(e) greater than 3.16 x 10 -8  and tears have a pH less than 7. 
 
11. What is the pH of a 0.30 M pyridine solution that has a Kb = 1.9 × 10-9? The equation for the 
dissociation of pyridine is   

C5H5N (aq) + H2O (l) ⇌ C5H5NH+ (aq) + OH- (aq) 
(a) 4.62      
(b) 8.72    
(c) 9.38     
(d) 10.38     
(e) 12.10 
 
12. Which one of the following is the strongest acid?  
(a) H2SO4        
(b) H2TeO4         
(c) H2PO4         
(d) H2SeO4       
(e) H2SO3   
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13. Which one of the following salts, when dissolved in water, produces the solution with the lowest 
pH?  
(a) KBr     
(b) NH4Br     
(c) NH4F     
(d) NaCN     
(e) Na2CO3   
 
14. The reaction A2 + B2 ⇌ 2AB has an equilibrium constant Kc = 1.8. The following pictures represent 
reaction mixtures that contain A2 molecules (shaded) and B2 molecules (unshaded), and AB molecules.  

 
Which of the following statements is TRUE?  

(i) The net reaction is in the forward direction for one of the four reaction mixtures.  
(ii) For reaction mixture (4), Qc > Kc.  
(iii) None of the reaction mixtures are at equilibrium.  

(a) i only     
(b) i and ii only     
(c) i, ii and iii     
(d) i and iii only    
(e) ii and iii only 
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Short Answer Questions (22 Marks Total) 
Answers must be written in pen in the space provided. Clearly and concisely showing your work is 
essential in order to receive full marks.  
 
1. (10 marks) The rate law for the reaction A Æ B is second-order in reactant A. It is known that the 
mechanism consists of one elementary step with a rate constant value of 7.83 x 10-4. 
 
a) What are the correct units for the rate constant above? Assume that the value given is in SI units.  
 
 
 
 
 
b) Is it necessary that the elementary step is a bimolecular one? Provide an explanation for your choice. 
 
 
 
 
 
c) In the second order reaction above, the initial concentration of A is 10.00 M. Determine the half-life 
from the moment the concentration of A has fallen to 1.50 M. 
 
 
 
 
 
 
 
 
d) A friend of your suggests that a catalyst of a reaction transforms the same reactants into the same 
products but takes the reaction along a different pathway. Is your friend’s definition of a catalyst 
sufficient? 
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2. (12 marks) a) What is the percent dissociation of a 0.10 M HCN solution? Ka of HCN = 6.2 x 10-10. 
 
 
 
 
 
 
 
 
 
 
b) The graph below shows the change in concentration of three species, A, B and C in a closed container 
over 30 minutes. 

 
 
 
iv) At approximately 15 minutes, the temperature of the reaction container is increased. How does this 
increase affect the value of Kc? Is the reaction exothermic or endothermic? Explain your answer using 
equilibrium arguments. 
 
 

i) Write a balanced equation for the 
reaction that occurs. 

 

ii) At what time is the first equilibrium 
reached? 

 

iii) What is the equilibrium constant when 
equilibrium is first established? 
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