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Topics in the June 2013 Exam Paper for CHEM1611

Click on the links for resources on each topic.
2013-J-2:

e Atomic Structure
e Chemical Bonding

2013-J-3:
e Chemical Bonding
2013-J-4:

e Chemical Bonding
e The Shapes of Molecules

2013-J-5:
e Atomic Structure
2013-J-6:

o Alkenes

e Alcohols, Phenols, Ethers and Thiols
e Carboxylic Acids and Derivatives

e Amines

2013-J-7:

e Introduction to Organic Chemistry
e Stereochemistry

2013-J-8:

e Alkenes
e Alcohols, Phenols, Ethers and Thiols
e Carboxylic Acids and Derivatives

2013-J-9:

e Carbohydrates
2013-J-10:

e Amino Acids, Peptides and Proteins
2013-J-11:

e Amino Acids, Peptides and Proteins
2013-J-12:

e DNA and Nucleic Acids


https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1611&tag=Atomic Structure&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1611&tag=Chemical Bonding&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1611&tag=Chemical Bonding&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1611&tag=Chemical Bonding&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1611&tag=The Shapes of Molecules&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1611&tag=Atomic Structure&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1611&tag=Alkenes&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1611&tag=Alcohols, Phenols, Ethers and Thiols&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1611&tag=Carboxylic Acids and Derivatives&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1611&tag=Amines&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1611&tag=Introduction to Organic Chemistry&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1611&tag=Stereochemistry&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1611&tag=Alkenes&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1611&tag=Alcohols, Phenols, Ethers and Thiols&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1611&tag=Carboxylic Acids and Derivatives&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1611&tag=Carbohydrates&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1611&tag=Amino Acids, Peptides and Proteins&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1611&tag=Amino Acids, Peptides and Proteins&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1611&tag=DNA and Nucleic Acids&openweb=yes
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. . . . . Mark
* In the spaces provided, briefly explain the meaning of the following terms. a:'r ®

Effective nuclear charge

Atomic emission spectrum

Ionic bonding

Core electrons

THE REMAINDER OF THIS PAGE IS FOR ROUGH WORKING ONLY.
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* Silicon and carbon are both in Group 14 and form dioxides. Carbon dioxide is a gas 2;; ®
at room temperature while silicon dioxide (sand) is a solid with a high melting point.
Describe the bonding in these two materials and explain the differences in properties
they show.
* Complete the following nuclear equations by filling in the missing particle. )
N+ b - iC
161 C — + (;e+

THE REMAINDER OF THIS PAGE IS FOR ROUGH WORKING ONLY.
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* Draw the Lewis structure of the acetate ion (CH3COOQO") showing all appropriate

resonance structures.

Indicate the hybridisation, molecular geometry and approximate bond angle about

each of the carbon atoms in the acetate ion.

—CHj;

—-COO

Hybridisation of C

Molecular geometry about C

Approximate bond angles about C

The actual structure of the acetate ion is a weighted combination of all resonance

structures. Sketch the o-bond framework of the acetate ion and indicate the p-orbitals

that are involved in the n-bonding of the acetate ion.

How many electrons are involved with the n-bonding?

What is the hybridisation of the oxygen atoms in the acetate ion?

Marks
10



CHEMI1611

June 2013

* The yellow light emitted from an excited sodium atom has a wavelength of 590 nm.
What is the energy of one photon of this light and one mole of photons? Specify

appropriate units with your answers.

Energy

of one photon:

of 1 mol of photons:

The yellow light is associated with the longest wavelength transition as the atom
returns to the ground state electron configuration. Fill in the following energy level
diagram for sodium and indicate the transition associated with the emission of yellow

light.

Energy

A4S

3s

2s

1s

3d

3p

A quantum mechanical model of an atom can explain the emission spectrum of
sodium, but the Bohr model of the atom cannot. Why?

Marks
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* Complete the following table. Make sure you complete the name of the starting

material where indicated.

CONSTITUTIONAL
STARTING MATERIAL é{ (EI\?IS}I]":I“I;I(;;/S FORMULA(S) OF MAJOR
ORGANIC PRODUCT(S)
HBr / CCly (solvent)

ol

Name:

: OCH,

1. Mg / dry ether

Marks
11

Br

OH
Br
2.CO,
3. H®/ H,0
o
: : 3 M NaOH
0O
0O
M excess (CHj3),NH
Cl
Name:
@NHZ 2 M HCI
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* Oseltamivir, marketed under the trade name Tamiflu, is an antiviral drug, which may
slow the spread of influenza (flu) virus between cells in the body by stopping the
virus from chemically cutting ties with its host cell.

~

(0] O

Tamiflu

HN O

Give the molecular formula of Tamiflu.

List the functional groups present in Tamiflu.

How many stereogenic centres are there in Tamiflu?

How many possible stereoisomers can exist for Tamiflu?

Add the NH; and H groups to the stereogenic centre indicated below to give the
(R)-configuration of that centre.

o b
L
T

Marks
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* Show clearly the reagents you would use to carry out the following chemical Marks
conversions. Note that more than one step is required and you should indicate all 6
necessary steps and the constitutional formulas of any intermediate compounds.

Y

@ o8
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* Consider the following two monosaccharides, (A) and (B).

CH,0H
CH,0H
4 f——0 OH o M
o (A) oH H/ (B)
o \ H H OH
O H H OH
[-D-altropyranose a-D-xylofuranose

Draw Fischer projections of the open chain forms of (A) and (B).

(A) (B)

Draw the major organic product of the reaction of D-altropyranose with the following
reagents.

1.NaBH, 2.H®/H,0 [Ag(NH;),]®/ OH®

Draw the Haworth stereoformula of a non-reducing disaccharide formed
from (A) and (B).

Marks
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* The amino acid, asparagine, was isolated from asparagus juice in 1806. The
uncharged form, Y, is given below.

O
Il
NH,

Draw the constitutional formula of the product(s) formed in the reaction of Y with the
following reagents.

Cold, dilute hydrochloric acid Cold, dilute sodium hydroxide

Hot, 6 M hydrochloric acid Hot, 6 M sodium hydroxide

THE REMAINDER OF THIS PAGE IS FOR ROUGH WORKING ONLY.

Marks
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. . . Mark
* Alanine (R = CH3) and lysine (R = CH,CH,CH,CH,NH,) are two common amino arks

acids. Using ala and lys to represent the two amino acids, represent all constitutional
isomers of the tripeptide formed from one ala and two /ys units.

Comment, giving your reason(s), on whether the tripeptide(s) will be acidic, neutral
or basic in character.

The pK, values of lysine are 1.82 (a-COOH), 8.95 (a-NHj3¢) and 10.53 (side chain).
What is the value of the isoelectric point of lysine?

pl=

Draw the Fischer projection of the zwitterionic form of lysine.
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. . Marks
* Consider the following structure. 5

Is it a fragment of DNA or RNA? Give two reasons.

Clearly identify on the above structure one example of each of the following subunits.
nucleic base
nucleoside

nucleotide
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DATA SHEET

Physical constants
Avogadro constant, Ny = 6.022 x 10 mol '

Faraday constant, F' = 96485 C mol '
Planck constant, 4 = 6.626 x 10°*J s
Speed of light in vacuum, ¢ =2.998 x 10* m s~
Rydberg constant, Eg =2.18 x 1078 J
Boltzmann constant, kg = 1.381 x 102 JK!
Permittivity of a vacuum, €y = 8.854 x 102 C*J ' m""
Gas constant, R = 8.314 J K mol™

=0.08206 L atm K" mol
Charge of electron, e = 1.602 x 10"° C
Mass of electron, m. =9.1094 x 107" kg
Mass of proton, m, = 1.6726 x 107 kg
Mass of neutron, n, = 1.6749 x 10 kg

Properties of matter
Volume of 1 mole of ideal gas at 1 atm and 25 °C=24.5L

Volume of 1 mole of ideal gas at 1 atm and 0 °C =224 L
Density of water at 298 K =0.997 g cm

Conversion factors
I atm =760 mmHg = 101.3 kPa=1.013 bar 1Ci=3.70 x 10" Bq
0°C=273K 1Hz=15s"
1L=10"m’ 1 tonne = 10’ kg
1A=10""m IW=17Js"

1eV=1.602x10"]J

Decimal fractions Decimal multiples
Fraction Prefix Symbol Multiple  Prefix Symbol
107 milli m 10° kilo k
10° micro w 10° mega M
10° nano n 10° giga G
107" pico p 10" tera T

June 2013
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Standard Reduction Potentials, E°

Reaction E°/V
Co*'(aq) + ¢ — Co’'(aq) +1.82
Ce*'(aq) + ¢ — Ce’'(aq) +1.72
MnO, (aq) + 8H'(aq) + 5¢° — Mn**(aq) + 4H,0 +1.51
Au*'(aq) + 3¢ — Au(s) +1.50
Cl, + 2¢ — 2CI (aq) +1.36
0, + 4H'(aq) + 4 — 2H,0 +1.23
Pt*"(aq) + 2¢ — Pt(s) +1.18
MnOs(s) + 4H'(aq) + ¢ — Mn’" + 2H,0 +0.96
NO; (aq) + 4H'(aq) + 3¢ — NO(g) + 2H,0 +0.96
Pd*'(aq) + 2¢° — Pd(s) +0.92
NO; (aq) + 10H(aq) + 8¢ — NH4'(aq) + 3H,0 +0.88
Ag'(aq) + ¢ — Ag(s) +0.80
Fe’'(aq) + e — Fe''(aq) +0.77
Cu'(aq) + ¢ — Cu(s) +0.53
Cu*'(aq) + 2¢ — Cu(s) +0.34
BiO'(aq) + 2H'(aq) + 3¢ — Bi(s) + H,0 +0.32
Sn*’(aq) + 2¢ — Sn**(aq) +0.15
2H'(aq) + 2¢ — Hai(g) 0 (by definition)
Fe*'(aq) + 3¢ — Fe(s) —0.04
Pb*"(aq) + 2¢ — Pb(s) —0.126
Sn*'(aq) + 2¢ — Sn(s) —0.136
Ni*'(aq) + 2¢ — Ni(s) —0.24
Co*"(aq) + 2¢ — Co(s) —0.28
Cd*(aq) + 2¢ — Cd(s) —0.40
Fe*'(aq) + 2¢ — Fe(s) ~0.44
Cr'(aq) + 3¢ — Cr(s) -0.74
Zn*'(aq) + 2¢ — Zn(s) -0.76
2H,O + 2e¢ — Ha(g) + 20H (aq) —0.83
Cri'(aq) + 2¢ — Cr(s) —0.89
Al(aq) + 3¢ — Al(s) -1.68
Sc®*(aq) + 3¢ — Sc(s) -2.09
Mg*“(aq) + 2¢ — Mg(s) -2.36
Na'(aq) + e — Na(s) -2.71
Ca2+(aq) + 2¢ — Ca(s) —2.87

Li'(aq) + e — Li(s) -3.04
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Useful formulas
Quantum Chemistry Electrochemistry
E=hv=hc/\ AG® =-nFE°
A= h/mv Moles of e = It/F
E =-7"Ex(1/n*) E = E° — (RT/nF) x InQ
Ax-A(mv) = h/dn E° =(RT/nF) x InK
) -8
q—4ﬂ:7" x5.67x 107" x 74 E=E°— 0059210gQ (at 25 oC)
Th=2.898 x 10°K nm "
Acids and Bases Gas Laws
pH =—log[H] PV =nRT
pKy =pH + pOH = 14.00 (P + n*a/V*)(V — nb) = nRT
pKy = pK, + pKp, = 14.00 E=Ysmv
pH = pK, + log{[A"] / [HA]}
Radioactivity Kinetics
t, =1In2/A ty, =1n2/k
A= \N k= Ao EVRT
In(No/Ny) = Mt In[A] = In[A], — kt
C age = 8033 In(4y/4,) years mk - &(i i L)
ki R T, T,
Colligative Properties & Solutions Thermodynamics & Equilibrium
I1=cRT AG° = AH° — TAS®
Psolution = Asolvent X Posolvent AG =AG° +RT IHQ
¢ =kp AG° = -RT InK
ATf = Kfm AunivSO =R InK
ATy, = Kym RT . An
K, =K.
=K (o)
Miscellaneous Mathematics
1 _ 12 _
A=—10g1— Ifax’ + bx + ¢ =0, then x = b * Vb - dac
0 2a
A=c¢cl Inx=2.303 log x
e’ Area of circle = mr?
E=-4 NA
e, r Surface area of sphere = 4mr”




PERIODIC TABLE OF THE ELEMENTS

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
1 2
H He
1.008 4.003
3 4 5 6 7 8 9 10
Li Be B C N 0] F Ne
6.941 | 9.012 10.81 | 12.01 | 14.01 | 16.00 | 19.00 | 20.18
11 12 13 14 15 16 17 18
Na Mg Al Si | S Cl Ar
22.99 | 2431 2698 | 28.09 | 30.97 | 32.07 | 3545 | 39.95
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc Ti \% Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
39.10 | 40.08 | 4496 | 47.88 | 50.94 | 52.00 | 54.94 | 5585 | 5893 | 5869 | 63.55 | 6539 | 69.72 | 72.59 | 7492 | 7896 | 79.90 | 83.80
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb Sr Y VA Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe
8547 | 87.62 | 8891 | 91.22 | 9291 | 9594 | [98.91] | 101.07 | 102.91 | 106.4 | 107.87 | 112.40 | 114.82 | 118.69 | 121.75 | 127.60 | 126.90 | 131.30
55 56 | 57-71| 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs Ba Hf Ta w Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
132.91 | 137.34 178.49 | 180.95 | 183.85 | 186.2 | 190.2 | 192.22 | 195.09 | 196.97 | 200.59 | 204.37 | 207.2 | 208.98 | [210.0] | [210.0] | [222.0]
87 88 |89-103] 104 | 105 106 107 108 | 109 | 110 | II1 | 112 114 116
Fr Ra Rf Db Sg Bh Hs Mt Ds Rg Cn Fl Lv
[223.0] | [226.0] [263] | [268] | [271] [274] | [270] | [278] | [281] | [281] | [285] [289] [293]
57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
H\>zqm>ZOHU LANTHANUM CERIUM PRASEODYMIUM NEODYMIUM PROMETHIUM SAMARIUM EUROPIUM GADOLINIUM TERBIUM DYSPROSIUM HOLMIUM ERBIUM THULIUM YTTERBIUM LUTETIUM
S La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
13891 | 140.12 140.91 14424 | [144.9] | 1504 | 15196 | 157.25 | 158.93 | 162.50 | 164.93 | 167.26 | 168.93 | 173.04 | 174.97
89 90 91 92 93 94 95 96 97 98 99 100 101 102 103
>OI—JHZOHUW ACTINIUM THORIUM PROTACTINIUM URANIUM NEPTUNIUM PLUTONIUM AMERICIUM CURIUM BERKELLIUM CALIFORNIUM EINSTEINIUM FERMIUM MENDELEVIUM NOBELIUM LAWRENCIUM
Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
[227.0] | 232.04 | [231.0] | 238.03 | [237.0] | [239.1] | [243.1] | [247.1] | [247.1] | [252.1] | [252.1] | [257.1] | [256.1] | [259.1] | [260.1]
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