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CHEM1101 2012-N-2 2207(a)

Marks

¢ Nitrogen dioxide, NO,, is formed in the atmosphere from industrial processes and 1

automobile exhaust. It is an indicator of poor quality air and is mostly responsible for
the brown haze seen in large cities. This question about NO, extends over many
pages, but each sub-question is essentially independent of the others.

a) NO; is a pungent red-orange coloured gas. According to the colour wheel for human
vision, reproduced below, what colour light does NO; absorb?

orange

Answer:

b) An atmospheric chemist, monitoring pollution in Sydney, measured the absorption of
light at 425 nm due to NO,. Measured over a distance of 100 m, 425 nm light was
attenuated by 5 % (i.e. 95 % transmission). What is the concentration of NO; in the
atmosphere? Give your answer in mol L™
Data: £(NO,, 425 nm) =300 M ' cm .

Answer:

Page Total:
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¢) The Australian air quality guidelines stipulate a concentration of less than

50x 10° mol L',

Does your answer in part b) exceed
Australian air quality guidelines?

YES / NO

What is the partial pressure of NO; (in Pa) that corresponds to the Australian

guidelines at 25 °C and 100 kPa?

Answer:

d) When NO, absorbs UVA light in the atmosphere, at wavelengths shorter than 400 nm,

it dissociates into NO + O:

NO; + hv - NO + O
What is the bond dissociation energy (in kJ mol™) of the N—O bond in NO,?

Answer:

Marks
4

Page Total:
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e) The oxygen atom in the reaction in part d) is formed in its ground electronic state.
What is the ground state electronic configuration for O?

Draw an atomic orbital energy level diagram for the ground state O atom. Name the

orbitals and show all electrons.

Name and sketch the atomic orbitals for the highest occupied atomic orbital and the
lowest unoccupied atomic orbital in the ground state O atom. Make sure all nodes are

clearly identified in your sketch.

sketch of highest occupied orbital

sketch of lowest unoccupied orbital

Name:

Name:

Marks
5

Page Total:



CHEM1101 2012-N-5 2207(a)

f) The NO molecule formed in the reaction in part d) is also formed in its ground Magrks
electronic state. Complete the molecular orbital diagram for NO by filling in the
valence electrons in the occupied orbitals. Sketch the shape of the m and n* orbitals,
clearly showing all nodes. Determine the bond order of NO and whether it is
paramagnetic or diamagnetic.

MO orbital energy level diagram for NO Sketch of the 1 MO

G*
n*
(0}
T Sketch of the 7* MO
G*
o

Bond order of NO:

Paramagnetic or diamagnetic?

Page Total:
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g) In the atmosphere, nitrogen oxides exist in many forms, including NO and NO,. Two
other forms are N,O and N,O4 (the dimer of NO,). Draw Lewis structures for both
N,O and N,0O4. Examine your structures closely. If you can draw a second, valid,

Lewis structure, draw it underneath.

N,O structure

N,Oy4 structure

Second structure, if appropriate

Second structure, if appropriate

h) Use VSEPR theory to determine the shape of N,O and N,O4. Sketch the shape below
and indicate the approximate bond angle for all angles in the molecule. Be clear in
your sketch as to planar and non-planar structures where appropriate. Hence, or
otherwise, indicate whether either molecule has a permanent dipole moment.

N,O

N204

Dipole moment? YES / NO

Dipole moment? YES / NO

Marks
6
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CHEM1101 2012-N-7 2207(a)

Marks

1) N»O is sparingly soluble in water. What does this tell you about the strength of any )

hydrogen bonding that exists? Rationalise your answer in terms of the structures of
the H,O and N>,O molecules.

THE REMAINDER OF THIS PAGE IS FOR ROUGH WORKING ONLY.

Page Total:
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. . Marks
e How does the ratio of the number of neutrons to the number of protons in a stable or 5

long-lived radionuclide change as the atomic number increases?

The generation of energy in a nuclear reactor is largely based on the fission of certain
long-lived radionuclides (usually ***U or **°Pu). The fission products include every
element from zinc through to the f-block. Explain why most of the radioactive fission
products are B-emitters.

Two of the more common isotopes produced in nuclear reactors are By (half-life of
8.02 days) and "*'Cs (half-life of 30 years). Both are p-emitters. If you were exposed
to equal concentrations of both isotopes for 1 hour, which isotope, '*’Cs or "*'I, would
do more damage? Explain your reasoning.

Page Total:
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o T Marks
e Anhydrous ammonia is an ultra-clean, energy-dense alternative liquid fuel that 4

produces no greenhouse gases on combustion. In an experiment, gaseous NHj is
burned with O, in a container of fixed volume according to the following equation.

4NH;3(g) + 302(g) — 2Na(g) + 6H,O(1)

The initial and final states are at 298 K. After combustion with 14.40 g of O,, some
NH; remains unreacted. Calculate the enthalpy change during the process, given the
following data.

AHP(NHs(g)) = —46.11 kJ mol ™' and AH°(H,O(l)) = —285.83 kJ mol!

Answer:

e ANFO (ammonium nitrate fuel oil) is a powerful explosive used recently in the Oslo
bombing. If the fuel oil is replaced by carbon in the form of graphite, calculate what
mass of carbon needs to be added to 1.0 kg of ammonium nitrate so that the products
of the detonation are N,, CO, and H,O.

Answer:

Page Total:
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Marks
6

e How many 2.0 L casks of wine and/or juices can be cooled on a hot Sydney day from
30 °C to a drinkable 10 °C with one 10.0 kg bag of ice taken from a freezer at —30 °C?
Assume the specific heat of the wine and/or juice is the same as that of water, that the
cardboard or plastic containers have negligible heat capacity, and that the density of
the wine and juices is 1.0 g mL ™.

ArsH(H0) = 6.0 kT mol '; C,°(H,O(s)) =2.2TK ' gy Cl(H,0(1)=42TK "¢

2

Answer:

What other assumption have you made in your calculation?

Page Total:
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Marks

e The standard Gibbs free energy of formation for ammonia, NH3(g), is —16.4 kJ mol . 5

Consider the following reaction at 298 K.
Na(g) + 3Ha(g) <= 2NHs(g)

What is the expression for the equilibrium constant, K, for this reaction?

Calculate the value of the equilibrium constant at 298 K.

Ko =

In which direction will this reaction proceed if a mixture of gases is made with:
Pxi, = 1.00 atm; Py, = 1.00 atm; Py, = 0.50 atm?

Page Total:
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) Marks
e Consider the process H,O(s) == H,O(l) 3

Give the sign of AH® at 273 K and explain your choice.

Give the sign of AS° at 273 K and explain your choice.

How does AG° change with an increase in temperature? Explain your answer.

THE REMAINDER OF THIS PAGE IS FOR ROUGH WORKING ONLY.

Page Total:
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Marks

e Consider the following reaction. 5
SOa(g) + NOx(g) <= SOs(g) + NO(g)

An equilibrium mixture in a 1.00 L vessel was found to contain [SO,(g)] = 0.800 M,
[NO»(g)] = 0.100 M, [SOs(g)] = 0.600 M and [NO(g)] = 0.400 M. If the volume and
temperature are kept constant, what amount of NO(g) needs to be added to the
reaction vessel to give an equilibrium concentration of NO»(g) of 0.300 M?

Answer:

Page Total:
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e The CrO427 ion can oxidise the I3 ion in acidic solution. The products of the reaction
are Cr’" and I,. Show the separate balanced half-equations for the oxidation and
reduction as well as the net balanced redox equation.

Oxidation
half-equation

Reduction
half-equation

Balanced
redox equation

THE REMAINDER OF THIS PAGE IS FOR ROUGH WORKING ONLY.

Marks
3

Page Total:
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DATA SHEET

Physical constants
Avogadro constant, Ny = 6.022 x 10% mol ™!
Faraday constant, F = 96485 C mol ™
Planck constant, h=6.626 x 10°*J s
Speed of light in vacuum, ¢ =2.998 x 10* m s
Rydberg constant, Eg =2.18 x 107 J
Boltzmann constant, kg = 1.381 x 103 1K!
Permittivity of a vacuum, gy = 8.854 x 102¢? ' 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 103! kg
Mass of proton, m, = 1.6726 x 107 kg
Mass of neutron, m, = 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

1 atm = 760 mmHg = 101.3 kPa 1Ci=3.70 x 10" Bq
0°C=273K 1Hz=15s"
1L=10"m’ 1 tonne = 10’ kg
1A=10"m I1W=1Js"

1eV=1.602x10"7J

Decimal fractions Decimal multiples
Fraction Prefix Symbol Multiple  Prefix Symbol
107 milli m 10° kilo k
10° micro 10° mega M

u
107 nano n 10° giga G
107" pico p
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Standard Reduction Potentials, E°

Reaction E°/V
Co’"(aq) + e — Co*'(aq) +1.82
Ce*(aq) + ¢ — Ce*(aq) +1.72
MnO4 (aq) + 8H'(aq) + 5¢” — Mn*'(aq) + 4H,0 +1.51
Au’’(aq) + 3¢ — Au(s) +1.50
Cr,07°(aq) + 14H"(aq) + 6¢” — 2Cr’'(g) + 7H,0 +1.36
Cly(g) + 2 — 2Cl(aq) +1.36
0,(g) + 4H'(aq) + 4¢ — 2H,0 +1.23
Pt*(aq) + 2¢ — Pt(s) +1.18
MnO,(s) + 4H'(aq) + e — Mn’" + 2H,0 +0.96
NO; (aq) + 4H'(aq) + 3¢ — NO(g) + 2H,0 +0.96
Pd*"(aq) + 2¢ — Pd(s) +0.92
Ag'(aq) + e — Ag(s) +0.80
Fe’'(aq) + ¢ — Fe’'(aq) +0.77
Cu'(aq) + € — Cu(s) +0.53
Cu*'(aq) + 2¢ — Cu(s) +0.34
Sn4+(aq) + 2¢ > Sn2+(aq) +0.15
2H"(aq) + 2¢" — Hy(g) 0 (by definition)
Fe*'(aq) + 3¢ — Fe(s) —-0.04
Pb*(aq) + 2¢° — Pb(s) -0.13
Sn*'(aq) + 2¢ — Sn(s) -0.14
Ni*'(aq) + 2¢” — Ni(s) -0.24
Cd**(aq) + 2¢ — Cd(s) -0.40
Fez+(aq) + 2¢ — Fe(s) —0.44
Cr'(aq) + 3¢ — Cr(s) —0.74
Zn*'(aq) + 2¢ — Zn(s) -0.76
2H,0 + 2e — Hy(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
Ca*'(aq) + 2¢ — Ca(s) -2.87

Li'(aq) + ¢ — Li(s) -3.04
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Useful formulas

November 2012

Quantum Chemistry

E =hv =hc/n

A=h/moy

E =-ZEr(1/n?)

AX-A(mv) > h/4n

q=4nr’ x5.67x10° xT*
TA=2.898 x 10°K nm

Electrochemistry
AG°® = -—nFE®°
Moles of e” = It/F
E = E°— (RT/nF) x 2.303 logQ
=E° — (RT/nF) x InQ
° = (RT/nF) x 2.303 logkK
= (RT/nF) x InK

E=E°- 0.0592 logQ (at 25 °C)
Acids and Bases Gas Laws
pKw =pH +pOH =14.00 PV =nRT

pKw = pK, + pKp =14.00
pH = pK, + log{[A]/ [HA]}

(P + n*a/V*)(V — nb) = nRT
E, = v%mv

Radioactivity

ty, = In2/4

A=AN

In(No/Ny) = At

Hc age = 8033 In(Ay/A;) years

Kinetics

ty, = In2/k

k — AefEa/RT

In[A] = In[A], — kt
k Ea/ 1 1
P C )

Mathematics

Ifax’ + bx+c=0, then X=

—b + b’ 4dac

In x =2.303 log X
Area of circle = mur’
Surface area of sphere = 47r”

Volume of sphere = */3 nr’

2a

Thermodynamics & Equilibrium
AG® = AH® — TAS®

AG = AG° + RT InQ

AG° =-RT InK

AuivS® = R InK

Miscellaneous

A=—logl
IO
A=c¢cl
2
E= A2 N,
dre,r

Colligative Properties & Solutions
I1=cRT

Psotution = Xsolvent X P solvent

c=Kkp

ATr=Kdm

ATp = Kpym




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
6941 | 9.012 1081 | 12.01 | 1401 | 16.00 | 19.00 | 20.18
11 12 13 14 15 16 17 18
Na | Mg Al Si P S Cl Ar
2299 | 2431 2698 | 28.09 | 3097 | 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 | 5094 | 5200 | 5494 | 5585 | 5893 | 58.69 | 63.55 | 6539 | 69.72 | 7259 | 74.92 | 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 Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe
8547 | 87.62 | 8891 | 9122 | 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 Ti Pb Bi Po | At | Rn
132.91 | 137.34 178.49 | 180.95 | 183.85 | 186.2 | 1902 | 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 | 111 | 112
Fr Ra Rf Db Sg Bh Hs Mt Ds Rg Cn
[223.0] | [226.0] 2611 | [262] | [266] | [262] | [265] | [266] | [271] | [272] | [283]
57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
LANTHANOIDS LANTHANUM CERIUM PRASEODYMIUM NEODYMIUM PROMETHIUM SAMARIUM EUROPIUM GADOLINIUM TERBIUM DYSPROSIUM HOLMIUM ERBIUM THULIUM YTTERBIUM LUTETIUM
La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
138.91 | 140.12 | 14091 | 14424 | [144.9] | 1504 | 15196 | 15725 | 158.93 | 162.50 | 16493 | 16726 | 168.93 | 173.04 | 174.97
89 90 91 92 93 94 95 96 97 98 99 100 101 102 103
ACTINOIDS 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] | 23204 | [231.0] | 23803 | [237.0] | [239.1] | [243.1] | [247.1] | [247.1] | [252.1] | [252.1] | [257.11 | [256.1] | [259.1] | [260.1]
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